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PREFACE

This book deals with Plant Physiology, Genetics & Ecology included in the
syltabus for the third year of the B.Sc. course offercd by the Andhra Pradesh Open
- University. The topics generally cover the ‘core’ area of the subject to be studied
in the third Year of the Three Year Degree Course in Science. The syllabus,
for the sake of convenience, is divided into Blocks, cach of which comprises a
number of units. Each Block gencrally covers a specific area of the subject. The
upits are prepared by the specialists in accordance with a format so designed
as to cnable the student to read and understand them without much difficulty.
Each unit begins with a statement of its objective followed by synopsis. Each
Block has at its end assignments intcnded to test the student’s compréhcnsion
. of the subject matter. Technical terms with which t@udem may not generally
 be-familiar are also givcn undcr the head GIOS@.

Recent advances in the fields of Plant P%‘olpgy, Genetics and Ecology are
also given. The University hopes that%hi aterial will help the student to gef
acquainted with alt the principal i§sites of these fields. Critical suggestions for
improving the text are most welcome and they will be incorporated in future :
cdition. '
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1.1. OBJECTIVES v

- By the end of the unit, your will bcgr?toz

1. recognise the organisationgzgll as unit of structure and functions,
2. differentiate the different parts of the cell, their structure and functions,

3. draw well labelled figures of plasma membrane endoplasmic reticthwm, Golgi apparatus,
mitochondria, chloroplasts, nucleus,

4, .describe the structure and functions of different celi organelles.

1.2. INTRODUCTION

" The term “Cell”was first used by Robert Hooke (1665) to describe his investigations in the
. sections of a bottle cork with the help of crude microscope. In the sections of a bottie cork, he

observed a honeycomb like structure sonsisting -of several small compartments botinded by cell
walls. He calted each compartment a cell. The word cell is derive from the Latin word “Celluia”
and this means a small compartment. In his later work, he observed a semi fluid substance
within the compartments. He thought that it was a nourishing fluid and paid ne attention to it.

Later Grew Malplghl Hanstein, Brown and others have observed several plants and brought
to light several important features. Hanstein used the term protoplast for the semifluid substance
present inside each compartment. Robert Brown (1831) was the first man to recognise the
- nucleus within the cell, . :

Presently, the term cell is used to indicate both the cell wall and the protoplast. The
protaplasm surrounding the nucieus js being called cytépiasm and that of the nucleus, Karyoplasm.
oo -
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Several discoveries madé about the structure of plant and animal tissues led the_botanist
Schleiden (1838) and the Zoologist Schwann (1839) to establish the cell theory. This theory
states that all living organisms consist of the cell as the fundamental unit. Rudolf Virchow (1855)
in his famous aphorism, Ommis Cellulae a cellula (i.e., all cells arise from pre-existing cells),

stated that the cell division is the central phenomenon in the reproduction of organisms.

The plant cells vary considerably in size,' shape, organelle composition and physiollogical' role:s.
There is no “typical cell” that can serve as an example of all plant cells. So', the diagrammatic
representation of the plant cell covering all the important parts are given in the pl:d_n’t cell.

Fig.1.1 Diagrammatic representation of electron ph’otomlcfograph of atypical plant cell 1. Nuclear
membrane 2. Nucleolus 3.Nucleus. 4.Starch grain. 5.Cell Wall 6.Endoplasinic reticulum
7.Chloroplast 8.Chromoplast 9.Mitochondrium 10-+iddle ]amcila-’ll‘Dictyosdh)c 12.Ribosome.

1.3. CELL WALL

The cell is covered with a rigid structure called the celi wall. The cell wall has both a
supporting and protective function for the piant cell.. The structure, chemical composition and
function of the cell wall are dealt in detail'in Unit-5 of Course-II of Botonv. :

_ 1.4. PLASMA MEMBRANE

Inne. to .the cell wall and surrounding the protoplasm is a thin, delicate, flexible structure
called the cell membrane or plasma membranée or plasmalemma. Chemical and physical analysis

of cell membirane suggests that it is a lipoprotein..



1.4.1. ‘Structure . : o : g
- After thin sectioning and heavy metal stammg Robertson (1959) adapted Danielli and Davson’s |
(1935) model and proposed a unit membrane hypothes1s “The hypothesis stated that ali biclogical.
membranes have almést a uniform structure. It has a bimolecular lipid centre Sandwhiched
between monomolecular protein lagess. Robertson postulated that the total tmcmess of the
embrane is about 75 A° tc 100 A% The thickness of each protein layer is about 20 AP 1035
A° The molecular thodel of plasma membrane suggested by Robertson is gNen in Frg A

F ig. 1 2 Moleou!ar model of p]asma membrane suggested by Roberu;on,'
-1.. Proiein layer 2 Llpld Iayer{f Hydrophlllc head, 4. Hydrophoblc tail. .

Within the fast fifteen years so many alternative views have'emerged for the structure of
plasma membrane. Of them, the fluid mosaic mo@oposed by Singer and Nicolson (1972) is
-widely accepted. Actcording to this model thq%e proteins are dispersed within the bimolecular- -
lipid tayer in the form of 2 mosaic. This is just like the protein icebergs floating in the lipid sea. -

. The-treatment of membranes with dlffere t salts’and different pH’s have revealed that the plasma
membrane consists of two types of proteipS They are extrinsic ot-peripheral proteins, present at -
the surface of the membrane, and sHgy can be easily removed. The intrinsic or intergral proteins
aré finally incorporated within th pid bilayer. The proteins are amphipathic molecules with
their hydrophilic ends protru info the agueous phase and their hydrophobic ends embedded .

. in the monopolar regions of sids. The model proposed by these scientists is given in Fig 1.3,

| Figl3A Schematlc representatlon of the three dimentional [luid nosaic model
S of plasma metnbrane, L. Llpld layer. 2. Integral proteins. 3 Peripheral ‘proteins.

r

Plasma membrane is a differentially permeable membrane and it regulates the movement of
‘substances int both the ways. It permits the entry of some salts and water into the cell from outside
and genérally prevents substances from moving out of the cell It also blocks the penetration of .

. most of the toxre co;npounds 1nto the cytoplasm

The ﬂu1d mosaic model of membranes views a dynamlc structure w1th its permeablllty barner
(}nmolecular layer of lipid) also_servmg asa solvent for 1ntergal protems and lipids. Lipids and



integral proteins in the bimolecular layer are free to move laterally within their lipid solvent. The
carbohydrate moieties of glycolipids and glycoproteins, located on the outside"_of 4 membrane,
are believed to. be important in assuring the proper orientation of proteins in a membrarie’s
structure; they also have a critical role in the phenomena of cell-to-cell recognition and-inter-
action. :

1.4.2. Functions

* Cell membranes have three main functlons (1) They provide a selectively permeab[e barrier
between two predominantly agueous compartments; (2) They form. a stable and fluid medium
for reactions involving lipophilic reactants and provide a matrix for active proteins which catalyze
a Vanety of reactions, including transduction of energy, and (3) They provide a flexible boundary
between the cell or organeile and the surrounding medium which in combination with associated
protein, has the capacity to transduce information from the exterior environment to the interior
of the cell or organelle. '

Check Your Progress - 1
What is the difference between the integral proteins and perlpheral protems”

Note:{a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

1.5. CYTOPLASM (},\K.'

The fluid material in between the plasma membrane and the nuclear membrane is called
cytoplasm. Under a light microscope the cytoplasm appears as a homogeneous fluid. It is a
colloidal complex apd exhibits several properties of colloids. The cytoplasm may be more viscous
than a liquid- J& may approximate itself to a jelly. .The cytoplasm can change itself readily
from a sol . to gel state and vice versa, according to Seifriz. Several organelles such as plastids,
mltocho?iﬂrla ribosomes, golgi bodies, [ysosomes etc. are present m the cytoplasm.

Electron_ microscope studies reveal the presence of an extensive network called endoplasmic
reticutum.

1.5.1. Endoplasmlc Retlculum

Endoplasmlc reticulum consists of mterconnected flattend sacs called ¢isternae. Altcrnatlvely
it may also appear as short tubules or vesicles. The former type usually contains ribosomes
attached to the outer surface. This endoplasmic reticulum is known as rough or granular
-endoplasmic reticulum. The latter type of endoplasmic reticulum is without ribosomes and
is known as smooth or agranular cndoplasmlc reticulum. The endoplasmlc reticulum may be '
connected to the nuclear membrane or plasma rnembrane

The endoplasmic reticulum is not only a series of channels whlch are concerned with transport -
of materials but also contains a number of enzymes of importdnce in metabolism., Alteratlon or
addltlonal prooessmg of polypetides ean also occur within the c1sternac :



1.5.2. Ribosomes

Rlbosomes are present Vlrtually in all cells and are distsibuted freely within the cytoplasm
" or attached to the endoplasmic reticulum. They are also found within certain organelles-such
as nucleus, chloroplasts and mitochondria. Ribosomes are small, dense, hemispherical bodies
measuring about 17-23 nm in diameter. A small bacterial celi may contain 5-10,000 rlbosomes
whereas an eukaryotic cell may contain 1,00,000 to several millions, The ribosome of a eukaryote
sediments at 18 S and has a molecular weight of about 5 millions. Frequently the ribosomes
ofcur as Strmgs or clumps with as mary as 20 ribosomes joined by a thin thread of messenger
' RNA These groups of ribosomes are called polyribosomes -or polysomes

Each robosome is composed of two unequal subunits, one sedimenting at 60 S and another
at 40 S. The ratio of the velocity to the centrifugal acceleration is called the sedimentation
- coefﬁc1ent S. The sedimentation coefficient has the unit, seconds. Each sub-unit contains RNA
and protein in equal amounts Ribosomes are the sites of protem synthesis.

Check Your Progress - 2,

What are polysomes?

Note:(a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

............................

1.5.3. Golgl Apparat

" The structure that we n??all as Golgi Apparatus or Golgi complex or Golgi Body was
first destribed in the nerve cells of owl by Camillo Golgi in 1898. There were suspicions tili
1950 that the ﬁndlngs were due to artefacts of the fixation and staining methods employed at
that time. The use _of electron microscope and improyed staining technigues in 195(0°s have
established golgi apparatus as a real and universal orgarielle in living eukaryotic cells. The Golgi
‘Golgi apparatus is divided into a number of smaller, independent units called dictyosomes. The
number of dictyosomes ranges from one to several hundreds per cell.

_ It is suggested that all the dictyosomes are__ inter-connected by membranous elements to form
the golgi apparatus.. Each dictyosome usually consists of a stack of membranous flattened sacs
called- cistenae (Fig 1.4.). The number of these cisternae in each dictyesome varies from 1-30.
In many uriiceilular algae there is only one dictyosome per cell. The higher plants usnally contain
4-7 dictyosomes whereas certain algal and animal cells contain between 20 and 30. The c1sternae
pinch off vesicles at the edges = ' : -

'I‘hese vesicles contain several substances such as proteins, cellulose, hemicellulose and pCCth

mpounds The golgi apparatus appears to be involved in the secretion of cellulosic and non-

cellulosic wall materials, slimes and mucilages, glycoprotems and various digestive enzymes. They

. are also useful in the formation of cell vacuoles and cell plate during mitasis. Gogq apparatus is
observed in continuation with endoplasmlc retlculum in many cases.



Fig.14. Golgi apparatus. . A,Few dictyosomes. -B. A three dimentional artist’s recon-
struction of single dyctyasome 1.Single dictyosome. 2. Vesicle. 3. Cisternae. 4. Lumen.

Check Your Progress - 3 =
~ Describe briefly the structure of a dictyosome. - ' o . . \

Note:(a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end. .
A e e e e

1\_.5.4 Mitochondria _ | _
Mitochondria which aré also known as chondrisomes were discovered by qulikf-__r 'an_d Altmqhn
in 1880’s. The term mitochondria was used by Benda a short time later.. The mitochondria usually
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- appear as cylmders \measurmg aboui. 3: 6um Jorz and 0.5 to L0y u diameteér) or as spheres
(about 0.5 to-1.5 m in diameter). The number 6f mitochondria per. i also shows considerable

variation. Some unicellular algae contain only one whereas the s of higher plants contain
several thousands _ . ' ' '

Fig.1.5. ._.Mi_t'o.c_hondri:a. ..A LSgof iloéhond'rion B"I;hrce dimentionai section.
1.Cristae. 2.Matrix 3.Outer mbr%e{gdlnncr membrane 5. In[er memtirane space. '

. . M .
Each mitochondrion is bg " d by an envelope consisting of two membranes, each about
~ 5¢m wide. The innér membrang,js/invaginated into the matrix to form projections called cristae.

The space between the outer and inner membranes is called perimitochondrial space which :
is about 8.5 nm wide and the region within the invaginations is known as intercristal space.
-Regularly spaced stalked particles are found along the matrix side of the inner membrane. These
are considered as structural units of mitochondria. Each elementary particle is called oxysome
and it consists of a head of about 8-10 nm in dlameter borne on a stalk of about 4:6 mn long
and 4em in dlameter There. are about 2000 to 40{}0part1cles per: J“mz (Fig. 1.5)

-The space enclosed by the internal membrane is thie matrix. The matrix s. behevg,d to contam '
proteins and lipids. A variety of inclusions such as DNA filaments, rlbosomes and calciom
containing granules are observed in the mltochondnal matrlx -

Mitochondria are the sites of chemical reactions of resplratlon Pyruvate produced from
glycolysis enters: the mitochondrion and is oxidised to COy ang water via Kerb's cycle or TCA
cycle. The stalked particles contain the enzymes responsible for the synthesis of ATP durmg
oxidative phosphorylation. These ATP molecules supply the energy to.the cell whenever necessary.

_-‘Hence the mitochondria are consrdered as “Power houses’ of a cell”. In addition fo this the .

_ mitochondria also contain transaminases which are helpful in the production of aminoacids from

- TCA cycle acids. As the mltochondna contam DNA, ribosomes and related macromolecules, it

LS presumed that they also carry out the process of transcription and translation durmg protem
synthesns w1th1n themselves Thus these: organelles are semlautonomous -



Check Your Progress - 4
What is an oxyseme? Describe its structure,.

Note:(a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

......................................................................................
...................................................................................
......................................................................................

e e B LTI I B ST L LN P

1.5.5. Plastids '

Immature plant cells contain large mitochondria-like organelles possessing a double membrane -
envelope with littie development of internal membrane system. These are called p_ropiastidls.-
According to the position of these immature cells, the proplastids develop into green chioroplasls
(in photosynthetic tissue), colourless amyloplasts or lescoplasts {in root or _Stiorage tissue)
and variously’ coloured chromoplasts (in petafs and fruits). Plastids were first described by
Leeuwenhoek some 300 years ago and the term plastid was used by Schimper in 1880's.

The chloroplasts are usually ellipsoidal or discoidal in shape. They measure about'5-

10m long with a thickness of 2-3#im. The number ranges\from one in some algal celis to
several hundreds in some cells of higher plants. Usually ZO%hloroplaSts are found in each
photosynthetic cell of a feaf. Each chloroplast is boum@i_'_. ouble membrane.

- 610 nm.thick. These two membranes are separat an electron translucent space of about -
© 120 nm.in width. The outer membrane gen@jp ears smooth, whereas, the inner membrane
is frequéntly observed with finger like protrusigns into the stroma. It is suggested that they are’
involved in the formation of internal n@anc systems even though the chemical composition
of the lamellae and envelope are quite di €rent. IR o

The chioroplast envelope consists of 2 rﬁembraﬁes. membrane is reported to be about

The internal strocture of chioroplast (Fig.1.6) is a complex of membranes running through
the matrix. The matrix which is also called stroma consists of a concentrated solution of proteins.
- All the enzymes necessary to convert carbon dioxide into sugars are also present in this matrix,
and the most important enzyme found in large quantities is RuBP carboxylase. The fnembranes
inside the chloroplast form into-a system of thin sacs called lameliae. In some regions several
sacs or lamellae are stacked on top of each other to form.grana. :

The grana are’ shown to be roughly cylindrical measuring about 0.2 to 0.4um in diameter. -
Generaily 40-60 grana are found in each chloroplast of a photosynthetic ¢ell. Each granum
consists of stacks of flattened lamellae bounded sacs known as’ thylakoids. The intergranal
lamellae are called frets. The whole internal ‘membrane system is known as grana-fretwork
system. The grana- fretwork system is now regarded as a single membrane continuum with.
structurally differentiated regions. The simplest granum consists of only two thylakolds, but
" generally therg may be 10- 100 thylakoids in a single stack. The electron translucent’ region

between two adjacent thylakoids is termed partition and the internal translucent regions enclosed
1y the thylakoids are termed loculi. The ends of the thylakoids i contact with the stroma are.
- called margins and the thylakoids at each end of the stack are termed end granal membranes.

-The strorﬁé of chlbroplasts also- contain ribosor_nes, circular naked DNA,I lipid globules and
starch grains.  Chioroplasts are ‘the organelles which perform various photosynthetic r;:_a_r;_tic_m& _



Some of the proteins are also synthesmecl in chloropiasts These are aiso scmlantanumous
organelies like mitochondria. :

Check Your Progress - 5
What is the important difference between the chloroplast, chromoplast and'léhcoplaét?'

Note:(a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end. .

L A I R T T T
..................................................................................
......................................................................................

...................................................................................

Fig.1.6. . Chloroplast A. An election microscopic picture of chloroplast. B. Three dimentional
section of 2 chloroplast. C.The arrangement of thylakoids and stromal lamellac inside chloroplast,
1. Granum. 2. Stromal lamella¢. 3. Inner membrane.. 4. Outersnembrane.5. Stroma. 6. 'Ihylakold
7. Thylakoid compartment. 8. Inter membrane comparl:merr!. 9. Channel of stromal lamellae.

1.5.8. 'Ly'soso mes

Lysosomes are the membrane-bound vesicles that either bud off from .the golgl apparatus
or arise directly from the endoplasmic reticulum. Thse are dense bodies of about 400 nm in
- diameter. The lysosomes contain a variety of digestive enzymes. These enzymes are originally

10



produced by ribosomes. The lysosomes are bound by a single layered membrane The lysosomes
are responsible for the ntracellular d1gestlon of matenals taken vp by endocytos;s and also help
in self digestion.

1.5.7. Mtcrobodles

Mierobodies are also called as peroxisomes or glyoxysomcs These are uaually spherical even

though some ‘elongated, dombbell shaped and 1rregular forms are reported nuerobod1es usually :

measure about 0.2 to 1 5. u¢m in diameter.

Thesc are believed to arise from the outgrowths of ‘endoplasmic -eticulum. Microbodies
‘consist of a single smooth membrane surrounding a granular matrix. The matrix contain fibrillar,
amorphous or crystalline inclusions. The presence of enzymes which catalyse the breakdown
of hydrogen peroxide gives the name_peroxisomes to these bodies. These are also involved in
- the conveision of fatty acids to carbohydrates via the glycoxylic ac1d cycle. So these arg/ called

glyoxysomes. : :

1.5.8. Mlcrotubules and Mlcroﬁlaments

A series of the fine tubules in the cytoplasm are reported from most of the celis. They measure
about 23 ¢cm Inr diameter,with an indefinite length. These are called microtubules (Fig.1.7). The

microtubules are not surrounded by a membrane. Electron- inic:oscopic sections show that the

wall of the tubule is composed of repeating elements. In cross section 13 elements can be seen.
These elements-are suggested to be globular protems

Fig.1.7. Microtubules ASeveral microtubulea B. The probable arrangement of the suburits of a microtubule,

Mtcroﬂlaments are narrower than mrcrotubules They measure about 5- x nm ‘in diameter.
The microtubuses are responsible for various elastic propetties of cells and the movement of
cytoplasm and organelles and play an important role in the formation of a cellulose cell wall.

1.6. . VACUOLES

The presence of vacuoles is a characterlstu: feature of all dlfferentlated fiving, plant ceils,
Vacuoles are usually absent ‘in yourig meristematic cells. Even if they are present, they are
very small. A mature plant cell con51sts of a single large vacuole oceupymg about 90% ‘of .

11
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the total cell volume The vacuole is surrounded by a semlpermeable membrane known as
the tonoplast. The contents of the vacuole form the cell sap. The. cell sap contains wateér,
mineral ions, sugars, organic acids, amides and .amino acids, gums, tannins, lipids, certain
pigments and proteins.” The protemxnclude both storage proteins and a variety of enzymes |
such as acid phosphatase, proteinase and, RNase. Vacuoles may also contain crystalline material
and inclusion bodies. The inclusion bodies may be simplé vesicles or may contain degencrated
ribosomes and mitochondria. Vacuoles usually serve as storage organelles for a vanety of ..
compounds. The presence of hydrolysmg enZymes and degenerated cellular organelles suggests '

that they are digestive in functlon

1.7. NUCLEU_S' "

The nucleus was first described by Robert Brown in 183] The eukaryotlc cells contain a
membrane boinded nucleus whereas the prokaryotic cells do not show a definite nucleus with
a nuclear membrane. The nucleus is approximately spherical in shape and contains the major
part of cellular DNA. The dlameter of the nucleus is about 10pm. -

1.7.1. Structure

The nucleus is surrounded by an envelop of two unit membranes. Each membrane is about
5-10 nm wide. These two membranes are separated by a gap known as perinuclear space. The
width of this space varies between 10 and 60 nm. The envelope is observed with several pores
and the diaméter of each pore ranges between 10 and 40 nm. It is assumed that the pores are
the channels of communication bétweén the inte ml f the nucleus and cytoplasm. The outer
membrane of the nucleus is frequently observ ribosomes, and may be continuous with
endoplasmic reticulum in some places, C :

Inside the nuclear membrane there if?dgnse ﬂllld .called nucleoplasm or karyolymph and a
network of chromatic material. The matin material is. dispersed throughout the nucleoplasm.
During cell division the chromatin erial is organised into a definite number of chromosomes.
The chromatic material is formed of \DNA and histones (protems) Smaller amounts of acidic
" proteins and RNA are also r&g}d : N : o

One to four promment roughly spherical siructures known as nucleoll are usually observed’
within the nucleus. The nucleohi are not bounded by a membrane. They contain a large proportion
of cellular RNA and little of DNA. 70% of nucleolus is composed -of proteins. It is. now
well established that the nucleoli are the sites of ribosomal RNA synthesis. During cell division
the nucleolus disappears. Some specific chromosomes known as “Nucleolar chromosomes are
conoerned with the reappearance of nucieolus at the end of mitosis.

1.7.2. Functlons

The nucleus contains chromosomes whlch are the carriets of herldltary material, the DNA,
Thus nucleus determines the characteristics of the individual organism. The nucleus also regulates
the various-metabolic processes through synthesis of specific proteins and enzymes. It also
regulates the various developmental phases of the individual. Nucleus undergoes division during -
m1tos:s and meloms and thus maintains the contmulty of genetic rnaterlal in alf the cells.

1.8. SUMMARY

The cells are the basic units of all ofganisms Each cell consists of a cell wsll plasma
membrane, cytoplasm, endoplasmic reticulam, golgi' apparatus, mitochondria, chloroplasts,
lysosomes, nucleus etc. The cell wall is a rigid structure and serves both supportive and

12



protective function. The plasma membrane is a differentially permeable membrane and it
controls the entry and exit of some saits and water. This is made up of lipids and proteins.
The fluid material in between the cell membrane and nuclear _inembrane is cytoplasm. Several
organelles such as plastids, mitochondria, ribosomes, -golgi apparatus, lysosomes etc. are preset
in the cytoplasm. The interconnected tubular network-like structure is called endopiasmtc
reticulum. The endoplasmic reticulum with ribosomes on the outer surface is called rough or

granular endoplasmic reticulum and without ribosomes is called siooth or agranular endoplasmic

reticulum. Ribosomes are 8G S particles present freely in the cytuplasm or on the surfgace ‘of the
endoplasmic reticulum, The groups of ribosomes attached together are called polyribosomes or
polysomes. Several dictyosomes are interconnected to form the golgi appratus. Each dictyosome
consists of 1-30 sac-like cisternae. The golgi apparatus is secretive in functiont. Mitochondria are
sphere-shaped or cylindrical bodies and these -are the sites of chemical reactions of respiration.
Chloroplasts are ellipsoidal or discoidal particles with an outer envelope and internal lamellar
system.” These organelles perform various photosynthetic reaction lysosomes are round bodies
with a variety of digestic enzymes. The enzymes necessary for the breakdown of hydrogen
peroxide and for the conversion of fatty acids to caybohydrates ar€ present in microbodies
or glyoxysomes. Microtubules measure about 23 nm in diameter with indefinite: length and
microfilaments measure about 5-8 nm in diameter. Vacuoles are usually absent in young cells
and the mature cells contain a large single vacuole in the centre:The nucleus is about 10#m in
diameter and spherical in shape. The nucleus is bounded by a unit membrane in eukaryotic cells
whereas it is absent in prokaryotic cells. It contains the major part of celiular DNA,

1.9. CHECK YOUR PROGRESS: MODEL“ANSWERS

1. In the Singer and Nicoison Model of the plasma brane two types of proteins, viz.,
peripheral proteins and integral proteins are recog . Peripheral proteins are present at

the surface of the plasma membrane and they be easﬂy removed whereas the integral
proteins are firmly incorporated within t?rnpi \bitayer.
n

2. As many as 20 ribosomes join tegei ;a orm clumps with the help of a meszenger RNA.
These are called palysomes or poly

nes.

‘3. The dlctyosome consists of a stack of 1-30 membranous flattened sacs. These are called
cisternae. The cisternae pinch off several vesicles a¢ the edges and they contam _several
proteins, cellulose hemiceltulose ang pectic compounds.

"4,  Along the matrix side of the inner membrane of tiie riiicchondria several-regularly spaced
stalked particles are found. These are called cler.entary particles or oxysomes. It consists of
a head measuring about 810 nm in diameter and & (a]K measuring about 4-6 nm long and
4 nm in diameter.

5'._ The main difference between the chioroplast, chromoplast and.leucoplast lies in the eo]our
The chloroplasts are green in colour where as rhe leucoplasts and chromoplasts are colourless
and variously coloured respectively.

1.10. MODEL EXAMINATION QUESTIONS

I. Answer the following guestions in about 30 lines each.

1. Writc an account on the structures and functions of the cell wall and plasma membrane '

with the help of diagrams.

2. Describe the structure and functions of endoplasmic reticulum with the help of diagram.

B
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" 3. Describe the structure and functlons of chondrlosornes and chloroplast with the help of
dlagrams . 7

4 Describe the structure and fl.ll’lCthl‘lS of nucleus w1th the help of dlagrams
II, Answer the followmg questions in about 10 lmes each
Descrlbe the structure and functions. of the cell wall.
Describe the structure and fu-nctl_ons of plasma membrane.
Describe the structure and functiorrs of endoplasinic reticulum.
Describe the structure and functions of golgi complex. | |
bescribe tﬁe_ structure and fuuctic-ms"of mitochondr'ia_.

"-Describe the structure of ‘chloroplast.

._ra'?s-f-:hs»-svré

D_escribe the structure and functiehs of chloroplast. '
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2.1. OBJECTIVES . u U

By the end of this Gnii you will"_'lic able to: Qw

define transpiration ©: plants, 2) '
describe the different theories of ascent of sap,

describe the structure and distribution of stomata, - _
explain the stomatal opening and -closing and its significance in transpiration,

list out and describe the different internal and external factors that affect transpiration and

S oA W N

define and describe the process of guttation.

2.2. INTRODUCTION

_ Of all the environmental factors that affect plant life, perhaps, the most important one is
water. Almost all physiological activities need water. Transoprt of food materials inside the
plant body needs water. In photosynthesis, water is oné of the raw materials. It is estimated that
‘land plants, on an average, require 500 Kgs of water for each kilogram of dry plant substance.
The amount of water in a physiologically active plant ranges from 60% to 95%, Fresh fruits have. -
large water content, e.g., apple 84%,banana 75%, grapes 82% etc. Relatively inactive parts like
seeds, however,contain only 10-15% of water. - . : . :
.' ~r peoc. Mot C M- 05‘:&3 B
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2.3. TRANSPIRATION

Water enters the plant body from soil through root hairs. Surprisingly, a very large percentage,
nearly 98% of the water so absorhed by plants, is not utilised by plants, instead escapes into the
atmosphere as water vapour. This process is called transpiration. If is estimated that a single
minze plant may transpire about 2 litres of water a day and that an acre of maize may transpire
more than 3,00.000 gatlons of water in the growing season. This illustration shows how much of
water escapes through plants from soil into the air. ~

~ So, transpiration may be defined as loss of water fram the aerial parts of the plant body -
"into atmosphere in the form of water vapour. Enventhough all aerial parts are involved in
transpiration, primarily it is the leaf where the maximum amount of transpiration takes place.
The Jeaves on their surfaces have small openings or pores called stomata through which water
vapour -escapes into the air. This kind of transpiration is called stomatal transpiration. Besides
this, however,some water is lost through the cuuicle present on the epidermis of the Ieaf. This
is called  cuticular transpiration. This may account for 5 to 10%: of the total transpiration. In
woody trees, transpiration takes place through the lenticels, present 6n stems. This is called
lenticular transpiration. ' '

Trarlsplratlon may rescmble evaporation, wherein ‘also water is lost in the form of vapour.
The term evaporation is used for the process in which water escapes as water vapour from open
water surface areas like rivers, lakes and seas. This is purely a physical process and is controlled
by external factors only. Transpirationgon the other hand, occurs from living surfaces and is
controlled not only by external factors but by inte;gctors of the plant body or vital factors.

Structurally the leaf is well suited for transpiration. Between the two epidermises of the leaf,
there is the tissue, the mesophyll whose cells a in walled and there is a lot of interceliular space
between these cells. All these spaces togethericonstitute a branched system of air passages which
join the larger spaces lying behind the stomata called. sub-stomatal chambers. The interceilular
spaces make up to 15-40% of the total \%ﬂ of the leaf,

Water that enters the roots if\tHesoil travellilig through the stem reaches the leaf. The
upward movement of water  thebroots to the tops. of trees, is referred to as-ascent of sap.
J.eaving aside small herbs an s, the problem looks very ‘perplexing when we consider trees
like Sequioa er Eucalyptus or a pine which are about 300 feet in height. To transport water . .

- vertically to such great heights, a pressure of nearly 10 atmospheres is necessary. The problem' -
then is to consider the forces involved in this remarkable feat.

The pathway for the soil solution InSIdc the plant body is the Iumcn of xylcrn vessels. This

. can easily be demonstrated by removing all the tissues outside the xylem in any.branch of a plant

and obsérving whether the leaves lose turgidity. No such loss will be observed. That means the
leaves contmue to get water and xylem must be the channel for it.

So when the problem of pathway for water movement is settled, the real question is what
is the motive force that propels the water to move upwards There are many theories trying
to explain this phenomenon. These are classified as vital theories and physical theories. The
supporters of vital theories look upon the pressure of living parenchyma cells as primarry cause
for the ascent of sap. On the other hand, those supporting the physical theories deny.any such

- primary role to the living cells and contend that the ascent of sap is purelyr a physical process. m
'whjch living cells have no role to play.

2.3.1. Root Pressure

In certain species like gra; > when stems are cut at the top specially in spring season, xylem
sap e)mdcs_ from the cut ends. This exudation is attributed to the development of pressure in the
sap in the xylem. Activity of living cells is responsible for this exudation and this is catled root
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pressure. Even though root pressure does exist, this may just be sufficient to force a column of

water in the vessels to a maximumgheight of 10 metres only. So this is inadequate to explain
-water movement in all trees. :

Check Your Progress - 1

What is meant by ascent of sap?
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end..

2.3.2. Vital Theories to Explain Ascent of Sap

Westermaier; Godlewski and J.C. Bose are some who vchemently supported vital theories.
Westermaier thought that the upward movement of water is effected in the xylem parenchymi:
while the vessels and tracheids serve as mere reservgirs of water. J.C.Bose was of the opinion
that pulsatory activity of the living cells adjoining xylem vessels cause the ascent of sap in plants,
The innermost layer of the cortex in dicotyledonous plants shows great deal of pulsatory activity
which Bose considered as responsible for ascent of sap.

These vicws are no more acceptable now, because it is c_a@wlv proved that water moves
to the top of plants even when all living cells are killed. A ’
@of Sap

2.3.3. Physical Theories to Explain _Aéc

) There are two theories viz., capillary theory and ?@?sion theory that are proposcd o explain
the upward movement of water in plants.. % . : .

Capillary Theory: This hypothesis st s that the upward water movement in plants is die
to capillary forces. But capillary forces sufficient to raise water to a short distance in the
stem but cannot account for water rise in*trees even of average height. Surprisingly it is now

established that vessels of spring wood which are broader than those of autumn wood, conduct.

more water. As a matter-of fact, this evidence refutes the validity of capillary theory.

Cohesion Theory: This theory was first proposed in 1894 and 1895 and subsequently eiaborated
"by Dixon in Great Britain and Renner in Germany early in the 20th Century. Ascent of sap
according to this theory, takes place as follows. As transpiration takes place, water is lost from
the walls of the mesophyll cells of the leaves. As a result of it, saturation deficit occurs in the
cell walls. This makes the cell walls draw water from the cytoplasm of the mesophyll cells. In its
turn cytoplasm draws water from the vacuole. In this manner, saturation deficit gets transferred
from cell to cell in all the leaves until it finally acts as a cumulative suction pressure on the xylem
at the apical part of the stem, which again is transferred to the root system, Thus the movement
_ of water inside the plant is due fo the tendency to make good the saturation deficit. Really
what causes this quick flow of water from root end to-tHe leaf is the pulling force set in motion
by transpiration. Thus transpiration pull is the main force for lifting the water. While moving
upwards there is no danger for the continuity of water columns as. water molecules within
column are joined to one another by very high forces of mutual attraction, the cohesive forces.
Added to4his is the adhesion. of water molecules to-the molecules.of the watl lining the iylem
which prevents the water filaments from being defected from-the vessel walls; thus making their
rupture more difficult. Thus the cohesive and adhesive forces of the water motecules amongst
themselves and to the wall of the xylem respectively, enable the transpiration pull to lift water



as one would pull a cable or wire from the-top of a building. Air bubbles may form but do not
cause an unsurmountable obstacle, as they dissolve in water in many cases,

Fig.2.1. Diagram showing the passage of wa‘er from the soil to the lcaves and into the air. Water enters
‘through the oot hairs and other surfaces of the young root (The path of water is shown by arrows,) .

Thus the possibility of living cells contributing substantially to the upward movement of water
in plant is-quite remote. The theory that water ascends in the xylem of plants largely under the o
influence of force of transpiration from leaf surface, therefore, seems to be probably the correct
explanation. : - . ' : '

Inside the leaf, travelling through the xylem vessels present in the veins, water ultimately
reaches its destination, the mesophyll cells. The cell sap, cytoplasm and the cell Wall_s- of the cells
of mesophyll get Saturated with water. During transpiration, water from the cell walls evaporates
into the interceltular spaces of the mesophyll and from them into the stomatal chamber. Finally
through the pore the vapour escapes into the atmosphere (Fig.2.1) : '
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" 9.3.4. Structure of Stomata

These are lens-shaped openings present in the epidermis. These opeings lead to interceliular -
spaces inside the leaf. In reality, this pore is an intercellular space caused by the separation of two
specialised epidermal cells called guard cells (Fig.2.2). These specialised epidermal cells differ
from the other epidermal cells, in that these contain chloroplasts and in surface view are kidney
shaped. These guard cells are so arranged that the concave walls of these kidney shaped. cells
face each other, due to which the pore is formed. The cell wall of the guard celi is differentially -
thickened. The wall facing the pore is very much thickened, while the wall away from the pore is |
. normal. It is through this pore that water vapour escapes into the atmosphere. In some plants
* guard cells are accompanied by epidermal cells’ which are different from the rest and are called

subsidiary cells. :

Fig.2.2. Opening (A) an osiﬁg (f!] of Stomata. Arrows show
the direction of water.movement. 1. Guard cells. 2. Epidermis.

Check Your Progress - 2
What are guard celis?,

Note:(a) Write your answer in the space given below.

(b) Conipare your answer with the one given at the end.

......................................................................................
T T e L R R R R N I L T B A L B
....................................................................................

..................................................................................

2.3.5. Distribution of Stomata

Generally the stomata are seen in larger numbers on the lower side of the leaf than on the.
upperside as in phaseolus vulgaris and Cucurbita pepo. In some, as in apple, oak and orange,
stomata are seen confined only to the lower surface. In plants like maize, they are almost equally
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distributed on both the surfaces. The numbel‘ of stomata per square inch of the upper and lower’
epidermises is given in Table-1. - _ v

. Table 1 : Dlstnbunon of stomdta per square inche (S T Umt) of leaf surface.

C .
[t |

Plant ’ : ' ‘Upper cp_ldeml-ius N Lower epldermls [ "\
Apple (Pyrus malus ) "~ none O 2,50,000 R
‘Bean'(Phaseolus vulgaris) 26,000 " 160000 o
Maize (Zeamays) -~ 39,000 | 64,000

Oak (Quercus suber ) none - ; 3,75,000

Orange (Citrussinensisy _  none o 290,000

Pumpkin (Cucurbita pepo) 18000 . T 175,000

Sunflower (Helianthus annus) 55000 " £ 1,00,000

- When fully opened ‘the maximum width of the pore is 3 to 12 p#m and the length is 1G to
40-ph. The number of stomata per unit area of the leaf is called stomatal frequency. Stomatal
,mdex i5 defined as the percentage number of stomata as compared to all the epidermal cells

inclnding stornata in a unit area

Here, l=stomaté} index, S=Number of stomata, Egl\ilmber of epidermal cells per unit ereé.
“Eventhough it may appear from the above table\hﬁ{there are so many stomata in a leaf, the
 totat pore area, when all the stomata are full 1 to 2 percent of the total leaf area.

2.3.6. Methods of Measuring Tr. u'atlon

© There are several methods to measursh rate of transpiration. Three methods are descrlbed
below. : ’

—w

.1. Weighing method: grawmetnc method. In this method, g potted intact plant
is selected and it is watered-%@ughly Then the pot and oot system ate covered by metal
- containers or metal sheet or a sheet of polythene to ensure that no evaporation takes place from
them and that whatever water is lost is only from the agrial parts. of the potted plant. Now the
pot is weighed at regular intervals. The differences in welght is due to transpiration only. The
rate of transpiration is usually cxpressed as grams per unit area per hour. In arriving at the total
leaf area, care must be taken to see whether the stomata are confined to only one side or present
on both sides. Any change in weight due to photosynthesis and resplranon will be negligible.

2. Volumetnc Method: This is also called potometer method This particular. potometer
is known as Ganong’s potometer (Fig.2.3). This apparatus is made up of a glass tube bent
upwards at one end and downwards at the other end. A portion of the potometer is a narrow
capiliary tube, with known diameter and a scale on it. Tt is bent down with a small hole at its

". buibous end. The other arm which is bent vpwards hasa stopper at the base of a water reservoir.

A twig of a mesophyte is cut under water to avoid entry of air bubbles into the stem and is -
inserted into another arm (potometer well) of the potometer with the help of a rubber stopper.
The entire potometer is filled with water and is made air tight. The bulbous end with a hole
is kept in a beaker with coloured water. After a while an air bubble is introduced through the.
hole in the bulbous end of the capiflary tube. As transpiration proceeds, the air bubble moves
forward in the graduated horizontal tube. By noting the time taken for the air bubble to travel
the capiilary tube, whose diameter is known, the amount of water transpired can be calcuiated.
In this expetiment, it is presumed, that the amount of water transplred is equal to the amount-
.absorbed. : : : .



" Fig. 2.3. A potometer used for measuring traﬁspiration 1. Transpiring platn. 2. Waier reservoir. 3.
Stopcock. 4. Millimeter ruler. 5. Water level during readings. 6. Capillary. 7. Bubble. 8. Water
- filled system. 9. Potometer well. 10. Rubber stopper. 11. Wooden potometer support and rack,

 8.Cobalt Chloride Method: Filter paper is d'ippcd_jrf 3 percent cobalt chloride solution.
This is then dried in hot air oven. This filter paper will be blue in dry condition and pmk
when moist. Bits of dried cobalt paper are placed on the igaf surfaces and to avoid entry of
atmospheric moisture, glass plates or mica sheets are us@(&/ﬁlms are placed upon the filter

_paper bits and held securely.

The blue colour'changes into pink. In some pﬁi?ts‘thj's change takes place quickly while in
some slowly. So-this method is useful in corr})aging {the transpiration rates of different plants.

2.4, STOMATAL MOVEME}P«}"{%‘ .

Generally in many plants stomata open during day time ie., in the light and close in' the
night (darkness). However, in certain plants having CAM (Crassulacean acid metabolism) type
of photosynthesis, stomata are open during night and closed during day. The movement of the
stomata is due to entry and exit of water in and out of the guard cells.

Guard- cells have all the organelies like mitochondria, nucleus, peroxisomes, rnibosomes,
spherosomesyendosplasmic reticulum and chloroplasts. These chioroplasts have prominent
grana, and accumulate starch. The other ‘epidermal cells surrounding the guard cells have less

“ number of organelles and no chloroplasts at all. The amount of starch in the guard cells increases
slowly in the night and decreases in the day. Protoplasmic threads, the plasmodesmata, connect
the guard cells with the surrounding epidermal cells, but no such connections exis¢ between cetls
of mesophyll and guard ceils. : o :

During day time, water enters the guard cells from the surrounding- epidermal celis and
reaches the vacuoles of the guard cells. This results in the increase in the turgidity of the gnard
cells. This brings about changes in the volume and shape of the guard cells. The walt of the
guard cell, away from the pore, as a result of increased turgidity bulges out, thus pulling away
" the thickened walls surrounding the pore. As thé two guard cefls thus separate out, the pore
increases in size. Thus the stomata open. However, when water gets out of the vacuole of
_ guard cells, turgidity falls, the outer bulged wall moves forward . and so thickened cell walls also
" come close to each other.Thus stomata get closed. This happens in the night. In this context,
it should be noted that when compared to -other epidermal cells guard cells are smalt in size. -
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and metabollcally more active and have a special ability to undergo the rapid changes due to
turgldlty S .

‘Many plant physiologists tried to explam the pr1nc1ples underlymg the stomatal movements

The fundamental fact accepted by all is that stomatal movements are caused due to. changes - -

in the turgor pressure of the cells. The forces at work which bring about these changes are
interpreted differently. : o _

2.4.1. Starch-Sugar Hypothesns

Three scnentlsts are associated with this hypothems They are Lloyd Loftfled and Savre
During day time, C02 concentration in-guard cells is low as CO, is consumed in photosynthesis
" and this results in the increase of the pH value of the cells. This high pH value favours hydrolysis.
of starch into sugars, which is osmotically active and thus there is an increase in the turgidity
of the cells. Thus guard cells move apart and so stomata opens. In the darkness, the CO,
Yconoeﬁtration incredses as a result of respiration in the guard cells. This results in a fall of pH
value in the guard cells, thus lowering the turgor pressure, and so the guard cells get nearer
closing the stomata. The enzyme phosphorylase present in the chloroplast is sa:ld to catalyse the
- conversion of starch into sugar in the presence of inorganic phosphate

o o Phosphorylase : o
Starch+Inorganic phosphate = . Gluc‘ose~1~phosphate

This hypothesis is not acceptable now, because firstly there are some plants in which no
starch is present at all in guard cells e.g. JAliom; secondly there are plants with variegated leaves
and etiolated leaves, where guard cells do not contai chloroplasts-and thirdly the conversion of
starch into sugars is very slow and thus canniot ekp{;} the quick stomatal movements

2.4.2. Modern View I \%

‘This is called theory of ion fluxes. &his was first proposed by Fupno in 1967 ‘The guard -
cells, in opened condition has hlgher co%\ratlon of potassmm (K -} ions. The epldermdi celis
and subsidiary cells, when prese ife ¢ the store houses of K* ions. The. entry of K* ions in
large ‘numbers into the guard cell,Nincreases its osmotic potential. This results. in the Tise of
turgor pressure ¢ of the cell an stomata open. There is a large experimental evidence for this
migration of K* into guard ce rom the epidermal cells. It is°also demonstrated that.during
day time, guard cells synthesise organic dcids; speCIally malic acid. In the cytoplasm of the guard :
cells, malic acid dissociates into hydrogen ions (H*) and malate 1ons 'The hydrogen ions move -
out of the guard celis into the surrrounding epidermal cells while K* move into the guard cells,
‘thus maintaining electronentrality. The malate ions inside the guaid cells balance the excess. K"
ions. The organic acids could be produced in many ways,ie. starch hydrolysis, carboxylation
of phosphoenol pyruvate or through conversmn of glycolate Thus the mﬂux of K* follows the
synthesis: of organic acids. L '

~ The potassmm malate so formed in the guard célls moves into the vacuoles of guard cells.
. This results in increasing the osmotic potentlal of the guard cells. So water moves into the guard
cells from the epidermal cells, This results in the increase of turgor prcssure of the guard cells
and the stomata open. .
> The sequence of events as llght fal[s on leaf is given below _

© | Dissociation of Inflow of K+
Ligl'tt _,| Malic acid { | malic acid into _,}-and outflow of
. ‘production || hydrogen and H+ through. -
' ' malate ions " | plasma membranes
- _ 1
: . _Osmosis of .| | Transport of -
-~ | .| Turgor _ . B - aci '
Stomata | pressure o water from .| potassium malste
_open inGreases. sutrounding into vseuoles of.
' i epidermal cells guard cells .
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Another injportant factor in the modern concept is that the transport of potassium ions into
the guard cells is an active mechanism and that ATP is supposed to provide the necessary energy

for this transport. Considerable evidence is there to support.this. The studies of Ramadas and :

Raghavendra (1976) have demonstrated that when guard cells receive light photophosphorylation

takes places ih the chloroptasts of the guard cells as a result of which ATP is produced. The -

" necessity of light, for stomatal op,emng perhaps is more for ATP synthesis: rather than for carbon
assimilation. : . :

Thus, according to modern’ view the opening of guard cells is due to the entry of potassium
ions into the guard cells, finally reaching the cell sap in the form of potassium malate. This
increases the osmotic potentlal of the guard cells and turgor pressure and leads to stomatal
opening. The entry of K" ions is an active mechanism and needs energy, which is supplied in the

- form of ATP, which is produced in the phtophosphorylanon that takes place in the guard cells.

Now, with the onset of darkness all these changes in guard celis take place in the opposite

direction. K ions are now transported out of guard cells into the surrounding epidermal cells’

by hydrogen-potassium ion exchange pump and the orgahic acids-are consumed in the metabolic
process. As a consequence water gets out of the guard cells whose turgor pressure comes down
and the stomata get closed. :

2.5. FACTORS AFFECTING TRANSPIRATION

The rate of transpiration is mfluenced by 1nternal factors as well as external factors.. Root-

“stem ratio, leaf area and stricture are examples of internal Iact\w}ule light, temperature wind

and availability of water are the extemal factors. : \/
2.5.1. Internal Factors : '

‘Root-Shoot ratio: Rate of transpiration increages w;hh'an increase in the ratio of root and-
shoot provided the other conditions are favourabl?Sorghum s root system is more extensive-
¢

than that of maize. So the rateof transplratlo
maize. _ _ —

: ’ : N . R
.- Leaf area: The greater the leaf area @gher 1s the loss of water, eventhough there is no
proportionality between them. A big plantMhay lose more water but the rate of transpiration by

area of leaf is more in sorghum than in

a smaller plant may be greater per unit area, When leaves of any plant are removed, the total

water lost may be less, but rate of transpiration per unit area will be more.

Leaf Structure: Plants growing in .dry area_show many adaptations like thick cut_icie, sunken
stomata, well developed palisade. and hairs on the epidermis. All these adaptations are to reduce
the rate of transpiratioh Under dry conditions mostly cuticular transpiration takes part.

" 2.5.2. External Factors -

.Light: as already stated light makes stomata open, thus mcreasmg transplratron Due to I1ght

the temperature of the leaf rises. This accelerates evaporation of water from thé saturated cell
walls of the mesophyll cells into the intercellular spaces of the Ieaf and flnally into the stmOsphere
Thus light increases rate of transpiration. - : :

_Temperature‘Wc have already studied that at extremes of temperature ‘of O°C and 30-35°C
- and above, stomata close and so reduce transpiration. A rise’in temperature of the atmosphere
upto 25-30°C increases the rate of transprratron

Wind: As morst air above the leaf is ‘removed and replaced by drier air, wind increases the
rafe of transpiration. When plants are exposed to sudden wind currents, there will be sudden

increase in transpiration rate, but it is followed by a sudden fall. This is due to the cooling effect

“brought on to the evaporating surfaces. Also it should be noted that gnard cells get closed in
- strong. wind currents.
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| 2.6. GUTTATION AN
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Availability of Water: If adequatc supply of water is not available, there Wlil be fall in
transpiration rate and if this sityation contmues, it will result in wilting. :

Atmospheric Pressure: Transpiration and atmospheric pressure are inversely proportional. If
there is a reduction in atmospheric pressure, say from 1 atm to 1/2-atm, the rate of transpiration
gets doubled. This is the reason why transpiration rate is increased at mountain tops as the
atmospheric pressure there is less, : .

Antitranspirants: For the last few years, research has been going on chemical substances,

which when applied to plants, reduce the rate of trnspiration without being injurious to the plant
in any other way. The term antltransplrant is used for those chemicals which when applied, -
retard transpzratlon

Colourless plastics, sﬂ;cone oils and low- vtscosny waxes are one kind of anmransplrants -
used. When these are sprayed they form thin films on the leaf surface, which is permeable to
oxygen and carbon dioxide but net to water.

Another group of antitranspirants are those whlch when apphcd bring out stomatal closure.

‘Phenyl mercuric acetate, a fungicide and salicylic acid are examples of this type. Whern apptied as

a foliar spray at a concentration of 1074M, phenyle mercuric acetate has been found-to be very
effective. But there are reports that this substance has certain toxic effécts on fruits, vegetables
and also it interferes with photophosphorylatlon A plant growth regulator, abSClSlC acid is also
used to induce stomatal closure -

By using antitranspirants, it is possible to save the crops under drought condmons without
the yield being decreased and to keep fruits and cut ﬂowers mamtaln their freshness at least
tempordnly .

-~ -
’ \,,.} _
_ In transpiration, water is lost from thg'plants as water vapour. But sometimes, water is. also
fost from plants in liquid state. This ocez is calléd guttation. In early summer, it is a common
sight to observe early in the morni@wﬂer.drops at the tips on the grass blades on the margins
of leaves of some herbaceous ts like potato, tomato, nasturtium etc. However, this-should
not be confused with dew. Dc%y be present as thin layer on the leaves, whereas in guttation

- these drops are seen on tips or on the margins of leaves. It is reported that one single leaf of

Colocasia, cozed half a cup 6f water through guttation in one single night.

Guttation is commonly seen when absorption by roots is more rapid while the conditions. for
rapid transpiration are not favourable. This is the result of active absorption of water by roots
and developmenr of root pressure, .

At the margins and tips of leaves in plants where guttation is seen, there are special stomata.
present. These are called hydathodes or water stomata (Fig.2.4). The hydathode is surrounded
by a group of thin walled parenchyma cells. These are guard cells but they do not show any
movement. So hydathode remains open always. Below the pore there are loosely held parenchyma
cells which are colourless, called epithem. The xylem endlings of veins are seen below the epithem.
During nights when there is more absorption of water and less transplratlon xylem sap is forced
out of the hydathodes. :

Thus drops of water are formed at the tips dl‘]d margins of leaf. These drops contain organic.
and inorganic solutes. These drops may get evaporated or may be absorbed. Guttation can be
demonstrated by covering a Well watered potted plant e.g., scedlmgs of maize or barley with
bell |ar



Fig. 2.4 V.5. of leal margin showing hydathode (Note apical pore with guard cell.)
Check Your Progress - 3
Define guttation

Note: (a) Write your answer in the space given befow. Q

(b) Compare your answer with the one given at the

2.7. SIGNIFICANCE OF TRANSPIRATION

As already stated plants transpire-large quantities of water absorbed from the soil, utilising
hardly 2 percent of the water for the metabolism. The question is whether trapspiration is
beneficial to plants, or not.

According to some, transpiration is necessary for water movement in plants. But there is
enough evidence that even in the absence of transpiration, upward movement of water does take
place. The flow of water through the plant induced by transpiration provides a fransport system
for minerals from the soil. The ions are taken up by plants both aclively and passively. Active
transport of ion is brought about by utilising energy. On the other hand passive transport does
not invoive energy. The rate at which ions are absorbed by plant roots and transiocated to the
shoots is altered by the rate of transpiration. When once the ions reach the xylem, transpiration

. speeds up the ion transport. A number of investigators have found that transpiration increases
the quantity of ions reaching the plant shoots, irrespective of the jon uptake being active or -
passive. Although the role of transpiration in increasing the absorption is controversial, it is well
established that larger amounts of potassiuni and phosphate ions get into the plants as a result
of transpiration. : . '

 One of the most important effects of transpiration is the inevitable decrease of water in the
tissues of the plant particularly when absorption is not rapid. Even in the well-watered soils,
continuous transpiration depletes the soil water and causes desiccation. This is serious in young
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xeedlmgs in which roots do not grow deeper.

One inevitable fact is, gaseous exchange must take p]ace throughout the life of the plant and
tor this stomata must remain open. So long stomata are not closed, transpiration continues to '
take place even though the air is saturated with water vapour, So transpiration is an inevitable
process in plants, which, in excess, is definitely dangerous to plants Some consider this as
inevitable evil. :

2.8. SUMMARY

Water absorbed by roots is transported through the xylem of roots and stem to the leaves.
This is calted ascent of sap. Of the several theories, cohesion theory explains this process better.
Although a large amount of water is absorbed by the plant only a fraction of it is utilised by
them, The bulk of water is lost from the plant in the form of water vapour through small pores -
on the leayes called stomata. This is called transpiration. The process of transpiration regulated
by stomaral opening is different from evaporation of water which is purely a physwal Process.
Stomata are smail pores, a few microns in length and about 1-2M (Microns) in width, found
in the epidermis of the leaves, These pores surrounded by guard cells are different from other
epiderrmal cells in structure and function. Stomata are distributed mostly on the lower epidermis
than on' the upper epidermis. In certain plants the stomata may be equally distributed on both
surfaces. In submerged water plants, there are no stomata. The amount of transpiration can be
determined by observing the loss of weight in a potted plant, during a period of transpiration.
The rate of transpiration is measured more accurately by a volumetric method involving the
use of a simple apparatus called potometer. The rates of transpiration on either side of the
icaves, or in different plants can be measured by a rotgh method called cobalt-chioride method.
Mechanisms of stomatal opening and closing inciu re’s starch-sugar conversion hypothesis.
This is aq old one and it is no longer accepted. The recent theories include ion fiuxes mediated
by energy. The potassium fons enter the guar@ at the expense of ATP and increase turgidity
of cells, causing the stomara open. Duf light, photophosphorylation in the chioroplasts of
guard cells generatés ATP. Both int nal%nd external factors affect transpiration, the internal
factors include (a) roat/shoot ratia@.&df area and (¢} the number of stomata present in the
leaves and the cuticle. External factors include (a) l:ght {b) temperature (c) wind velocity (d)
water availability (e) at'mosg)hzz?essurﬁ Guttation is the loss of water in liquid form through
spectatised “hydathodes’. Significafice of transpiration is that it is a necessary evil as gas exchange
Is necessary for the operation of photosynthesis and respiration also takes place through stomata.
Certain 1ons gre taken up by the plants in larger quantities due to transpiration,

2.9. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The upward movement of water from the roots to the top of trees is called ascent of sap.

2. The specialised chlorophylt containing kidney shaped cells that surrounded the lens-shaped
openings in the epidermis of [eaves is called guard cells.

3. Usually plants loose water i the form of water wapour in transpirafion. But some times
the water 1s lost in a liquid state through hydathodes. This process of losing water in the
form of liquid is called gutration. :

2.10. MODEL EXAMINATION QUESTIONS

I. Answer the fdllowing questions in ebout 30 lines each.’

. How are the stomatal movements explained?
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2 What are the factors affecting transpiration? Exglain each one of them.
3. ixewcribe the behaviour of stomata in succulent plants.

II. Answer the following questions in about 10 lines each.
1. Define transpiration. How does it differ from evaporation?

Describe the structure of stomata and edd 2 rigte on their distribution.

2.
»~ 3 What is the significance of transpiration?
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3.1. OBJECTIVES

By the end of this unit you will be able to: \>

1. explain the historical account of macro cro-clements,

: - . Y
2. list out the various elements that are p:ﬁ:?cnt in the plant body,
3. describe the criteria for the ;sse ality of the elements,

4. describe the role of various\acro- and micro-elements in plant nutrition and also. the

deficiency symptoms of them.
5. list out and describe various methods of studying plant nutrition, and

6. list out the indicator plants which will indicate the presence of certain minerals in the soil,

'8.2. INTRODUCTION

Plants, with a few exceptions like bacteria and fungi, are autotrophic, while all animals
without exception are heterotrophic. The plants are autotrophic because they have chlorophyll
in their célls and with the hetp of chlorophyll they manufacture complex organic substances they
require, making use of simple inorganic compounds and radiant energy from the sunlight. With
the exception of carbon, oxygen and hydrogen, plants get all the required inorganic substances -
from the soil. Hence this inorganic nutrition is also called mineral nutrition. o

But the actual mineral requirements of plants became known only after the results of water
culture experiments were made known. In these experiments plants are grown in containers filled
with nutrient solution medi. About this we learn a littie later in detail. Around the year 1860

- Sachs, a great German Botanist, made a solution of different mineral salts required by plants
in different proportions and cuitivated plants in that nutrient medivm. Similar experriments
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‘were carried out by scientists like Knop and Pfeffer using mineral salts in different proportions.
They cultivated different plants in these nutrient solution media. In these media three salis ic.,
. calcium .nitrate, potassiun: dihydrogen phosphate, magnesium suiphate are available in higher
. proportion, while iron salts are available in small proportion. While some used sodium nitrate

and others substituted this by ammonium nitrate. Thus by the end of 19th century it was
 established that there are ten elements which are necessary for the -growth of higher plants.
. These are catbon, hydrogen, oxygen, phosphorus, potassium, calcium, magnesitum, mtrogcn
" sulphur and iron. Besides these elements, some more elements; are required by plants for' their
~ normal healthy growth. This fact came to light due to the extensive researches of some scientists
like Warrington and Brenchley of U.K. and Hoagland, Stout and Arnon of the U.S.A. However
these elements are needed by plants only in very small amounts. These elements are boron,
zinc, manganese, copper, molybdenum and chlorine. Thus a total of 16 elements mentioned
above are found to be necessary for the healthy growth of higher plants. Besides these elements,
there are instances where certain species are found to require other elements also. For example,
turnips and beet roots are seen to grow well in the presence of sodiuzsm. Likewise silicon, an
element abundant in monocots, and Equisetum,seems to stimulate the growth of several plants.
The mere fact that an element is present in a particular plant need not necessarily mean that it
is essential for the plant.

3.3. CHEMICAL ANALYSIS OF PLANTS

The fact that there are several elements in the plant body can also be demonstrated by
chemical analysis. In this method, the plant bocly is heated to approximately 100°C for several
hours in an oven, when the water in the plant is driven away. \The remainder is calied dry
matter. Generally the amount of water in plants varies from 1 95%. This value varies not
only between different species but also between differcts of the same plant body. Thus
seeds contain minimum amount of water while some suceulent plants contain as high as 95%.
The dry matter contains both organic and inorganj pounds. A large part of Jry matter,
nearly 90% is made up of organic com%ounds § carbohydrates, proteins, aminoacids etc.
When the dry matter is heated upto 600 7000 ien the organic matter decomposes and comes
out as carbendioxide, sulphur, water and p. _ho ous. The nonvolatile residue is the one that is
" made up of inorganic compounds. An-an f this residue, known as ash, shows the presence .

of potasssium, magnesiom, calc1um alumum and iron. This composition varies with species,
age and environment. :
Table-1: Elements in a plant body, their ranges and their form.

N R L

Molybdemum

SL : ; Form in which it
No. Element Range in the plant is available to
'plants.

Carbon 45 percent CO ,,HCO 3
Oxygen 43 percent .09, H,0
Hydrogen 6 percent H,0 :
Nitrogen 1-3 percent NO,", NH,* 4
Potassium 0.3-6 percent Kt
Calcium 0.1-3.5 percent Ca™**
Sulphur 0.05-1.5 percent SO,
Phosphorous 0.05-1 percent 2P0 & HPO4
Magnesium 0.05-0.7 percent = Mg **

10. - Chlorine 100-300 ppm a

11. “Iron 10-1500 ppmi Fe ***,Fe b

12. Mangariese 5-1500 ppm ‘Mn **

13. Zinc 3-150 ppm Zn*t

14. Copper 2-75 ppm CutCut*t

15, Boton 2-75 ppm BO5 *, By 07
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34. CRITERIA FOR ESSENTIALITY -OF ELEMENT-S- |

In 1939 two Amcrrcan Screntrsts Daniel Arnon and Perry Stout, made lmportant contributions-
to the studies on mineral nutrition.  They conducted several experiments on tomato and its -
nutritional needs. They rntroduced three criteria to establish the essentiality of an element. They
are:

1. The element must be ‘essential for the normal growth and reproduction of thc plant and in
: 1ts absence growth and reproduction should be affected.

2. The rcqurrement must be specific and that no other element can act as a substltute for it.

3. The action of the element in the plant must be d:rect but not smply causing some other
element to be more rcadlly available or simply antagonising a toxic effect of another clement

‘These essential elements required by plants are arbitrarily divided into macro-nutrrents and
micro-nutrients. The former are required by plants in. relatively large amounts and’the latter
“in smaller amounts. The elements carbon, hydrogen, oxygen, nitrogen, phospherous, calcium,
sulphur, potassium and magnesium are regarded as macro-nutrients. Chlorine, iron, manganese,
“boron, zinc, copper, molybdenum are called micro-nutrients. :

Qut of the 9 macro-nutrients, carbon, hydrogen, and oxygen are the 3 elements which are
taken in by plants in very large amounts. These .three constitute nearly 90-94 percent of all
the elements in a plant body. These enter the plant as water and as carbon dioxide. The
former enters from the soil into the plant body. Carbon dioxide is supplied by air. Eventhough
water .is not considered as a nutrient, it is mdrsp able for many biological activities. As a
universal solvent it is the medium of transport inside fthe plant. It is a constituent of many large

organic molecules in the plant. Most impo of all is the fact that the hydrogen. required. in -
photosynthesis comes from water. Carbon c § ascarbon dioxide. Without this element there
will.be no biological mosecules. W]thOLQ?kSC three elements there is no life.

Check Your Progress -1 . /) _
What are the three import : ments that are takcn,in large 'quantitics by the plant?
Naote: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

....................................................................................
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...................................................................................

3.5. ROLE OF ELEMENTS IN PLANT NUTRITION

When a certain element is not available in the soil, plants develop certain deficiency symptoms
characteristic to it, from which it should be possible. to determine the role of the element in plant
nutrition. Sometimes these symptoms may be due to absence of more than one element. This
kind of situation occurs in alkaline soils. In such cases, it would be rather difficult to determine’

. the element concerned.- We are now dealmg with deficiency symptoms found on aerial patts
only. The deficiency symptoms may be present in root system also. But as it is underground, it
would be difficult to observe.
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3.5.1. Macro-Nutrients

Nitrogen: This is available in the form of nitrates and ammonium salts in the soils. Of all the
 deficiencies, nitrogen deficiency is very common in many soils. The parent material from which
" the soils are formed de not contain nitrogen. Whatever njtrates or ammonium salts are present
" in the soil are easily lost, both through leaching by rain water in the soit or by conversion of it

into nitrogen gas by micro-organisms. Thus the soils become poor in nitrogen. '

Nitrogen is a constituent of a number of organic compounds like amino acids, proteins, co-
"enzymes etc. Chlorophyll unigue to the plant kingdom has in its molecule 4 nitrogen atoms. In
many metabolic processes nitrogen has a role. '

When nitrogen is present in very small amounts in the soil, the plant growth is arrested...
When the nitrogeﬁjs insufficient the leaves of such a plant turn to yellow colour. This to called
chlorosis. This is diie to lack of chlorophyit. This condition is seen specially in older leaves. In
extreme cases, suth leaves fall off. In such plants young leaves remain green, because soluble
nitrogen would be transported to them from the older leaves below. In ptants like tomato, maize,
nitrogen deficiency results i purplish colouration on the stems, petioles and lower leaf surfaces.
This is due to accumulation of anthocyanin pigments. :

‘When nitrogen is available in abundance in the soil, plants show excessive yegetative growth
and the piants appear dark green. But the root system is poorly developed. Potato plants grown
" in such conditions show the same features and tubers formed are smali. In several crop plants

excessive nitrogen retards flowering and seed formafion. Howeyer, there are certain plants where
“abundance of nitrogen favours flowering. P\ :

Phosphorous: This element enters the plant as phosphate 1on. This is then converted mto
organic form. Molecules containing phosphorous are'ma like sugar phosphates, nucleotides, -
necleic acids, and eeenzymes like NADP and encigy; ich compounds like ATP and ADP. Thus
phosphorous plays an important role in photo: n%, respiration, and protein synthesis. Also
as a constituent of DNA and RNA, phosphGrous, has a role in heredity.

. Deficiency of phosphorous results @ntcd growth but such plants are green in colour in
contrast to nitrogen deficiency. Sometimés this may result in the accumulation of anthocyanin
pigments. Maturity of the plant may be delayed. In maize apd tomato phosphorous deficiency
leads to purpling of leaves on the lower sides near the veins.

Phospates are easily transported inside the plaht body. It is easily lost from old leaves to
young leaves and-growing parts. As a result the symptoms of deficiency are first seen in the old
leaves. ' : :

Potassium: Eventhough this element is present in large quantities, in the soil most of it is it
a form not suitable for plant intake. Eventhough plants take this element, in large amounts this
does not form a stable part of any compound as is the case with nitrogen and phosphorous. Many’
life processes like respiration, protein synthesis, Photosynthesis and transpiration are dependent
upon potassinm. Protein synthesis 15 known to reguire large amounts of potassium. Even so,
the exact role of the element in that process is pot known. It is well known that plants deficient
in potassium are low in protein content and high in aminoacids, which are building blocks of "
- proteins. A respiratory enzyme pyruvate Kinase is activated by potassium. Here potassium gets
strongly bound into the enzyme molecule and causes it,to act as a catalyst in breaking down
starch molecule. So when potassium supply. is limite__qaf‘"it results in accamutation of starch as
respiration gets retarded. R
1t is widely accepted now that potassium plays.a key role in the opening and closing of the
stomata, : v
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This element also is redistributed from mature parts to young parts. So the deficiency

. symptoms are first notleeable in the mature leaves of the lower regions of the plant. In some

legumes, this deficiency results in white patches on the leaves. Stems of such plants are weak.,

- The cells in the pith region tend to get broken The root system of these plants is susceptlble
for attack by root rotting organisms, : .

Check Your Progress - 2

What are the life processes that are dependent on potassiura?
- Note:{a) Writejour answer in the space glven below -

(b) Compare your answer with the one given at the end.

...................................................................................
L T LT T R T T T

T TR I R T T e

Sulphur: Sulphur is absorbed as sulphate ions. Roots metabolise the required amount of
this -element and the rest is transported into the shoot system. In the -shoot system it is
incorporated into two aminoacids-cysteine and methionine, which are then incorporated into
proteins. Respiratory compound coenzymie A, vitamins like thlamlne and biotin are some of the
important sulphur containing compounds :

n

Generally, soils are net deficient.in this elemthen this deﬁcxency is present general

) yellowing of the affected leaves is seen. Sulphu(:iﬁpt casily redlstnbuted from the older regions.

So the deficiency symptoms are first noticeablewin the younger leaves. In tea plant, sulphur

deficiency results in the falling off of the | yand drying up of the shoot apex. In tomato, for
the samie reason shoots and roots be Weakened and the stem gets hardened.

Magnesium: The chlorophyll%cule has one atom of magnesium. This shows how essential
this element is for the most important metabolic activity of the plant world, namely, the
photosynthesis. Roots and micro organisms, which lack chlorophyll, also require magnesinm _
but its role here is to activate numerous essential enzymes. For example many enzymes which
utilise energy in ATP are activated by magnesium. Cells where lipid synthesis takes place contain
magnesium in large quantities, Vaucheria ,erowing in magnesium deficient soils do not possess
oil bodies. Proper amounts of magnesmm are essentlal to maintain the bmdmg of rfbosomal -
subumts which are the sites of protein synthes1s

Unlike potassmm thls element is requlred itt small amounts. As this is easﬂy redlstrlbuted _
any deficiency is first seen in the old leaves. This deficiency leads to interveinal chlorisis. As
chlorophyll is absent, other pigments become more proneuncéd. In some cases leaves become
dried up and necrotic spots are formed. These are seen in between veins. The margins and tips
of the leaf may be bent outward Magnesmm deﬁelency is seen in some sandy soils, -

Calcium:- This element is found in_ the plant cells inside the vacuoie as crystals of calcium
oxalate in some and as calcium carbonate in others. In addition, this element is present in the -
middle lamella, between two cell walls as calcitim pectate. Some scientists are of the opinion that -
this middle tamella acts as cement binding the neighbouring celis. Instances are there, however,
where middle lamelia is devoid of calcium. Calcium is utilised by plants in making the plasma
membranés. The property of semipermeability of the cell membranes is also due to calcium.
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The root requirement of calcium is 100 times to that of shoot. Calcium. helpé legumes in the
formation of root nodules. Groundnut needs calcium for the growth of gynophore whleh pushes
the fruit-into the soil.

In some plants, calcium deficiency léads to reduction of mitochondria in the cells. In cotton,
celcium deficiency leads to-accumulation of starch in leaves and depletion of the same in stems
ard roots. Calcium may also help in the transport of soluble form of starch. Nitrate distribution
also is aided by calcium.

‘When compared to other clements the redistribistion of calcium from older to younger parts
is meagre hence the deficiency is visible in the termmal buds and root tips. The root tips become
black in colour and gelatinous. In tobacco, tips and margins of young leaves bend down and the
leaves get curled.

Calcium deficiency results in disorganisation of nuclear envelope, plasma membrane, tonoplast,
mitochondria, golgi bodies and plastids. Thus calcium is concerned with membrane integrity and
aids in permeability of various ions and metabolites.

Check Your Progress - 8

What is the important symptom of calcium deficiency in roots?
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.”

..................................................................................

8.5.2 Micro-Nutrients : = ‘?\ .
Iron: This is consideréd by some as a macro- n@'eﬁt but many now regard this'as m1cro~nutr1ent .

Plants absorb iron in ferric (Fe +_*Q9te but inside the plant body 1t participates in all
activities in ferrous (Fe ™) state. Iron defidiency leads to the inhibition of chlorophyll synthesis.
Iron is-an essential activator for enzymes catalysing reactions leading to. chlorophyll synthesis.

Electron carriers like cytochromes, ferredoxins contain iron. Cytochromes have a role to play |
both in respiration and phtosynthesis. Iron deficiency leads to reduction in the manufacture of
energy rich ATP, and metabolic activities dependent on its. synthes1s :

Iron is very 1mmob1le inside the plant Se iron def' c1ency symptoms are seen in young'leaves _
~ which show interveinal chlorosis. In some cases leaves may be completely bleached. ‘Leaves show
nECrosis. :

‘Manganese: This is absorbed in divalent (Mn * state. This element plays 1mportant role 1n
respiration, photosynthesrs and in actmatmg enzymes

The deficiency of this element leads to retardanon of ehlorophyll syntnesm and 1mproper
formation .of the grana of chloroplasts. In the absence of this e]ement the chlorophyll breaks
down in sunlight, : : .

Manganese is known to activate several enzymes. For example 1t actwates one or more
enzymes involved in fatty acid synthesis, and those respon31ble for DNA, RNA synthesis. In

Krebs cycle also this is known to activate a respiratory enzyme, In photosynthe51s this takes part
in splitting water and releasing oxygen.
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- Manganese deficiency leads to chiorisis in young leaves and sometimes nECrosis. Stems appear

_yellowish green, often hard and woody. This deﬁc'icnp_y leads to-a disease _ca'llcd "g_r_ey- speck of
oats’ in oats and ‘Marsh spot of peas’ in peas. ' S

" Molybdenum: This element forms a component of the enzyme nitrate reductase which reduces
nitrate’ to nitrite. This is also necessary for nitrogen fixation- by bacteria like Azotobacter,

 Clostridium, Rhizobium and by algae such as Anabaena and Nostoc.This element is required
in the conversion of inorganic nitrogen (nitrate, nitrite, ammonia) into organic nitrogen (amino
dcids, .amides, proteins). In the absence of this element glycolysis is affected and thus synthesis
of amino acids also gets affected. o T -

For many plants’ of all elements this one is required in very small amounts. Deficiency of

this disease in cauliflower. results in a disease called "whip tail” in which the leaves of the apical

" bud are not formed properly but grow into long: whip-like structures. In citrus, molybdenum
deficiency leads to yellow spots.on the leaves in between veins. B : :

" Check Your Progress - 4 .

What is the reason of whip tail disease in cauliflower?
Note:(a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

R O R L I R RN LR - P R R I R B B R B L

Zinc: Even by 1926 it was known that{zinc is essential for plant growth. This is required to -

produce the hormone, indoleacetic acid ({AA) which is needed for normal enlargement of the

cells.. When there was deficiency Qf“this element, it was observed that there was less of the

hormone in the plant. Whetgine Was added to such a plant, there was an increase in the

hormone in the plant. Skoog ) who studied the relationship between zinc and 1AA was of

“the opinion that this element keeps IAA in active state and,in its absence TAA “gets vxidised.
‘Ziricis also an essential part of some enzymes like alcohol dehydrogenase and certain peptidases
like carboxypeptidase. Zinc deﬁcicncy:re'sul___ts in decrease in protein: synthesis. S

Zinc deficiéncy in many plants such as tobac'oo, tomato, mustard, sunﬂower, cotton leads

to a disease called ‘little leaf in which leaves become small in size and narrow. In some plants
leaves at the top show mottled chlorosis and curved down. Still in others a disease called ‘rosette’
_ appears in which the internodes gek shortened. In others the leaves are shed early. In'older
. leaves whitish chlorosis streaks app'e'ai* in‘between veins. Zinc deficiency causes a disease in
bean, peas, citrus, tomato, peach etc. When zin¢ is sprayed on such plants, deficiency symptoms
disappear.. _ _ L _ : _
Copper: This element is absorbed both in cuprous (Cu *) and cupric (Cu *?) states. But inside

the plant it primarily exists in cupric form. It is necessary component in some enzymes like .
polyphenol oxidase. It may also play a-catalytic role in nitrogen fixation. ’

Coppe_r deficiency leads young leaves to become dark green in colour, get twisted and -
otherwise misshaped. In extreme cases the leaves are shed and the plant looks dried up.. In
citrus gardens, copper deficiency leads to a disease called ‘die back’ in which young leaves die.
In trees like apple, pear, citrus, this (deficiency results in the formation of blisters on. the; bark,
from which gum exudes. This disease is ¢alled ‘exanthema’. In tomate, copper deficiency leads o
deposition of calcium oxalate crystals in farge amounts in_the spongy parenchyma of the leaves.
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Check Your Progress - 5

" Describe the symptoms of exanthema.
Note: (a)} Write your answer in the space given below

®) Compare your answer with the one given at the end.

....................................................................................

Boron: This is largely absorbed from the soils as soluble borate ion. Even though the necessity
of this element is known for many years, as to how exactly it works inside the plant has become
clear only in recent years. Boron is involved in the tranispott of carbohydrate inside the plant
" body. Borate ions combine with sugars to form borate complex and it is in this form that sugar
is transported through the phioem. It is observed in plants growing with boron deficiency, that
apical regions show retardation in growth and there is slowing down of activities like cefl division,
cell differentiation and respiration. Ali these show lack of proper supply of sugars. Normalcy is
restored when once boron is supplied. This element is understood to help in increasing RNA
synthesis. This is also found in chloroplasts It is said that boron is necessary for lignification of
xylem and sclerenchyma.

Boron deficiency first is seen in the death of stem tips. results in the development of
lateral branches whose tips atso die. The leaves have thick co{i}l texture, sometimes they curl
and become brittle, This is cailed ‘bronzing’. This de@ﬁy leads to the stunted growth of
roots and the flowring getting arrested. In storage organs.ike beets, their deficiency results in
the disintegration of internat tissues, This disease i3, d heart rot of beets.

Chlorine: This element enters the piant a@bride jon and remains in this form without
forming a part of any organic molecule. It«is folind that chioride is necessary for proper growth .
of beet roots. Chlorine acts as an enzym vator for one or more reactions in photosynthesis

in which water is split and oxygen is liberated.

Chlorine deficiency in tomato leads to the wilting of the tips of leaflets and the leaves
become chlorotic and nectrotic and the end leaves become bronze in colour. Roots become -
stunted as tips become enlarged. Tomato plants do not fruit in the absence of this element and
wilting is common and by adding 20 Ibs of chlorine per acre this can be neutralised.

Most of the higher plants require these sixteen elements. However there are more required
by some plants, A few of such elements are mentioned betow.

Sodium: Atriplex vesicaria, grows on arid soils where salts are present in plenty. Vegetables
like turnips, beets and the blue green algae require this element for healthy growth.

Silicon: This is present in all plants, but is abundent in monocots. Equisecum and diatoms also
have this element. In rice, silicon when prescnt makes the straw stiffer and thus helps the plant
to stand erect. :

Aluminium: This is found in most plants. In Hydrangea macrophylla the blue colour of the
fiower is due to this elment. It is found necessary for the growth of stems and roots of citrus
cuttings. But definete demonstration that it is essential for any plant has not yet been made.

Cobalt: This is necessary for the growth of blue green algae. In Iegummous plants there is
an increase in the formation of nitrogen fixation and nodule formation,‘in the presence of this
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‘element. For bacteria cobalt is necessary hecause it is a parrt of vitamin Br 13- The: neoessny of
this element for other plants has not been conclusively established. -

Selenium: Some species of Astragalus, Stanleya absorb this element. Other: spec1es growing’
in the same area do not absorb this element. This is found to. stimulate growth of some species

of the above mentioned genera. Selenium is found to replace sulphur in some amino acn:ls, in
the plants where it is found and such plants are rmnc_ .

Strontium: It is found that in the leaves of elm, this element is present. Some plants absorb
radioactive strontium. Sume plants are known to take strontium in place of calcium. But how
exactly. this element is useful to plants is not known.

. Vanadium: A number of leguminocus plants and green algae grow better in the - presence
of Vanadium. It is known that vanadium can replace molybdenum -requirement in some
microorganisms. Nitrogenase the enzyme involved in biological nitrogen fixatlon, ‘contains
vanadium as a cofactor, in addition to molybdenum '

3.6. METHODS OF STU.DYIN_G PLANT NUTRITION

Already mention was made of Sachs and Knop, the German plant “physiclogists, who a
‘hundred years ago made nutritional expenments with plants using water culture medium instead
- of so:l : :

3.6.1. I-Iydropomcs

The technique of cultivating plants in water c\lm{e (nutncnt solutions) is called hydropomcs
and -also soiléss culture. A -nuiritional sol tﬁi]; is made by using the salts containing all the
required elements in a particular ratio. It w er observed that many pl_ant_s grow much better
if oxygen is also supplied to the rootshzme form of air bubbles into the solution. In order
to find out the role of an elemeng#that icular element is eliminated from the solution and
when the plants are grown, -all th{%:langes in the plant are noted and they usually indicate the.
role of the element in the plartt nutrition. The plant is grown in such a way that the root system
is present in the container the nutrient medium, while the shoot system is outside and
is given support at the mouth of the container so that the plant can stand erect. In thls way
vegetables like tomatoes radish, and lettuce can be cultwated '

Hewevcr, there are some disadvantages in this method. As roots are submerged in water, air

 has to be constantly supplied by forcing ait bubbles through the solution so that oxygen reaches
the roots. Secondly, there is a neéd to change the solution once in a few days or sometimes even
daily as the composition of the solution changes because plants absorb some ions more than
other ions. This resultsin a change of pH of the medium. For instance, as a resuits of absorptlon -

. of nitrate ions more rapidly, hydroxyl (OH") ions or bicarbonate (HCO," jons are released inio
the solutions. Both these increase the pH of the solution dnd so 1t becomes alkaline. This results’ -
in the reduction in the availability of iron, manganese and zinc ions. Hydroponic solutions. .
. must be kept in darkness as algae are likely to grow when exposed to light. '

. 3.6.2. Sand Culture,

. To avoid some of these dlsadvantages of water culture some used a method called sand
culture In this method cleaned quartz sand is used as a medium. One advantage in this is
" that the plants need not be given additional support to stand erect. Also, the roots get proper |
aeration and are in darkness naturally. Depending upon the plant cultivated and its age, the
nutrient solution must be added at suitabile mtervals and in reqmred amounts. Some times 2 -
substance called perlite s substituted for quartz.’ R : :
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Some of the common nutrient solutrons and their chemical composition, are as follows:

,f a. Knop's Solutlon ' . b. Arnon. Hoagland Solutlon (1940)
Salt . Molarity -~ = Salt .. gram litre
Ca(N03-)2 4H 50 0.003 . KNOy - 7 102

- KNO3 - . 0002 - Ca(NOg)y - - 0492

f 00015 NHH,PO0, 023

Mg%04 7H20 0.0008 - Mg SO, TH)O - 049

- Fe POy . trace - HgBOz . 286

. R " Mn(h 41-1 0] 1.81
- Cu SO4SH20 / 0.08

ZnSO, TH:0 . 022

tHhMO 4. H)O -~ 0.09

-Fe SO, 7H: O(US%) 0.6 ml/L .
Tartarlc ac1d 04% . Thnce a week

c.Hewitt Solution

Salt gl S Sat . gl s
KNO; 0505 . CuSOy SHO S 0000245
- Ca(NO3), 0820 0 -ZnSO4 '?HZO _ 0._090%96

NaH,PO42H,0 - 0.208 o H3BOy ' 0.0,0(}1860__ _

Ferric citrate = -~ 0.0240 ~ - -(NH4)6Mo?022 4HZQ 0.000035 R

MnSO, = " 0.002230 L CoSO4’7H20 - 8.000028

' ' - . NaCl \ hiX 00580
- There are many solution media w1th drfferent formula plant nutntron threghe

detailed above. No particular solution is suitable for all plants. The suitability of}
plant is determined by temperature and light. For ii?%auce plants tend {o abso

on sunny days than on cloudy days. Also depending upon the stage of dev'el_?
_ need to change the constituents of the solution sphorous, for instance, i
d .

the early stages of plant growth than du’r@ ult stages.

3.6.3. Special Techniques for Studying Micro Nutri _
The early plant physmloglsts like Sachs and Knop did not know  mio id their
role. This is mainly due to the fact that these elements reached the plants as contammants of

- salts used, as these are impure. Subsequently with better techniques pure salts came into the _
market. This made the microelements unavailable to the plants under expel;lmentation _ .

© These elements are requlred by plants in very small concentrations and thrs is zrsually mdlcated .

- as ppm (parts per million). The following are the ranges of requirement of these elements iron
(0.5 to 5.0); manganese (0.1 to 0.5), boron (0.1 to 1.0), Zinc (0.02 to 0.2), copper {001 to 0.05), _
molybdenurn (0.01.t0 0.05), chiorine {(upto 5.0). Higher concentrations. of these elements are .
‘harmful for plants, it is difficult to remave these elements from macroelement& But there-are
methods by theh they can be removed to a large extent. The- micronutrient cations presentin a . .
solution can be absorbed by insoluble” calciun carbonate and aluminium. These cations.can be
made to combine with- -diphenyl thiocarbazone and the compounds 50 formed by solvents like
carbon, tetra chlorlde or chloroform - :

. Next the water to be used for makmg nutrrent solution must be purrﬁed Generally there L
wrll be-some impurities in the tap water So the water has to be distilled and a glass still without '
cxposed metal parts is necessary to prevent Zinc and copper contammatron In recent tlmes,
ion- exchang resins are used. As the water ﬁrst passes through the resin that asborbs cations,
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hydrogen ions are' exchanged for cations. Next while passing through resins that absorbs anions,
contaminant anions like those of molybdate, borate, chlorate are absorbed by the resin and
‘hydroxyl jons are exchanged. Thus pure water is obtained. -

3.6.4. Contammatlons by Contamers and Atmosphere.

Generally ‘these experiments can be conductcd in containers made up of borosilicate, But
_the element boron will be available to plants grown therein. So when studies are made on'boron,
it is advisable to use containers made up of polythene. : -

" Atmospheric dust falling on the solution or the plants themselves may supply 50me micronu-
trients to the plants. This shou!d be prevcnted by taking suitable precautions. :

Plants get mlroelements like copper and zinc from seeds. It is better to use the sceds from
the plants which are not additionally supplled with rmcronutrlents

3.7. _INDICATOR PLANTS

In mineral exploration, now-a-days scientists are using plants to indicate the presence of
minerals in the soils. Such plants are called indicator plants.”Some plants absorb some metals,
while otherfplzints growing at the same place do not take that metal. Already mention was made
about how Astragalus and Stanleya absorb the element Selenium, while other plants gt the same
place do not absorb. Thus the presence of those plants indicate the presence of selenium in

the soil. Likewise Gypsophila. patrini (Caryophyllaceac), Becium hombeli (Labiatae),Meruga

latifolia (a moss) and blue green algae Cirosiphon eniculatus are known to grow in places
_ rich in .cop Polycarpea synandra grows laces rich in lead. A fern called Asplenium
own to grow in places rich'in nickel.

@utrition‘: began with the classical experiment of Jan Baptist von
—entury. t more difinitive contributionswere made in 19th century mainly
British scientists who have proved the néed and roles of macronutrients,
[  Sachs, Knop and Pfeffer grew the plants in nutrient media and studied
their growth and specified the physiological roles of almost ail the macronutrients. Later,
Warrington, Brenchley, Hoagland, Arnon and Stout. proved the need for micro-nutrients.
Chemical analysis of the plants reveal that about 60 elements are found in.them; but the
presence of the. element .in plant ash does not necessarily mean that the element is needed for
the nutrition of the plant. The chemical analysis of the plant indicates the relative concentrations -
and the requirement of the plant in'a general way. By conducting elegant expcnments Arnon
and Stout proposed 3 criteria for determining the essentiality of elements in plant nutrition. The
physiological role of various elements in plants has been established by conducting experiments
in deficient media and determining the difficiency symptous and correcting the symptoms by the
‘addition of deficient elements. Their symptoms not only reveal the role of the nutrients, but also
applied valiie in correcting the deficiency symptoms of crop plants grown on mineral dificient
soils. Methods of studying plant nutrition and the technique concerning the purification of
media for micronutrients have been developed as a result of the contifuous efforts of Hoagland,
Shive, Stout and Arnon in the U.S.A. and Hewitt in Britain. As a resuit, a-nuiﬁbcr of media
for growing different kinds of plants in soilless nutrient media and also in certain cases in sand =
culture have become known These studies not only re established the essentiality of the 16 -
macro and micronutrients, but also had the understandmg of physmlog]cal roles and mechanisms
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of ion absorption and antagonism. Certain plants grow only in soils where . a large quantity of
any heavy metal -is present. Such plants in fact mdlcate the presence of an 1mp0rtant mmerdl
They are known as indicator plants

3.9.

CHECK YOUR PR‘OGRESS:'MODEL ANSWERS

1. The thrce important elements that are taken in large quantltles by the plant are carbon,

oxygen and hydrogcn

2. The life processes that are dependent on potassmm are fespiration, protein synthcsas
photosynthesis and transplratlon '

. 3. Due to the defieiency of calcium, the 'ro_qt tips become black in colour-and gelatinous,

s ) B L . |

4. The deficiency of molybdenum causes white tail disease in cauliflower,

5. The symptoms of éxanthema disease are the blisters on the bark resulting of the exudation
of gum in trees like apple, pear and citrus,

3.10. MODEL EXAMINATION QUESTIONS -

I. Answer the followmg questions in about 30 lines each.

1.

3.
- II. Answer the following questions in &
1.
2.

_ plants'?

Enumerate micro-nutrient elements in plant nutrltlcgcscribc how they are thlllsed by

What are the three e[ements required by plants@n targe amount. Give a brief account

. of their rote?

What is soilless cultnre? Describe ho; thi}%;erfotmed?
@E:Et 10 lines each.
What are the criteria for determi the essentiality of the elements for plant growth'?

Besides 16 macro- and ‘micro-elements, mcntlon any ‘three elements which are absorbed

* by plants and describe their role

What is sand culture? What are its advantages over water culture?
Give an account of boron in plant nutrition. '

What is the role of _mtrogeq in plant nutrition?
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' 4.1. OBJECTIVES

2

By the end of this unit you will be able to: \>
1. - list out _thé methods of uptake of jons in Qs, and

2 descrlb_e the varioils methods ofiptaké of ions in plants.
——

4.2, INTRODUCTIOQ)

Plants absorb morgamc salts in the form of cations and anlons. Early workcrs bcllcved that
inorganic salts. were passively carried into the plant through diffusion along with absorption of
water. It was assumed that the translocation of absorbed salts to different parts of the plant
was dependent on transplranon pull. But these assumptions could not éxplain adequately the
higher concentration of salts in the cell sap of plant tissues than in the surrounding: medlum

" For example, Nitella an alga, accumulates K 1ons almost 100 times-more in the cell sap than in
the sur»toundlng medlum e : :

It was. observed that osmotlcally actwe substanccs d|ffused along concentratlon gradlents :

‘from the soil solution into the pIant The osmotic concentration inside the cell was maintained -

at a low level due to the utilization of absorbed salts for metabolic activities. This osmotic theory

sufflclently explamed the absorpnon of sma[l quantities of salts along’ concentrat1on _gradient but
did not account for absorption of larger quantltles of salts along conoentranon gradlent and

' rapid translocatlon of the absorbed salts. : .

The phenomcnon of salt accumulation is mostly found in mer1stemat1c cel[s and decreases as -

cells mature; Moreover thc rate of resplranon is also more in meristematic cells than in maturing

-cells. . This indicates the involvement of energy in ion uptake by cells agamst concentratian
: gradlent whlch is an actlve proce55 : :



4.3. METHODS OF UPTAKE OF IONS IN PLANTS

There are several methods of uptake of ions in plants. They are given below.
4.3.1. Passive Absorption ' o _

Salt absorption by roof.'systcm takes place with intimate contact with soil solution, passive :
or non-metabolic absorption of ions has been demonstrated. It was found that when a plani :
tissue was kept in a medium of relatively high concentration, there was an initial rapid uptake of
ions until an equilibrium was reached. Consequently, the ion concentration in this part of tissie

“would be -appr_oximétely equal to that of the external solution. 1f the above tissue is returned.

- to the low salt medium, some of the ions taken in, will diffuse out into the external medium.

_In other words a part of a cell or tissue is apparently open to free diffusion of ions. It is called
apparent free space or outer space. o o '

- It is possible to ‘calculate the volume of “outer space™when a tissue is immersed in a solution -
of known coricéntgation of non-metabolite like mannitot (a sugar - alcohol) and allowed to attain
equilibrium.. The amount of salt taken up is determined. ' '

Hope and Stevens found that Been root tips, when immersed in a KCI solution, reached
equilibrium in 20 minutes in the absence of metabolic -energy by using metabolic inhibitor.
Further the volume of KCl in exterhal medium when increased, the volume of tissue aliowing

" free diffusion also increases. Simce active transport was inhibited, it is concluded that passive
" accumulation of ions against a concentration gradient must have taken place. The term “pparent
free space” was introduced to describe the apparent vclumNj_dwing for free diffusion of ions.

This brmgs up the question how the ions accu'ﬁggbd _againSt a concentration gradient -
without participation of metabolic energy. This i lained through ion exchange mechanisms,
through the establishment of Donnan equilibgia ang Mass flow hypothesis. -

'1.3.2. Ion Exchange o '
Tons are obsorbed through the sur esiof the cell walls or membranes of cell by exchanging”

with ions of equivalent charge from external solution. For example the cation K* of the external
“solution, exchanged with a hydrogen iori H* absorbed to the surface of the cell membrane. In
jon exchange neutrality is maintained. Firstly, if uptake of anions exceeds cation uptake, hydroxyl
(OH ) and bicarbonate (HCO4') ions are tra_nspbrt_ed ‘outwardly from inside from the cells; _
Similarly if, the cation uptake is more rapid than anions, some hydrogen (H") ions are exchanged

by cells. The ion exchange process is explained as follows: -~ .
4.3.3. Carbonic Acid-Exchange Theory _

CO, from respiration is continuousiy_'released at the.root tips. It combines with the water
to form carbonic acid (H yCO 3) and the Jatter dissociates into H* and HCO4™ ions. A zone -
of carbonic acid is developed in the root tip because of high respiratory activity. The H" ions.
exchange with cations absorbed on the clay micelle, will enter the soil solution and diffuse to the

root surface. In the same manner the H* ions from the root surface may exchange with cations .
in the soil solution that are released from the clay micelle: - -

. - Recently Jenson and his co-workers revealed from theit experiments that in tissues, definite
ion exchange places in the cell wall are located in the form of pectic carboxyl compounds (R
COO) which are negatively charged. That énables exchange of K*, Ca **and Mg** cations

from soil solution with H * ion. S E
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Fig.4.1 A, Cations (H") adsorbed to the root wall, get exchanged with K" cations from the ctay
micelle. B. The cations (K¥, Ca™, Mg ') from soil water getting exchanged with H" cation
from the negatively charged pectic carboxyl compound (RCOO) sites in the cell wall.

" 4.3.4. Donnan Equilibrium Q

This theory takes into account the effe fixed or indiffusible jons. A ditferentially permeable
membrane separates cell from the extgrnal'golution, that is, the membrane is permeabie to some
jons and not to others. Suppose t I, has an internal concentration of anions to which the

membrane is impermeable, suchsions‘are known as fixed anions. For example, if you obnserve
the number of anions on both @ of the membrgne shown in the figure 4.2, the membrane is

I

- .
- e —— g we

Fig.42 A.Membrane is impermeable to anion, B, causing additional cations, 7, to diffuse
across from the outside {accumulation of cations). B.Membrane isimpermeable tohe cations,
D fcausing additional anions, A, te diffuse across from the outside (accumulation of anjons).
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permeable to anion A” and cation C* but impermeable to the anion B". The ions A" and C*
can move freely through this semi-permeable membrane until an equilibrivm is reached between
those jons. But as the anions are arrested inside the membrane, the membrane is negatively
charged. To balance this, somé of the cations C* will enter the membrane tcsultmg in the
greater increase of cations inside thé'cell than inside its surrounding medium. The same thing
happens when cations are accumulated inside the membrane due to its impermeability for those
cations. Thus, the 10ns enter the cell against concentration gradient without metabolic energy.
In some algae the K ion concentration is 30 times more than the surrounding medium that can
be explained by Donnan’s equilibrium. (Fig. 4.2).

Check Your Progress - 1

What are fixed ions?
Note:(a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

4.3.5. Mass Flow Hypothesis

- Many workers have proposed that #ns move through yer along with the mass flow of water
under the influence of transpiration. When there is a hi te of transpiration, a high rate of
dbsorption of soil water is also observed by the roo

The loss of water from xylem vessels thro Egsplranon creates negative tension in the
xylem vessels, uitimately the roots absorb more ater. Along with this water, more number of
ions enter the plant against concentratio ient with involvement of energy. '

From this discussion, it is clear that at least a part of the total sait uptake by a plant may
result from passive absorption as foilow%

(i} Free diffusion of ions along concentration gradient into the apparent free space of a
tssue (i) accumulation of ions against concentration gradient due to ion exchange or Donnan
equilibrium and (iii) lastly, mass flow of ions through roots due to. “transpiration pull’. In all
these processes, no metabolic energy is involved.

4.3.6. Active Absorption

The analysis of the vacuolar sap of plants immersed in solutions of known salt concerntration
have demonstrated that both anions and cations are accumulated by plants against concentration
gradients. The extent of accumulation is such that the passive processes like ion exchange and
donnan equilibria cannot account for the accumulation that occurs. In many plants, it is found
that light enhances the absorption. Young plants with actively growing roots absorb more salts.

Analysis of the ton accumulation in the sap of Nitella and Valonia, reveals, that potassium and
certain other 1ons are present in higher concentrations inside plant cells than in the environments.

Since ion accumulation is inhibited when the metabolic activity  of the plant is inhibited
by low temperature, low oxygen tension and metabolic inhibitors etc., we can assume that ion
accunulation as it occurs in plants requires metabolic energy. The transport of ions with the aid
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of metabohc energy has been termed actwe transport Vanous hypothe51s have been suggested
to explam actwe transport. : :
4.3.7. Lundegarc[h’s Cytochrome Hypothe51s

Lundegardh observed that there was a quantitative relatlonshlp between anion absorption
' and salt respiration. When a respiring tissue was transferred from the water into a salt solution,

the respiration rate mcreased. This increased respiration other. than ground respiration is known

as “salt respiration”, It was also noted that salt respiration and anion absorption were inhibited by
cyamde or carbon monoxide. The carbon monoxide specifically inhibits the cyto-chrome oxidase
which is an electron acoeptor Based on these observations Lundegardh advanced a theory wnh
the followmg assumptions.

Absorptlon of anions is independent of cations; only anions are actively transported through
the cytochrome system which acts as an anion carrier. Cations move passively to balance the
electrical differece caused by the accumulation of anlons on the inner surfaoe :

An OXygen concentratron exists from the outer to the inner face of a membrane and this
favours oxidation at the outer face and reduction at the inner face respectively. This can be
observed from Fig.d.3. Dehydrogenase reactions on the inner surface produce protons (H") and
electrons (¢°). The electrons move over via a cytochrome chain Fe*** acting as electron carrier
getting it reduced to F ++ while anions move inward. At the outer face the reduced cytochrome

liberates the electron and picks up an anion. The liberated electron unites with a portion of

(I-I*) and oxygen to form water. At the inner face the'oxidised cytochrome ion becomes reduced'-..

by the electron released in a dehydrogenase reaction,/thus releasmg the anions msrde

@ L X @ - _..lns"de. _.

| Dehydrogenase

o0

Flg,4.3 A dlagrammatlc representauon of Lundegardh’s cytochrome theory on salt absorption. The
anions (A') are actively absorbed via cytoch. ome pump”- The cations (M ) are absorbed passwe]y o

EVC"thOUgh' the Cytochrome hypothesis explained the involvement of metabolic energy in fon .

uptake; it has not been universally accepted and has been criticized by a number of mvestlgators.
. This theory has been criticized on the following grounds :

Robertson (1951) found that D NP (2 4- Dmltrophenol) an inhibitor of omdatlve phos—



phorylation mcreased resplratlon but decreased salt resplratlon 1ndlcatmg tl'ue mvo!vement of
phosphorylatlon m salt accumulatlon . .

Aocordmg to cytochrome hypothesm only anions are capable of sumulaung resplratlon.._-ﬁ_
However, Qverstreet and Handlcy (1955) observed that both sodium and potassium catlonS'

snmulated resplratlon

If cytochrome is the only carrier for ail anions, ‘there should be an antagomsm between anions.
like chloride, bromide, nitrate, sulphate etc., for binding sites. Bat antagomsm is not. eXhlb]th
even when chlonde and mtrate ions are there it the. solutlon simuitaneously. - o

In this hypothesis. the ratio of the monovalent amons. and the oxygen molecule shonld be
4, as one oxygen molecule combmes wrth 4 electrons. But investigators fourid that this ratio
exceeded 4. : : : :

Check Your Progress -2

. What is salt resplratlon'? _
Note: (a) Write your answer in the space given below

- (b) Conipare your answer w:th the one gwen at the end

.--..--..--...‘...-'--.-..o.--..-.;&.-....-4.--.---...o...--'--.-'a.o.v .....................

4.3.8.. Hypothesns Involvmg ﬁ

The DN P (2,4- dlmtrophenoi) the b1tor of oxldatwe phosphorylatlon. preventmg salt
absorption presents a strong evidence for the mvolvement of ATP in activé salt absorptlon .

Bennet - Clark has proposed a mechanism for active absorptlon that utilizes ATP. He has
suggested that phospholipids may be important in the transport of ions across membranes
_otherwise impermeable. In this transport lecithin, aphosphohp;d is synthesized and hydrolyzed
'in a cyclic manner picking bp ions on the outer surface and releasmg them on inner space. The::
synthesis of at least one of the components of this phospholipid cyele requires ATP. The dlagram
showmg “The phospholipid cycle” and how it might proceed 1n ion transport is given in Fig4.4. -

4.3. 9. Sodmm and Potassmm Pumps '

Mac Rabbie has done some expenments on N1 tella and proposed that ponassmmcatlons are
‘accumulating in Nitella cell actlvely against concentratlon gradient. ‘According to'her experiments,
it is révealed that plasmalemma is more permeable than tonoplast and there are potassium -
pumps on the plasma]emma that -are responsible for accumulation of potassium in the cell sap
against concentration gradient. Along with potassium pump; sodium pump is functioning but
the sodium pump expels the cations thus preventing the entry of sodium into the cell. It was
revealed that for the functioning of potassium and sodium pumps, energy is requlred and that =~
energy is released when the ATP is hydrolysed by adenosine triphosophatase enzyme. "It was
assumed by many workers that for anion pumps that atlow the phosphate and chloride 10ns mnto
“the cell, the energy is avallable from photosystem II of the "nght reactlon of photosynthems_ N
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but not from the hydrolysis of ATP by the enzyme.

Most of this work is carried on animal and bacterial systems and it is assumcd that similar
pumps exist in plant cells also.

(CHy)
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Fig.4.4. Diagrammatic representation of the phosphatide cycle, At left, ions
from outer space are picked up by tho lecithin, Hydrolysis of the lecithin-ion
complex releases ion to inner space. l@\ is then resynthesized,

4.3.10. Carrier Concept q;

The space in a tissue or a cell to whi netrate through the aid of metabolic energy is -
termed as “inner space”. The “inner spagth?hymprlses the vacuoles and protoplasts of all cells of
a tissue that are interconnected by, Ismodesmata. The area between the outer and inner space
is impermeable to free ions. _Passag cross this area is thought to require some. spec:ﬁc carriers.
that combine with ions in ou ce and release them in inner space. This impermeable barrler
is referred to asa membrane a assummgly carriers exist with it.

The most 1mp0rtant feature of the carrler theory is the formation of an intermediate carrier
- jon complex, which is capable of moving across the impermeable membrane. Ions released in
- the inner space cannot move out and are thus accumulated. During the formation of ion-carrier
complex metabolic energy is utilized. Carrier hypothesis is most widely accepted. A model giving
- a mmphﬁed descrlptlon of the carrier concept is shown in the flgure 4.5.

s

Fig4.5 Model explaining the casrier concept. A.Membrane is impermeable o
ions B: Carrier-ion complex is formed.- C.lons are refeased.into inner space,
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4.3.11. Nature of Carriers

Eventhough it is evident that ions are transported by carriers through the ih’tpermeable
membrane, the carriers are not isolated” so far. Epstein and other workers assumed that the
carriers may be of protein in nature. Based on experiments on ion uptake with the use of protein
synthesis. inhibitors, Steward and Sutcliffe proposed that carriers could be proteins. When the
inhibitors of protein synthesis, are used the ion absorption is also reduoed Ample evidence is
not there to prove that protems alone are the carriers of ions, but we must agrce that there
exists relationship between ion uptake and proteins.

Pressmen and other workers have revealed from thelr experiments, that an antlblotlc whleh 15
a polypeptide acted-as a specific carrier for potassivm and aided for its accumulation. They have

‘proved that, the antibiotic acted as an ionophore or ion carrier. Recent_}y it was demonstrated

that the unhydrated potassium ion is bound to the polypeptide molecule of valinomycin potassium
complex, thus adding to the concept that some of the polypept]des are capable of formlng
complexes with i ions thus behaving as ion carriers.

4.4. SUMMARY

- The earlier workers assumed that inorganic saits were passively carried into the plant along’

with the absorption of water. “Osmotic theory” sufficiently explained the diffusion of salts along

salts against concentration gradient. The concept of involtement of metabolic energy in. the
ion uptake was put forth by Pfeffer in 1900. The uptﬂwf ns even against concentration
gradient without participatiori of metabolic energy is‘{gg n as passive absorption.  Passive
absorption is explained tlirough “ion exchange” methapism, “Donnan’s equilibrium” and "Mass
flow" hypothesis. The transport of ions with @Td f metabolic ehergy across the impermeable

concentration gradlents from soil solution into the plant bu;$0t account for absorptlon of .

membrane has been termed as.active trans, *wThe active transport is explained by various
hypotheses: (i) Lundegardh’s cytochromeypothesis (ii) hypothesis involving A T P, (jii) sodium
and potassmm pumps and (iv) carrier t%pt Steward, Epstein and. other workers assumed
that the carriers of protein in nature are located in the cell membrane. From the works of
Pressman and other workers, it'is revealed that the jon carrier is a polypeptide that combines

~with jons forming intermediate ion carrier complex and transport the jon into cytoplasm or cell

vacuole resulting in the accumulation of jons. The ien uptake by the plants is partly by passive
absorptlon Accumulation of salts agamst concentration gradlent is generally by active transport

4.5, CHECK YOUR PROGRESS: MODEL ANSWERS -

1. Suppose the cell has an internal concentration of anions to which the plasma membrane is

' 1mpermeable. such ions are cdlled anions.

2. The resplratory rate mcreases when a respiratory tissue is transferred from water to salt

solunon This increased respiratmn other than ground resplratlon is called salt respiration.

4.6. MODEL EXAMINATION QUESTIONS

I. Answer the following questlons in about 30 lines each.
1. What are the methods of ion uptake in plants? Define active and passnve absorptlon

2 Explaln the rate of Donnan equlhbnum in jon uptake.

-



3. “Accumulation of ions agamst concentratlon gradient is fac111tated to's SO _cn_t by ion-

exchangc - Dlscuss .
' 4 : Explam the concept of carner mvolved 1n actwc absorptlon of 1ons in plants
5. Discuss Lmdcgardh’s cytochrome hypothes;s. e
II. Answer the followmg questions in about 10 lmes each,
- 1. ‘What are sochum and potassium pumps?
2. What s the nature of carriers?

3. Explain the phenomcndﬁ_o_f mass flow ?.
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5.1. OBJECTIVES ol

By the end of thls umt you will be able to

1 'descrlbe the structure of the t1ssue respons1ble for ‘the, transtocation of the solutes from
' source to smk, . _ ; ' L

2. describe and dlfferentlate the apoplast from sympla _:
3. deserlbe various methods that are adopteq ure the rate of transloeanon
) o

4, hst out the dtfferent methods of tra cations of solutes and descrlbe them separately, and _

5. explam the electro-osmoms theory and lateral transport of ions.

5.2. INTRODUCTION

Green plants synthesise sugars by a process knovm as photosynthems in the presence of
sunlight. However, the distances separating the photosynthetu: cells of the leaves from the living"
cells of other parts are relatively long.' The-need for a rapid and efficient translocation system,

- to translocate the organic solutes from the source to sink (site of utilization) becomes apparent,
It was found that specialised cells of phloem tlssue ealled sieve tube elements are involved in
the transloeatlon of solutes . :

5.3. GIRDLING OR R'INGING EXP-ERI;M'ENT" :

Hertlg demonstrated in 1337 by the glrdhng or rmgmg expenments that nutrients wlll
collect above a stem “girdle” cauising the stem tissues to bulge. The girdling technique comprises

.. the complete removel of a ring of bark from a stem or branch, leaving the wood (xylem) intact.

If the girdle is made midway-on the stem with the leaves, substances translocated from the leaves _
will accumulate above the girdle.- “This proves that the’ phloem and not the xylem is c0ncerned__ Y
with the movement of matenals from leaves : : :



From the “girdling” experiment we can arrive at the following conclusions: o
-~

Water along with dissolved salts is translocated against grawtatlonal force through xylem
vessels. :

The photosynthetlc products (sugars) are translocated from leaves to growmg parts (stem
tips, ﬂowers, fruits and roots etc.) through the phloem tissue.

The translocation of solutes is independent of the gravitational pull and the direction of
_transiocation changes according to the sotrce of the solutes and sites of requirement of those
. solutes:(sinks). This is evident, when a ring of bark is removed between matured leaves and -
i stem tips, with the matured leaves below the girdle. The subsiance accumulated below the girdle,
. indicating the direction of translocation from maturéd leaves (source) to the growing shoot apex
(sink) (Fig.5.1).

5.4. ANATOMY OF PHLOEM TISSUE

The phloem tissue is primarily composed of sieve tube elements, phloem parenchyma and”
companion cells. The phloem parenchyma cells often contain chloroplasts and the companion
cells are living cells. The state of sieve elements is not so clear. The mature sieve elements appear
to contam living protoplasm although they do not-have a nucleus. The main components of
the sieve tubes are longitudinally arranged rows of individual cells called sieve elements. These
sieve elements are separated by perforated cross walls called sieve plates. The protoplasm may

" be present in-filaments through the cells and appears to pass through the sieve plates so that a

., sieve tube may contain a more or less continuous protoplast. Sieve elements can be plasmolyzed,

~indicating the presence of differentially permeable membrane, but they apparently lack any well
defined tonoplast. The process of fixation usuallv{%oys”or alters the internal structure of
sieve tubes and commonly leads to the formatjon of Substantial plugs of slimy substance across
the sieve plates called slime bodies. The diffia@ getting an exact picture of internal structure-—"
of living phloeni cells has added greatly to.the lem of understanding the process of- phioem
translocation. No satisfactory theory has Eé?h‘putforth

Fig.5.1 A trunk-of a tree {A) immediately after a ring oi bark has been removed,
. and (B} after a longer peried of time, Note that materials being transtocated from
the leaves have accumulated in the region above the girdle causing it to bulge.

. 5.5. APOPLAST AND SYMPLAST

In 1932 the German Physmloglst E.Munch dEVclopccl the concept of the apoplast and symplast
in the roots, illustrated in the Figs.5.3 & 5.4. The apoplast consists of all the space in the roots
that roughly equateq with free space, that is, cell walls and mtercellular spaces plus the tissue in

s



the stele which gives free access to water mainly the xyiem vessels, The important point to .
note is the apoplast is discontinuous and is separated into two regions. One consists of the
- cortex of root and the tissues externat to the endodermis.. The other is the tissue of the stele,
including the xylem located inside the endodermis. The endodermis acts as barrier because of
 the casparian stnp, a heavily suberized thickening of the cell walls that prevents the passage of
water from outside to inside or back. The water enters the stele only when it passes through the
membranes and cytoplasm of the endodermis. The root may thus be thought of an osmometer,
- the endodermis being the osmotically active membrane. Dissolved substances or solutions may
diffuse or flow unrestricted via the apoplast through the cortex to the endodermis, but to enter
" . the stele they must pass th:ough the differentially permeable ‘membranes of endodermis.

Fig.5.2. The stages of the development of sieve tube rough cleciron microscope.
1. Companion cell. 2. Sieve tube 3. Callose dp Nuclelis 5. -Endoplasmic reticulum
&. Mitochondrion 7. Plastids 8. Vacuole 9. Tonoplast 10. Middie lamella 11. Cell wall.

within the boundary of the outer differe permeable membrane of the cell. Vacuole being

separated form the cytoplasm by a second difierentially permeable membrane would not belong

to either of the systems. The protoplasts are connected from cell to cell via small strands of

cytoplasm that penetrate the cell wall, called plasmodesmata. This single continuous system of

protoplasm of the entlre root is considered as symplast The symplast is otherwise known. as
 “inner space”.

“The symptast consists of the total protoEIa% the cells, that is the portion of the cells lying

Check Your Progress - 1
what is a symplast?
the:'-(a) Write the answer in the space given below

(b) Compare your answer with the one given at the end.

......................................................................................
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.....................................................................................
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Fig.5.3 The cross section of the root showing the a -

plast system. The-black portions are the
intercellular spaces united with cell walls resulting\i{%c apoplast system 1.Stele 2.Endodermis.

Fig.5.4 The symplast system. The cytoplasm of all the cells is inter- connected with plas- - ;
modesmata 1.Plasmodesmata 2.Vacuole 3.Endoplast or tonoplast 4. Mesoplast 5.Bctoplast.

Translocataon of Inorganic Solutes _
The apoplast - symplast concept led in 1938 to the proposal of a mechamsm for water

uptake and transport to the stele by American physiologists, A.S.Grafts and T.CBroyer. Soil *

solution, containing dissolved ions can freely eriter the apoplast system or free space outside the

2



endoderrmis by passive absorptioh. Tons are absorbed into the symplast from the soil solution
in the apoplast by an ‘4active process”.They ace transported through the sy'mplast from celis to
cell via intercellular connections (plasmodesmata), across the endodermis and enter into the’
stele. Once the solution enters the stele they again leak out into the apoplast of thc stelar regron
where the passage of the solution is be]revcd to be a passive process. .

“According to Crafts and Broyer, the oxygen concentration will be less i'n the cells in the stelar
region, so the availability of metabolic energy will be also less in the endodermis and stele. For .
this reason, the solutes leak out-intothe adjacent xylem vessels. Thé solites along with water in

" the xylem vessels are transtocated to' the distant parts of the plant because of the transpiration

pull. The experiments with radlo%ctrve potassium (K 42),111 growing Willow proved that “K” is
principally translocated through xylem vessels. It is also observed that the potassium is laterally '
translocated from xylem to phloem easily through the cambium by passive and active transport.
Some of the salts, especially, sulphates and phosphates along with some amino acids, from the
mature leaves are franstocated through phloem to growing stem tips and other parts where they
are utilised. The potassium and nitrate are also mobile nutrients like phosphorous and sulphur.
“These mobile nutrrents that reach the leaves through Xxylem will be translocated through phicem
to the growing parts. Calcium js not a mobile element and iron is also less mobile and its mobrlrty '
is lnﬂuenced by low pH and low phosphorous concentration. - :

From the observations it is clear that the salts are, dbsorbed by the Toots in the form of ions

* and are principally translocated through xylem to the aerial parts. A portion of it is laterally
translocated into the phloem tissue, and to some extent the solies are again translocated to the

lower parts from the senescing leaves. Thus the minerals are\t;:}g recycled W1th1n the plaﬁt

5.6. LONG DISTANCE TRANSLOC&@I})N OF SUBSTANCE
THROUGH THE PHLOEM ‘x{“

_ ~ The rmportant substanccs that are {] ted through the phloem are sugars from the
“leaves. Sugars are translocated durmg me through the phloem to the other parts where

they are unhzed or to the storage patts like some. roots, stems and fruits.
5.86.1. Rate of Translocation

- Various methods are adopted to measure the 'ratc of tréns_location. Viruses are used -_'By‘
some workers for this purpose. Virus is translocated along with the carbohydrates from the -
source to sink. Viruses are injected at one part and the time taken for the development of the -
virus-induced disease symptoms at other places is n@ted Based on this, the rate of translocation -
is calculated. The plant growth regulator, 2,4 dlc]ﬂorophenoxy acetic acid {2,4-D) which induces
curvature in petioles is also used to measure the ratt{ of translocation by injecting the 2,4 -D to
. the upperparts of the plant and noting the time taken for the curvature of the petiole at different
heights. Based on these methods and also the use of radio- isotopes the rate of translocation

is-estimated to be 100 cm to 200 cm per hour The phloem muist be in a living condition for
transiocation of the solutes. : .

5.6.2. Methods of 'I‘ranslocation

Recent observations on _translocatioh of solutes reveal that there aré_ various _methods of
translocation and some substances may be translocated in different ways.

Principally there are two methods of translocatnon (1) Cytoplasmlc streaming (2) Pressure
ﬂow hypothcsrs Of mass ﬂow hypothesis., '



1. Cytoplasmic Streammg“ -Cytoplasmic streaming or cyclosis was fn-st descnbcd
by the Death Botanist Higo-de-Vries in 1885 as a.means for solutes trapslocation within
the cells. In essence, the theory assumes that solute particles are caugnt up in the circulating
cytoplasm of the sieve tube eiement and carried from one end of the cell to the other. Pre-
sumably; these particles pass across sieve plate areas by diffusing: through cytoplasmic strands
connecting one sieve tube elernént to other. Curties, supported the phenomenon of cytoplasmic
streaming as one of the methods of translocation of solutes in plants. It has been observed that
the rates of cyclosis are affected by temperature change and other factors affecting motabolism
in the same way as the rates of translocatmn

However, experimental evidence shows that as sieve elements mature the rate of cytoplasmlc
. streaming in them decreases and finally stops altogether. Further, it has been observed that, in
_parenchyma cells, cyclosis does not increase the rate of CI” ion translocation, which is in fact
independent of streaming rates. Experiments with fluorescent dyes on protoplasmic streaming
exhibited unidirectional transiocation. This observ’atlon is against the view that the translocation
of solutes is bidirectional. From the above observations it is concluded that distant translocatlon.
of solutes is not dependent on cytoplasmic streaming.

2. Mass Flow Hypothesis or Pressure Flow Hypothesis: Much, (1930) a German
scientist proposed the mass flow hypothesis. This hypothesis is based on the assumption that
turgor pressure gradient exists between the supplying and receiving tissues, which is a driving
forde for translocation of solutes to the distant parts. The metabolites are thought to be carried:
passively along the positive direction of the gradient, In other words, in the pressure flow system,
we have a unidirectional flow of solutes and water through the sieve ducts driven by a turgor
prcssure gradlent He has demonstrated in /mS(Ju a physical model (Fig.5.5).

In this model there are two osmomn A and B permeabte only to water. The osmometer
“A” contains a higher sugar co tration than “B” and both osmometers are submerged in
water. The osmometers or wate r@taﬂuners have open connections, that offer little resistance to
the flow of solutes and wa;eﬁ?c the model is a closed-system and the walls of the osmometers
are differentially permeable, water will enter “A” as the concentration of solute is more in “A”
than the outer medium and a small amount of water enters “B” as the water’ potential is less in
that. '

As the amount of water that entered “A” is mote than “B” the turgor pressure increases in
“A” and this pressure flows to “B” thus causing the gnass flow of water from A to B. Since, the
solution in “B” Is having less free energy than the ogter medium, water from “B” will be forced
to outer mcd_lum _If the walls of “B” are elastic, a pswwe water potential will develop in "B"
as d.result of above conditions. Thus a circulating sysitem is'created. Water is induced to flow
from A to “B”. Solutes being carried along passively, Water is pushed out of B as a result of the
negative water potential that has devciope'd and is recirculated via the open connection between

- the water containers. “A” is then the suppling osmometer and “B” is the receiving osmometer.

If we apply the above system to the plant “A” would represent the supplymg cells of the leaf
and “B” the receiving celis of some plant organ.

The connecting links between the osmometers and water containers wonld represent the sieve '

‘ana xylemn ducts respectively. As the sugars are utitised by the cells, the concentration of solutes
in the sink will always be less, there is no scope for developmg an equilibrium unlike in Munch
model. '
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Fig.5.5 A simple physical system dewmoistranng the Inass or pressure {Tow hypothesis. AxB. Usmometers.
C. Tube connecting the two osmometers, D. Solution with {ess concentration surrounding the ostnometers.

Ev1dence for Pressure flow in Plants:  Zimmerman from his expen-.
ments proved that, there exists an osmotic pressure gradient from the- stem tip to the roots, In -
other words, the source, that is, the supplying centres-the celis,of the teaves are having positive
pressure and the sinks-the utilizing centre the cells of roo\@d other jower parts are having -

_negative pressure Q _
On defoliation of the plant this pressure gradient disappeared supporting the concept of
pressure flow from top to bottom of the plant, .

Studies of phloem translocation also gave{Cotisiderable evidence in support of the pressure
flow theory. The common observance @ioem exudate moving out of an incision in the stem
of Boerassus is estimated to be 11 iiters day. That means the rate of translocation in sieve
tubes is 100-500 cm per hou.

The apoplast- system surrounding the cells in plants is similar to the surrounding medum
with less concentration as in Munch model. The apopiast system usually consists of soil water .
with less concentration, showing less negative water potential.

With this picture, in our mind we can see how sugars are translocated from supplying to
receiving organs without any expenditure of energy. I -

Some facts against pressure flows The pressure flow accounts only for unidirectional flow of
metabolites, But it is generally aoccpted that bidirectional movement takes place in plants. Crafts
has suggested that the leaf may serve two “sinks” one towards the apex: and one towards the -
" root, Recent experiments withradioisotopesrevealed that same substance or different substance
translocated in two directions in the same sieve tube at atime. Ina vcry e!egant study of phloem
transport in bean plants Biddulph and Cory, using 14¢ 0, feeding and fluorescence techniques,

. have shown that leaves nearest to the top of plant transport to the stem apex, while leaves in an-
mtermedlatc position translocate metabolites in both directions.

There is some evidence that the translocatlon of some substances is under the :nﬂucncc of
other inorganic ¢lements. For example (1) Sugar transtocation. is influenced by the presence of
boron. T here is evidence that boron deficiency decreases the cnzymatlc conversion of glucose-
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1P to starch. (2) The translocation of growth regulator'z 4-D has been ativersely inifluenced

by phosphorous deficiency. Such type of translocation of substance under the control of other
substances is known as “dual transport”, Thus the rate of translocation of some solutes is under
the influence of some other substance&

~ The other important argument against the pressure flow is that the pores of sieve plates are
plugged with callose, thus interfering with the translocation. But it was assumed that all the sieve
plates may not be plugged with callose at one time and the remaining functional sieve plates
are enough to ¢arry on transiocation efficiently. :

Some facts suggested that the translocation of metahplites is not a passive process but requlrea
energy. First of all the pre-requisite to phloem translocatron is that sieve tube elements have to -
be in living condition to translocate. In addition, the translocation of solutes is influenced by
temperature and metabolic inhibitors in much the same manner as other physiological processess.
These facts suggest that the: translocatron of metabolites is an active process. Cell to cell

' movement of solutes in the [eaf tissues and final d_umpmg of the solutes into the sieve tube

elements could be considered as active process Tequiring energy. Recently it was pointed out
that there exists spme specialised cells known as transfer cells, that aid in transferring the solutes
from chlorophyll containing cells to sieve tubes. To maintain the cytoplasm apd the membrane
of sieve tube, energy is required and- this energy 'is available for mature sieve tube elements
from the adjacent companion cells as the maturing sieve tubes contain less amount of cytoplasni,
vacuoles, mitochondria etc. ' :

Check Your Progress - 2 o : 0

What are transfer cells? O

.Note: (a) Write the answer in the spaoé\?verl below.

(b) Compare your answer the one. given at the end.

....................................................................................
.....................................................................................
.....................................................................................
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583 Elec’tro—-@-smosis Theory |

Fcnsom and Spanner assumed that the translocation is carried out due to electro osmiotic
potential at sieve platés occuring due to-the formation of hydrogen (HY) and. blcarbonate_
ions (HC03 ) during respiration, or it may be due to attive transport of potassium (K*) ions
through the differentially permeable membrane of the plates. If a charge potential gradient is .

- established in sive elements by the removal of potassium ions from one end and their subseguent .

reintroduction at the other by active transport in compamon cells, an electro osmotic flow of

-water would be induced as shown in the figure 5.6.

D.C.Spanner has shown that upto 120 molecules of water per potassium ion can be moved in
this fashion. However, it seems unlikely that this electro-osmosis mechanism could be the only
ene responsible for phloem transtocation since the amounts of active transport, or the charge
potential nccessary to mmate the ﬂow are. very great, Such hlgh poteptlals aie not expcnmentalty
proved. .
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Fig.5.6 The translocation of water, soiutes through the perforations of
the sicve tube caused by electro-osmosis 1. Companion cells Z. Flaw of
potassium ions (K*) from companion cells. 3. Sieve tubc 4. Waler solutes.

5.8.4. Lateral Transport

So far we have seen that distant translocation of solutes is facilitated by sieve tubes. General
studies of translocation patterns shows that materials move latgally also. When the radioactive
sugars are fed to a leaf of sunflower plant-on oné side, the lab metabolites were transfocated
laterally in radial manner and were found : the seed are in the same radius. When one

~ or two leaves are removed on one side, metabolities fr her part of the leaves moved to that

side. Zimmerman proved that lateral translocatiorﬁ'?.ajso taking place in a tangential direction.

5.7. SUMMARY <<””

In the plants, sohi‘té:s are translocatégzum supplying cells (source) to utilizing cells (sink)
of various organs. Specialised cefls of phloem tissue called sieve tube elements are involved -
in the transtocation of organic solutes.  Girdling or ringing experiment proves that phloem is
involved in translocation of organic solutes and the direction of translocation of solutes depends
upon the source and sink. Principally, the salts, in the form of ions along with soil water are
translocated through xylem vessels from roots to the aerial parts. Minerals are recycled within
thé plant through xylem to various parts. A portion of phloem is involved in the translocation
of nutrients including the inofganic nutrients from senescing leaves to growing tips. The rate of
translocation of organic nutrients is estimated to be 100 t6200 cmper hour by using radio-active
isotopes and other methods. Cytoplasmic streaming and pressure-flow hypothesis or mass flow
hypothesis are the two principal methods of transtocation. Mass flow or bulk flow hypothesis
is otherwise known as “Musnch hypothesis”. Bidirectional tlow of soluies is observed in plants
through sieve tubes. Cytoplasmic streaming is a slow process and accounts for translocation of
solutes between adjacent cells but does not justify distant translocation. Lateral translocation is
also observed in the plants.

5.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The total protoplast of ceils that is lying within the boundary of the outer plasma membrane
of the cells (except the vacuole) in the roots is called sympiast.
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2 Some cells aid in transferrmg the sohites from chlorophyll containing cells to 51eve tubes. These
cells are called transfer celis. :

5.9. MODEL EXAMINATION QUESTIONS

I. Answer the following questions m about 30 lines each.

1. Explain girdling or ririging experiment. What are the conclusion you arrive at from that
experiment? .

2. What is the tissue .involved in the translocatlons of solutes? Describe its structure with a.
diagram. .

Explain cytoplasmic streammg and its role in translocations of solutes.

Explam the model given by Munch to demonstrate the pressure flow hypothe51s How
are you going to apply the above model to the plant ?

5. Discuss the evidences for and against pressure flow Thypothesis in plants.
IL. Answer the following questions in about 10 lines each. '
Explain the structure of sieve tubes.

Explain the terms source and sink.

.Explain the method. of cytoplasmic stfcamh\b
Explain the lateral transport of sollitlants.

s
@

1
pA
3. Explain the terms apoplast and symplast.
4
5
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6.1. OBJECTIVES O

By the end of this unit you will be abic tor
list out the properties of the _enzvmés, _
describe the method of nomenclature of enzymes,
list out the different groups and sub-groups of enzymes,

1

2

3

4, define the cofactors, holoenzymes etc.,

5. list out the different factors that effect enzymatic_ activity, and expiéin their role,
6. describe the enzymes structure and mechanism of action,

7. list out the different inhibitors that inhibit the enzymes, and

8

define isozymes.

'6.2. INTRODUCTION

Soluble enzymes are proteins that catalyse various metabolic reactions of living Organisms.
Enzymes are biological catalysts of the cell occurring in several hundreds and carry out the various :
biochemical reactions including biosynthesis of enzyme proteins. Their rate of synthesis is under -
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genetic control. Their activity is, however, strongly controlled by substrate concentration pH and
temperature. They are exceptional catalysts because of their efficiency in the turnover number
(number of substrate molecules-metabolized per enzyme molecule per minute). ie., rapid rate
at which they catalyse reactions under optimal ‘conditions. They catalyse a broad spectrum of
reactions and are specific to the nature of reaction catalysed and to the structure of the substrate

utilized.

According to Dixori and Web (1%64)an enzyme is "a protein with catalytic properties due to its
power of specific activation”. Buchner brothers (1897) extracted cyude enzymes for the first time
from yeast cells and conciuded that these enzymes catafyze the fermentation of sugar to alcohol.
The protein nature of the enzyme was first shown by James Summer (1926), who isolated urease
in a crystalline form from jack bean. Northrop and his ass_dciatES (1930) confirmed the protein
nature of enzymes by isolating and crystallizing, many proteolytic engymes. There are about
2,000 different enzymes many of which have been purified and crystallized.

6.3. PROPERTIES OF ENZYMES

Like inorganic catalysts enzymes assist and accelerate biochemical reactions. Some of the
important propernes of enzymes are,

1. Enzymes are needed in small concentrations to convert a large amount of substrate
to product. The two terms ‘subsirate’ and ‘product’ designate the starting and ending
‘substances of a chemical reaction respectively.

of substrate into product. One unit of e is defined as "the amount of enzyme
which will catalyse the transformation,.of le of substrate per minute under defined
conditions”. Specific activity is expre @ units of enzyme per milligram of protein.

2. Enzymes remain unaffected by theweaction which they catalyse and theyare stable due to
protein nature.

3. Although an enzyme will @Rup 4 reaction, it will not affect the equilibrium of the
reaction.

4. The specificity of the c@ic function of an enzyme is due to its protein nature. The region
of the protein which binds with the substrate and thus participating in the conversion of
substrate to product is known as active site.

A single enzyme molecule can work over andg@ver again to convert thousands of molecules
1 %

How does an enzyme enhance the rate of chemical reautlons‘? This can be answered by
describing what happens when substance ‘A’ is converted to subetanoc ‘D, first 4n the absence
of the enzyme and then in the presence of the enzyme. : :

In a given popuiation of molecules of substance ‘A’ at specific temperature, the majority of
them possess average kinetic energy. Some of the molecules possess more or Jower energy than
the average Kinetic energy because of collisions between them. These are known as energy-rich
and energy-poor molecules. A chemical reaction such as' A->B takes place because a certain

fraction of ‘A’ molecules possess more energy than the rest of the population and it is sufficient
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fo bring them up to the top of the energy level, to a reactive form known as transition state. .

The energy over and above the average level that is required for ‘A’ to react and then be
converted to ‘B’ is called the activation energy of the reaction. The activation energy of a
reaction is " the amount of energy in calories required to bring all the molecules in one mole
of a substance at a given temperature to the transition state at the top of the energy barrier”.
At this juncture, there is equal probability for them to undergo reaction to form products (B)
or to fall back into the pool of unreacted molecules of ‘A’. The rate of any chemicat reaction is
proportional to the concentration of the transition state species.
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The rate of a chemical reaction will be high i

eml 1 reactions.

ge fraction of 'A’ moleculcs is in the

energy-rich transition state and the rate will bef?s\lf only a small fraction of ‘A’ is in

the transition state. But the rate of a chemi

action can be increased by two ways. One

Is to increase the temperature by which the m ecuies attain hlgher energy level to enter the

transition state. The second way .to inc
Enzymes function by lowering required ac

the reaction rate is to add a catalyst (enzyme).

ion epergy. They achieve this by combining with

the substrates to produce a transition state complex which has a lower energy of activation than

the uncatalyzed reaction.

The enzyme substrate complex, ES, then reacts to form the product ‘P’ releasing the free
enhzyme. This freed enzyme can combine with another molecule of ‘A’ and repeat the cycle. In
this way enzymes lower the activation energy of chemical :reactions are allowing a much larger
fraction of the molecules in a given populanon to react per unit time m the presence of the

enzyme (catalyst)

6.4, NOMENCLATURE & CIg,A_SSIFiCATION OF ENZYMES

Systematic nomenclature as well a§’knowlcdge of trivial systems is of importance in the
study of enzymes. Most trivial names give the nature of the substrate involved and the nature
of the catalysed reaction. Most such names end with the. suffix "ase”. For e.g., dchydrogenases,
phosphatases transferases, mutases, synthetases etc. .

Enzymes are also named by adding the suffix "ase” to the name of the substrate as ATP

‘ase, ribonuclease, aconitase etc. Some names bear no relationship to the substrate or type of
s1eaction catalyzed or several names are employed for one and the same enzyme. This system has
“its own limitations. Some of the enzyme names have been approved by the Enzyme Commission

as acceptable alternatives.

With the discovery of thousands of enzymes it was necessary to standardise the classification
and nomenclature of enzymes Hence the Commission on Enzymcs of the Internatlonai Union of
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Biochentistry (1964) have proposed a systematic cla351ﬁcat1on and nomenclature for the enzyme
catalysed reactions by employing numbers specifying groups and sub-groups. According to this
classification, enzymes.are divided into six broad groups.

8.4.1. Oxidoreductases

These enzymes gatalyse oxidation-reduction rcactlons by involving hydrogen transfer. The
_include three different sub-groups,

1. Dehydrogenases: Transfer hydrogen atoms from substrate to NAD

2. Reductases: Add hydrogen atoms to substrate.

3. Oxidases: Transfer hydrogen atoms from substrate to oxygen.
8.4.2. Transferases '

Transfer chemical group such as amino, or phosphate group from one _mblecule to another
(catalyse group transfer reactions), . '

1. Phosphorylases: Add orthophosphate to substrate.
2. -Trahsaminases: Transfer émin_o group from the substrate to other molecule
3, Kinases: Transfer phosphate from ATP to substrate
6.4.3. Hydrolases |
Cleave bonds by the addition of water (catalysing hydrolytic reactions),
1. Phosphatases: Remove phosphate group from the substrate.

2. Peptidases: Involve in the cleavage of peptidebonds.

8.4.4. Lyases Q _
These enzymes catalyse thc addltlor;tgl\ ps to double bonds or vice versa.
1 Decarboxylases: Remove C substrate,
2. Aldolases: Catalyse aldol ndensation or the reverse involved in the breakdown of
hexoses into '3-carbos. :
8.4.5. ‘Isomerases

These enzymes bring about isomerizations and include the racemases and epimerases which
catalyse the interconversion of the stereocisomers of amino acids and sugars respectively.

6.4.6. Ligases

Catalyse the lmkmg of two molecules coupled with the breakdown of ATP The energy
liberated by the ATP is used for the condensation. These énzymes are involved in some
important reactions like the linkage of amine acids of tRNA.

Check Your Progress -1&2

1. To which group of enzymes, the enzymes that are mvolved in the cleavage of peptlde bonds
belong? .

2. Name the sub-group of the enzymes that are responsible for the removal of CO, from
substrate?

Note:(a) Write your answers in the space given below. '
(b) Compare your answers with those given at the end.

....................................................................................
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6.5. COFACTORS

Majonty of enzymes require an additional component in addition to the enzyme protein for
the catalytic reaction to proceed. These jon components are known as cofactors. Co-factor is
one that can be easily removed from the protein part of the enzyme by dialysis. Some enzymes
contain only polypeptides such as pancreatic ribonuclease.  Catalytically active enzyme together
with its cofactor is known as holoenzyme. Protein part of the enzyme is known as apoenzyme.
The cofactors are heat-stable whereas apoenzyme is denature by’heat. The cofactors are broadly
divided into two groups. 1. Metal ion activators and 2. Coenzymes.

8.5.1. Metal ion activators

These are simple inorganic ions such asK*, Fe*™; Zn*™*, Mn"" etc., They may be either loosely
or firmly bound to the enzyme protein. In some cases metals have been built into the structure
of the enzyme and will not be removed without destroying the structure. Metaloflavoproteins,
cytochromes and ferredoxins fall under this category ie., Prosthetic group. In othier instances
metals react reversibly with proteins to form metal- protem complexes that censtitute the acuve
catalyst.

. Table 6.1. Metal ion requirements of s@enzymes

Enzymes . Metal Ion

Cytochrome oxidase, ' Fet* ofFelf™
Catalase, Peroxidase : .
Carbonic anhydrase, Zn?“
Alcohol dehydrogenase, . QW

DNA polymerase . y

Isocitrate dehydrogenase, Q) Maﬁ N
Arginase, : S

Nitrite Teductase R
Cytochrome oxidase, SN o0
Polyphenol oxidase e meTT
Nitrate reductase ' : Mo

Pyryvate kinase, . K*

Aldolase,

Acetyl CoA synthetase.

8.5.2. Coenzymes

Coenzymes are complex organic molecules which play more active role in the reaction by
carrying a specific chemical group. They may change their structure during the course of the
reaction but become regenerated in subsequent reactions. A further dlstmctlon can be made
‘between coenzymes.

The coenzymes whlch are tightly bound to the enzyme molecules are known as prosthetlc
group. These include haem groups which are covalently bound to the polypeptide chains of a
number of enzyme molecules. They function as electron carriers undergoing alternate oxidation
and reduction. Co-enzyume Q (ubiguinine) is an important quinone taking part in the electron
transport chains of respiration and photosynthesis.
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- product-and_the_free enzyme.

. right mde (forward reaction).

. Coenzyme A (CoA) is made up of a molecule of the vitamin panth;:nthenic acid and a molecule

. of ATP. It works as a group transfer agent in the decarboxylation of pyruvate and x-ketoglutarate in
" the oxidation metobolism and also in the oxidation of fats and acetate. Coenzyme-1is Nicotinamide

Adenine Dinucleatide (NAD) taking part in electron chain transport in respiration in association
with dehydrogenases. Coenzyme-II, is Nicotinamide Adenine Dinucleotide Phosphate (NADP)
taking part mostly in the photosynthetic electron transport reactions. Many coenzymes are

" loosely attached to the enzyme mglecule which move from orie enzyme to another to fulfill their

catalytic function, e.g., NAD, FAD & ATP.

Check Your Progreés -3

Define coénzymes.

 Note: (a) Write your answey in the space given below.

(b) €ompare your answer with the one given at the. end.
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6.6. FACTORS AFFECTING ENZYME ACTIVITY

Enzyme activity is controlled mainly by substrate concentration, enzyme concentration, -
temperature and pH at which the reaction is prooec%

8.8.1. Substrate Concentration \/

The enzyme catalysed reaction shows a s nlzétlon effect with i increasing substrate concen-
trationi when the enzyme concentration is {( t constant, At very low concentrations of substrate
the rate of the reaction is very low, but with/'the increase in substrate concentration, the reaction
rate will be increased. Further ince€ase in substrate concentration, will cause .only a marginal
increase. in reaction rate.’ Fin_aliEE int will be reached beyond which the reaction rate will
approach but never reach a the, maximum rate (Vmax). At this state the enzyme is
saturated with its substrate at all\ifs active sites and this can function no further.

Michaelis & Menten (1913) postulated that the Enzyme (E) combines reversibly with
substrate (S) to form Enzyme-substrate complex (ES) which eventually breaks down to yield

In an enzyme catalysed reaction, the enzyme exists in two forms, the free form (E) and the
combined. form bound with the substrate (ES). The rate of the. reaction will be maximum when
all the enzyme is in ES form. This condition is observed at higher concentrations of substrate,
since, by the law of mass action the equilibrium of the first reaction will be pushed towards the

—_—
E+S T/ ES

The ES complex continuously breaks down to yield product and free enzyme.

But if the concentration of substrate is high enough, the free enzyme will immediately
combine with other substrate molecules. So, a steady state is achieved in which the enzyme is
always saturated with its substrate and the reaction rate will be maximum.

Michaelis & Menten defined a constant, Km, and it is useful in establishing the relationship
between the substrate concentration and veiocity of the enzyme catalysed reaction. According
to Michaelis and Menten, constant (Km) may be defined as the substrate concentration at which
the given enzyme yields half its maximal velocity.
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Fig.6.2. Effect of substrate concentration on the rate of enzyme
catalyzed reaction, assuming that enzyme concentration is constant.

The characteristic shape of the substrate saturation curve $hyperbolic curye) for an enzyme
¢an be expressed mathematically by the Micheaiis & Mente ation.

v - Xﬂ%&ﬁ.@

Where Vo = observed velocity at_given sibstrate concentration (S,)
Vmax = m velocity :
- Km = Michaelis & Menten constant

Michaelis - Menten equation is ch ristic of any given enzyme for a specific substrate
under defined conditions of pH and temperature.

| Reaction Rate

Enzyme concentrotion —

Fig.6.3. Effect of enzyme concentration on reaction rate with high substrate concentration.



6.6.2. Enzyme Concenti'ation

To see the -effect of different concentrations of enzyme on reaction rate of the enzyme

-+ activity, low concentration of enzyme is used with high concentrations of substrate. The rate of

the reaction is directly proportional to enzyme concentration.

However, if the substrate concentration is relatively low, increa in enzyme concentration,

increas the rate of reaction to a point and then remains Eonstant.
8.6.3. Temperature . '

For majority of the enzymes, within temperatures upto 50°C, usnally, the rate of a chemical
reaction is approximately doubled for every 10°C increase in temperature. This is called Qqg
of a reaction. With regard to enzyme catalysed reaction, this will be followed upto 259C. The
increase in the reaction rate is due to the increase in kinetic energy of both substrate and enzyme
molecales and this will result in increase in chances of collisions between enzyme and substrate
molecules. Majority of enzymes have higher activity between 25 and 37°C. Above 40°C onwards
the enzyme activity will be de creased. It is related to the stability of the enzyme and in volves
inactivation of the enzyme with increase in temperature. Higher temperature causes the change
in three dimensional shape of enzyme protein resulting in loss of catalytic activity.

(6)7’12‘%(

————
-

«
\
[
#
/,

Termperature e———my

Fig.6.4. Effect of temperaiurc un Teacton rate of an enzyme catalysed reaction.

6.6.4. Effect of pH

Enzymes are sensitive to small changes in pH. Many enzymes have maximum activity at a
pH near 7. Their eatalytic activity decreases as the pH is shifted away from this optimum. The
pH curve is shown in fig.6.5. pH influences enzyme activity in a number of ways.

1. The pH with the extreme values brings abont changes in protein structure that aiter
the stability of the enzyme. '

2. pH changes the ionisation of the enzyme, thus affecting the affinity of the enzyme for
the substrate. _ .

3. It alters the ionisation of the substrate and affects the binding of the substrate to the
- enzyme. .
4. pH changes the ionisation of enzyme-substrate complex.

Factors 2 and 3 will affect Km value whereas factor 4 will affect the Vmax of the reaction
and not Km,
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Fig6.5. Effecmf pH on enzyme catalysed reaction.

6.7. ENZYME STRUCTURE AND MECH\ANISM OF ACTION

The molecular welght of enzymes ranges from abou to over one million and contains
many thousands of amino acids. Substrate molecules are ery small compared to the enzymes
5o only a small part of the enzyme (polypcptlde chaift) ‘will be in contact with the substrate in
enzyme- substrate-complex. The part of the e molecule at which activation and reaction -
of the substratesoccurs is known as activ%nt' or actwe site of the enzyme. -

The catalytic ability of an enzyme d ds on its three-dimensional shape. The- catalyms
‘of an enzyme catalysed reaction cons15ts of three steps in which individual enzyme molecules '
participate over and over again. . - : : '

1. The substrate recognises the enzyme and- the two come together ina speuﬁc arrangement-
enzyme - substrate compilex.

2. By the catalytlc activity of certain groups orn the enzyme surface, the substrates will be
cofnverted to products. : : : :

3. The products leave the enzyme.

The mechanism of chymotrypsin action is shown in Fig.8.6. Chymotrypsm is a dlgestrve_
enzyme which catalyses the hydrolysis of protein in the intestine of human bolngs o

The substrate fits on the active site of the enzyme like pieces.in a. three dlmensmnal jigsaw
puzzle. The substrate and enzyme lock together to form the enzyme-substrate complex. The
two are hcld together by weak bonds such as hydrogen bonds X

The conversicn of substrate to product depends on certam amino aad R groups which
protrude into and are an integral part of the actwe site. - .

Each enzyme catalyses only one type of reaction, sirice the site of each enzyme is designed
to hold a particular substrite and to catalyse one reaction very effectively. 1t will not have the
correct shape. and charge of catalytic R groups necessary 10 promote totatly dlfferent reactlons.
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o : ot
The activé site consists of two parts:' a hydrophobic binding site which holds aromatic:R
groups. and a catalytic site, where peptide bond cleavage occurs. Three amino acid R groups
are responsible for catalysis: The R groups of serine, at position 195 in the amino acid chain, -
histidine and aspartic acid at position 57 and 102 respectively (After T.W.Goodwin, J.LHarris &
B.S.Hartley, 1964). “ . '

Aromatic R group
Protein substrate

cCOOH

N

\ O E-5 COmp[ex ;
Products leave . '
/- H,O

Peptide
products

NHz
CO0H

Cteavage of
Peptitide bond

-R

Fig.6.6. Mechanism of chymotrypsin action,

6.8. INHIBITORS OF ENZYMES

The compounds which have the abiliiy to combine with.certain enzymes and block the catalytic
protein, are known as inhibitors of enzymes.
. Inhibitors are divided into two classes depending on the nature of inhibition. 1. Irreversible
inhibitors, 2. Reversible inhibitors. - : '

6.8.1. Irreversible Inhibitors

Irreversible inhibitors form covalent bonds with a specific functional group, usually an amino
 acid residue, which is associated with the catalytic activity of the enzyme. There are some
inhibitors which physically block the active site. "
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Enzyme-catalysed e :
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Fig.6.7. Characterstics of enzyme inhibtion.

These mhibltOl‘S cannot be removed by dialysis and this usually means that thc functional
groups of the enzyme molecule have been altcred or destroyed.

E4ST—2EST—= E+7P

Ty

LN

1 . ,

, O

\?\

El . _
Example: lodoacetate which reacts With_ sulfahggrgroups of @n enzyme such as triose phusphate
dehydrogenase. : ' B '

E-SH + ICH,COOH ~ormm——se=> E-§-CHyCOOH + HI
6.8.2. Reversible Inhibitors

The reversible inhibition means that the enzyme act1v1ty can be restored by rcmovmg the
inhibitor by thalysm The inhibitor involves the equilibrium between inhibitor anqud free enzyme
" which can be anly sed by M1chaells-Mentcn Kmetlcs :

The reversible inhibitors are classified mto two main types (a) Compctltlve Inhibitors, (b}
Non Competltlve Inhibitors.

(a) Competltwe Inhibitors: Compounds that compete with the substrate for binding to the
. active site but once bound, cannot be transformed by the enzyme are known as competitive
m_hlbltors o .
E +s-—-=~ ES=—=E +P

+ .
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ES and EI complexes are formed but EIS complexes are never formed. So the inhibition can
be reversed or relieved by increasing the substrate concentration. S

Ex: The classical example of the competitive inhibition is the mhlbltlon of the enzyme, succinic
dehydrogenase by malonic acid. Succinic dehydrogenase catalyses the oxidation of succinic acid
- to fumaric ac1d

THZ_' i?Hz L 2
COO" €00 oo™ coo
‘Succinate Malonate

The two, molecules each havmg two ionisable carboxyl groups compete for the same site on _
the enzyme molecule. N :

-(b) Non Competitive InhlbthI‘S Compounds that’ revembly bind- WJth either the enzyme or
the ‘enzyme - substrate complex are known as non competitive inhibitors,

E4S—=—=ES——3E+P
-
N

IS

I

Non competitive inhibition differs am competitive inhibition in that the inhibitor. can
-combine with ES, and § can combi EI to form the inactive complex EIS. So this type ot
inhibnition is not completely rev y 1ncreasmg the substrate concentratlon :

Ex: The inhibiticn of L- ine dehydratase by L-isolencine.
Check Your Progress - 4

What are mh1b1tors of enzymes‘? And what are the different classes recogmsed in them?
Note:(a) Write your answer in the space glven below ' '

(b) Compare your answer with the one given at the end.

....................................................................................
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6.9. ISOZYMES:

.An enzyme which has multiple molecular forms found in the same organism catalysing the
same reaction is known as ‘Isozyme’. Isozymes differ. from one ‘another in having different
amino acid composition or sequence and have different kinetic properties. Oné of the first
enzymes found to have multiple forms and the most thoroughly studied isoenzyme is lactic
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dehydrogenase, which catalyses the reversible oxidation-reduction reaction.
Lcatate + NAD" 3 Pyruvate + NADH + H*

Lactate dehydrogenase occurs in five possible forms in organs of many vertebrates. Two

important types of LDH are seen in heart anid skeletal muscles and they are known as HLDH
and MLDH respectively. The heart LDH contains four identical monomers which are known as
H sub units and the muscle LDH also consists of four identical M sub uinits. The two sub units,
H and M have the same molecular weight (35,000) but differ i in the amino acid composition.

. - Although 1soenzymes catalyse the reaction, they differ mgmﬁcantly in their K, values for their R
_ substrates as well as their Vmax values. ‘Isoenzymes are now known for a great many different

enzymes. There are about one hudred different enzymes pamc;patmg in cellular metabolism
which oceurs in multlple forms.

6.10. QUANTITATIVE ASSAY OF ENZYMATIC ACTIVITY

The amount of enzyme in a given solution or tissie extract can be assayed: quantitatively in
terms. of the catalytic effect in produces. For this purposé. It is necessary to know:

1. The overall stoichiometry of the reaciton cata[yscd

2. Whether the enzyme requires the addltlon of cofactors such as metal lOIlS or coenzymes.

3. Its dependence on substrate and cofactor conccntratmns ie., Km for both substrate and :

- cofactor. _ )
4. Its Optimum. pH. . ' : : .- \> o
5 A tcmperature Zone in Whlch lt is qtdblc an“ has h]@nv]ty

. \ : '
6. A simple analytical procedure for detcrzzu he dlsappearance of the substrate or the
- .

appearance of the reaction products.

The quantitative assay of enzyme ac@_s carried out most conveniently when the Silﬁstrate -
£

or product is coloured or absorbs Ilgh

he ultraviolet ;_egion whi(_;h can be fqllowed with a
spectrophotometer. o R

It is possible to purify the enzymcs and obtam them in homogenous forms by using a
sequence of seperation procedures such as density gradient centrifugation, molecular-exclusion
chromatography, free or zone electrophoresis, ion-exchange chromatography etc.

6.11. s-UMMARY

© Various. metabolic reactlons of lmng orgamsms are. catalyzed by enzymes. - En.zyrncs_ are

proteins and are ‘generally referred to as biological catalysts. Biosynthesis-of these > enzymes is

under genetic control. Under optimal conditions they catalyze reactions at rapid rates. They_
are specific to the nature of reaction catalysed and fo the structure of the substrate utilized. A
small concentration of enzyme can convert a large amount of substrate to product. Enzymes
remain unaffected by the reaction and are not consumed during the process. Generally, enzymes -
. are named after the substrate or type of reaction catalysed and end with a suffic ‘ase’. The
Commission on Enzymes of the International Union of Biochemistry (1964) have proposed a
numerical classification. Enzymes are divided broadly into six groups. Some enzymes need
addition of metal ion or a coenzyme to catalyse the reaction. Various factors affect the

rate of enzymatic activity. Certain compounds act as inhibitors blocking the catalytic protein by .-

combining with the enzyme. An enzyme may have muitiple molecular forms catalysing the same
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reaction. These are the isozymes. An anj*mc' can be quantitatively assayed by using colorimeter
or spectrophotometer. They can also be purified by employing certain techniques.

6.12. CHECK YOUR PROGRESS : MODEL ANSWERS

!a

The enzymes that are involved in the leavage of peptide bonds belong to the group hydrolases.i.
The enzymes that are responsible for the removal of C02 from the- substrate belong to the
sub-group decarboxylases.

. 3. The complex organic molecules that play an active role in the reaction by carrying a specific
chemical group are called coenzymes.

a4 Inhibitors of enzymes are the compounds that are able to combine with certam enzymes and
block the catalytic protein. Inhibitors are devided into two classes. They are (1) Irreversible
Inhibitors and (2) Reversible Inhibitors. -

™~

6.13. MODEL EXAMINATION QUESTIONS

I Answer_the following questions in about 30 lines each.
1. What are enzymes? Explain the role of enzymes in plants.
2. Give an account of the nature of enzymes and their classification, '
3.I Enumerate the properties of enzymes: | '
4 Describe the structure of enzymes an ain their mode of action.

-3 Distmgmsh between cofactors, oog; zy@nd prosthetic groups. ' .

II. Answer the following questio about 10 lines each.

Write about isoenzymes. Q '

Give an account of nofgompetitive inhibitors.

Write about ré_vcrsible inhibitors.

Explain the factors affecting enzymatic activity.

ok R N

- What are competitive inhibitors? Give some examples,
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7.1. OBJECTIVES N

By

PR R WD

- O
the end of this unit you will be able to: .
list out the various pigments that are iQVeK‘photosméhels,
list out the differences between chlorophyll a and b '

describe the blosynthems of chlor

"

“list out the various carotenmd plgments and describe thelr functions,

define quantum efficiency,

describe the Emerson enhancement effect,

describe the process of oxygen evolution in photosynthesis,

describe the three kinds of photophosphorylation viz,, cyclic, noncyclic and pseudocyclic
photophosphorylation. :

7.2, INTRODUCTION

All living organisms need energy to sustain. The radiant energy is derived from sunlight via

the

process of photosynthesis. In obligate- photoautotrophs as higher piants, algae and some

bacteria, light is the sole exogcnous energy source used for the synthesis of organic materials. In
comparison, heterotrophic organisms are absolutely dependent upon organic compounds formed

- by the autotrophs for their carbon and-energy requirements. Thus, photosynthesis can be defined
as a biological process where orgamc matter is synthesized with the hclp of light.

/ .
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7.3. PHOTOSYNTHETIC PIGMENTS

Phothufot'rophic organisms are unique in possessing coloured complex organic molecules,
pigments, which trap the light and convert radiant energy into chemical energy. These pigments
act as reaction centers (RC) in absorbing the light which is in the form of electromagnetic energy
and convert it into chemical qnergy; They are also referred to as antenna pigrﬁents._ One can
study the different types of pigments by employing methdd such as paper chromatography
or by chemical separatlon of chioroplast pigments. These tcchmqucs help in separating the
different types of pigments such as chlorophyll a, b, carotenoids and phycobilins. The pigments

- are grouped into functional "units" with photochemical conversion centers.and other catalysts
- and are located in membrane-bounded flattened sacs (thylakoids). However, in higher plants-

a number of thylakgids are stacked into a granum. 10-30 such grana are found in special
organelles-chloroplasts.

The various photosynthetic pigments can be classified into three major groups 1) Chlorophylls
(water insoluble); 2) Carotenoids (water insoluble and 3) Phycobilins. Phycobilins are watér
soluble beecause of their attachment to water soluble proteins.

Check Your Progress - 1

What are the major greups into which the vari usﬁtosynthctic pigments are classified?
(Ueﬁ:elow. )

No'l_:'e: (@) Write your answer in the space gf

)] Compai’e your answer with tl} one given at the end.

......................................................................................

7.3.1. Chlorophyll Pigments

Chlorophyll A: is the primary photosynthetic pigment presént in all higher plants and algae,
It is the major pigment and plays an active role in photosynthesis. Several forms are recognized:
Chl a 660 670 680, 685, 690, 700, 720, the number indicating their respectiv read absorptlon

maxima.

Chlorophyll b: is present in all the higher plants- and green algae and is a_locally oxidized
derivative of Chl a. It is normally identified by its yelow-green colour while Chl a is identifi ed by
blue-green colour. 1t has been shown that there are two forms of Chl b--640 and 650. Molecular '
structure, molecular formula and empirical formula of Chl a and b are given in Fig.7.1. ’
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Fig.7.1. The moliecular structure of chloi‘ophylll'a&b. To form chloro-
. phyll b an aldehyde group reptaces the methyl group at the C atom.
Empirical Formula: Chl a CgH7,05N M8, Chl CSSH?OOSN Me

Molecular Structure of Chlorophyll: The structure of a chlorophyll molecule roughly
resembles a “tennis-racket" having a large flat head (the porphyrin parf} and a long handle or tail,
(the phytol part). It is a typical porphyrin derivative possessing a cycl_icﬂ'gtrapyrrol_ic structure in-
which one pyrrole ring is partially reduced. The four pyrrolt rings are joined into a single master
ring by CH “bridges”. A non ionic magnesium atom is held at the centre of the tetrapyrrole by
two covalent and two coordinate bonds. A peculiar and’important characteristit*of clorophyli, in
addition to the four pyrrole rings is the presence of a fifth isocyclic ring which carFies a carbonyl
group (C=0). This V additional ring may.be the "nerve centre” of the chlordphyll mojecule, most -
closely associated with its photocatalytic action in photosynthesis. The phytol which is esterified -
~ with the carboxyl group on the C atom of the chlorophyll molecule is a long chain alcohol’
containing one double bond. To form Chi b the methyl group' at position 3 is replaced by an.
aldehyde group. In its natural state it is bound to protein to form a lipo-protein complex.

- The German .éhemists' Richard Willstatter and Hans Fisher (194.0) received Nobel Prize for
the development of the chlorophyll structure. Robert B.Woodward of*Harvapd (1965) received
or. B0 Class Noi - & &% ' '
L‘t’-:?f's"-afm‘{ - {ﬁf
Do
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: _Nobel Prize for total in vitro synthesis of- chlorophyll

Al hough Chl a&b closely resemble each other in molecular structure; def nite differences in
their physmal and chemical properties have been observed.

The ratio of Chlatob may vary between about 2 and 6 in different species and in the same
species grown under different conditions. Apparently many plant species form more Chl b when
. grown under tow light intensity in order to increase their light harvestmg capaclty

K

150} i
Cn e, Chilargphytia
1 - e e Chikitophyll b
§ - . rn_uher
i |
; E‘ wo |
B0
! of

Wavelrngth m_n;n
" Fig.7.2. Absorption spec[ra'o@ophyl] a&b in ether. These are
the absorption spectra of extra c¢hlorophylis in organic solvent.

Petroleum ether is a good'sol “f’or Chl a and methyl alcohol for Chl b. Chl a is blue-green
in colour and Chl b yellow-green. ' :

A pheophytin is chloropl@lthout Mg and a phaecophorbide is without both Mg and the
phytol. Acid conditions prom he loss of Mg from chlorophyll.

All phototrophic bacteria with anoxygenic {anaerobic) photosynthesis, whlch have only ong
photosystem, possess bacteriochlorophylis in their membrane bound photosynthetic apparatus
It is the main light harvesting pigment df photosynthetlc bacteria. It.isa tetrahydroporphyrm

Bactenochlorophy]l a: This is most widely distributed among the purple bacteria, Chroma-
tiaceae and Rhodospirillaceae. In organic solvents it has absorptien maxima at 360,.590 and 760
nm. For e.g., Chromatium has peaks at 800, 850 and 870nm. The Bchl a of all known purple
“bacteria is Bchl ap in which the propionic acid side chain is esterified with phyto! (cloe and
Pfenning, 1974). In rhodospirillum rubrum Behl a is esterified with geranyl- geramol (Bchl a
- Gg) (Kunzler and Pfenning, 1973).

_ All green bacteria contain small amounts of Bchl ap located in the photosynthetic reaction
* centers in the cytoplasmic membrane near the chlorobmm ves:cles

' Check Your Progress - 2

. What are the differences between chlorophyll a&b w1th regard to thelr solublllty and colour‘?
Note* (a) Write yoilr answer in_the space given befow. -
'(b) Compare your answer with the one given at the end
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Biosynthesis of Chlorophyll As mentioned earlier chiorophylls contain tetrapyrrole ring
and Mg chelated with nitrogen-atom of pyrroje rings. The ‘biosynthesis of chiorophyll molecule
takes place through several steps and they are light mediated. Briefly, the synthesis mvplvcs the
formation of the pyrrole (porphobilinogen) by condensation of two molecules of -aminolevulinic
acid. Four pyrrole molecules complexed with Mg and a protein give rise to protochlorophyllide.
This is reduced .ip-the presence of light to give rise to protochlorophyll, which after phyrol
estirification and in the presence of Ilght forms chlorophyll-a molecyle.

7.3.2. Carotenoid Plgments : : o P

They are widely distributed and invariably occur with chtorophylis in photosynthetic organisms
where: they function both as photoreactants and with varying degrees of efficiency in tapping
light energy for photosynthesis. The total number of carotenoids in all these classes of organisms
is ‘about 60. Carotenoids belong ‘to a'large’ group of compounds caled terpenoids. They are
divided ‘into 2 classes: 1) the carotenes which are hydrocarbons and their 6xygen derivatives
2) the xanthophylls. Common names used for different species end withene and those for
xanthophyils with -m- : :

According to ‘Goodwin (1966}, the mafor carotenoids of Iugher planis are S~ carotene,
lutein, viloxanthin and ricoxanthin, - carotcne is the most preyalent carotene and lutein the
most abundant xanthophyll. The cliloroplast! carotenoids 1in two granal chromoproteins

corresponding to PS T arid PS 11.. g;;

In some higher plants, smatl amounts ofi oc-caroj; e accompany - carotene. Lutein, is
a derivative ofx-carotene. T - -

Function in Photosynthesis: Like c@phyll, carotenoid also occur -in their natural
state as protein complexes. Chlorophylls and carotenoids may be attached to the same protein .
forming a complex, known as photosynﬂ%? . S

Carotenoids play two distinct rolyés in photosynthesis.

1. Chlorophyil gets bleached in the presence of oxygen and light. This is called photo-oxidation.
Photo oxidation of chlorophyll is inhibited in the presence of carotenoids.

2. Carotenoid absorh yellow and green wave lcngths of light . and transfer the energy of the light
to chlorophyll molecules, In otherwords, carotenoids are hght gathcnng pigment motecules -
‘which act as antennac in recewmg l1ght . .

Check Your Progress - 3

: .
A Lo

Name the:four major ¢arotenoids of higher pla'r'l'ts_.' .

Note: (a) Write your answer in the space given below.
(by Compare your answer with the one given at the end.
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7.3.3. Phycoblhprot eins

These are water soluble pigments containing open pyrrole chains found occurring in cyano-

. phytes, phaeophytes and Rhodophytes. They are of two kinds-(a) phycoerythrin (red pigment)

*and (b) phycocyanins (blue). They are found together, but their relative ratios vary greatly. These

© pigments absorb blue, yellow and green lights and pass on the energy by resonance transfer to
chlorophyll a molecule. Like carotenoids, phycobilins are called accessory plgments '

Phycoblhprotcms are watet-soluble complexes of proteirnrand plant bile p]gments, calted phyco-
bilins. The first.complete primary structure of & blhprotcm (C-phycocyanin) from Mastigocladus
laminosus was determined by Frank et al. The main function-is light harvesting and energy

‘transfer to-chlorophyil a. It is now generally accepted that this process is a step- wise migra-
tion of energy from phycoerythrm to phycocyanin to allophycocyanm to Chl a. Like carotenoids
phycobiliproteins are classmed as actessory pigments, :

_ Chlorophyll is calted "the most important organic compound on earth” because of its role as
a light activated enzyme (photo enzyme) in photosynthesis. All other pigments seem to serve.
only as physical encrg,j;r suppliers and are referred to as accessory- pigments. -

7.4. PHOTOCI—IEMICAL REACTIONS

" Biological solar energy conversion is carned out by certam bacteria, algae and higher plants
because of the existence of photosynthetic mechanism. Evolutionary studies revealed that the
first prokaryotic cell could have evolved some 4 billion years ago. It is presumed that the
first living cell was a photoautotroph and carried out simple photoreactions. Subsequently, a
biological diversity developed in these forms with x%ct to autotrophic energy production.

Light is a form of radiant energy and travel iscret corpuscles or bundles known as_photons )
or quanta. Photon or light quantum is a-discr ckage of energy. It is directly proportional to-
the frequency of the radiation. Sun is th€'sgurce of the eleéctromagnetic radiation and it forms

. a spectrum. Part of the spectrum vi ible Yo us is known as visible spectrum. It extends from '
about 400 to 700 nm and the col ‘zange in order from wolet to red (Fig.10.1). Light of a
" single wavelength (or a single ) is called monochromatic. The visible spectrun-is also .
active in photosynthesis. Ther%? it is called photo-synthetically active radiation (PAR). Green
. plants utilise light at a wave length of 400 to 450 and 650 to 700 nm for maximum phr‘tosynthenc Y
" effi aency i.e., blue and red light ‘of the visible spectrum are more efﬁc:ent

7.4.1. Absorptmn Spectrum and Action Spectrum

The absorption of different wavelcnvths of visible radiation and their degree of absorptlon
can be estimated by passing different wavelengths of this light through a culture of Chlorefla (an
unicellular green alga) and Ulva Thallus representing t}ﬂ: green leaf of the plant. The absorption.
of different wave lengths of light is due to different pigments found in the chloroplast ie.
chlorophylls a,b, carotenes, and xanthophyils absorbmg specific portions of transmitted lighs.

_ The chlorophylls- have peaks of absorption at blue and’ red end of visible spectrum. The
carotenoids have their peaks in green part of the spectrum (450 to 520 nm). The absorption of
“transmitted light of particular wavelength is also a characteristic of the;@ubstance absorbing the
light. The absorption of light at different wavelengths of chloroplast plgments (for that matter

- by any substance) is called absorption spectrum.

The effectweness of different wavelengths of llght in the photosynthesm can aiso be estlmated
by measuring O evolution in Chlorella cells enclosed in a glass container through Ulva thallus
by transmitting c?hfferent wavelengths of light through them. The activity or function of dlfferent

- wavelengths of light in photosynthesis {or in any process) is-called action spectrum. :

A comparison of absorption spectrum with action spectrum, also indicates the relative contri-
.bution of dlfferent wavelengths for photochemical reactions (hght reactlons) of photosynthcsus

o
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- In case of photosynthesis, it so happens that the absorption spectrum and action’ spectruin
overlap each other. It means that blue and red light which are 2bsorbed (wavelengths between -

" 400 to 450 and -650-700 nm respectively) to a maximum degree are also having their maximum
effect in photosynthesis and its photochemical events. The photochemical reaction require biue

, and red light in definite number of units, of light called quanta (quantum singular). The energy .

I carried by a quanﬁam of blue light is 70 k cal/einstein ‘and that of red light is 40 k cal/einstein.
* But for photo- chemical reactions the basic requirement is for a specific number of quanta ano
¢ the energy for quantum is important. In other words, red light quanta are as effectrve as blue

llght quanta, the extra.energy of blue light quanta being wasted.

742, Quantum Efficiency

4

i

i

The efficiency of a quantum of light of any wave length in carrying out the function in terms
of number of CO, molecules reduced or number of Oy molecules evolved is called quantum_-

vield or quantum efficiency.

7.4. 3. Emersom Eﬁ'ect

With the help of action spectra one can study the details of the funct10n of 1ndmdual.
‘wavelengthsof light ie., its influence of the effect of monochromatic light on O, evolution.

etc, Such studies have indicated the decline of the quantum vyield oceurring ‘at wavelengths i

beyond 680 nm in.green algae. Because, this area of spectrum is in the red region the decrease

~ quantum Vield is called red drop. Study on this "red-drop" clarified many complexities invotved
in two photosystems. Emerson and his co-workers (195?) found during the study of red-drop

mechanism in-green algae, Chlorella, that light beyond 680 nm was guite inefficient (jn tar-red _' : |
light) and could bemade efficient with a simuitaneous 1llum1$vof a shorter wave fength of -

ith a beam of 650}nm light, .
the oxygen production is enhanced to higher degree t he: sum of Oy produced’ with the

light. That is, if a beam of 700-nm light simultaneously given a

-

two separate beams of light. This discovery of Emerso led Emerson enhancement effect

¢ is a great land mark in the study of photochemic?‘?@ctien.concerned with photosynthesis.

The observations made Emérson to suggest that photosynthesis. involves two photo-chemical

reactions and coordination between them.-

Ch’ecl: Your Progress - 4 _. ' Q) :

What is meant by, red drop?

' Note: (a) Write your answer in the space gwen below. .

(b) Compare your answer with the one gwen at the end. .

7 4 4. Hlll Reactlon .

Another great discovery in- photosynthesns is the evolutlon of O- from dry leaf powders in
solution exposed to light. This was démonstrated by:Robert Hill (1937). The oxygen evolutlon

could be prolonged with the addition of iron salts, like ferric oxalate, sugars and magnesmm :
- salts to the solution to the suspended leaf material, - This is called Hiil reactlon /Work o these. :

lines p1oved that this reaction was due to photochemtcal oxidation of water/

-



7.4,5. Oxygen Evolution

Joseph Priestly (1776) discovered for the first time that plant could produce oxygen. He
demonstrated that plants could improve the quality of air. In the subsequent years many
scientists from varied fields of science contributed to the understanding of the mechanisms of
photosynthesis.. They showed the participation of light CO,, H50, and the chlorophylls in the
mechanism. The-overall photosynthetic reaction could be written as :

: 6C02 + 6H20 - > C6H1206 +9 02 )

Such a generalised equation could give an impression that Oy could be derived from elther
CO, or water, For quite some time, this question remained a chalienging one leading to the
proposal of many theories on photosynthesis. Some scientists considered that Oy comes from
© CO, and some considered that chlorophyli-CO5- complex as the immediate precursor to 0O,.

- Some others showed that photosynthetic oxygen comes from water. This problcm was solved by
‘Ruben et al (1941) by using fabelled water and carbondioxide containing oxygen 180 separately
in the experiments with Chlorella (unicellular green alga) cells. They found that the amount of
labelled oxygen evolved during photosynthesis was found to be identical to the oxygen content
of labelled water and not the oXygen content of CO,. This showed that oxygen indeed comes
from water and not from CO». .

The oxygen evolving part is associated with pigment system II (PS II) the composition of
which is described later. Apart from the pigments, manganese, and chloride ions are found to
be necessary for the photolysls of water and evolution of oxygen by PS IL

After conducting several experiments, Otto Warburg has suggested that 4 quanta of light '
energy are required for reducing one molecule of carbon dioxide or for releasing one molecule
of oxygen. But by improved techniques Emerson found that 8 guanta are required to reduce one
molecule of CO,. This is in actord with his two‘;{“g;ent scheme, each photosystem absorbing’

4 photons of light.

» 4

 7.4.8. Photosynthetic Umt o

¢ . .

Earlier scientists have believed ghat }é;::t chloroplasts are required for absorption of light.
But it is recently demonstrated by%;zﬂal workers that even fragments of chloroplasts can carry
on light reactions. Paik & Bi 1964) suggested that the small spheres present in the thylakoid
membranes of chloroplasts a? Be photosynthetic units. These photosynthetic units are called
guantasomes. Each quantasomeé contain about 250 chlorophyll molecules. its molecular wcrg};u '
is about'2 millions. These quantasomes are particles seen in electron micrographs. But now
it is proved that these are not the minimum unit structures of the chloroplast to carry on
photosynthesis. Fraoments of lamellae containing at least 2000 chlorophyll molecules can alone

g synthesme ATE.

The whole process of photosynthesis can be divided into two stages (1) the photochemical
steps involving the electron transfer, to which is coupled ATP and NADPH, formation and (2)
the biochemical reactions involving the incorporations of €O, into carbohydrates. -

The photochemical ‘reactions are often referred to as the primary events of photosynthesis.
The earliest steps of this complex conversion involve the absorption of a photon by the light
harvesting (antenna) pigments, the migrationi of the excitonic. energy among other antenna
plgmcnts until it is trapped by the specialized reaction centre (RC).

Following the absorption of light, the initial photochemlstry occurs at RC complcxes where
the excitation energy is trapped and drives the transfer of.an electron from a high potential
primary donor (Chi or Behl) to a low potential electron acceptor. This electrochemical energy,
stored .in the initial charge separation i$ to drive all subsequent electron and proton transfer
reactions in photosynthesis.

Based on the experimental results, Emerson suggested that photosynthesis involves two
photochemical reactions: The photosynthetic pigments are distributed in two systems and can
be called photosyster: T (PS-I) and phtosystem I (PS-I0). :
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Both photosystem L and U can absorb guanta of light. The RC of PS-II absorbs light at
680 nm and that is why the pigment is cafled Pegg- The RCforPS-1is P and has an absorption
maximum at approximately 70{ nm and theretore it is calied Py, In PS-1, the primarry electron
acceptor is ussumed to be ‘X’ Und in PS-II, similarly it is ‘2. QlQhe charge separation occurs m -
the form of a transfer of an electron from the excited RC chlorophyll to the primary acceptor.

Photosystem-1I: This system essentially cansists of 200 harvesting chlérophyil (more of chl.a and
some chl.b) molecules, 50 carotenoid molecules and specially bound chlorophyll molecule, Pagp A

. few molecuies of cytochrome f,m c¢ytochrome be -4, plastocyanin and membrane bound ferredoxin
molecules also form a part of PS-1. Studies with elect:on spin resonance and spectroscopy have
shown ferredoxin to be the primary electron acceptor of PS-L It may be found lightly bound to
chloroplast {amella. '

Photosystem-II: Photosystem-II is mainly involved in O evolving mechanism. PS-II consists
of 200 chlorophyllts, {more of chlorophyll b molecules), 50 carotenoids, a trapping chlorophyli,
Pggor an unidentified electron domor (Z), a primary electron acceptor (Q), that might be
ptastoquninone, Mn, Cl atoms and cytochrome.BSSg also form a part of PS-II.

It is assumed that PG&(] chiorophyll role in PS-I1 is similar to that of Prgp In PS-L
Check Your Progress - 5
What are the primary electron acceptors of PSI & PS-I17

Mote: (a) Write your answer in the space given below,

7.4.7. Photophgsphorylation %

Arnon and his associates {1954) have shown for the first time that isolated chloropiasts
can product ATP when exposed to Jight in the presence of ADP and inorganic phosphate.
They called this phosphorylation as photophosphorylation. This is different from the oxidative
phosphorylation taking place in mitochondria during respiration.

Three different kinds of pho&ophosphorylaﬁon have been discovered. They are:
1. Cyclic phtophosphorflation. | B .
2.._ Non-cyclic phtophosphorylation. '
3. Pseudocyclic photophosphorylation.

Cyclic Photophosphorylation: If the chloroplasts are illuminatel with wave lengths of light

greater than 680 nm only pigment system-I operates and cyclic photophosphorylation takes place. -
In cyclic photophosphorylation the electrons first flow from its reaction centre, ie., P700 to
ferredoxin. From ferredoxin the electrons pass back to P og through cytochrome bg. cyt.f.and .
plastocyanin. As the electrons pass from P70q back to Pgyq through ferredoxin, cythg, cytf,
plastocyanin, it is called cyclic photophosphorylation (Fig.7.3).

N
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Fig.7.3. Cyclic photophosphorytatiofi (The unidenitified compound X is omitted)
Two ATP molecules are sy@jged in cyclic .photobhosphory]ation. One ATP molecule. is
synthésuzed when the electrons pass from ferredoxin to Cyt.bg and another when they pass from

- Cytbg to Cytf. : ' N\

Non-Cyeclic Photophospuurylatlon This involves photosystem- I and photosystem-ll The
schematic representation of non-cyclic photo. phosphorylation is given in fig.7.4.

The two photasystems are connected by several intermediates. It is seen from the figure
that light raises the electrons from PS-11 to plastoquinone. From plastoguinone these electrons
pass to PS-I through- Cytochrome b Cyt.f dnd plastocyanin. As the electrons are flowing from
photosystem-II to photosystem-1, the intermediates are alternately reduced and oxidised. While

" the electrons are moving from Cyt.bg to Cytf, some of thé energy is used to generate ATP.

The electrons which arrive from photosystem-1I to photosystem-I are at a lower ¢nergy level.

* The second photochemical event raises the electrons from PS-I' ‘to Ferredoxin. This reduced

Ferredoxin reduces NADP to NADPG + H*. The electrons lost by PS-II are replaced by water. - '

. The details of the transfer of electrons from water to P_‘Suﬂ is not fully known.

It is believed that ‘manganese containing enzyme, clﬂmlde fons arid several electron acceptors
are involved in the transfer of electrons from water to, PS 1. The scheme of the liberation. of

-electrons from water is shown below.

w
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Fig.7.4. Non-cjrclic photophosphotylétion %nidcntiﬁed compounds Z or Q or Y are omitted).

. The NADP which receives electrons 1 non-cyclic.photophos{phorylation receive protons
(H") formed by the dissociation of water. S - : .

In this photophosphorylation the electron flow is unidirectional ie., the electrons released .
. from PS-II.does not come back. That is why this phosphorylation is called Non-Cyclic Phiospho- -
~ rylation. ' . ' . : '

" To get one molecule of 'oxygen 4 water molecules a‘i'e' used. Eight photons are required fq
pass these 4 electrons from water to NADP. In non- cyclic photophosphorylation for every 4
electrons 2 molecules of ATP&2 molecules of NADP are formed. e

Pseudo-Cyclic Photoi:hoéphorylation: This photophosphorylation. was d_emonstrétcd by
Arnon & his coworkefs (1954). He observed that if illuminated, the chlorophyll molecules
produce ATP from ADP and iP in the presence of FMN or vitamin K and water (Fig.7.5).

FMN is an auto-oxidisable hydrogen acceptdr and the reduced FMN is reoxidised by oxygen. -
This process occurs r_ep_eated ly and produce ATP continu_ously. N :

8



’4 -

Thuminated L
FMN+ 1O Chioroplast  EMNH, + /5 0y

TN

\  ADP4iP  ATP

Fig:7.5: Pscudocyclic phosphorylation.

7.5. SUMMARY

_ Photosynthesis is a light-driven process. Photoautotrophs possess pigments which are
coloured organic molecules. These pigments carry out the conversion of light energy into
chemical energy. Reduced pyridine nucleotides and adenosine triphosphate are produced in
the presence of light which are used to reduce atmospheric CO, to carboh'ydrates,i proteins,
lipids etc. Three major photosynthetic pigments are recognised. 1) Chlorophylls 2) Carotenoids
and 3) Phycobilins. Chiorophylls-and carotenoids are water-insoluble and can be extracted from’

most plant tissues by acetone-water mixtures of meghanol. Phycobilins are water soluble. All

oxygen-evolving photosynthetic organisms including/aigae possess chlorophyli a. chlorophyll b
is also found in higher plarits. Ch!orophy]ld b closely resemble in molecular stracture but
differ in their physical and chemical propesties. A chiorophyll molecule has a flat porphyrin
head and a lonig phytol tail. Major'chl?hy]l of photosynithetic bacteria is bacteriochlorophyil
a, however, green-suffur bacteria cteriochlorophyll ¢, d and e (chlorobium chlorophyll).
Biosynthesis of chlorophyll is pa@'\g}.t—mediated.]}ark synthesis of chlorophyl! can also occur

_solely through enzymatic actj Chrotenoids are widely distributed and divided into two classes

1) carotenes and 2) xanthophylis, They play two distinct roles 1) in the absorption apd tﬁansfer of
light energy and 2) in protecting the chiorophyll from photo-oxidation. Phycobilins are narrowly
distributed ‘and found only in certain-algal groups and cyanobacteria. Their main function is |

light harvesting and energy transfer. Photosynthesis is a biotogical process where photosynthetic

cells absorb light energy and convert it into a usable form of chemical energy. Photosynthetic
bacteria, algae and higher plants which contain chlorophylls derive energy from sunlight to drive
the photochemical reactions and hence they are photoautotrophs. Light quantum or photonis a
discret package of energy and on absorption by a suitable pigment, brings about a photochemical
reaction. There are two distinct photosynthetic photochemical processes associated with two

-pigment system. They are photosystemn-1 (PS-1) and photosystem-1T (PS-1I). The reaction center

of PS-1 is P 700 which has an absorpticn maximum at approximately 700 nm. Photosyétcm 11
reaction center is. P68{} and absorbs light at 680nm. PS-I and PS-II are cannected in series by

" electron and hydrogery carrying components. Some of the additional energy produced during

photochémicat reactions is stored in the form of ATP. Formation of ATP from ADP during this

“process is termed ' photophosphorylatlon Ruben et al (1941) have successfully demonstrated

that _02 liberated in photosynthesis came from_wate_r and not from COZ

1.6, CHECK YOUR PRQGRﬁ"% -MODEL_.A;NSWERS

1.’ The photosynthetlc plgmcnts are classmed th 3 major groups.; They are (a) Ch[orophy]ls
(b) ‘Carotenoids and (c) Phycobilins. :



2. Chlorophyll a is'/a soluable in petroleum ether. and chlorophyll b in methyl alcohol, .'I_‘he
chlorophyll a is blue green in colour whereas chlorophyll b is yellow green in colour.

-3. B-Carotone,.lutein, vﬂo‘xan“r}un and neoxanthin are the four ma;or caroteno:ds of hlgher -

plants.

4. At wave length beyond 680 nm there is a decline ih the qilahftirh yie_ld. This decrease in .

‘the quantum yield is called red drop because this area of spectrum is in the red region. _

5. The primary electron aécc.ptor in PS-1 is ferredoxin whereas jt is plastoguinone in PS-IL -

7.7. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in 30 lines each.
1. Descnbc the role of light i in the synthes:s of assmllatory power.

2. Explain photosystem 1& II.

3. Explain cyclic photophosphorylatlon and comparc it w1th that of non- cycllc photophos-' '

phorylation. _
. 4. Write about the electron carriers in Z-schcme

II. Answer the followmg que'stlons in 10 lines each
Explain Hill reaction. .
Wirite about the absorption spectru.m & action 's'p'éc@

. Write briefly about thé photolysm of water. Q '
Explam the Emerson enhanccmenf cffcct L R
,Wnte briefly about the non—cychc ph h%orylatmn
Write about the pscudocycllc ph%ﬁaﬁon

R Y
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8.1. OBJECTIVES

By
1
2.

3
.4
5
6

list out and describe the CO, fixation @ays

the end of this unit you will be able to:

distinguish between the carboxylation p
in. Calven Cycle, Y

hst out the differences bem@ anatomy of Cy and Cy Plants

list out the families in which' the C pathways are reported to ‘occur,

reductwe phase and RUBP regencratlon phase

: de'scribe' the significance 4 pathway,

describe the. CAM pathway in the succulents and ‘its significance.

8.2.. INTRODUCTION |

Photosynthe51s 15 the most important ‘bio- chemical process on the earth Green plants are
* the. primary harvesters of solar energy. The green plants trap the solar energy inte chemical
energy. For every gram atomic weight of carbon taken during photosynthesis, potential energy
- amounting to 477 kilo joules (114 K calaries) is obtained. Thus plants are considered as prlmary .
: producers of food and enetgy in the ecosystem.

The photosynthesrs involves the followmg two phases.

1.
: 2

Thc absorptlon and retentlon of light energy in the form of ATP.
Conversmn of light energy into stable chemlcal potential (carbohydrates) and its storage

In the preceding linit you have studied in detail about the photochcmlcal reactions that involve

. the traping of the hght energy by the chlorophyll plgments and retensiph of light energy in the fornt |

. of chemical energy i.e. Adenosine triphosphate (ATP) The ATP along with reduced NADP
constitute the assmlatory power which is'necessary- for reductlon of C02 into: carbohydrates In
dark reaction. - :
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8.3. CO, FIXATION PATHWAYS

Currently, three different types of carbon dioxide fixation pathways are known. They are Cq
pathway (Calvin cycle), C4 pathway and Crassulacean acid metabolism (CAM). The C3 and Cy
pathways derive the name based on the initial product of CO, fixation. In Calvin cycle the first
product is a 3 carbon compound, the PGA (Phosphoglyceric acid), whereas in C4 pathway the
first product is'a 4-carbon compound, Ozxaloacetic acid. It has become a common practice to
refer to the plants possessing the €, pathway as Cq plants and those having Cy4 pathway as Cy
plant. The succulent plants on the contrary exhibit crassulacean acid metabollsm {CAM) as an
adaptation to xerephytic habitats.

8.3.1. Cg Pathway (Calvin Cycle)

The C pathway constitute mainly the sequence of reactions starting from intake of C02
from outer atmosphere by the plants and its reduction to carbohydrates in the presence of the
assimilatory power i.¢., reduced NADP and ATP, which are formed during light phase. For each
molem{le of €O, assimitation, two molecules of NADP and three molecules of ATP are necessary
to accomptlish the synthesis of carbohydrates. In 1954 Melvin Calvin and his associates succeeded
in finding out the intermediates formed during the conversion of CO, to carbohydrates using

labelled carbondioxide i.c., 14C0 They could, thus, trace the sequence of reacfions leading to
the formation of the end product The CO, ‘assimilation which is otherwise known as the dark -
reaction of photosynthesis occurs. in a cyclic sequence which is named after Calvm as Calvin
cycle. Melvin Calvin received Nobél prize for his work in 19

The overal C4 pathway consists of 3 distinct phases.
1 Carboxylation phase. ' 0

2. Reductive phase _ ' ‘{\?\
3.; RuBP regeneration phase. Q‘”‘“

Carboxylation phase: The .ph\a_@sntute the fixation and reduction of CO,. A carbon
compound €afled Ribulose-1, 5 biphosphate (RuBP) is the inifial CO4 acceptor in Calvm cycle.
‘Ribulose bi-phosphate reacts with CO5 to form two molecules of phosphoglyceric acid (PGA)
In an enzymatic reaction catalyzed by ribulose-bis-phosphate carboxylase.
o +H,0 |
_Ribulose 1,.5-bisphosphate +CO, > 2 phosphoglyceric acid
' RuBP carboxylase

As the initial product of CO, fixation is a 3 carbon compound, plants with this CO, fixation
pattern are often referred to as C4 plants. The site of this reaction js the stroma of the chloroplast.

Reductive phase: In this phase PGA is reduced to g[ycera]dehyde -3 phosphate by NADPHH*
¢in the prcscnce of ATP’and the réaction is catalised by triose phosphate dchydrogenase

Triose phosphate
3 Phosphoglycem acid+NADPH+H*4ATP : _ > glyceraldehyde-3-
.dehydrogenase phosphate+ ADP+4+NADP

A part of the triose i.e.glyceraldehyde-3- -phosphate is transformed into its isomer dihydroxy
acetone 3-phosphate with the help of the enzyme triose phosphate isomerase. :
Phosphotriose
Glycera]dehyde -3- P ~ Dihydroxyacetone-3-P -
Isomerase
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out of the trloscs formed 1/6 trioses are converted into carbohydrate (hexose) and the rest
of 5/6 trloses are recycled to régenerate acceptor- RuBP.

Hexose Formation: In this step, one molecule each of dihydroxy acetone-3- phosphate and
glyceraldehyde-3-phosphate condense together to form: fructose 1,6-diphosphate. Then one
phosphate radical is removed to produce fructosc-é‘-phosphate as follows:

atdolase

Glyceraldeh}’dc -3- phosphate-rdlhydroxy acctone-S-phosphate s,
Fructose-1, 6- dlphosph ate. "
Sl Phosphatase
Fructose 1,6-diphosphate —-—---2§2——---d 2% Fructose-6~phosphate
Y. +H0

~ Some of the Fruct‘qs;-é-phosphatc give rise to glucose and ultimately sucrose is formed and
it is said to be the first stable sugar produced during photosynthesis,

'RuBP regeneration phase:. In this'step fructose-6-phosphate reacts with glyceraidehyde-3-
phosphate to give rise to one molecule each of erythrose-4-phosphate and xylulose-5-phosphate
with the help of transketolase.

' Transl\ctulasc
E‘,rythrose -4~ phosphate+D1hyclroxyacetone-3-p‘wsphatc ---------- >
——-———> erythrose- 4-phosphate + Xylulose-S-phosphatc o

The erythrose-4- phosphate and dihydroxyacetone-3- phosphate molecules condense together
in the presence of aldolase to produce sedoheptulose 7d1phosphate Later in the presence of
the enzyme phosphate the sedoheptulose-1, 7-diph te is converted into

Erythros}e-cl-phosphate + Dihydrdne-?)—phos;)hate ﬁf}f.)l_%sf_ -
L\ . == Sedoheptulose 1,7 diphosphate

There is also the formation of lecule each of xylulose-5-phosphate and ribose-5-
phosphate by the reaction between s oheptulose-7-phosphate and glyceraldehyde-3-phosphate,
in the presence of transketola@cse 5 carbon compounds are transformed into rlbulose 1,5

bis-phosphate (RuBP} as sho OW.

Transketolase |
SedoheptuTose ?—phosphate + Glyceraldehyde-3-phosphatg s----m-rmomoeme =

L temizie> Xylulose-5-phosphate
Phospliopentose gpimerase

=

Ribose-5-phosphate 4 Xylulose-5-phosphate
' Phosphopentosc iSomerase
cesmemmimemen-> Ribitlose-1-5 bisphosphate

Check Your Progress - 1&2

1, What is the initial carbondioxide acceptor in Calvm cycle?

2.© What is the enzyme that is responsible for the conversion of fructose 1.6 diphosphate to
fructose 6-phosphate?

Mote: (a) Write youf answer in the space given below.
(b} Compare your answer with the one given at the end.

...................................................................................
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"The essential of Cailvin cycle are shown helow.

- Carboxydismutage
1. 6 Carbondioxide + 6 Ribulose 1, 5 blsphosohate -
+ Water . .
12 Phosphoglyceric acid
Phosphoglycerokinase .
2. 12 Phosphoglyceric acid + 12 ATP + 12 NADPH + H* >
' Trigse phosphate dehydrogcnasc
e D > 12 Glyceraldehyde 3-P + 12ADP + 12 NADPH + 12 iP.

Triose phosphate
3. Glycerdldehyde _,-Phc»sphate (triose) z—~————%  Dihydroxyacetone phosphate (triose)

isomarase
. Aldolase
4. 6 Triosephosphate (3 phosphoglyceraldehyde) +3 Dihydroxyacetone phosphate «-—-——- >
--——-> 3 Fructose 1,6 bisphosphate @ '
Phosphatase . :
5. 3 fructose bisphosphate >3 frwe-o-phosphate.+ 3ip
: “Fransketolase _ :
6. 2 fructose-6-phosphate + 2 triosep ate > 2 Xylulose-5-phosphate +
2 erythrose-4-phosphate
Transaldolase
7. 2 erythrose-4-phosphate + 2 triosephosphate > 2 sedoheptulose-di-
. : _ phosphate
. _ Phosphgtase
8. 2 Sedoheptulose-di-phosphate ~—-——-—--———> 2 Sedoheptuiose-7- phosphate +2iP

: " Phosphoketopento epimerase
- 9. 4 Xylulose-5-phosphate _ - —-> 4 ribulose-5-phosphate

W Phosphoribose isomerase
10. 2 ribose-5-phosphate ——=> 2 ribulose-5-phosphate

FPhosphopentokinase _
11. 6 ribulose-5-phosphate > 6 ribulose-di-phosphate

* The Calvin cycle'is given in Fig.8.1
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Fig.8.1. The. Calvin cycle is photosynthesis or C3 pathway of carbon fixation. 1. Ribulose bis-phosphate carbo-
xylase 2. Phosphoglycero kinase 3, Triose phosphate dehydrogenase 4. Triose phosphaie isomerase’S. Aldolase
6. Phosphatase 7. Transketolase 8. Epimerase 9. Pentophosphate isomerase 1

8.3.2. C4 Pathway

- In 1954 .Kortschak and athers obscrveq"an _-alternate pathway for COy
pathway. Accordingto their observations, using
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acids are formied as primary products of photosynthems in sugdrcane mstead of PGA a C3
compaund. WhenI CO, was supplied to sugarcane leaves, in a short period 3-four carbon
compounds (oxaloacetate, malate and aspartate) were produced initially. The oxaloacetate being
unstable breaks down readlly to maltate and aspartate. When the period of exposure is extended,
the labelled carbon appedred in 3 phosphoglyceric acid. Later, M.D.Hatch and C.R.Slack (1966)

.have extended these experiments to several plants and then proposed the alternative pathway
for CO, fixation in photosynthesis. :

. InCy plants, the CO, isfirst accepted by PEP (Phospho-enol-pyruvate) a 3-carbon compound
and asa resut 4-carbon prqduct oxajoacetic acid is formed. This product being wnstable breaks
down readily to malate 4nd aspartate through transamination. These Cs acids are enzymatically
degraded to yield free CO, and pyruvate. The pyruvate (3-carbon compound) is phosphorylated

" to regenerate PEP. 1t is beheved that the CO, produced by the degradation of C, acids in
C cycle is utilized by RuBP carboxylase system in Calvin cycle and the CGy is reduced to
carbohydrates

Check Your Progress - 3

What is the primary acceptor of CO, in Cy plants?
Note: (a) Write your answer in the space given below,

(b) Compare your answer with the one given at the end.

The essentials of C4 pathway are given below:

o - PEP Carboxylase _
1 . Phosphoenolpyruvic acid + CO5 ==t > Malic acid, Oxaloacetic acid, Aspartic
: . acid (Cy dicarboxylic acids)

- 2. Cy-Dicarboylic acig ~———— > CO, + Pyruvate

- _ Pyruvic kinase ' ' e
- 3. Pyruvic acid + ATP > Phosphoenolpyruvic acid #"ADP

' Calvin C5 cycle:
4. CO5 + RuBP -——-> Carbohydrates + RuBP.

In summary, C, plants have an additional CO, fi__xihg sequence which is co-ordinated in
the C; cycle and RuBP carboxylase. Thus CO,-is fixéd by PEP and is finally given to RuBP
carboxylase within the leaf. The carbon dioxide reduction through C 4 pathway is given in Fig.8.2.
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Fig.8.2. Carbondio:ddo-reclﬂction through 'C4' pathway. - The' reactions of the

pathway were proposed by Hatch and Slack. Lower part of the diagram is the
site of interaction of C, and C; eycies ‘"@pe;'a[c:ih the same plant spéclcs_ .

O

Anatomical Diﬁ‘erenog betwee‘:%s and Cy Plants The C cyclc is almost always.
accompanied by characteristic anan%w pec1ahzatlon called *kranz’ anatomy (Kranzin German

means a wreath or garland) Kra s have smaller air spaces, dense mesophyll parenchyma,

and many vascular bundles-suttounded by conspictious garland of cells having many chloroplasts. o

. The bundie sheath cells are\usy Hy prominently loaded with starch. Stomata are often more
* numerous. Leaves possessing the ‘Kranz” anatomy can often be recognized by eye because of

their dark green veins, where as the veins of C, leaves are usually pale as the bundle shcath cells -

- of G plants are devoid of chloroplasts.”
Check Your ngress -4 i _
 What is the dlfference between the: bundle sheath of C3 & C4 plants‘?

Note: (a) Wnte your answer in the space glven below.

_ (b) Compare_-your answer with the one given at the end. - o
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Chloroplast dlmorphlsm. Extreme structural dlmorplnsm is found in chloroplast of C dICtOS‘ _
as well as monocots. Pronounced size dimorphisnt also exists. The chloro;flasts of mcSOphyll cells’

are smaller and show granal nature while the bundle sheath chloroplasts aré large, predominantly

agranal (without grana) and are specialized for starch accumulation. In Zea mays (a Cy plant)
thc mesophyll cell chloroplasts had grana. While the bundle sheath cell chloroplasts are w1thout )

v
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grana. In sugarcane also the structural dimorphism-in chloroplasts has led to the nr\tlon that
- structural. dimorphism of chloroplasts is a common feature of all C4 plants.

The C, cycle in essence is a demce for absorbing CO4 in the mesophyll celis by the enzyme
PEP carboxylase which has greater affinity for €O, than RuBP carboxylase, and transferring it -
as the _ﬁ_-'clarboxyl of a C4 acid, to the inngr bundle sheath celis of the leaf, where it is made
available for Cq carbon dioxide fixation by RuBP carboxylase and reduction. The outline of C4

photosynthesis is givenrin Fig.8.3.

.
e

Mesophyil

Bundie sheath

Fig.8.3. Special separ

co,

PEP

OAA....Asp

AR SR A A Gr S W A oEm dm o A

Pyruvate

COZ

2

TABLE 8,1: Characteristics of C4 and Cy Plants

Characteristics
Primary CO,, acceptor
First product of photosynihesis

Photorespiration
Light

Temperature optimum
CO,, compMMsation point
Leal strycture

Chloroplasts

Chleraphyll a/b

Photesynthesis depressed by O,

Net photosynthetic capacity.
Redistribution of assimilation products
Dry matier produciion

Photosynthetic rate

(mgCO, dm 21

Not zaturating at normal light
intensities

30-40%

Less than 10 ppm’

Mescphyll arranged radially around
chlorenchymatic bundie sheaths
Mesophyli-granal bundle sheath.
cells-agranal or granal

Cadl

No

High to very high

Rapid

High

40-85

Malate
D

£ Cy, Cy pathways in c " [:;l'anls. \

C4 Plants C-; Pla
PEP carboxylase RuBP Qﬂ?*boxylase
C, acids C; acids ®
(Oxalajoacetate, malate, aspartate) PG A -
_Nil or Low High

Saturates at 100-200- Wi >
ar lgss in shadé’plants
10-25%

About 7 ppiu

Laminar mesophyll parenchymatic '

bundie sheaths.
Granal-

Ca il

‘Yes

Slight Lo high
Siow

- Medium

Eess than 30
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. In C4 plants Cy ac1ds and PEP- carboxylasc are seen in the chloroplasts of mesophyll cells
whereas bundle sheath. cells are abundant in Calvin cycle tj,ompound RuBP carboxylasc The
- chatacteristics of C4 and C 4 plants is given.in Table 8.1. :

- Cyoycle provides a powerful mechanism in C, plants for concentrating CO, at the site of
" RuBP carboxylation in the bundle sheath chloroplasts. RuBP carboxylase, has affinity for COy-
and O, also. Therefore in the presence of O, and low levels of CO, it fixes less amounts of
COs. But if the level of CO, is raised it fixes CO, actively. In C4 plants the COZ is supphed to
the chloroplasts of bundlé sheath cells, in situ through C 4 compounds which are decarboxylated.

The level of COZ is maintained sufficiently high for the activity of RuBP carboxylase. Another
important point is that the chloroplasts in bundle sheath cells do not possess grana. Therefore
-photosystem II, which liberates O, is absent. So, RuBP carboxylase does not act as oxygenase, but
act as carboxylase alone. That is one of thg. reasons for the Cy plant not having photoresplratton

Distribution of G4 Plants: . The C4 plants BXhlblt higher net photosynthetlc rates when

- compared to those of C; plants. The occurrence of C, pathway has been shown in more -

_ than 1000 angiosperm species belonging fo atléast 18- plant families mcludmg Poaceae and
Cyperaceae among monocots and among dicot taxa belonging to Portulaccaceae, Amaranthaceae,
Chenopodiaceae, Nyctaginaceae, Aizoaceae, Euphorb1accae, Caryophyllaceae, Zygophyllaceae,

* Boraginaceae and Asteracea ctc. In some genera, only certain species alone show C4 pathway.
Even within the species there can be Cq and C, and intermediates also. However the C4 plants
are taxonomically widely dlstnbutpd that is they do net belong to any smgle taxonomic group.

“Among the dicotyledons the largest concentration seems to have occurred in the Centrospermae.

. ' As the majority of Cy plants arej troplcal it is presumed that C, pathway was evolved (later

- to Calvin cycle) in plants belongmg to dwerse fanuﬁbs\exposed to temperature stress and other _
enviconmental condmons of tropics. /\} :

Ch_eck You_r Progress - 5 ¢ y _
‘Name five families in which the C, pathway is reported to cocur.
. Note. (a) Write your answer in the spice glvcn below.

.
(b) Compare your m@wth the one given at the end.

TR T L R R N I IR I I R A
T I L R R R R I I e N I I I I I
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......................................................................................

Slgmﬂcance of C Pathway. 1. The 51gn1ﬁcanoe of two pho’tosynthetlc -carbon cycles operatmg
in the same 1nd1vufual appears to assist the mechanism by whn:h €O, in the enwr‘mncnt_ is
utilized more effectlvcly o 3, : oo

20 Cy pathway may confer remarkable ecologmal adaptauons in certam plants w1th respect to
o the:r behaviour and survwal under extreme conditions of tempcrature and drought. i

.3. The discovery of the Cy pathway of photosynthe&s has given a decpcr undcrstandmg of the
intricacies of photosynthes:s. .

‘4. -This discavery also has led to the hypothesls that increased productlvuy rrught be achieved
" by mampulatlng plants.

" 5, Aknowledge of C4 charactcnsncs of plants may help in Selectmg the cfﬁment photosynthetlc
) plants. o o



8.3.3. Crassulacean Acld Metabollsm (CAM) Pat.hways.

Many species having succulent leaves as well as stems, have crassulacean acid metabolism. In
these plants the stomata remain closed in the day and open at night, as an adaptation to prevent
- the water loss during day time through transpiration. It was also recognised that the leaves of
plarits belonging to the families Crassulaceae, Euphorbiaceae, Orchidaceae, Bromeliaceae and
Cactaceae display'a diurnal pattern of organic acid formation. Dunng the day the total organic .
acid content of leaves decreases, accompanied by an increase in pHof the leaf cell sap. During
night the organic acid content increases and the pH of the cell sap decreases. All plants which
show these rhythms are referred to as CAM plants.

Crassulacean ac:d ‘metabolism (CAM) planis fix carbondioxide in the dark primariiy through
PEPF carboxylation leading to the synthesis of C acids, predominantly matic acid. This is called
* dark carbondioxide fixation. CAM plants have parenchyma cells which are large and vacuolated.
These vacuoles are used for storing malic acid and other organic acids in large amounts. These
acids keep CO, temporanly in bound form. During the day when the stomata are closed, the.
CO, is rcleased from, these organic acids which break down into PGA and release CO, and
carbohydrates are synthemscd ‘through the Calvin cycle : '

In other words COy requlrement for photosynthesm is sansﬁed through the internal reservoir
of CO, in the form of malatc during night. Thus they have separated the uptake of CO5 (during
night when stomata are open) and its reduction (during day time when light is available). This
separation of these two steps in photosynthesisin time is calied temporal separation. The diurnal
change in leaf organic acid content is accounted for almost entirely by the appearance of malic
acid in the dark and its disappearance in the light. The leavgs 0£ CAM plants also contain the
enzymes of reductive pentose phosphate cycle in_the norma roplasts. The CO, fixed in
malate during dark périod via PEP carboxylase is umm converted to hexoses, starch and
-other compounds in the day. Pathway for these dark andNight reactions are presented in Fig8.4. «
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. Check Your Progress - 6
"What are CAM Plants?

Note {a) Write your answer in the space glven bclow

. (b) Compare your answer with the one given at-the end-.

' Slgmﬁcance of CAM Pathway: 1. It increases water conservation efficiency-of the succulerit

plants by preventing excessive evaporation of water, -as the stomata are closed during day time
and open in the night. 2. It is an adoptation of succulent plants to extreme hot climates. 3. CAM
plants can also obtain a CO, compensation point of zero at night and in this way accomplish a
steeper gradient for CO, uptake compared with Cy plants.

Recent studies have shown significant similarities between Cy pathway and CAM pathway.
In both process PEP carboxylase is the efficient fixer of atmospheric CO,. However they differ in
regaid to time (CAM) and space (Cy4) of carboxylation, yet Calvin cycle being the final pathway

_ini both for carbohydrate synthesis.  In C, plants, PEP carboxylation and Calvin Cycle are

sheath cells, whereas in CAM plants, these are

ted temporarily in time by way of PEP.
carboxylation occurring in darkness followed, carboxylation in light. Both pathways are
found in leaf mesophyll cells. These relation are given below

spatially separated in different leaf cells-C, pathway 1;% mesophyll cells and Calvin cycle in bundle .

Table-§.2. The r%tiéi&hip_s of C, & CAM Pathways '

C;t"Path_way - \<”' ' : ' CAM_ Pathway '
Mesophyll cells | BMQ sheath cells | Darkness ~ Light
PEP carboxylation RuBP carboxylation] PEP Carboxylation RuBP carboxylation
(Cy4 cycle) : - Calvin cycle Cy cycle (Calvin cycle

Only a refatively few Specieé of plants have been thoroughly studied, other new and different

* routes of CO, assimilation may yet be discovered.

i

8.4. FACTORS INFLUENCING PHOTOSYNTHESIS

The rate of photosynthesis is controlted by many factors, both internal’dind external. Of the
external factors, light {quality and intensity), CO, concentration, temperature, oXygen, water, -
wind speed and nuirient level of the soil have profound influence. Besides these factors, certain

internat factors, chlorophyli content, stomatal behaviour, concentration of carboxylating enzymes -

and leaf water content influence the photosynthetic rates. Most of these internal factors are
influenced by environmental facters. It is appropriate to mention that several of these factors:
interact to influence the rate of photesynthesis, -

For example, percent. of COy entry is reglated by stomatal mechanism. Increase in COZ'
enhances photosynthesis, but sach an increase may also cause closure of stomata. Therefore, it
may be understood that no smgle factor shouid be taken as sclely responsible for an mcrcase in’



. photosynthetic rate. "Blackman” defined his law of limiting factors as follows. *'When a process
-is conditioned as to its rapidity by several factors independently, the rate of process isJimited by~
. the pace of the slowest factor”. The slowest factor implies a factor which is present in intensity
or quantity that is less than what is required for the process, when two or more factors act at-
the same time. To explain this principle, Blackman presented the cxample '

" For instance, a leaf is sub]ccted to a light intensity sufficient to decompose 5 mi of CO,
per hour and only 1 ml of the gas is available, photosynthesis wilt continue at a certain rate,
since light intensity is not a limiting factor. “Any increase in light intensity will not result in
- an increase in the rate of photosynthesis. If the concentration of CO, is increased, the rate
of photosynthe51s goes up with the same [ight intensity. Therefore, it 1s evident that in this -
case COZ is the limiting factor. Jpcrease in CO, till it attains 5 ml level will result in an
. increase in the rate of photosynthesis. At this concentration of carbondioxide, light energy-is

- just sufficient to decompose it but not more. If the C02 concentration is increased further, the
rate of photosynthesis does not increase, since light iow becomes the hmltmg factor.. When
the light intensity is increased, then a higher concentration of CO;-will be decomposed and the
photosynthetlc rate increases till light again becomes a. hmlt.mg factor Fig8. 5 reprewnts the .
whole concept in a detaﬂed way . :

Ly

w

d

5 “Second ‘optimum -\

: <o optimum £

o )

3 | O oy |

al Fsr’st opf:mum ?‘ Sec_ond
5| ST ——— | tacor
m . . ’ C . g
- RV Q) €Oy concen-
L _M;n!_munj DEE A 2 tratlan 1

"_.;_l_._ight in't-eﬁs-iw_ .

th 85. Photosynthems at dlfferent 1ntensmes of light and carbondlonde concentratlons

Blackman s dlscover} provided a means to explain the effect of external factors mdmdually
" on the rate of photosynthesis by keeping all other factors comstant and not llmlnng the rate of
“the process. The following text explaln the mﬂuencc of main factors: : : '

_ Modern man’s poputlation cxplosmn has led to continious attempts to increase. the food
suppty. This ofcourse cannot exceed the amount of photosynithate produced by green plants Itis, -
therefore, of practical importance to know what are the- lnmts to the production of photosynthate;

- because any attempt to exceed these limits is useless. Inspltc of the high efficiency of modern
agnculture only about 0.2 peroent of the annua! sun-shlne Is stored by photosynthesmng plants- '

8.4.1. Externa] Factors

_ nght. The photosynthcncally actlvc radlatlon is at wave Iength from 400 to 700r1m Light varies o
in mtensuy, quahty and duration. -

Quality: The action spectrum for photosynthcsm in lcavcs snow two major pcaks, one in the
red and the other in the blue. In these. regions chlorophylls absgrb maximum light as stated
above. Most effective wave- lengths differ withi different plants.” It is of interest to note ‘that -
_plants show high photosynthesis in the blue and red light, while red algae. do 50 in green light .
and brown algac i bh:ie hght The blue green algae have actlon spectrum pcak in,orange light. .

o .
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Duration: In general, a plant will accomplish more photosynthesis when exposed to longer

_periods of light. Tt has also been found that uninterrupted- and continuous light for relatively

long periods of time, may be sustained without any damage to the plant. If we remove the source
of llght, the rate of CO, fixation falls to zero Jmmedlately

Intensity: When €O, and temperature are niot lrrmtmg and lrght mtenslty is low, the rate of
photosynthesis increases with an increase in its intensity. The increased intensity of light causes
no increase in the photosynthetic rate because ‘of.some other limiting factor or may be. due to
destruciive effects of high light intensity. At a‘;ﬁnﬁ’ saturation may be reached, when further
increase in lrght intensity fails to induce increase in photosynthesm. Optimum or saturation
mtensrtles may vary with different plant species, foﬁ:xanfple C3 and Cy: O_,, plants become;

saturated at levels. conmderably lower than full sunhght but C4 plants are not saturated in fuil

~-sunlight.

When the intensity of light fallmg on a photosynthemzmg organ is mcreased beyond a
certain point, - the cells of that partrcu]ar organ become vulnerable to chlorophyll catalyzed
photo-oxrdatrons Consequently, these organs begin to consume O, instead of. CO and CO,
is released. Photo-oxidation is maxrmal when Oy 1s present or when carotenords are _absent or
COy concentratron is low. '

Temperature: Temperature has a marked effect vpon the rate of photosynthesrs under con-
ditions where light intensity and carbondioxide concentration are not limiting. This observation
led Blackman to postulate the occurrence of “dark reactions”. For most plants, photosynthesis
increases from just above 0°C to 35°C, although,often at “temperatures above 30°C the ini-
tial high rate is not maintained and this is markedly so above 359C. One maijor factor in the
decline in the tate of photosynthesis at the mperatures is the denaturation of enzyme N
proteins. It is of interest o know that some tropical plants can photosynthesrze at temperatures

above 40°C and that some algae, indig :: “hot springs, can grow at temperatures upto 80°C.

Therefore, ligh?intensity, temperature C02 concentration are all important factors: Since
temperature is the limiting factor, afl increase in temperature will produce a corresponding

increase in the rate of photogynthesis. _ L
The effect of temperam%ronounced asin resplratlon When temperature is the limiting
factor, a rise of 10°C may increase the rate of photosynthesis 2 or 3 times or sometimes even

" more; The reason being that all the reactions of the Calvin cycle are temperature-dependent

and the rate of diffusion of CO, to the chloroplasts is accelerated by high temperature. This is
typical of ordmary chemical process. Photochemical ‘reactions show little change. For example,
a 10°C rise in temperature usually increases the rate of photochemical reactions by only about

‘one tenth. The optimum temperature photosynthesrs for the marumum rate falls between

~20-30°C.

Between Cy and C4 plants the former have Optrmal rates from 20-26°C the latter show
optimal rates from- 35- 40°C Cy photosynthetic mechanism has undoubtedly a significant advan-
tage for plants in some tropical environments. Similarly, temperature aiso mﬂuences the I1ght _

(optimum 30-35°C) and dark respiration (optimum- 40-45°C).

Carbon dmxrde concentration: The measured carbon dloxule aﬁsor-ptlon is reatt iz sum of
the excess of photosynthesis over resplratron Therefore, it is a measurement of the net rate of

-photosynthesis. To get the “actual” rate of photosynthesis it would be necessary to add to the.

measured carbon dioxide absorption, the carbon diexide evolution of the samé plant when kept

in dark. Usuaily, under conditions of bright days, the rate of photosynthes1s is limited by the

atmospheric CO, concentration of 0.03-0.032 percent. In fact, increase in rates of photosynthesis
are obsefved with increase in CO, concentration upto at least one percent. COy fertrhsatron is,

: sometlmes a commercrally useful proposrtron for some glass house crops.
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o Ka plant is illuminated in a a closed container, the C02 conceittration inside the container
eventually attains a steady level. This is known z‘is the CO, compensation point.- The final level
"represents the balance attained between (;O .ﬁxmg and CO releasing reactions. The CO,
releasing reactions do occur; if le’aves wh,lch have previously been photosynthesizing in labelled
'CO, are transferred to unlabelled COz Labelled CO, can be detected in-the atmosphere
surrounding the leaves. This cxpcnment also emphasizes the fact, that, when photosynthems is
measured as CO; uptake"or even as oxygen evolution the value obtained represents only an
apparent photosynthesis. iiis the balance between reaction resulting in CO, and oxygen uptake
and evolution: Plants vary“in. their ability to utilize high concentrations of CO,. Particularly, .
in tomatoes, high CO, concentration, above the physiological range, results in harmful effect
causing Ieaf injury also. :

Oxygen: Oxygen has been shown to inhibit photosynthcsm It has been shown thait rate
of oxygen uptake and of CO; evolution is increased in the light. This phenomenon is called
photoresplratlon This décreases the overall efficiency of photosynthesis. This involves a reaction
‘sequence quite different from “normal” respiration. In photorespiration, glycolic acid is serving
as the principal compound. Plants exhibiting photorespiration usually have a CO4 compensation
point of around 50 ppm. The Cj plants show high photoresplratmn High O, concentration
_stimulates the. photorespiration. The rate of photosynthesis increases by 30-50 percent when
‘0Xygen concentration in the air is redced from 200 percent to.0.5 percent when CO», light and
temperature are not the limiting factors. Oxygen is inhibitory to photosynthesis, becanse it would
facilitate rapid rate of respiration, utilizing common intermediates, thus reducing photosynthesis.
Plants which do not exhibit photorespiration (Cy plants) have CO, compensation points very .
close to zero and are capable of phcitosynthesmng at very high rates. ’

Higher than normal oxygen concentrations have long bcer}imawn to 1nh1b1t photosynthems
This is called the Warburg effect, as mentloncd earlier. @rta_m terrestrial plants, even the
oxygen of normal air strongly mhﬂnts photosynthesis. #Can be explained. as an inhibitions
only of net photosynthesis, resulting from an increa photorcsplrat.lon by the O4, induced
production of glycolate. The O, would, there 1nerease/the loss from the sugar phosphate
pool rather than specificaily inhibiting an enzy system Oxygen also destroys the excited state
~ of chiorophyll and thereby inhibits photosynthesis. : '

Water: Be51dcs light, tcmperdturc CO, and Oy conecntranon water may affcct the rate of-'-"
.. photosynthesis, Water is an essential raw matenal in photosynthesis. Normally, less than one.
percent of the water absorbed by a plant is considerable drop in photosynthesis (usually from
field capacity to permanent wilting co-efficient). Low moisture supply may lead to a cessation: '
of photosynthesis. The inhibitory effect is primarily attributed to increased dehydration of-
protoplasm and also stomatal closure. The removal of water froini protoplasm also affects its
colloidal state, impairs enzyme efficiency besides causing damage to Structure of chioropiasts.
Water stress may cause drying of the cell walls of mesophyll cells; reducing their permeability to
C02 It may also accumulate sugars, thus resulting in 1ncrease in respiratory rate and decrease
in the rate of photosynthesis. :

Nutrients: The efficiency of photosynthe51s is commonly based on availability of essential -
minerals for plant growth. Those include Mg, Fe, Cu, Mn, C1,P and dre closely associated nutrients
. with enzyme systems as they are integral componcnts for all key reactions sf;photosynthems The
. deficiency of any of these elements would have serious effect on photosynthetlc actmty

Air pollutants are also known to result in decreased rate of photosynthcsm. Certain gaseous
substances react with cellular constituents and bring about the death of the affected tissue.
Sometimes, the entry of COy into the leaf is prevented, low concentrations of cerain gases
(sublethal doses) may temporarily inhibit photosynthetlc actmty without causmg permanent .
damage. : . o



Check Your Progfees -7

Name the unportzmt external factors that affect the rate of photosynthesns?
 Note: (a) Write your answer in the space given below.
~ (b) Compare your answer with the one given at the end. ' . £

......................................................................................
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8.4.2. Internal Factors

Chlorophyll: Chloraphylls constitute about 65 percent in chloroplast segments besides
carotenes (6 per cent) and xanthophyll (29 percent). Percentage distribution is highly vanable
Chiorophyll-a and chlorophyll-b are most frequent in higher plants.

Photosyntheuc activity coincides with the amount of chlorophyll maximuni absorption
peaks of chlorophyll-a and chlorophyll-b. Although several other pigments in additien fo
clllorophyllsparnc;pate in the absorption of radiant energy used in photosynthesm only chlorophyll
. a pdriicipates directly in the reactions leading to the conversion of radient energy to chemical
energy. Photosynthetic prospect of the leaf is dependent upon the presence of ch]orophyll plgment

- . Stomatal - behavnour Cﬁbondlomde re}oiles the chloroplasts via the open stomata,
Stomiatal resistance can help regulate phol sis. ‘Both transpiration and photosynthesis
show close dependence upon stomatal resgtange, under stable, condmons. In other words, both
it

‘water and CO, exchange are under s(?{me

- Stomatal opening is affected byligh quahty as well as mtensity. Blue light is far more effective
- than red in promoting stomatahopéning. Rapid stomatal responses require sudden changes
in osmotic potential of 11§ as provided by potassium jon flux, selective absorption of
" potassiam ions by guord_l cells ainder illumination may be the primary mechanism for stomatal
" opening whereas sustained opening depends ona shift in starch- sngar interconversion initiated

control. -

- by the alteration in potassinm ion concentration. External factors, like light intensity and quality,

* photoperiod, CO, concentration, water, can affect photosynthesis via stomatal resistance..

Enzymes. Enzyme activity can govem not only the rate of photosynthesls, but sometimes -
also the direction of the metabolic events. Enzyme assays on cell free systems suggest that the
- activity of the major carboxylating systems in C4 plants (RuBP carboxylase) is really insufficient
to support even the limited rate of CO, assimilation observed in. the-intact leaf. This key
photosynthetic enzyme is also sensitive to end product inhibition. Enzxmes of the C, fixation
* pathway may also exert a regufatory role, besides catalyzing reactions, through the primary CO,
fixing system, PEP carboxylase, as it is also inhibited by its own reaction product, oxaloacetate.
Similarly, another enzyme of the Cy. pathway, pyruvate dikinase, can be selectively inhibited.
. 'This enzyme is light-sensitive. Another critical enzyme is the NADP linked glyceraldehyde-3-
* phosphate dehydrogenase; which is also located in the chloroplast. This enzyme shows a. Iapld
: mcrease in activity following illumination.

. : ' : '
' Hormones: The effects of hormones on leaf photosynthesis are complex. Gibberellins ¥
and cytokinins can increase the rate,of photosynthesis.- The treated plants also showed higher
earboxylaung actmty, apparently due’ to enzyme activation rather than de novo synthes1s
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 Check Your Progfess -8

What are the hormones that increase the rate of photosynthes:s'?. -
Note: (a) Write your answer in the space gtven below.

* -(b) Compare your answer with the one given at the _end..
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......................................................................................

8.5. SUMMARY

Based on CO, fixation pathways, plants are classified as C3, C, and Crassulacian Acid
Metabolism (CAM) plants. In (5 pathway or Calvin cycle the initial product is a 3 carbon
-compound, Phosphoglyceric acid (PGA) and. carbondioxide acceptor is RuBP. The first formed
products in C, pathway or Hatch Slack Pathway are oxaloacetate, malate and aspartate (4 carbon
.compounds). - The C02 acceptor is phosphoenolpyruvic acid (PEP). The Crassulacian acid
metabolism is observed in succulents (Xerophytes), where the CO, absorption and assimilation
are separated temporarily. The C4 plants exhibit a characteristic Kranz anatomy of their leaves
and dimorphism in the chloroplasts located in mesophyll celis and bundle sheath cells. Cq
plants are characterised with high photosynthetic rates on-the ‘other hand C, plants show -
~ low CO, fixation ability. The factors influericing the rate o@tosy_nthesis can be divided
into internal and external: External or environmental factors”include light, carbondioxide .
concentration, temperature; water, OXygen concentratio nutrient supply. ].ntemal factors
refer to photosynthetic enzyme systems, leaf resistan hormones and leaf age.

-

8.6, _C_HECK YOUR PROG‘RESS%MODEL ANSW‘ERS

1. In Calvm cycle Ribulose 1,5 bisphospha (RuBP) is the initial C02 acceptor

2. Phsophatase is the enzyme that is responsible for the convension of fructosc 1,6 dlphosphate
to fructosc-ﬁ phosphate

3 Phosphoenol pyruvate is the primary agceptor of COZ in C4 plants.

The bundle sheath of 03 plants’is usually pale green due to the absence of chioroplasts-
whereas it is dark green in C4 plants due to the presence of chloroplasts. .

5. Any five of the followmg fmmhes Portulaccacea, Amarantaceae, Chenopodlacea, Nictagi-
nacea, Aizoacea, Euphorhiacea, Caryophyllacea, Zygophyilacea, Boragmacea and Asteracea.

6. In some plants the total organic content decrease clurtng"ﬁtc day and the pH of the leaf.
cell sap increases. During nights the organic content increases whereas the leaf cell sap pH
decreases: All those plants which show this type of rhythms are called CAM plants.

7. Light, temperature CO,, 02, H,0 and nutrients are the important external factors that
© affect the rate of photosynthesis.

8. 'I‘he hormones that mcrease the rate of photosynthesns are glbberelllns and cytokmms



8.7. MODEL EXAMINATION QUESTIONS

1. Answer the following question il:t' 30 lines each. -
+ 1. Explain Cy cycle of carbon as51mllat10n

£

! 2. What.is Hatch-Slack mechanism? Explam how it is 2 more effiment wayof carbon
‘ Iﬁthn’ . _
3 mplam,jthe dark ﬁxatjon of carbon dloxlde in CAM plants

4. What a;e the factors that aﬁcct photosynthesm in land plants'? Explam C02 asa factor -'
. affecting photosynthesm‘? o,

5. ‘What is Black man's Law of hrm""' agtors? Explain it with rcfcrenoc to light and
C02 concentrations. - : o -

. 6. How does water stress affect photosynthe&s?
Il Answer the followmg questlons 1;1 10 kines each.

S W 'Dtstmgmsh between C3 & Cy pathways of carhon assamllanon in terms of cnzymcs
- concermed. . :

Explam the Cy pathway takmg place in the bundle sheath chloroplasts of C4 plants
‘What are the adaptations of CAM plants? What is their s1gn1ﬁcance'? e

How do shade plants get the llght for ‘phot synthcsns‘?

: Explam how light acts asa hmtt g f tor in photosynthcms'? B

"Explain the role of stomata ;E@tosynthems '

‘What are the factors t t photosynthesis: in .aquatic plants‘? E‘.xplam it with
' reference to quality of light"and availability of CO». .

ke

I O
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9.1. OBJECTIVES

' By the end of this unit you will bé able to:
1. describe the different steps in. glycolysis, _

2. define the fermentatiop. proceiss carried by scme micro-or) isms, _
3, deScr_jb_e and differentiate between the alcohol _fcriaénﬁltio and lactlc -acid"'fe'mxentation.

-
N

9.2. INTRODUCTION D~

The process of liberation of chemical en from orgamc substances is called respiratior.
There are two kinds of respiration - a%c and ‘anaerobic. Resplratlon which tikes place in
the presence of oxygen is called aerobic yeSpiration and respiration in the absence of oxygenis
called anaerobic respiration. Usua]ly the reserve substances are utitised in respiration. thn
the reserve substances are exhausted, the organic cell constltuents are also utilised.

During the process of photosynthesls light energy is converted to chemical energy and stored
in_the bonds of complex organic molecules. Most of the stored energy in the plants is usually
_ found in the form of starch and glucose. The breaking up of the bonds of these compounds
releases a considerable amount of energy waich is useiul 1o the plant. The energy released during -
the oxidation of organic compounds is stored m the form of adenosine tnphosphatc (ATP).

By con51der1ng glucose -as the substrate, the equatlon of the entlrc aerobic respu'auon is
. written as: _ _
6H1206+6 Oy ===-> 6. c02+6H20+§.90 K cals of energy.

: Durmg th]s process, only 38 ATP molecules are forméd and each ATP molecules contams 12 _ _' Ce
K cals. of energy. This shows that only 456(38x 12) K cals of energy is trapped in A'IP molccules. :
and the remaining 234 K cals. of energy is wasted as heat. =~

- Before the series of reactions in respiration are discussed, a mentlon must be made about
oxidation .and redugtion. The removal of eléctrons from a compound usually accorffpamedjm-
.the removal of hydrogen is called oxidation. The addition of electrons toa compound usﬂally B
aocompanled by the addition of hydrogen is ca]led reductmn : '
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9.3. GLYCOLYSIS.
: L - . :

- Although glucose is cons:dered asa rcsplratory substrate, it shoufd be sphorylated before
it could act as a primary substrate in glycolysis. In the. initial phase of iratory metabolism
glucose is converted to pyruvic acid. The series of reactions and the enzytiies involved are the
same in ali living cells of micro-organisms, higher plants and also animals. The sequence of .
reactions in the conversion of glucose to pyruvic acid was first elucidated in yeast and muscle tells. -
In mammalian skeletal muscle, the pathway actually starts with glycogen, a reseyve polymer of
~.glucose. Literally glycolysis means degradation of glycogen. Because of these early investigations,

the pathway is referred to ‘as glycolysis. This pathway is also called as EMP pathway in honour - -

of Embden, Meyerhof and Parnas (German Biochemists) who discovered it. This patlwvay takes
place outmde the mitechondria ir: cytoplasm. _

The equatlon for the overall reaction of glycolysis is written as:
.CcH120 > 2C3H403 + 4H + 2 ATP
. Glucose Pyruvate _ _

The abo'?e ‘equation states that one molecule of glucose is converted into two molecules of
pyruvate, The sequence of steps in glycolysis is given in Fig9. 1. '

Glucosk
1
Glucose -6- phosphate
Fructos¢ - 6 - phosphate
il - _
Fructpse - 1,6-diphosphate.

N

3-phosphoglyberaldehyde o——> Dihydroxy acetone phosphate
_.pépngy_(._ ydraxy acetone phosp
13- dlp%shg yceric acid
3- phg’sp glyceric acid -

8

" 2- phosphoglyceric acid
9L

- phosphoenol pyruvate:
0] S
pyruvic acid
Fig.9.1. . Degradauon of one molecule of glucose to 2 molecules of pyruvic acid by glycolysis.
lHexoklnase 2.Phusphohexoisomerase 3. Phospl;gfruc;okmase 4.Aldolase. 5.Triose phosphate
* isomerase 6Phosphoglyceraldehyde dehydrogenase 7.Phosphoglycerokinase 8. Phosphoglycero—
‘mutase 9. Enolase 10. Pyruwc kinase.

Check Your Progress -1
Who have chscovered glycolysns'? _
Note: (a) Wnte your answer in the space given below :

(b) Compare your answer with the one given at the end.

........................................................................................
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Gljrcolysm may be subdmded into two major steps, 1. The conversion of glucose into fructose

- 1,6-diphosphate and' 2. - The splitting up of fructose 1,6-diphosphate into two three-carbon
compounds, which are eventually converted to pyruvic acid. All the reactions of g!ycolys:s occur
. in the cytoplasm and these reactions do not require oxygen.

i(l) First, the 6th carbon of glicose is phosphorylated in the prescnce of ATP and the enzyme .'
o hexokmase The products of this reaction are Glucose 6- phosphate and ADP.

H;czo- _ S H—C=0

H—C—OH o ; H—C-0OH
b _' _ Hexokinase | )
"HO—C—H + ATP — HO—C—H + ADP

H—-C—OH o \:> H—C—OH
L c ' R
H—C—OH. (:) . K—C-OH

1 L b
CH,OH Vv emoe
Glucose _ Qw_ Glucose-6-phosphate i

G!ucose ﬁ-phosphate is-the starting §01nt for glycoly51s In other words glucose should: be
.” phosphorylated beforc, it could take part in giycolysm :

(2) Inthe next reaction Glucose-6 phosphate is convertcd to fructose 6- phOSphate in thc presence
of the enzyme phOSphohexmsomerasc o . -

H—C:O : . . : _....." . ] . R CHEQHH_’ ..... B . e
_ | tosphohexo isomerase -]
HO—C~H s - ~ HO—-C—H
H—C—=OH  H—~C—OH "
H—C—OH - - N " 'H—C—OH
CH,0 (P) ; _ CH;0 (P)- .
Glucaose-6-phosphate .. Fructose-6-phosphate
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(3) The fiest carbon of fructose ‘6-phosphate is phosphorylated in the presence of ATP and- the

“enzyme: phosphofructo}onase
" CCHaOH ' | CHL0 (P
1 L s . '
Cc=0 _ c=0
|- Phosphofructs . | I
HO—C—H +ATP———— “HO—C—H + ADP
! —— :f;*- T T : '
H—-C--'O,_H 8 kinase -7
" H-C—QH- - .
- CH0 ¢} _ .. 'CH,0 (P)
Fructose'-ﬁ-phos;;haie . Froctdse-‘l 6-diphosphate

" (4) Fructose-1, 6- dlphosphate thus formed, is spllt up into two three- carbon compounds in the
presence of an enzyme aldolase. The two three- carbon compounds.are 3-phosphoglyceralde-
hyde and dlhyclroxyacetone phosphate .

CH,0 (_P) : CH, 0 (P) S
S o | ‘Dihydroxyacetone :
C=0 o C =0 phosphate o
.- Aldolase .o §
HO—CoH  ————y \ACH, OH
H--C—OH / CHO

1 _ 1
CH, : CH,0 (P}
Fructose1 B phosphate

o ‘?\ | . - 3, phospho-
H—C——_OH Q‘ _ - CHOH glyceraldehyde

Dihydroxyacetone phosphate and 3-phosphoglyoeraldehydc are 1nterconvcrt1ble ie., an qu1|1b-
num cmsts between these two compounds in the presence of an enzyme triose phosphate isomerase

__CH?O (P Tnosephosp_hate : . CHU

| . isomerase |

cC=0 e ——— . ... CHOH
e e

CH,0OH . S CH,0 (P)
D'ihy’droxvacetoné-p'hosphate R 3-’ phosnhoglvceraidehvde g

(5) In the next step, the two molecules of 3-phosphoglyceraldehyde are corwerted to chphospho-

) gu;yoenc acid in the presence of an enzyme phosphoglyoeraldchvde dehydrogenase. 'In this

reactlon the addition of inorganic phosphate (phosphoric acid 2 H3PU4) and reductlon of
NAD takes place.
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C(6) 1,3- dlphosphoglycenc acid is converted to 3-phosphoglyceric ac1d in the presence of an enzyme
pbaspboglycerokmase and ADP

COO { P) phosphoglycerlc Klnase COOH
[ — I

.2 CHOH + 2ADP 2 CHOH+2 ATP -
P e - {
CH,0 (P) s .+ CH.0 (P)
1, 3- diphosﬁhoglycenc aend 3—phosphoglycenc acid

SR
S

(7)) The 3-phosphoglycenc ac1d formed in the above reaction is transformed into 2-phospho
' glyoenc acid by the actmty of the enzyme phospho,c_rlyceromutase :

phosphoglyc ero

COOH (P) = mutase ~ ~ COOH
2 CHOH.- .+~ "2 CHO ()
. CH O (P) = - CH,OH
o 3'-‘phosnh09Iyeeric acid 2—phosphoglycerle acld

(8) The removal of water from 2-phosphoglycer1c at:1d result in the formation of phospho-
. .enolpyruvic acid in the presence of an cnzyme enolase s : "

C_OOH Enolase @

- , ?‘
2 CHO (P) 0 (P) -'-2H5,0 :

. CHEOH - eH3 : |

: 2-phoSphoegopr|c acid Q) phosohoenolpyruvic .-acid_ .

(9) In the last reaction of glycolysm phosphoenolpym\nc ac1d is converted to pyruvic” acld in the |
presence of ADP and an enzyme pyruvate kinase, -

COOH | o ,coon
I - . _pYIuva_te.kinase 1 R
2 CcO '(P) +2 ADP- -——+ C=0 + 2ATP
b ] S
o CHy o ' - CHg S
__,p__t;oeph_oenqlpyrovic ae'id L o _py-r'uv_i'o-aciél_- . 'ef"e 3

To sum up, for each molecule of glucose consumed in glycoly51s 2 moleculcs of pyruvic |-
acid and 2 molecules of NADH +H * are formed (Reactaon 5). Also 2 molecules of ATP are
consumed (Reaction 1&3) and 4 molecules of ATP are regenerated (Reactions 6&9). So, there .

'is a net gain of 2 molecules of ATP. '

In addition to this, the intermediate products of glycolysm are afko used in the; synthems ot'
complex constituents of plants. For example, glyceraldehyde fofmed as an mteﬂnedlate may. be
converted to glycerol Whlch will in turn be used in the synthes:s of llplds. ' :

Except the first two reactlons, all the othcr reactlons of glycolytlc pathway are reversable So,
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by the reversal of glycolyms a plant cell can synthesnse fructose 1,6~ dlphosphate from pyruvic
acid. Fructose 1,6- diphosphate thus formed may be dephosphorylated to fructose-6-phosphate
by the activity of dephosphorylating enzymes (phosphatases). Then fructose-6- phosphate may
be converted to, glucose, sucrose or starch. This-shows that glycolysis is not only a pathway of
carbohydrate degradation to pyruvic acid but also usefu! in the synthems of glucose, sticrose and

' starch from pyravic acid.

. Check Your Progress - 2,3 & 4

~ 2. Which is the enzyme that is responsible for the conversion of dihydroxy acetone phosphate.” .

to 3-phosphoglyaraldehyde.
3, Name the reactno;n in which 2 males of ATP is formed?

One molecule of ATP i is utilised in the conversion of 1o . whére
the enzyme invoived ‘1s prosphofructohnsse o

Note: (a) Write your ans¥er in the space given below.

(b) Compare your answer w1th the one glven at the end of this unit.

e R R e R R R

e R e R N R L L e e e

0.4. FERMENTATIQN -

The term fermentation (literally a chemical change followed by effervescence) is loosely

. applied to several processes carried by some microorganisms such as bacteria, yeasts and certain

other fungi. Some examples of fermentation are alcohol fermentation, lactic acid fermentation,
citric acid fermentation, oxalic acid fermentation etc. All the feqmentatlons are of commercial

: 1mp0rtance In this lesson alcohol and lactlc acid fermentatlons ate discussed.

'9.4 1. Alcohol Fermentatlon |

Alcohol fermentation is the type of respiration (anaerobic respiration) carried on by yeast
cells. In this process, alcohol and carbon dioxide are produced. The production of alcohol through
fermenta tion has been known to man from ancient times. Pasteur {1857) discovered that alcohol
fermentanon was due to anaerobic respi ration of yeast cells. Buochner (1897) discovered that the
enzyme zymase extracted from yeast cells can catalyse the prooess Enzyme zymase is a complex _.

of several enzymes. .

Pyruvic acid produced in plants undergoes different metabolic fates dependmg upoh the

| presence or absence.of oxygen. Under acrobic conditions (i.e., in the presence of oXygen) the

enzymes present in mitochondria convert pyruvnc acid to carbon dioxide and water. However,
certain anaerobes such as yeasts, convert pyravic acid to alcohol and carbon dioxide in two steps.

~ In the first step pyruvic acid is decarboxylated into acetaldehyde and carbon dlomde in the
prescnce of an enzyme pyruvm ac:d decarboxylase ) _ |

s
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CH3 . -
i Pyruvic acid

C= e —  CH;.CHO+CO,
o decarboxylase
- COOH- . . : o
Ipyruvic 'aci_d L Acetaldehyde

In the second step, acetaldehyde is reduced to ethyl alcohol by the reducing agent
N_ADH+H+. This reaction is catalysed by the enzyme alcohol dehydrogenase. '

- ~ Alcohol |
CHg.CHO - NADH4 H# ———————>  CH5.CH, OH--NAD
Acetaldehyde " dehydrogenase  Ethyl atcohol

In addition to glucose, yeasts can ferment sucrose and moltose also as they contain the
enzymes sucrase and maltase. The above disaccharide sugars are first converted to hexose sugars,
The enzyme amylasé is lacking in the yeasts. So they cannot ferment starch which has to be
hydrolysed into hexose sugars. _ L '

'9.4.2. Lactic Acid Fermentation

A different course is followed in lactic acid bacillus, anima issues and some plant cells.’
In this process lactic acid is produced.instead of alcohol.z d on dioxide. This process is
best known for its souring effect on milk. The pyruvic olecules formed in glycolysis ate
“directly reduced by NADH+H" to lactic acid. Thig reactio is catalysed by the enzyme lactic
acid-dehydrogenasé. . §?\ ' L

) ' _- Q" _ OH
actic acid = A

| I P
HC—C—COOH + NADH_+Q> : » HzC~C~-COOH 4 NAD
' - : dehydrogenase E :

pyruvic acid Lactic acid -

1t is worth mentioning hgre that the products of fermentation (both ethanol and lactic acid)
stil} contain so much of energy locked up within their structures. The net gain of fermentation
is only 2 ATP molecunles which is equal to 24(2 x 12) K cals. of energy. A molecule of glucose
contains 690 K cals of energy and in aerobic respiration 456 K cals. of energy is trapped ATP-
‘moles. So fermentation is considered to be relatively an inefficient process.

o

Check Your Progress - 5 _
| Which is the enzyme re_sponsiblc for the conversion of écetaldehydé td'ethyl alcohol?
- Note: (a) Write your answer in the space given below. o
(b) Compare your answer with the one given at the end of this unit.

.....................................................................................
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9.5, SUMMARY

Resplranon is of two types-aeroblc and anaeroblc. Respiration taking place in the presence

. of oxygen is called aerobic respiration and respiration in the absence of oxygen is called anaerobic .
* respiration. In respiration,.glucose is. converted to carbondioxide and water in the presence-

of oxygen. Although glucose is considered to be the precursor of glycolysis, it should be
photophosphorylated before it enters the-glycolytic pathway. It undergoes a series of reactions
in the presence of several enzymes to produce pyruvic acid. The removal of electrons from a

" compound usually accompanied by the removal of hydrogen is cailed oxidation and the addition

of electrons followed by the addition of hydrogen is called reduction. Liter ally glycolysis means
degradation of glycoge: Glycolytic pathway was first discovered in mammalian skejetal muscles.
Where it actually start;%qth glycogen. Glycogen is a reserve polymer-of glucose in animals and
certain fungi. Glycolysis is subdivided into two.major steps. In the first step glucose is converted to
fructose 1,6- dlphosphate In the second step fructose 1 ,6-diphosphate i is converted to 2 molecules
of pyruvic acid. All the reac tions of glycolysis- take ptace-in. cytoplasm. For each molecule
of glucose consumed in glycolysis, 2 molecules of pyruvic acid, 2 molecules of NADH+H*
‘and 2 molecules of ATP are formed. Most of the reactions of glycolytic pathway are reversible. '

- Glucese may also be produced from 2 molecnles of pyruvic acid. Literally, férmentation means -

-9_.6-.' CHECK YOUR PROGI}E@NMODEL ANSWERS

a chemical change followed by effervescence. Some: examples of fermentation are lactic acid
fermentation, alcohol fermentation, malic aad fermentation, citric-acid fer mentation etc. In
alcohol fermentation, pyruvic acid formed in glycolysis is converted to carbon dioxide and ethyl _
alcohol in lactic acid fermentation, pyrl.mc acid is dlrectly reduced to-lactic acid. '

1. " Glycolysis was dlscovered by Ernp eyerhoff and Parnas.

Triose phosphate isomerase is enzyme responsible for the conversion of dlhydroxy
acetorie phosphate to 3-ph%qglycerlade hyde. -
i

3. In the conversion of. . ‘ph' hoglycenc ac1d to 3-phosphoglycer1c acid 2 moles of ATP
is formed. —

4. Fructose 6-phosphate, Fructose 1,6 d]phosphate

5., " Alcohol delydrogenase is- the enzyme responsible to ethyl alcohot.

9 7 MODEL EXAMINATION QUESTIONS

1I. Answer the follomng questions in 30 lines.

Write an account of Glycolysis. Why did the name glycolysis come to this pathway‘?
. What is fermentation? Write an-account of lactic acid & alcohol fermentatlons

XY Gwe an account of glycolysrs Add anote on the d1fferences between aeroblc resp1ratlon
& anatrobic resparation : oL : o

II. Ansv.'er the following questlons in 10 lines.

1 Xv;:at are the differences. betwsen aeroblciresplratlon & Fermentatlon‘?
2. at are oxidation & reductlon" Give one example for each one of them _
“What are the reactions invoived in the conversion of glucose to fructose L6 dlmhosphate‘?
What are the sites of ATP pl‘OdllCthIl and ATP utilisation in glycolysm" : '
What is fermentatlon'? And write about the Lactic acid fermentation,
What is fermentanon? How is alcohol produced in alcohol fermentatlon?

@R W
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UNIT-10: KREBS CYCLE AND ELECT-
___ RON TRANSPORT SYSTEM

Contents’

10.1.  Objectives ¢~

102.  introduction .

10.3. Reactions in Krebs Cyc!e

104,  Blectron Transport Syste_m

10.5.  Generation of ATP "

10.6.  Summary. = ' i
10.7.  Check Your progress: Model Answers
10.8. Model Examination Questions

10.1. OBJECTIVES

By the énd of this unit t you will be able to:

1. describe the Varlous steps in the conversmn of pyruvrc acid to carbondioxide and water-in . .
krebs cyclc . : :

2. hst out the dlffcrent carriers of electrons in the resp1r Lo ham, .

3. deﬁne and dlfferentlote transphasphorylatron and @uwe phospharylatlon

10.2. INTRODUCTION X

Pyruvic acid formed at the end of glyeelysis'is further oxldlsed during Krebs cycle and elcctron
transport Krebs cycle is named aﬁer% Krebs an English biochemist, who played a major
rold in the*discovery of the reactions. This cycIe is also known as Citric acid cydle because citric
acid is one of the intermediates. As citric acid is a tricarboxylic acid, this cycle is also known as :
tricarboxylic acid cycle (TCA cycle).. Pyruvate is'completely oxidised to CO, and water by means
of Krebs cycle and electron transport system. Before entering into the TCA Cycle, pyruvrc acid.

undergoes oxidative decarboxylatron and form acetyl coenzyme ‘A (Acetyl CoA). The reaction. *

is very: complex. It requires the presence of atleast five essential cofactors and a. complex of
- enzymes. The cofactors are thiamine pyrophosphate (TPP) Mg ions, NAD+ coenzyme A and_
lipoic acid. The reaction involves four steps

_*. Check Your Progress - 1
“Kreb's cycle js also called as TCA 'cydc - Why?
Note: (a) Write your answer 1n the spaoe gwen bolow -

(b) Compare you.r answer with: the one given at- the cm:l.- i

B I I L
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10.3. REACTIONS IN KREBS CYCLE

In the first step, pyruvic_ﬁcid forms a complex witﬂ TPP and this will be followed by' !
- decarboxylation. : ky _
Pyruvate 4+ TPP ~— STPP Complex+COy

o

In the second.step, the TPP complex reacts with another cofactor lipoic acid and forms acetyl -
lipoic acid complex and TPP. In this reaction TPP is regencrated. "

s Acetyl lipoic acid complex+ TPP

TPP complex +Lipoic acid

(oxidised form)

In the third siep, acetyl lipoié acid reacts with CoA and forms adetyl CoA and reduced form
of lipoic acid. . - :

> Acetyl CoA +Lipoic acid

Acetyl lipoic acid complex +CoA
' (reduced form)

In the final step reduced form of'lipoic acid is‘exidised by NAD*
| Lipoic acid+NAD* ipoic acid+ NADH=H+
(reduced form) -Q\?\ € (Oxidised form)

In summary, the above four ste wa"I"e usually shown by the folloWing equation.

Pyruvate + CoA + ——=> Acetyl CoA+ CoA +Co, +NADH +H*

The sequence of steps in Krebs Cycle is given bejow in Fig.10.1. All the reactions of Krebs
cycle take place within the mitochondria, particularly on the cristae. '

(1) The first reaction of Krebs Cycle is the condensation of acetyl CoA with oxaloac_etic- acid
(oxalpacetate). This reaction is catalysed by a condensing enzyme and results in the formation
of citric acid and CoA. S .

CHy H,—C—COOH

]~ O=C—COOH Condensing I
c=0 + |  —— HO--C-COOQH-+CoA
| H,—C—COOH .  enzyme |
CoA -  H,—C—COOH
. ' Acetyl CoA  oxaloacetate - ... Chic acid

_ '. (2) Citric acid thus formed is dehydrated to cis-aconitic acid in the presenée of the enzyme

aconitase.. Hg, C—COOH _ H,—C—COOH
HO—C—COOH — C—COOH

| Aconitase - . ~
H,—C—COOH H—C—COOH

11_2“_ | . Qtlftc acid _ Cis-aponiticﬂac_id



CoenzyméA\

pyruvic -acid

/_ NAD. .

i

H,0

N\

Acetyl

 Oxaltoacetic acid

Coenzyme A 'I
TSGR

/ Succinyl co A
GOP .

+

iP
Co, -

CO2 A/»L\-) NADH-H’

coenzyme A
Coenzyme A

Citric acid

3

cis. Aconitic acid

co,

a .J-Ketoglatci_ric acid

Coenzyme A

. Fig.10.1 Krebs l:'yclc or TCA cycle. 1. Pyruvic acid dehydrogenase and decarboxy-
‘lase with TPP as coenzyme 2,Condehsing enzyme }.Aconitase 4 Isocitric acid de-
hydrogenase & decarboxylase SOC-Kctoglutaric'dchydrogcnasc & decarbnoxylase
6.Succinyl kinase 7.Succinic dehydrogenase 8.Fumarase 9.Malic dehydrogenase.

(3) Cis-acoritic acid is hydrated to form isocitric acid in the presence of ‘the same enmzyme

acomtase. - —.C—COOH | 'H,—C—COOH
1 + H,0 I
C—COOH — H—C—COOH
I Aconitase o _
H-—C—COOH - B H—C—COOH
Cis-aconitic acid i ' 3
OH

Isogitric-acid :
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(4). - Inthe presence of the enzyme lSDCltI'lC acid dehydrogenase. & decarboxylase and NAD 1soc1tr1c'
acid is dehydrogenated and decarboxylated tox-ketoglutaric acid. Two electrons and two
hydrogen ions are removed from isocitric ‘acid and these are taken up by the coenzyme

NAD?Y t_o form NADH+4-H .

‘H,—C—COOH HB'--C—'-CQQH '
. ] . : isocitric acid- .1 &
H—C—COO0H - dehydtogenasa CH,
- + NADP+ ——e sy M| .4
H—C—COOH decarboxylase = 0+NADH+H++CO, Sk
o 1 .
éH - - COOH

Isocitric acid a-ketoglutaric acid

o

(5) = kctoglutanc acid is decarboxylated and dehydrogenated to succmyl CoA in che presence

ofoc-ketoglutanc dehydrogcnase and decarboxylase. NAD" is the oxzdlsmg agent, o
H,—C—COOH - 'Hy—3-COOH
| _— x-ketoglutaric s ' LG
. C H, _ dehydrogenase CH, . -
| + NAD* + COA —~———— | +CO,+NADH4H¥
C=0 _ decarboxytase C=0 = -
I o L N
COOH = <:> ~ CoA .
- w-ketoglutaric acid i;\?\, ' succinyt CoA -

. £6) Then succinyl CoA is convcr@:: succinic acid. In this conversion process, the energy
locked up in succinyl CoAvis reléased. This energy converts guanosine diphosphate (GDP)

and inorganic phosphate Q anosine triphosphate (GTP).

| . S .
CH, sucsinyl  H,—C—COOH -
| —|-GDP-I-|P —————— é +CoA+GTFP
- €=0 : kinase H,—C—COOH
' -éoA _ _ .
Succin’vl CoA | - “-succinic acid

(7} Inthe presencc of the enzythc succinic dehydrogenase succinic acid is: oonverted or dehy-
drogcnated to. fumaric acid. In this reaction Coenzymc FAD (Flavm adenme dmucleatlde)

is the oxidising agent.

Hg—C_-"COOH . succinic " H—CwCOOH

_ | +FAD D —— s I :
. . - +FADH
H;—C—COOH dehydrogenase H—C-COOH *

Succinic acid S - . _Fumaric acid
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. ' | .
' (8) In the next reaction fumanc acid is converted (dehydrated) to mahc acid in the presence of
water. ThlS reaction is catalysed by the enzyme fumarase. :

Fl
[}
1

COOH - .. 'T"~COOH;
. o S
CH.~~  fumarase ~  CHOH.
A HO e
CH ' S ) A PS
_COOH . .."f_.:' .. COOH
Fumaric acld o M'alic acid
+ o

c(9) In the last reaction, the oxaloacetic acid consumed in the first reactlon is regenerated from
- malic acid by dehydrogenatlon Thls reaction is catalysed by the enzyme malic dehydrogenase
" The ox1d1s1ng agent here is NAD : :

'c00H-'3 . coon

" CHOH = : “malic - . C=0 "
| +NAD¥  —————— | +NADH + H*
© CHy . ~ dehydrogenase CH,
. éooH_ - _ __jf-"' éoou
; Malicacid . Oxa acetic acid
__To sum up, in one complete turn of Krebs cycle onemolecule of two carbon acetyl unit is
consumed and two molecules of carbondlo)nde are rel . At each of the four reactions in
the cycle two hydrogen atoms @ protons and 2 el ns) are released. At 3 places NAD+is
- reduced (o NAD]—I+H+ and at the 4th place F duced to FADHZ In the conversion of .
“succinyl CoA fo succinic acid one molecule o is formed Oxaloacetlc acid which is used in

the first step is regenerated in the ﬂnal ion.- The: overall reactants and products of Krebs -
cycle are; : - : - '

Acetyl unit -+ 3NAD* & FAD + GDP. 4 iP ———— 20, +-
| | = N 3 (NADH + H#)
4 FADH, + GTP

With this mformatlon rf we sum .up, all the reactlons of Elycolysrs and Krebs CYCIL yreld__ _
@ molecules ‘of carbondioxide, 2 molecules each. of ATP and GTP, 10 reduced NAD(NADH'
_+H ) and 2. FADH2 The reactants and products are: . '

: S5 E -,
_ Cluoose-L 2ADP + 2 GDP + 4P+ 10 NAD + 2FAD —» ecos +
o : ‘2 ATP 4+ 2 GTP ¢ 10 (NADH + |-|+) +.2 FABH,

CItis worth mentioning here that for each molecule of glucose entermg the pathway, the Krebs o
cycle will turn twice. : . :

Till now, only 2 molecules of ATP and two molecules of GTP are produced I-lowever the _'

electrons carried by the 10 ‘reduced NAD- arld 2 reduced FAD molecules contain most of the T

. energy obtained from the oxidation of glucose to 6 molecules of carbon dioxide. This energy _

is released during the transfer of electrons to oxygen through a system of series of steps calledi o
electron transport system : S -



Check Yerur ng;e;s-2,3&4 . _

2. Which is the enzyme_ that is reponeible for the cohversi_on of succinyl COA to succinic: acid?
3 Fumafic acid 1s EOnvere'd ta malic I'a'cid by tﬁe eﬁzyme -
4, How many NADH + H* are produced in the TAC cycfe starnng from acetyl COA‘?‘

Note (a) Write your answer in the spaoe given below:

(b Compare you; answer with' the one given at the end.

10.4. ELECTRON TRANSPORT SYSTEM

Thé Krebs cycle cannot operate'eontinueusly unless the reduced coenzymes (NADH +H+_

and FADHZ) 4re oxidised. NADH+H+ and PADHZ are only the temporary torage products

for electrons. The oxidation of these reduced NAD* and FAD occurs by transfer of electrons
from these two to niolecular oxygen via a system of witochondrial enzymes and electron carriers.
This ptocess of continuous electron transport sys@ referred to as respiratory chain.It is also
called oxidative phosphorylation because phosphotylation (ie., ATP production) and oxidation
are coupled and ATP is produced-along wi oxldanon

The electron transport system comprised of many hydrogen and electron carriers. At one
end of the chain the reduced NAD donaies ¢lectrons to the oxidised form of first carrier. By

-accepting these electrons, the fir. ier is reduced. The oxidised second carrier is reduced by

accepting the electrons from the f1 t carrier, This process of sequential reduction and oxidation
of the intermediate carrier eds until electrons from the terminal carriers are passed to
molecular oxygen, which is rednged to water. .

The enzymes and electron carners 'of the respiratory chain are located in the inher membranes :

. of mitochondria. The cytochromes.and flavoproteins are the electron carriers in the respiratory
- chain, The tytochromes are proteins with iron in a porphyrin ring. The cytochromes are also
* called haemoproteins since the iron-porphiyrin complex is called heme, Iron has two states-ferrous
" and: fer{'lc Ferrous iron 1s a teduceMtate and ferric iron is an omdlsed state.

Plrst NADH +RH"* donates electrons to the ﬁrst carrier i.e., O}Cld]SCd flavin. In this reactlon'

" oxidised flavin is reduced. The electrons from this reduced Tflavin are passed on serially to

Cyt.Q(or ubiquinone) Cytochrome b, Cytochrome T Gﬁqchrome c, Cytochrome a, Cytochrome.

. K and finally to molecular oxygen.. The schematic representatlon of the resplratory chaln is

"glven below in Fig. 1,’02

iH

M}D+ a

. unu, cyta Fersr Fet” '”
redided "
A c,.t u ~Cyt. gy Cyt ©
{oxidised) . i e
. c,' Q. Fl.-“‘“ 2 M ‘

arp.’ e At

Auf’-l"P

 RRDMeME

ATS : t X . )
Fig.10.2. A schematié representation of the respiratory chain (There
-Is a doubt about the participation of Cyt®2 in the eléctron ransport) -

e



NADH dehydrogenase and succinate dehydrogenase are the two. flavoproteins which act
as. carriers in the electron transport system.” NADH' dehydrogenase ‘contain FMN (Flavin
mononucleotide) as prosthetic group and sixccinate dehydrogenase contain FAD (Flavin adenine
-dinucleotide) as prosthetic group. FMN accepts 2H from NADH +H * and is.reduced to
FMNH, and FAD accepts 2H from succinate and is reduced FADH,.The pair of hydrogens
of'FMN_Hz or FADH,, are split into 2 protons (21-1*) and 2 electrons. Only the electrons are
passed through the cytochromgs and the protons are released into the medium. At the end h
of the respiratory chain, OX)_F%P%I accepts electrons.from cytochrome a3' and protons from the
medium to forim water. Watgy formed in the metabolic reactions of respiration is often called
as tespiratory water. This water represents only a small fraction of the total water in plant cells.

Cytochrome a and cytochrome.ay are together called cytochrome oxidase. Attempts to
_Sepatate cytochrome a & ag by-sciéﬁfit’ists have not been successful. Unlike other cytochromes,

cytoi:hro'rhe oxidase (Cyta & a3) éﬁntains' copper in addition to iron. Like iron, copper also

has two states cuprous (Cu') and cupric (Cu™™). Cuprous is.a reduced state and cupric is an
oxidised state. In-the respiratory chain both iron and copper undergo reversible changes.

W,

Cheek Your Progress - 5
What is meant by oxidative phosphorylation? | k - : : ' -
~ Note: (a) Write your answer. in the space, gimn below: : '

(b) Compare your answér with the one given at the end.

....................................................................................

‘Generation of ATP: The living cells générate ATP from ADP in two different ways (1)
- Transphosphorylation and (2) Oxidative%p rylatiosl, .

In a transphosphorylation reaction, phosphate group of one already phosphorylated
compound is transferred to ADP You have already come across two such reactions in glyclysis
(1) in the formationiof 3 phosphoglyceric acid from diphosphosglyceric acid & (2) in the convetsion
of phosphoenol pyruvic atid to pyruvic acid. These two reactions are shown below. .

- (1) COO0 (P) B - COOH A
CHOH +ADP . CHOH + ATP
oo | 1 L
. CH,0 (P) CH,0 (P) _
Diphosphoglyceric acid. _ *. 8 phosphoglyceric acid. -
(2). COOH . COOH '
- b ——— L
CO (P) + ADP = L c=04ATP
ro T e 1T
Phosphoenol pyruvic acid o ‘Pyruvic acid

In oxidative phosphorylation, the oxidation of NADH:-_I—H*or FADHj, takes place: ‘This_ |
usually ‘occurs in respiratory chain. Three molecules of ATP are synfhesized for each molecule .
of NADH-H*when oxidised to NAD" in the respiratory chain, The overall reaction is:

 (NADH + HY) + 3ADP + 3iP + 120, —>NAD" + 4H)0 + 3ATR." .



' It is already ment1oncd that at the end of Krebs cycle, for every molecule of glucose Wthh .
‘entered into the. resprratory cycle 10 NADH+H+ ZFADHZ 2-ATP; 2 GTP and 6 molecules .

“of carbon dioxide are formed. The. Guanosine triphosphate (GTP) produced is subsequently e
- converted to ATP by a mrtochondnal enzyme that readlly mterconverts vanous nucleosrde .
' tnphosphates . o

' GTP-I—ADP >ATP+GDP

For each NADH+H"' 3 molecules of ATP are produced in the resprratory cham a
. The three points of the productron ATP molecules are
N '1. NADH +H+ —— Flavoproteln '
2. Cyt b > Cyt C1 '
3, Cyt A e Cyt.as

- - Se. far 10 molecules of NADH—}-H* a total of 30 molecules of ATP are formed For each .

- molecule of FADH,, 2 ‘molecules of ATP are formed. So far 2FADH, formed at the end.of
Krebs cycle a total of 4 ATP molecules are formed. So, a total of 34 ATP iiolecules are formed - -

in the, respiratory chain. It is already mentioned that 4 ATP molecules are formed at the end -

" of Krebs® Cycle ; If we add ail these for every ghicose molecule a‘total. of 38 ATP molecules are

_ produced; But Jensen & Salisbury (1984) reported that the NADH +H* produced in glocolysis
enters the electron transport-system after the first step that generates 1 ATP molecule.;So, this

.. NADH produced in-glycolysis generates only 2-ATP molecules in resplratory chain, This needs

furthey confirmation. Accordrng to these people only 36 molecules of ATP are formed for every :
molecule of glucose ' . .

-12.K calsof energy. The energy storedin ATP mblecules dur'mg complete oxidation of 1 gliicose
motecuie is 456 (38 x12) K cals. So, only 66%-0f the energy is trapped in the. ATP molecules
 afid thic remaining 34% escapes out as h?t».ﬂnergy

" The total energy avallable in gluco;e is fr% t\bc“ 690 K cals. Each ATP molecule contains

At this stage it is worth menti g}hﬁ role of ATP- (adenosme trlphosphate) in I1v1ng cells. g

In some metabolic reactions ATP is{an essential participant. ATP is required in the production

- of materials essential to celiul aintenance and growth inchuding proteins and nucléic acids.”
" Tt is.also necessary for- the synthesis of storage miaterials such as fats and polvsaccharides. ATP
is found to be necessary in active transport and protoplasmlc streammg It réacts withg other
cbmpound by donating 1ts termrnal phosphate gronp to it. _

Besides giving ATP by oxidative phosphorylation the Krebs cycle is also 1mportant in giving

" a number of intermediates which act as ports of entry fo ammonia to form amino acids. For
example, (a}oc-kctoglutanc acid combines with ammonia to_give rise to glutamic acid_(b)
oxalodcetic acid combines with ammonia to form aspartrc acid. I’hus, %s cycle provrdes

- tarbon skeletons for the. 1mportant amrnoacrds.

Check Your Progress -8 L

: How many K calsof energ;y is present in each ATP molecule‘? And how many ATP molecules _ '
are released i the breakdown of one glucose molecule‘? : .

' Note. (a) ‘Write your answer in the space glven below:
(b) Compare your answer wzth the one. glven "at the end

Sns-
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10.6. SUMMARY. -

* through fumarie acid

Pyruvic acid undergoes oxidative decarboxylation and forms Acetyl cognzyine A (Acetyl CoA). -

Cltnc acid is formed by the condensation of Acetyl CoA with 'oxaloacetate, Citric acid thus .

formed is dehydrated to cis-aconitic acid which inturri dehydrated to Torm isocitric acid. Isocitric

acid is dehydrogenated and decarboxylated to Ketoglutaric. acid, which is -again decarboxylated .

and dehydrogenated §¢ succmyl CoA. Then the succinyl CoA is converted to succinic acid. The .

- oxaloacetic acid' whic ‘té; takeri up in‘the first reaction {s again regenerated from succinic acid -
a

of glucose 10 molecules of reduced NAD*, 2 molecules of reduced FA]ﬁ '6 molecules of carbon ;
dioxide, 2 molecules of ATP and 2 molecules of GTP are formed. The reduced NAD™ and .

- FAD contain most of the energy and this energy is released in the resplratory cham or omdatlve"' _
phosphorylanon : g :

" In the respiratory cham, the electrons are passed through rlavoprotems and cytochromes -

respiratory chain for each NADPH-}-H* 3 ATP molecules are formed whereas 2 ATP molecules
~are formed for each FADH2 molecule. For every glucose molecule, a total of 38 ATP molecules
are formed in glycolysis, Krebs cycle and electron transport. The total hidden energy in glucosc is
690 K cals. Whereas in the oxidation of glucose to carbon dioxide and water in respiration only .-
- 456 K cals. of energy is trapped in ATP-molecules. This is only 66% of the total hidden energy.
'ATP is required in the productlon of several substances essential to cellular maintenance and
growth and also the storage materials. The entire process of Krebs cycle and electron transport -
chaln takes place in the presence of oxygen and the site @se reactlons is mltochondrlon

which is. consrdered as the power house of the cell.

10.7. CHECK Y__O_UR PRO_GRESS- : @EL ANSWERS

1

RTINS

- intermediate. As citric acid happens t

Krebs cycle is also called as cltrlc acid wﬁw citric acid -happen to be one of the

tricarboxylic -acid, this cycle is alse called
. Tricarboxylic acid (TCA) cycle. . ST . o

o

Fuonarase _ : . .
_Three NADH-]-H are’ produced in the’ TCA cycle startmg from acetyl CoA

The process of contlnuous electron transport system is called respiratory chain. ThlS resplratory

coupled and ATP is produced along. w1th o:ndatlon T -

“of energy

jlo.s; 'M'O'DEL' EXAMINAT_ION_ QUESTIONS:

L Ansgver the followmg questrons in 30 lmes

_ '1-.’_ ' Wntc an account of Krebs cycle E
2. Wnte an account of electron transport system _ . S
3 What are-the sights of NADI-H-H and GTP productlon in. Krebs CYCIC?
4. How are carbondlo)nde and water produced in Krebs cycle and electron transport?

ialic acid.” At the end of glycolysis and Krebs Cycle for every. molecule -

. The cytochromes are ¢yt.Q, cytb, cyt. €1, Cyte, cyta, & cytag. In living cells ATP molecules are - ._ ' 3
_generated from ADP in two ways transphosphorylation and oxidative phosphorylation. In the -

Succmyl kmase__ls the enzyme respon. 'for the conversion of_ Succinyl CoA to succinic acid '.

chain is also called as pxidative phosphorylation because: phosphorylatlon and oxidation. are _'

" Each’ ATP molecule contams 12 Kcals of energy One glucose rnolecule qeleases 456 K cals -
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II. Answer the followmg questlons in10 lines each.

1. Write a brief account of electron transport systen.

2. “What are the sites of ATP productlon in electron transport system?- :
_3-. What are the cytochromes mvolvemm the clectron transpart"
4

How is pyruvic acid converied to Acetyl CoA"
S : v
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11.1. 'O'B_JECTI-VES N

ETe

By the end of this unit you will be, able to

1. list out different reactions in the HMP pathway and recogmse the dlfferent enzymes lnvoIVed
in the reactions, and -

. 2. recognise the dlfferent factors, both external and 1nternal \f*§ffect the rate of photosynthe51s

11.2. IN’I‘RODUCTION 0

In theé earlier units you have learnt tha‘t(%_ way for the break down of glucose in aer- -

obic respiration is through glycolysis and cle Besides this, there exists an alternative
pathway in many organisms. This pathway.s muest commonly known as Hexose monophosphate
{HMP) pathway or Hexose imonophosphate'shunt or Pentose phosphate pathway or direct ox-

idation pathway. Since this pathway st with hexose monophosphate, this is calied hexose

monophosphate pathway. As the main intermediates of this pathway are pentose phosphates :

- this pathway is also called pentose phosphate pathway

11.3. HMP PA'_I‘I_-IWAY

Otto Warburg and his coworkers ( 1930) were the first persons to indicate that glucose-6-

i phosphate can be oxidised in a pathway other than glycolysis. Dickens & his coworkers (1938)

found that 6-phosphoglyuconic acid is formed, so, this pathway is also named as Warburg-Dickens
. pathway. Later, Horecker & hrs associates (1d51) and Rackegg: 9349 have worked out the details
of this pathway. The existence of this pathway was proveghe eﬁld doubt by the studies after

lI'lhlbltll’Ig the Krebs cycle by malonic acid. -

1. Hexose monophosphate pathway starts’ w1th the phospnorylation ot 6 molecules of glucose in
the presence of the enzyme hexokinase and ATP yleldmg 6 molec‘ulies of gluwse- -phosphate.

- g _ . |
! H-_—-—C—OH H-C—OH
o : R U
6 HO—C—H  + BATP— 6 HO—C—H + B ADF

 M—C—O0H ' . H-C—OH

L o
H-G—OH . . H—C—OH
R R . S SN
Tt GH O © L. CHO(R) -

" Glugore : Glucose-6-phosphate - .

- 1R2Y
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2, Slx molecules of glucose 6-phosphate are 1mmedlately omdlscd 06 molecules of phosphoglu--
. conic acid in the presenice of the enzyme glucose-6-phosphate dehydrogenase. In this reac_tlon
: 5 water molecules are used and 6 molecules of NADP are reduocd to NADPH+H

H-C=0 _7f ~ coon
H—c—ou ) -e._'{ 1 7H*o—ou
8 Ho—'c—H +6NADP+6H,O-—» ¥ HO-—-IC-H + 6 NADPH+H+'
H-éfOH:slm o f | H—E—OH |
'H—c+0H f%e  _, | ;;H,EfOH_
.tgs',-o"cs')' B c';s o®
Glucose-E-phosphate- Phosphoglucomc acud

3 6 molecules of Phosphogluconic acid are dehydrogenated and decarboxylated to 6 moiecules
of nbuiose-s-phosphate in the presence of the enzyme phosphoglucomc acid dehydrogenasc
In th]s step NADP is reduced and 6 molecules of CO,.are formed.

?oou SRR CH,OH
H-C—O0H - Q ' C 0.
_ 1. ._

“‘““8 HO-—-C——H -l- 6 NADP — —OH 6 NADPH+6 H"'
H—C—OH <:>H—G—OH SRS
H—C—OH ?\  no (P)

‘!Hso () (< W o
_ Phosphoglucon id ~ Ribulose-5- phosphate

' 4 In the ﬁfth step out of 6 molecules of nbulose-s-phosphate 2 molecules are converted to its

. isomer nbose-S-phosphate in the presence of the enzyme pentosephosphate 1somerase

SCH0H . CCHO -
é o - o H+£—OHT
2-_H—C—0H © m————y 2 H-C—OH
S S : I
y H—C—OH * . %« . H—C—OH
: ) I . ) . . ”.:c""'.l':". t -
_ . CHZO (P) _. : _ CH20 (P) _
Rrbuloee-s-phosghate ' Ribgse-5-phosphate -
S, The femmmng 4 molecules of nbulose-S-phosphate are convertetf to their. ep1mer xy!ulose-
S-phosphate in the presenee of the enzyme ep1merase . o
CHQOH . .. . . . . cHo ""—:-'.-_.—u.__.,?. o
N deo
e
.. H—COW I _‘l:_d'u
s c!'u,om o B o
Ribulose-&-phosphate xwm,s.,.;.,....,‘



6. Now we have 2 molecules of ribose-5-phosphate and 4 molecules of xylulosc-S-phosphate
In the next reaction 2 molecules of xylulose-3-phosphate and ribose-5-phosphate react to
form 2 molecules of sedoheptulose-7-phosphate (a-seven carbon compound} and 2 molecules
of glyceraldehyde-3-phosphate (a three carbon compound) in the presenee of the enzyme -~
* transketolase.” _ _ :
' CH.20 i o
. . ] _ :
CHQOH"«; CHO C=0
! Y | - i
cC=0 H—C—0OH HO—C—H. : CHO
o i \\ l i
2 HO—~C-H +2H-C-0OH>~N——» 2 H—C—OH 12 H—C—OH
' | ! i o

H-—C—O0H M—C—0H " H-C—OH CH,0 ()

' | | R Glyceraldehyde

CH,0(P) - CH O (P) H--C—OH 3-phosphate
Xylulose=5- ~  Ribulose-5- o

phosphate phosphate H—CH,O (F)
' sedoheptulose-}'-phosphate

7.- Next, the two molecules of sedoheptulose-?-phosphate and 2 molecules of glyeerldehyde-S-
phosphate react to form 2 molecules of fructose-6-phosphate & 2 molecules of enrthrosc-4-
phosphate in the presence of the enzyme tra.nSaIdoIase S

.CH,0H - cHzaeH
o o
L | NS | |
3 - \ﬁ‘ CHO

HO—C—H CHO —C—H - l
| | [  H-C—OH
2HCOH+2HCOHQ?—>H—C —OH. +2. |
| ] ] - H-—-C—0H .
H—C—OH —H,0 (P) H—~C—OH N
| | . CH, O (P)
H-C—OH Glyceraldehyde CH,0 CF) . Erythrose. 4-
3 phosphate - %;  phosphate
' CHEQ (P) Fructose—6- pf;c:Sphate prose
Sedoheptulose-7- '} ~;¢kf
_ phosphate '

8. Two molecules of erytlnose-ﬂt-phosphate then react with the’ remammg 2 molecules of xylulose-
5-phosphate formed in step 5 and form 2 molecules of fructose-6-phosphate and 2 molecules
of glvcerldehyde-B-phosphate in the presence of the enzyme transketolase.

CH, OH : ' CH.OH
] - | '
"C=0 . - CHO ~C=0 :
. | 1 : ] "CHO
2HO-C—-H ' H—-C—0H. HO—C--H |-
: | _ i L | + 2 H C OH
 H~-C-0OH <+ 2H-C-0OH H—-C—0H
' - _ é o I CH O (P}
CH,0 (P) _ H,0 (P) H-C-— 0'-! Glyceraldehyde-3-
' i C phosphate
Xylulose-5- Erythrose . L,HZO (P)

" phosphate  -d-phosphaté -~
e ' * Fructose-6-phophate 123



~9." One of the two molecules of glyceraldehydé-3-phosphate formed above is converted to its
“isomer dihvdroxyacetone phosphate in the presence of the enzyme triose phosphate isomerase.

" CHO o CH,OH.
! o —— |
H-C—O0H - S C=0
| ' — |
CH, O (P} : CH,0 (P)

_ 3-phosphoglyceraldehy_d"g;_":

£ Dihydroxy acetone phosphate

W T

© e una

1 Inthe next reaction one molecute of 3-phosphoglyceraldehyde and one molecule of dihydroxy
.- acetone phosphate react to form 1 molecule of fructose 1,6 diphosphate in the presence of
the enzyme aldolase. ' : : : .

: _ : o : CHa0 (P)
: |
_ _ ' €=0
CHO  CH,0H .
i ' | Aldolase HO—C—H
H—C—OH - + =0 e oy
i B T : H—C—0OH
~ CHO(P) CHO(P) - - |
~ 3-phosphoglyceral Dihydroxy acetone . H—C—OH -
dehyde. phosphate _ 1 '
. o "CHQO (F)
: Q Fructose 1, 6. diphosphate

11, . Next, fructose l,G-diphospthQ::?;e phosphate in the presence of ADP and aephospho-

rylating enzymes (phospha d forms fructose-6- phosphate. L
wddH  cHon
[ e

l.-l'o'—c::—-H - + ADP _ptfspiaias_: . HO-—t:;_.H '+_-ATP
H—C—OH _  H—C—O0H
| .H'—II:—OI-_l_ - o HeG_OH
éugo_(P) - _ i o f!:HQ,'O ).
: Eructose 1, 6. diphosphate +* . Fructose-6-phosphate,

12. In the last r’eat':t__ibn all the 5 molecules of ft'ubtosg;__é:p}__losl:unate forined in reactions 7,8&11-
are converted to glucose-6-phosphate in the presence Of the enzyme isomerase. ' .

CH,OH. - Y chg -
1 - ' |
=0, : ‘H--C—QH
| ' :
HO—C—H isomarase HO—C—H
s 1| ' et -
‘H=C—OH . H+—C—0H
o ' [
H—C—0M : HaeC-0M
| - -~ o !
CHZ0 ) o : . CHL )

Fructose-8-phospnate - ' Glucose-8-phosphate.
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- The sequence of steps of hexose monophosphate pathway is given in Fig.11.1.
16LUCOSE | |

yaTP = T .
o D.] . ENADPH¥H™ o : . ST
C1aDpet _GN"“\DE} sproseHO O NADR g appran?

“ %" GLOCONIC ACID : .

16LLCOSE 5@)-;3-/ @ _ 3 6 oy
55LUCOsE 60, - - eRBuDSE 50

[ \@
TXYLLLOSE X - o
S 2RIBOSES(®)
. 1 GWCOSE 6 (B) . 2 XYULDSE _
: S ION

@ - o~
1ernosE-6 ® ®

26wcose 6

e v
\-’ _ |zsEDOMEPTULOE - @B
\ o TN 2 GLYCE RAUDEHYDE ~ 3~

A rrpnToseabent (B : ——

1 h=DIC 2 GLUCOSE 675 | 16

_ &-ﬁm:;-:-\mhgn o \ \Egﬂth!R'_OSE-t.-P.

L]

SLEFGNEE) v

1 GLYLERALUYHYDE : ; V

PHOSFHATE . ; . I' )
_ .zou_cr.mnsmns- X

3-PHOSPHATE

Fig.11.1. H-M.P.pathway. 1.Hexokinase 2.Glucose-6-phosphate rogenase 3.Phosphogluconic acid dehydrogenase |
4.Isomerase 5.Epimerase 6.Transketolase 1.Transaldolase 8.Tr%phaw isomerase 9.Aldolase 10.Phusphataﬁe.’" -
" Thus, 6 molecples of glucose enters the yathway in the form of glucose-6- phosphate and five
molecules are regenerated. That means. on@?eculc of glucose is completely oxidised to carbon
dioxide. But step 9 show that 6 molecules carbondioxide are released from 6 molecoles of
phosphogluconic acid. This means from each molecule of phosphoglucenic acid one ‘molecule
~ of carbondioxide is released.” So, in this pathway glucose molecule is partially degraded. The
overall reaction of this pathway can be written'as: - R o
' 6 Glucose-6-phosphate + 12NADE + 6H,O—4>5Glucose-6-phosphate -
+ 12NADPH + H* + 6C0O, + 12HO'
.o . T

> 12NADPH + H' 4 6C0y + 6H;0

Glucose-6-phosphate. + 12NADP
The 12 molecules of NADP+H, thus formed are oxidised in the respiratbry chain in the

presence of flavoproteins and cytochromes as mentioned in the earlier unit. In the respiratory

_ chain for each molecule of NADP+H" 3, molecules of ATP are formed. So a total of (12'x 3)
36 molecules of ATP are formed in HMP pathway. a : :

' ' ' - ‘Cytochromes = -~ - .

> 12Hy0 + 12 NADP + 36 ATP

Flavoproteins E R :

12 NADPH + H* +6 0,

~ Unlike the glycolytic pathway the pén_ti:s.e phosphate pathway degrade__s glucose without the - _
involvement. of pyruvic acid. The intermediates of pentose phosphate pathway serve as starting

" . rmaterials for the biosynthesis of a variety of cell constituents. For e.g, the ribose-5-phosphate -

formed as an intermediate is used in the biosynthesis of nucleic acids and Erythrose-4-phosphate
is used in the biosynthesis of complex phenolic compounds. The reduced NADP is not usually -
oxidised by electron transport but useful in reductive piOsynthetic reactions. L
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The important features of HMP pathway:(1) The reactions take place in cytoplasm. (2)
Oxygen is fequired from the very beginning. (3) Without glycolytic pathway & Krebs cycle, tite
hexose is broken down to- CO, & water, (4) NADP is the oxidising agent instead of NAD in
glycolysis & Xrebs cycle. The reduced NADP is'used in the reductive biosynthetic reactions.
(5) This pathway is the source of five carbon and 4 carbon compounds which are. used in the -
synthesis of nucleic acids and complex phenolic compounds. -(6) This pathway is as efficient as
glycolysis-Krebs cycle pathway in the synthesis of ATP molecuies.. :

Check Your Progress - 1,2 & 3

1. HMP pathway is also called pentose phosphaitc pathway - Why?
2. Triose phosphate isomerase is the énzyme responsible for the conversion of _____
to . . ; -

3. Phosphogluconic acid is convertq'd to Ribulose-5-phosphate n thé_ presence of the enzyme:-
Note: (a) Write your. answer in the space given below. '
(b) Compare your answer with the one given at the end.

e R I LI FU

e L R R R R R R

..........(....... ....... . “.I.'ﬂ_““-“".-"'_.77'\;\"._”; ..... , _-;...-...._.—....,.......,.....”
: - - . :
_11.4. FACTORS AFFECng;:hESPmATION; :

The rate of respiration ih'plar@]l‘s is governed by several factors. The factors may be external
or internal. The internal factoys are (1) Age and type of tissue, (2) Concentration of respiratory
material (3) Water and (4) Respiratory erizymes. The external factors are (1) Temperature (2)
Light, (3) Oxygen, (4) Carbondioxide, (5) Some chemical substances, (6) Injury, (7) Mechanical
effects, o ' : . '

11.4.1. Internal Factors

1. Age and Type of Tissue: The rate of respiration depends more on the age and the
nature of the tissue. Younger cells which have more and active protoplasm respire more
rapidly than the older cells. In clder cells the protoplasm is in lesser guantity due to the.
presence of large vacuoles and more wall materials. Tissues with high metabofic turnover
respire more actively than the resting tissues. The physiological status of the tissues, the
change of the substrate composition, the quality and quantity of enzymes, etc., effect the
rate of respiration : : - .

 In the overall growth of the seedlings, the rate of respiration is high during its initial peridd
of growth and. it gradually decreases with age. The/, respiratory rate is the lowest-in the
mature seediings. In'the developing leaves also, the respiratory rate is at its maximum in
 early stages of leaf growth and it falls down steadily. It comes {o, a steady state-in mature
leaves. During senescence, the break down of protein occurs, an‘d"%gme protein is released
for respiration. This results inan increase in respiratory rate with the production of more
" carbon dioxide for a short period. '

Respiratory rate also varies with the type-of tissue. Tissues with more dead material ‘0.
non-metabolic components such as weody stems have low respiratory rate. Dormant organs-
such as buds, tubers and seeds respire yery feebly. When growth is renewed with sufficient -
. water supply, the respiratory rate increase’s immediately. = :
126 : i o _
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. rate can 4also be increased by supplying the leaves with sugar (By immersing the cut ends of

e

Concentration of Respiratory Material: The rate of respiration depend much on the -
concentration of respiratory material. If the conc. of respiratory substrate increases, the rate
of respiration also increases. Resplratory rate in the ieaves, immediately after photosynthesis,
will be higher as there will be an increase in the cone..of resplratory material. The respiratory

" the stem, in sugar solution). When the leaves are Kept in darkness, the rate of respiration

4‘.

11

1.

falls off gradualiy. This is due to the reduction in the tonc. of the respiratory substrate. Very
high conc. of sugars are found to reduce the rate of respiration due to osmonc effects. -

.- Water: The rate of resplranon is not affected when water is present in sufﬁclent quantities.

But the shortage of water;reduces the rate of respiration. The percentage of bound water
in the seeds is usually 16%. When the percentage of water is less than this, the respiratory
rate is also very-low. If the moisture content increases beyond 16% the respiratory rate
also increases rapidly. The increase in respiration due to increase in moisture content is -
because of the following reasons (a) Water maintains the turgidity of cells, (b) It is useful
in'the hydrolysis of water to soluble sugars, () It provides the medium for many respiratory
reactions, (d). It accelerates the action of many respiratory enzymes and (e) It acts as a
medium for oxygen to diffuse into the respiring protoplasm.

Resplratory enzymes: Several types of enzymes such as carboxylases, dehydrogcnascs

- Oxidases, Phosphorylases etc. take active part in resplranon You must'have already noticed

that aimost all the reactions in biological system occur only in the presence of enzymes. So,the.
entire rate of resplratlon is much dependent upon the presenoe or -absence of resplratory
enzZymes. : .

4.2. Externsal Factors

Temperature. The rate of respiration is much affi \
respiration is very low at very low tempcraturcs ancl/m?k reases with rise in temperature, The
increase in the rate of resplratlon due to incre mperature follows Vant Hoff's rule.
This rule states that for every 10°C rise in te rature thc rate of resplranon gets doubled if .
any other factor js not limiting. In between 0° d 45 C, the rise in temperature causes an -

" increase in the rate of respiration. As temiperafure rises above 45°C the rate of resplranon

" limiting factor.

declines with time. This is-due to the folla@ing reasons: (a) The inactivation of enzymes. (b) -
-oxygen ‘may not be supplied fast e *u to maintain-the rate of respiration (c) The removal
of-carbon dioxide may not be fast and (d) the resplratory substrate may become a-

Light: The increase in the i'ntcﬁsitj,lr of light increases the rate of respiration. You know
very well that light is not necessary for respiration because respiration takes place during

“day time as well as night time.” So light may havé an indirect effect. In the preserice of -

4.

light photosynthems occurs and in this process more respiratory material (carbohydrate) is.
synthesized. 1t is already mentioned that the increase in the respiratory substrate increases
the:rate of respiration. Light also increase the temperature which inturn-increases the rate
of IESp]Iatlorl‘ Finally, light affects the opening of stomata. Because of this the exchange of
gases is facilitated and this i increases the rate of respiration.

_ Oxygen. For continuation of life- ‘many- plants requlre oxygen The O, in atmosphere is -
- «always constant (20%) and so. it does not affect the rate of respiration. The presence or .-

absence of oxygen determines the type of respiration, arid also. the respiratory products. In

the presence of oxygen aerobic resplratlon takes place whereas in the absence of oxygen-
anaerobic rcsplratlon occurs. This is already ‘mentioned in unit-9. - The rate of respiration -

reaches its minimum when the oxygen cong. is rcduccd to l% Below.this conc. fcrmcntatlon
OCCurs. . .

Carbon dioxide__: Carbon dioﬁdde cont_:éntratioﬂ has an inverse relati'onshjp'with theé rate
of respiration. That is, a high concentration of carbondioxide reduces the rate of respiration.
Higher carbondlomde concs. are fusefol in the preservation of fruits.. The atmospheric air

. contams 0.03% carbon dioxide and this is always constant. But in the soil the CO, conc.

by tcmpei‘ature “The rate éf )

5

4
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may go up to 10% and O, content is rcduccd to minimum. Due fo thJs the absorption of
saits, growth of the roots and gcrmmatlon of sceds may bc drastically affected.

| 5. - Some chetmcal subst_ances. Many chemical substances such-as cyamdes, azides, carbon

monoxide, chloroform, ether, formaldehyde, alkaloids, glucosides have been found to-affect

. - the rate of respiration. In minor quantities 4! these substances individually increase the rate
of respiration. If the conc. is increased the ratz of resplratlon is decréased drastu:ally These
chemicals usually act as cnzymatlc 1nl1{b1tors

8. Imjury: Injuriesi increase the rate of resplratzon ‘When a portion of the plant is injured, the

- conversion of starch to sugar is increasgd; in that pOl‘thIl. This increase in the sugar content .
I8 responmblc for the increase in the rcsplratlon in the injured portion. -

7. ‘Mechanical effects: Mechanical effects such as rubbmg the lcaves, bcndmg the blade

- increase the rate of respiration.

~ Check Your Progl'ess -4 & 5. .

" 4. Mention the reasons for the declme in the rate of resplranon when the temperature is raised

to-above 45 oC. .
5. Name the mtemal factors that affcct respmat:lon

. Note: (a) Write your answer in the spac_e given below.

(b) Compare your mwet with the one givi:_n'at_ the _énd.

11.5. SUMMARY ()

HMP pathway is also calie@)tose phosphate pathway, direct oxidation pathway, Warburg
Dickens pathway. Hexose mionophosphate pathway starts with the phosphorylation of 6 molecules
of glucose to glucose-6-phosphate. Six molecules of glucose-6-phosphate are converted to -
6 molecules of phosphoglhiconic acid. Phosphogluconic acid undergoes several changes with
3,4,5,6&7 carbon compounds as intermediates and. produce 5 molecules of glucose-6-phosphate.

- Dniring these -reactions 12 molecules of NADPH+H* and 6 motecules of carbon dioxide are

produced. HMP pathway is as efficient as glycolysis-Krebs cycle pathway in producing the ATP
molecules. The intermediates of HMP pathway serve as starting materials for the biosynthesis of
a variety of compounds. The reduced NADP is also useful in the rcductlvc biosynthetic reactions.

The internai factors affecting respiration are (1).Age and type of t:ssue (2). Concentration
of réspiratory material, (3) Water and (4) Respiratory enzymes. The external factors are: (1)
Temperature, 52) Light, (3) Oxygen,.(4) Carbondioxide, (5) Chemical substances, (6) Injury and

. ¢7) Mechanical effects. Younger cells which have more and active protoplasm respire more
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rapidly than the older cells. Tissues with more dead material or non-metabolic components
such ‘as woody stems have low resplratory rate. When the conc. of respiratory substrate
increases the rate of respiration also increases. When the leaves are kept in darkness the rate
of respitation falls off gradually due to the reduction in the respiratory substrate. The shortage =
of water, reduces the rate of respiration. If the moisture content increases beyond 16% the rage
of respiration also increase rapidly. The resplratory rate is also dependent on the presence or
absence of enzymes The rate of respiration is very low at low temperatures and it incredses
with the rise in temperature. For every 10°C rise in temperature the rate of respiration gets
doubled, Temperatures above 45°C reduce the rate of respiration. Light has an indirect effect
on the rate of respuatlon nght increases the réspiratory substrate, and also the temperature.

These factors inturn increase the rate of respiration. The presence or absence of oxygen deter-



. mines the rate of resplratlon. The rate of resplratlon reaches its minimum when the oxygen'
conc. is 1% below which fermentation occurs. Higher concentrations of carbon dioxide réduces
the rate of respiration. Some chemical substances such as cyanides, azides, chioroform, carbon
 monoxide etc.decrease the rate of respiration. Injuries and mechamcal cffects ‘such as rubbmg .

" the leaves, bendmg the blade increase the rate of resp:ratlon . . :

11.6._ : CHECK YOUR PROGRESS MODEL ANSWERS

1. The pathway is a]so Jalled as pentosc phosphate pathway because the main 1ntermedlates of

this pathway are pentose phosphates.
2. 3-phosphogly£eraldehyde Dihydroxy acetone phosphate
3. 'Phosphoglucomc aclq giehydrogenase

4.' {a) The mactwatxon ;#f’ -enzymes (b) oxygen may not be supplled fast enough (©) 'I‘he removal
of COy may not be mst enough {d) Respiratory substrate may be a timiting factor.

.5 (ay Age and type of nssue (b) one ot resplratory matenal © Water ()] Resplratory enzymes, -

11.7- MODEL E_XAMINATI_ON_ QUESTION_S_.-

I. Answer the following in' 30 lines each.

1. Write an account of HMP pethway'.'.
2. Write an .aocoont of the factors that affect rcspiratioO
. II. Answer the following i in 10 lines each. . Q

‘1. Whyis HMP pathway called Warburg-Dick: ay? What are the important features
' of hexosé monophosphate shunt? ' %‘ o

_ How does _the age and type of tlssue t affect the resplratox}' rate?
What is the effect of t_emperam@d light on the rate of resplratlon! '

‘How does-carbon dioxide and oxyén affect the rate of respiration?

LT ST

Injuries and chemical substances also play a role in the rate of respiration. How?



UNIT-12: PHOTORESPIRATION
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' 12.1. OBJECTIVES

* By the end of this unit yqu will be able to:
1. define photorespiration in plants, _
2. list out the different cell organelles in which the photoréspiration takes place,

3 rccogmse the different reactlons of thc cycle that occur in chloroplasts, peroxisomes and
! mitochondria,

: 4. describe the method of control of photorcsmratlon in plants.
\

12.2. ]ZN'I‘RODUCTION - D

, Resplratlon takes place in all the living aegs-af the plant all the time ie., dunng day in the
presence of light and in the night in the, nce of light. During the process of resplratlon
- Dy istaken up and C02 is llberate@'m is in contrast to photosynthesis taking place only in

the presence of light in chiorophyligéaring celis. During the process of photosynthesus COy is’

assimilated and O is hberatngs

- About two dccadcs ago, ‘it found that in many plants (inclnding algaa, 'brYophytcs
ptcndophytes, gymnosperms and many angiosperms), the amount of CO liberated during day
“time (i.e. in the presence of light) is more than CO liberated by the samie plants in the absence
of light (i.e. in darkness or in night). This extra C%)z is liberated duc to increased resplratlon
in the presence of light. :

-

i,

I

The light induced respiration over and above the normal dark resplratlon taking place at all .

- tunes, is called photorespiration. This sort of definition of photoresplratlon is too simple, because
the metabolic processes that lead. to the formation of CO in respiration and photorespiration
are different. Respiration normally implies metabolism that takes place in the mitochondria and

teads to the formation of ATP. Photorespiration, although it may, usually does not result in

storage of energy. Further, the oxidation part of photorespiration takes place mainly in organelles
called peroxisomes with the exchangc of metabolites from chloroplast and mitochondria. In

other words, photorespiration is a metabolic process associated with 3 organelles-c}ﬂoroplasts.
peroxisemes and mitochondria.

Thus the process of photorespiration bcars a:soperficial similarity to respuat:on in that in
-both the processes, CO- is liberat ed. In case of respiration, CO, is released due to the oxidation
of intermediates of Krebs cycle ; the substrate for photorespiration is compound consxstmg of
2 carbon atoms, called glycolic acid. This is a product of photosynthesis, synthesised in.chioro
plast in the presence of light. Another main difference between normal (dark) respiration and

photorespiration is that the former takes place in all cells in-which mitochondria are present

but photorespiration takes place only in cells having chloroplasts, because of its dependence on
- photosynthetic product as a substrate. Further the normal (dark) respiration is quite sensitive
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1o the level of 0 It gets saturated-at as low a level of oxygen as-2%. ngher concentrations of
oxygen inhibit dark respiration. On the contrary, photorespiration goes on increasing as the con
centrations of oxygen go up even upto 100%. Therefore, dark rcsplranon and photorcsplranon
‘are two dlfferent processes. . .

As the substrate for photorcsplratlon is a Cy compound which is produced during photo-
synthesis, pliotorespiration is more dependent on photosynthesis. However, it should be clearly
understood that photorespiration is not a kind of photosynthesis. Photosynthesis is reductive
synthetic process whereas, photorespiration is an oxidative degradative process. The carbon that -
is assimnilated in photosynthesis should normally go into synthesis of sugars;, and resulting in
storage of energy. However, about 1/5 to 1/4 of carbon assimilated during photogynthesis, s
respirated away (wasted without production of ATP) during photorcsplratlon, according to some
scientists, even this figure is an under-estimate,

The connection between photosynthems and photorespiration therefore is glycolic acid. If
the plants do not produce glycolic acid then, there cannot be any photorespiration. As the
photorespiration takes place in single membraned organelles called peroxisomes, there is little
photorespiration in plants lacking peroxisomes e.g., C,4 plants. In majority of plants, photosynthesis
occurs by Calvin cycle, and such plants are called Cy plants. .

There are other plants like maize,, sorghum, euphorbias, amaranthus, in which in addltlon to
photosynthetic carbon reduction cycle (Calvm s pathway), carbon is assmnlated by C4 pathway .
also and these are called Cy plants.

It has been found that the rate of photorcsplratlon is quite high in case of G plants and
_these possess peroxisomes. In case of C, plants, there is negligible photorespiration and the
number of peroxisomes in the cells are very few or none at all. Tt ’Km 0 known that as the oxygen
concentration increases, the photosynthetic assimilation in C ts gets reduced, because of
increased photoresplratlon On the contrary, increased ca 5),30\i ide concentration or lowering
of 05 level will increase the amount of photosynthesis in of Cg plants. These differences in
%otosynthesm and photorespiration under contr §\tm hdltlons, is due to the sensitivity of
thc__mam carboxylating enzyme of Cq plants to oxyg%g:RuBP carboxylase acts as a carboxylase
.and also acts as an oxygenase depending on th trations of oxygen present. This enzyme
is therefore, now called as RuBISCO (R]bUlOSC sophosphate carboxylase oxygenase). If oxygen
level is low, and carbon dioxide level is high, the enzyine acts as a carboxylase; the oxygenase
actjvity is suppressed and there is less formation of glycolic acid and less of photorespiration.
Under these conditions, most of the carbon assimilated will be in the form of sugars. If the oxygen
level is-more and carbon dioxide concentration is less, the enzyme also acts as an oxygenase
“and therefore, carbon which should normally go into sugars is converted into glycolic -acid, a
compound. As photorespiration begins with a Cz compound the cycle of several reactions is

called CZ cycle.
Check Your. Progress - 1

What is meant by photorespiration?
Note: (a) Write your answer in the space given below. _
(b} Compare your answer with the one given at the end of this unit.

.......................................................................................
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12.3. REACTIONS OF -P'HOTORE.SPIRATION

In the chloroplast of C4 plants, Calvin cycle takes place. Dunng this process nbuIOSe 1.5-
bisphosphate is formed
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In the presence of higher amounts of oxygcn and llmltatzon of the Co enzyme RuBISCO .
acts'as RuBP oxygepase. RuBP accepts 0, and gives rise to phosphogiyc ate (Cy compound)

- and phosphoglycenc acid (a C3 compound). Thus RuBP which should normally accept COy and
' give rise to an unstable Cﬁ compound and subsequently yieid 2 molecules of PGA, is diverting

its carbon to form glycolic acid. It does not.mean all the RuBP is utilised for'the formation of -
glycolic acid but oniy a part of it {upto 30% in certain condltlons) is used for the formatlon of
glycolic acid. o

The- enzyme RuBP carboxylasc also acccpts carbon dm}udc, and synthemze, Calvm cycle
intermiediates. As mentioned: earlier, in the preserice of higher amounts of oxygen, it is also
competing’ for the active sites on the enzyme along with CO,. Therefore the amount of CQ» that

" is normally fixed by’ RuBP-carboxylase becomes lese, conseguently photosynthesis is inhibited
- in the presence of hlgher amouiis. of O,. . This oxygen inhibition of photosynthesis is callecl

‘Warburg effect. Increase in tempef%fmre also increases the rate of photorespiration just as the - -

increase in oxygen level. The ‘iﬂiterrelanons of CZ cycle C3 cycle and RuBP carboxylasc are

: shown in Eglll _ N
' TR &
itarcn co’
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l*lg 12.1. The mtrogen cyclcs amclated with C2 photoresplratory cyclcn 1 Glu-
‘tamine synthetase 2.Glutamic acid synthetases Glutamic acid-glycine transminase
4 Scrlne-glycmc transarninase 5.Glycine decarboxylase 6.Nitrate/hitrite reductase.

_ Besuies photosynthebls, chlcmplast is the site for synthesm of ammoamds. NO3 is reduced'
to-NO, and then to NHq in the chioroplast with. the help of ATP produced during
photophosphotylation. . Ammonia combines with glutamic "acid giving rise to glutaniine
(an amide) which on deamidation gives rise to glutamic acid. Amino group released from
‘glutamine, combines Wlth 2-oxoglutarlc dCld and gives rise to glitamic amd This giutamrc_

L)



acid produced in chloroplast which enters peroxisomes, also takes part in photorespiration as
shown later. : ' o S ' '

The glycolate cycle or the chemical steps related in photorespiration begin in chloroplast, The -
. glycolate formed in the chloroplat enters peroxisomes which usually lie adjacent to chloroplasts
in C; plants, The glycolate is oxidised to glyoxylate in the peroxisomes, The glyoxylate accepts -
- amino groups (NHy) derived from glutamic acid (transamination) and gets converted to glycine, .

an amino acid, . -

Then glycine enters mitochiondria, Out.of each set of two molecules of glycine gets converted
to NHj and CO, (decarboxylation) and-CHOQ, This.aldehyde combines with the other molécule
of glycine and give rise to a serine (another amino acid) molecule. The serine enters back -

peroxisomes and gets deaminated and the amino group (-NHy) combines with glyoxylate to . .

~ form glycine.. In other words the aminoacid glycine is formed in peroxisomes due to glyoxylate
- getting aminated by the amino group donated by glutamic acid (an amino acid synthesized in the
chloroplast} and also from serine (synthesized in mitochondria). The serine after deamination,
gives rise to phosphoglyceric acid (PGA) which re-enters the chioroplast and takes part in Calvin
‘cycle. . A _ : . - .

~The various r_eactidfis connected wﬁtﬁﬁphotoreépitation, therefore, take place in 3 organelles .
. in a co-ordinated manner with exchange of metabolites between them. The series of reactions
can be summarised as fo_llows: ' P T R

1. In chldr_o'plas't, glycolate is.formed from RuBP; glutamic acid is also formed. .
“2. In peroxisomes'(a) glycolate is oxidised to glyoxylate and (b) glyoxylate is converted to glycine

by the NH;, group donated by giutamic acid (or serine). . \Q _ _ : .

3. In mitochondria (a) glycine is converted to serine (b) a part Ofglycine is broken down to NH3

‘and CO, (c) Serine enters peroxisomes, serine is dead_tand as PGA enters chloroplast -
and becomes a part of Calvin cycle. : . - ST

"

The various reactions taking place in the three/ofga elles are shown in-Fig,12.2.

B v "s_'enme-@——- POA =~
- G Icv'cle

GLYCINE

It should be clearly understood that the cycle ii coﬂ%{:\ted to nitrogen cycle in these organelles. -

redt_ictidri. :

C, eycle '. o )
oxygenzie R, BP

carboxylase
‘GLYOXVLATE o o

e sugar, starch’

GLYCOLATE * “cageneration —

. S o ¢ FRER
Fig12.2. Integration of C; and C, ¢ycles. The <, oycle'is so
* called because the product of RuBP OXygenase is a C, compound.

Check Your Progress - 283
2. What is meant by Warburg ffect? - - _
3. What are the. 3 cell organ’ei.{as that take part in photorcspiréﬁon?
Note: (a) Write your answcr in the space given below. } _ L
o (&) Compare your ari'sw::r_with the one g‘i_\'zcn. at the end of this unit. |

A I T T
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- 12.4. CONTROL OF PHOTORESPIRA’I‘ION

Because of the “Wasteful’ nature of the reaction (ox]datlon of photosynthencal!y fixed up
carbon during photorespiration without producing ATP), 2 number of esearch laboratories have
carried out physiological experiments to inhibit photorespiration. One of the attempts was related

. to inhibit the activity of the enzyme giycolic acid oxidase by a chemica! inhibitor, hydroxy-2
pyridine methane sulfonic- acid (I-IPMS) Use of this cherhical reduced photoresmratlon to a

large extent. ’ *n,%

Another chcmlcal that has been tried was, glycidate an analogue. of glycolic acid, which 1nh1b1ts
the formation of the initial subsirate of photorespiration ie., glycolic acid. Here again, the
suppression of glycolic acid formation has largely reduced photoresplratnon But these chemicals -
are very costly and they tend to inhibit photosynthesis as well In certain cases. '

Another approach to reduce photoresplratlon was throngh breedmg programmes with varieties
having consistently low photorespiration and high photosynthesis. But these attempts were
disappointing in the sénse that they resulted in plants with low productivity (fruit/seed). But a
number of research programmes are continued for the selection of plants with high photosynthc&s :
and low photoresplratlon by resorting to modern tissue culture methods like .somatic cell
hybridisation. The main problem of photorespiration is the sensitivity of the most- abundant
protem and the main ca:box;datmg enzyme nbulose-bls-phosphatc carboxylase, to oxygcn

Attempts are also bcmg made to alter the basie,_character of the enzyme (i.e., to reduce its
sensitivity to oxygen) by methods of molecular\gengtics and genetic engineering. But so far,
these experiments are of academic interest and havé not ylelded successful results.

Photorcsplranon is wasteful and mescap{ahle inCy plants n view of RuBP carboxylase acting

as oxygenase, in the presénce of oxy ut some physiolegists argue that” photorespiration
would have been lost during the” of evolution of plants spanning ‘over millions of years,
had it been so entirely a useless imental process.

In fact, some benefici cts of photorespiration are suggested; one of them is that -
photorespiration is helpful i maintaining a steady level of CO, to keep RuBP cirboxylase
“in active form also to maintain- the turnover of CQO; cycle intermediates. Some even suggest
that in case of high light intensity, when stomata are .closed with meagre CO5 supply, this
‘wasteful’ process might serve to dissipate ‘unwanted’ energy. But these explanat;ons remain
niostly teleologlcal

© 12.5. SUMMARY

5

Light induced liberation of extra carbon dioxide due to peroxisomal respiration as against
mitochondrial dark respiration, is called photoresplratlon Photozespiration occurs in all groups
of plants including many angiosperms called C, plants. Photoresplranon is however negligible
in C4 plants having Hatch-slack pathway. Dar]:(3 respiration takes place in all the living cells all -
the time and its site of oxidation is mitochondria. This oxidation involves synthesis of ATP
(Oxidative phosphorylation). On the contrary, oxidation step of photorespiration takes place

 in single-membraned organelies called peroxisomes and does not involve ‘synthesis. of ATP.
Photorespiration is a wasteful process and -diverts away 1/5 to 1/4 photosynthetically fixed -
carbon without forming energy rich sugars. The starting point of photorespiration is glycolic -
acid, a CZ compound, which is produced in the chloroplast. Hence;, the series of reactions during -
photorespiration is called cycle. Ribulose blsphosphate carboxylase, the main carboxylating
enzyme in photdSynthesm acts as an oxygenase in the presence of high levels of O, or
low levels of CO,. In other words, oxygen competes for active sites on the enzyme with
CO, . and the produetlon of photosynthetlc products of Calvin cycle decrease This oxygen -
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inhibition of photosynthesis is called Warburg effect. Besides oxygen, increase of temperature .
also increases photorespiration. The series of reactions in Cycyele_take place in 3 organelles
(a) Chloroplast (b) Peroxisomes and (c¢) Mitochondria. ‘In chloroplast, the Cz cycle and Cy
cycle get integrated because of the same enzyme catalyzing the reactions of those ‘two cycles,
under different and contrasting conditions. Chloroplast is also tile séat of nitrogen cycle. The
ghitamic acid (an amino acid) so synthesized, also takes part in the reactions of photorespiration -
after entering peroxisomes. Glycolic acid is oxidised to glyoxylate in peroxisomes; glyoxylate
~afeépts amino group from glutamic acid and gives rise to glycine, another amino acid. Glycme-
" enters mitochondria and gives tise to serine another amino acid. Serine enters peroxisomes
. back and gets deaminated; .the-carbon skeleton gives rise to PGA which re-enters chioroplast
and forms a part of Calvin cycle. Photorespiration can be experimentally controlled by the use”
of chemical inhibitors like hydroxy- pyridine methane sulfonic acid (HPMS) and glycidate. But
.these chemicals though cut down photorespiration drastically, inhibit photosynthesis sometimes.

Breeding experiments-with plants with low photorespiration and high photosynthetic rate have
not vielded any significant beneficial results. Attempts with scmatic celt hybridisation and genetic

engineering technology to reduce photoresplratlon are underway.

12.6. CHECK YOUR. PROGRESS: MODEL ANSWERS

1. The light induced respiration over and above the normal respxranon that takes place contin-
uously in plants is called. photorespiration.

2. The inhibition of photosynthems in plants by higher amounts of oxygen is called Warburg
effect.

3. The three cell organc]lcs that take part in photorcsplran\; chloroplasts, peroxisomes- and
_mltochond ria. ' .

12.7. MODEL EXAMINATION Q‘?ESTIONS

I. Answer the following questions in 30 Yines each.
1. Ezxplain the formation of glyc_o!i%

2. Photorespiration is considered to be a wasteful process - Why"?

and its conversion to glyoxylic_acid.

3. Explain the role of perdxisomes and mltochondna in photoresplratlon _
II Answer the following questions in 10 lines each.
| How does glycolate form? What is its significance?
What is the role of perogisomes in photorespiration?
Explain 'tlie nitrogen metabolism concerning Ito: photorcSpiratiQn._'- :
Explain the link between Calvin cycle and photorespiration. .

ém.e-s»wr-

What are the conditions un'd_er-_which photores_piraﬁon Is stimulated?
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13.1. OBJECTIVES

By-the end of this unit you will be’able to: '

1. describe. t.he' fixation _'o.f physical nitrogen, \>
_ 2 Tist-out the different biologiéal organism are able to fix atniosphetic ni'trbgen,'.'_-_' '
'_3.  define .éymbiosis and Ibe: éible to reco‘é%?&e the organisms, mvolved 1ih this proccss

4 describe the ptbcess_qf .ni'tmg ion in Iegummous plants

‘A

describe the biochemical s of mtrogen fixation, and

6. -recognlse the dlffercnt organ sms mvoived and their role in nitrogen cycle

I

INTRODUCTION

It Was BoﬁSsingauit in 1883 who established the fact that leguminous plants fixed nitrogen
from the air. Later, Winogradsky in 1893 established that certain free living anaerobic bacteria,
. Clostridium, fixed nitrogen. The capacity of the nitrogenfixation by aérobic bacteria, Azotobacter
' chroococcum was demonstrated by Beijerinck. . These observations. led to later studies of the .

physiology of nitrogen fixing bacteria and the mechanism of mtrogen ﬁxatlon m wew of its
- practical appllcatmn in agriculture. '

Nltrogen is one of the nutrients reqmred by plants i in large amounts and is obtamed mostly
from the soil. Nitrogen in the form of nitrate (NO 3_;,) -and ammonium (NH } is available in the
soil water through the nitrate and ammonium salts. This limited amount of mtrogen is removed

from the soil by intense agriculture, teaching and denitrification. The atmosphere contains 79%
. of molecular nitrogen gas. The higher piants are not able to utilise this and they require nitrogen
in the fixed form as nitrates or ammonia ions. A number of microorganisms convert elementary
‘nitrogen into combined forms of inorganic nltrogcnous compounds This process is known as
mtrogen fixation. :

Nitrogen is fixed by chemlcal (mdustnal) physu:al (atmospherlc) and blologlcal (mxcrobial)



means. A wide variety of fixed nitrogen chemicals are manufactured. According to an estimate of
1980, about 50 million tons of nitrogen is fixed chemically by industrial methods. The biological
nitrogen fixation is very significant in soil fertility. Annually, 170 million tons of nitrogen are
- fixed by microorganisms:in the world. About 40 million tons of nitrogen are fixed in cropping
- Systerns and 36 million tons of nitrogen are fixed in oceans.

13.3. PHYSICAL NITROGEN FIXATION

Of the 170 million tons of nitrogen fixed annually by a natural process, about 10% of this
is due to physical processes such"éé'_ligh];\ning strokes and thunder storms. Lightning dissociates.
the water vapour into hydrogen and oxygen atoms and hydroxyl (-OH) rtadicais. The free atom
-and radical, which are extremely reactive, combine with the nitrogen present in the atmosphete
and produce a fixed form of hittogen. Gaseous nitrogen and oxygen combine to form mitric
oxide. The nitric oxide (NO}) is further oxidized to nitrogen peroxide (NO 5). Nitrogen peroxide
combines with water during the rains and produces nitrous acid and nitric acid. Traces of
nitric acid are also produced in the stratosphere by photochemical reactions between ozone and
nitrogen oxides. The acids are brought down to the earth along with the rain, where it reacts
with alkaline radicals and produces nitrates (NO5") and nitrites (NOZ") .

13.4. BIOLOGICAL NITROGEN FIXATION

The transformation of the free inert nitrogen gas of the at osphere into the fixed form by

soil microorganisms is known as biological nitrogen fixatiot oil microorganisms fix. 80%
of the and help in maintaining the nitrogen balance of arth.' : '

Nitrogen fixation in the soil is carried by T¢e living (asymbiotic) and symbiotic
microorganisms. They. are called diazotrophs andg?widespre;ad in their occurrence. The st
of the biological agents that fix nitrogen is giy in Table 13.1 and the nitrogen fixing organisms
in Figure 13.1. ' @ ' '

Table 18.1. Major Nittogcn—Fbting Biolb jcal Systems
I Free living (asymbiotic) microorganisms :

Bacteria . _ : :
Aerobic : Several species of the genus Azotobacier
Anaerobic, non- o o - Several species of the genus Clostridium;
photosynthetic : also a few other genera,
Anaerobic, photo- Beveral species of the genus Rhodospirfﬂum;
synthetic - also a few other genera. oL

" Blue-green aigae: Several species of the gencra Nostoc and
' o ' Anabaena. . N :
1. Symbiotic systems EEPE

) _ . Cmng

Host - _ _ Microorganisms SR “# A
Vascular plants :
Angiosperms : L : o
Certain laguminou ' . -Several species of bacteria of the genus
plants L o _ Ehizobium - - S S .
Certain nonlegu- ' - Several unidentified species of actinomvcetes.

minous plants, _
€.g., Casnarina
Alnus and Myrica
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Gymnosperms

Certain cycads - = - . Certain unidentified species of blue-green
o . - alage :
Ferns ' 9
Az'bHa, a genus of ' h Anabaena sp., a blue-
small water ferns R U -green algae.
Nonvascular plants - co ' .
Lichens . N . .
- Certain fungi - .- Nostoc sp., a blue-green alga

...~ The soil harbours many groups of free llvmg nitrogen fixing microorganisms. They mclude
- blue green algae and a number of acroblc and anaerobic bactcna '

Fig.13.1.-Nitrogen flxlrlg orgamsm A. Azotobacter B. thzobmm C Bsctermds D.Bacillus
polymyxa and Clostrldr‘um pastenrianum. BE. Klebsiella pnewmonise, F. Azospmﬂum
brasiliense. G. Actmomyc;tas frankra H.Anabaena I. Rhodospmﬂum rubrum.

13.4.1. - Blue-green Algae
About 40 species.of blue grecﬂ algae (Cynanophyceae) belonging to-the families, Nostoéaccae,

Scytonemataceae, Rivulariaceae and Stigonemataceae are known to fix nitrogen. The blue green
algae are'the predominant agents, which maintain the nitrogen supply especially in the price

fields in the tropics. It was thought earlier that only heterocyst bearing blue green could fix up - -

nitrogen. Now it is established that non-heterocystous members like Phormidium and unicellular
Gleocapsa, Gloeotheca, also fix up nitrogen to some extent. Sonie of the common genera
of free living blue green filamentous heterocyst bearing ones are Anabaena, Anabaenaopsis,
Nostoc Tolypothrix, Calothrix and Scytonema. Some like Anabaena and Nostoc form symbiotic
. association with some Fungl, Bryophytes, Pteridophytes, Gymmnosperms or Anglosperms and fix
| nitrogen. The nostoc in the cavities of Bryophytes like Anthoceros and Blansia is reported to.
fix nitrogen. The symbiotic association of Anabaena with the floating fern Azolla fixed 312 kg
. pitrogen per hectare. One fifth of the Lichens which form a symbiotic association with only blue
' 'grcen algae fix up a considerable amount of mtrogcn :
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Almost all the nitrogen fixing ﬁlamontous blue green algae have hcterocysts It is differens
tiated cell with a thick wall, pale in colour and slightly larger than the other cells in the aigal
filament. Heterocyst is the site for fixing nitrogen as it offers protection for the nitrogen reducing -

* enzyme from oxygen as the pigments performing activities of photosystem I and photosystem m
which release oxygen are absent in it. o

18.4.2. Asymbmtlc Bacterla

_ Many gcnerai of free living bactena are capable of ﬁxmg molecular nitrogen. Some of
them are obligate derobes like Azoto bacter, Beijerinckia, Derxia, Actinobacter and Bacillus;

“others are facultative aerobes like Aerobacter, Klebsiella and- Pseudomona.s Clostrldmm isan

' anaﬂrobrc nltrogcn fixing bactcrla

: The aerobic Vrgorously respmng nitrogen ﬁxmg bactena are w1dc spread in thc sorl Fixation
of nitrogen is a deductive process. Azotobacter may add to the soil 10-15 Kg. of nitrogen
per hactare per year though the facultative group of bacteria growing either aerobically or
anaerobically can also fix up nitrogen. Clostridium, an anaerobic nonphotosynthetic bacteria is
known to fix nitrogen because it produces a relanvely stable complex of soluble enzymes capable
'of fixing nitrogen. : : .

Many photosynthetlc bacterra (photoautotrophs) ‘are capable of fixing: mtrogcn in the
prcsonce of sun light. The purple sulphur bacteria Chromat;mm and green sulphur bactcrra :
Chlorobium are able to fix up nitrogen. :

13.4.3. Symblotlc Nltrogen lemg Agents

of widespread occurrence of the latter. Nitrogen fixation is 1 times more in root nodules by
symbiotic bacteria than by free living microorganisms. B t's experience in 1883 revealed - .
the ability of legumes to fix nitrogen. The importance, of foot ‘nodules of leguminous plants
and the association of symbiotic bacteria in nitro fixation was observed by Hellriegel and.
Willfarth in 1888. Beijerinck experrmentally ro;ed 1888 that infecting Rhizobium cause root

_Symbiotic nitrogen fixing organisms contribute more mtro§n than asymbrotlc ones, msplte '

nodules in legumes. Although nitrogen fixati been known over a century, the physiology
and molecular blology of the process }*.avg;~ bee dled only during the last four dccadcs.

- The symbrotlc bacteria. thzobmml sent in the: root nodules of leguminous plants, A
leguminous crop often fix am'mallyr 100 kg ‘nitrogen per hectare. According to Delwiche (1970) .

- the legume crop fix annually. 14X10 ‘metric tons of mtrogcn on the earth.

Of the 13000 species of Legummosae examined for nitrogen fixation, 90% of them ﬁx a
significant amount. A particular species of thzobbmnHS effective. on any one species of legume
and often one vanety of theispecies. It is now known that a specral type of proteins called betins
which bind free glycoside radicals . are involved in the selection mechanism. For convenience

_ they are usually classified in bacterial plant groups. or in cross inoculation groups. A number of
cconomrcally important legume groups are presentcd m Table 13.2. .

_ Table 13.2 Bactenal Plant groups.

Bacleria ] ~ " Representative plants nodulated.

_ Rhizobium melioloti : - Sweet clover, Alfalfa.
R.trtolii. -~ - - . . s Red Clover, White Clover.
R.teguminosarum .~ . Pea, Sweet Pea, Broad Bean .
R.phaseofi. S ... - Bean.- =
R.japonicum. S Lo Soyabcan
R.lupini. o o Lupm.

Forma tion an d M orph ology of No dules The symbrotlc hactena prcsent in sorl as sapro
phyte is stlmulated by the roots of the Iegume | | .



plant, secretmg orgamc substances into the soil. The rhizobia cluster around the root hair before
the establishment of the infection. The root hair curl at their tips in response to. the production
of indole acetic acid (IAA) by the bacteria. The bacteria then enter the root hair and the plant
produoes an infection thread (I'-‘lg 13 2)

C
Fig.13:2. Stages in the formation of root nodulag:a&B Substances are presumably released from root
hairs and they stimulaté Rhizobia to divide. YE.Bacteria enters thé root Kair and move intro-& inter-
cellularly. Bacteria stimulate tetraplgidicortical cells 10 divide rapldly EMature noditles on the roots,

. o "tee.

The infection thread-is of thf greatly folded plasmalemma of the cell being invaded.
The infection thread containing\the proliferated bacteria enter the cortex and extend even upto .
pericycle. The association of plant and bacteria is very delicate, Many iifection threads abort
before a noduie is formed. Simultaneously the cells of the cortex are stimulated to divide as a-
consequence of the growth promoting substances produced by the host cell, Actively dividing
bacterial cells with dissimilar shapes are called bacteroids. A group of both infected and unin- .
fected cells develop into a young root nodule. The nodule is a highly organised structure. The
bacteroid zone forms a central core of a mature nodule surrounded by many layers of cortical

~ cells. The vascular tissues of the root become continuous with the newly formed cortical cells
of the nodule. The bacteroid has no flagella, usually swolien branches and vacuolatéd. They
are present in the cytoplasm in groups. Each group is surrounded by a membrane sheath. The
cells of the root nodule is polyploid due to the production of the polyopid- inducing compound
cytokinin by the bactena .

_ A reddish pigment develops in ‘the: nodules harbounng the bacteroids. Kubo (1939)
recognised that the red: plgment in the nodulcs § haemoglobin, very much similar to the
haemoglobin of 1ed -blood cells of mammals. “If i named leghemoglabin which means the
hemoglobin of legumes, There is no nitrogen fixation uniess leghaemoglobin is formed in
the nodule. The more the haemoglobin in the nodule, the greater the nitrogen fixation. The'

. presence of leghaemoglobin in the root nodule is unique 4s it is not found in other higher plants. -
‘It has a high affinity for oxygen and. combines rapidly with it and acts as an efficient oxygen
scavenger. The enzyme (nitrogenase) in the bacteroids respon31ble for the mitrogen fixation is

. highly sensitive to oxygen and combines rapidly with it and acts as an efficient OXygen scavenger.
The enzyme: (nitrogenase) in the bactermds responsxble for the mtrogen fixation is highly.
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sensitive to oxygen and its activity gets inhibited by the presence of oxygen. But the actively
growing bacteria require oxygen for their respiration during which ATP is produced. Again ATP -

- is essential for nitrogen fixation. - The leghaemoglobin satisfies these contrasting conditions by
regulating the concentration of the dissolved-oxygen to the nitrogen fixing bacteroids just enough
t0 enable ATP formation through oxidative phosphoryiation, but insufficient to inactivate the
enzyme nitrogenase. Thus leghaemoglobin ensures an adequate and stable supply of oxygen for
the maintenance of nitrogen fixation. o ' S

As nitrogen fixation is an energy dependant process requiring ATP, photosynthesis or
availability of carbohydrates (in case of respiraiory ATP) restrict the nitrogen fixation under
Ifield conditions. In other words photosynthesis and nitrogen fixation compete in a way for ATP.
Nitrogen fixation is also regulated by the available_combined nitrogen {nitrate and ammonia) in
the soil. High soil nitrogen depresses nitrogen fixation. However, small amounts of nitrate are
required initially for nodulation. :

Microbiology Division, IARJ, New Delhi, supply packets of Rhizobium for inoculating legume -
seeds for better yields, Similarly blue green algae cultures are supplies in plastic packets for
inoculating rice fields with nitrogen fixing cyanobacteria.These commercially available nitrogen
fixing microorganisms are sold in the market as Bio-fertilisers. . '

Nitrogen fixation plays a greater role in the temperate zones. But in the tropics, cyanobacteria -

(free living) holds great promise. Experiments conducted at the Central Rice Research Institute,

Cuttack; Indian Agricultural Research Institute, New ‘Delhi; and the Botany Department,

- Osmania University, Hyderabad, have proved that there is an increase in the yield of rice grown

in fields infected with blue green algae. Azolla, a water fern, harbours in its lobed aerial leaves,

. Anabaena azollae, a cyanobacterium which fixed large amountshof nitrogen. Field experiments
conducted at CRRI, Cuttack, have demonstrated the potentialuse of Azolla-Anabaena system
in place of commercial fertilizers in rice cultivation. To promote Azolla growth in rice fields
phosphorus supplementation in necessary. : :

Azospirillum, a heterotropic, microacrophillic\bacterium living in the soil and in close
~ association with roots (rhizosphere} of grass up nitrogen. Its potential use in increasing
yield in grasses, including cereal crops, Ii;\z maize and millets, is being explored.

13.4.4. Non-leguminous plants

About 310 species of woody nonleguminous Dicotyledons belonging to 13 genera are-ablé
to fix nitrogen symbiotically. They include the members of the genera Casuarina, Alnus (‘a@r) :
Myrica (bog myrtle) and others. Ainus with prominent root nodules can fix large amounts of-
nitrogen. The nitrogen fixation in the root is found to be due to the presence of an Actinomycete, -

_Frankia, i : :

Check Your Progress_ -1,2 &3

1. What is meant by 'biologﬁcal nitrogen fixation? _ _
2. Name the blue green algae that are capable of fixing atmOSphe'rfé -ﬁitfogen?'
3. ‘What is leghaemoglobin?
.Note: (a) Write your answer in the space given below..
(b) Compare your answer with the one given at the end.end. .
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'1'3.-5-. "BIOCHEM'I'STRY OF'NITROGE_N_ FIXA’I‘ION .

Eariy studles on the blochemlstry of ﬁxatlon were conﬁned to the mvesngatlon into intact

organisms. With the help of 1a belled nitrogen ( N) it was firmly estabhshed that ammonia is
the key mtermedlate of nitrogen ﬁxatlon in the organisms (F&g.13.3) :

z'H/ \ZH 2H20
HNS
HN NH, /

. Frh)

2N, 9 2 Ammo CICId

. Flg 133 Posmble pathways for reduction of nltrogen

" bacteria to fix nitrogen in the same way as-theq bacterial -cells have led to the isolation
. of the enzyme nitrogenase responsible for the absorption and reduction of nitrogen gas. Now
. introgenase enzyme is isolated from all nitregen fixing orgamsms exoept from those organisms

_prescnt in nonleguminous nitrogen ﬁx"%l ts. .

The 1mportant findings of the ability of the- jct:l! free extracts of serobic and- anaerobic

The enzyme nltro_genase catal reduction of mtrogcn to ammonia. The hydrogen
. atoms derived from the intcnned@fmztabohsm are added successively in palrs as follows:

| 2H,

Dlamn:le Hvdrazme Ammoma

The intermediaries are still not known -and have not yet been detected. They are riot
released, but bound to the enzyme nitrogenase. The reduction of nitrogen to ammonia depends
on a celiular supply of reduced substrate capable of donatmg hydrogen atoms to mtrogen This

- reaction needs an electron carrier of very low potential"Which can link oxidation of the reduced
. substrate to the reduction of mtrogen The path of electron flow is as follows.

Substrate (reduced) " Carrier Oxidized) - C NH3 .
Substrate (oxidized) Carner (reduced) _
According to the reactlons glven above, different sonrces of reduced substrate of low potentlal.
carrier for the reaction depends on the organism. The naturally occurring electron carrier

" proteins ferredoxin and flavodoxin are the strong reductantss The reducmg power of reduced
* ferredoxin is as powerful as that of hydrogen gas itself.

In the anaerobic bactcna,ChIostndmm ferredomn, the electron carrier prcmdes the reducmg
. power for nitrogen reduction. The reducing power in aerobic bacteria- Azotobacter appears
to be the respiratory electron transport chain itself, A low potentlal electron transport similar

to ferredoxin has not been reported. In the bacteroids of the root nodules of legumes, the_

_ reductant appears to be the Coenzyme NADH and a low powered electron carrier 1s yet fo
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be -established. Nitrogen fixation is an energy intensive process; to convert. one moleciie of -
nitrogen 2molecules of ammonia, 12 ATP and 6 electrons are required. Each pair of efectrons
transferred to the respiratory chain would yielé 3 ATP molecuies; thus each ammonia molecule -
synthesized would cost an investment of about 10 molecules of ATP. Besides this process of
nitrogen fixation, the growth of root nodule and bacteria require energy. Taking all this into
consideration, it is estimated that an equivalent of about 25 molecules of ATP are required for -
the reduction of one molecule of nitrogen. . The energy required for the reduction of nitrogen
by nitrogenase is provided by ATP which is generated in an. aerobes in glycolysis and in
aerobes through oxidative phosphorylation. Studies on the anaerobic bacterium Clostridium
: pasteurianum have revealed that the ATp needed is-derived by the oxidation of pyruvate by
the bacterium and the electrons transferred to ferredoxin. The pyruvate is converted into -
acetylphosphate, carbondioxide and hydrogen. The acetylphosphate yields the necessary reduced .
form of ferredoxin. From ferredoxin,. electrons are added to the nitrogen reducing enzyme .
‘nitrogenase and then to nitrogen, finally producing ammonium ions (Fig.13.4) ’ S

wooowmt
: c_cetphospl'lclletco.z
~ ADP

pyruvate

2terredoxin(Fe'3)

HF

) == 7 ferredoxin

';—hydrogenmse =z
+2H% o
Nz N 7 HHW=NH
| D t
enzyme. - enzyme

: H,

. Fig.13.4." A postulated sequence for'elcctmn%s}r during nitrogen fixation in- Clostridium pastewrisnurn. - -
Most of the organisms which contain nitrogenase also _confain the enzyme hydrogenase. The
enzyme, hydrogenase control the absorption of hydrogen and its donation to acceptor substances
- and regenerates the reducing mechanism. The hydrogen in the presence of hydrogenase reduces
ferredoxin even in the absence of light. ) ' ' o

Gest and Kamen discovered that purple bacteria evolve hydrogen in the presence of light and
an oxidizable organic substance. Evolution of hydrogen in the presence of light and thiosulphate
(oxidizable organic substance) has been demonstrated. Basically a similar thing happens in. the -
light-activated nitrogen fixation in certain photosynthetic organisms like the purpl¢ and green
bacteria and also in blue green‘algae. In the cells containing the necessary nitrogenase system
electrons expelled from chlorophyll react with ni¢rogen and hydrogen jons to yield ammonia. in

*_this type of photofixation of nitrogen the hydrogen ions necessary for reduction come from water

- like those for the photoreduction of carbondioxide. Photoreduced ferredoxin is tHe electron .

_-donor: In Rbhizospirillum rubrum‘the preserice of moleculear nitrogen acts as a repressor of
hydrogen production. Kamen and Gest assume tliat the nitrogenase system competes effectively -

with the hydrogenase. A o L L o

The nitrogenasc enzymé complex consists of two proteins fractions Molybdenum and iton
protein (Mol.<— Wt.220,000-270,000), containing 30 iron and 2 molybdenum and the other
containing iron protein (Mol Wt.55000-66000) having 4 iron. Both the ‘components are necessary -
for their activity. With a reductant and ATP it will catalyze a variety of reactions. The enzyme -
is highly sensitive to oxygen, especially the iron protein part of it. It is possible to reconstitute
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active ‘nitrogenase by the addmon of molybdenum plus iron, and iron proteins of different
microorganisms. In most of the nitrogen fixing microorganism even in aerobic organisms like
Azotobacter,there is an undefined respiratory system which prevents oxygen to inactivate it. This
phenoenon is referred to as metabolic compartmentation, meanmg separation of incompatible
metabolic activities inside the cells. :

Two importarit steps are involved in mtrogenase reaction-electron activation by a sultable
donor or DP and substrate reduction. The two reactions take place at two dlfferent sites on the
nitrogenase molecule, but are interdependent.

From the forzgoing observations, we can summanse the basic prerequlsltes for nitrogen
fixation. They are (1) presence of hydrogenase and nitrogenase enzymes. {2) a mechanism for
the protection of the nitrogenase enzyme against oxygen, (3) An electron carrier ferredoxin 4
Pyruvate for the supply of ATP and donation of electrons to ferredoxin {5) the presence of
cofactors e.g. thiamine pyrophosphate coenzyme-A of inorganic phosphate and magnesium (6)
the presencé of cobalt and molybdenum and (7} a carbon compound for combining with the
ammoma formed.

13-.6._ NITROGEN CYCLIE_

leed nitfogen returns to the terrestnal cycle, by biological nitrogen ﬁxmg agents, to replace
the nitrogen lost by sewage, leaching, erosion and- demtnﬁcatlon The amount of molecular
nitrogen removed- from the atmosphere by microorganisms by bxologlcal nitrogen fixation is
returned to the atmosphere by microorganisme that convert organic.nitrogen to a gaseous state.

The transformation of nitrogen whether mgang\rlzorgmw and volatile compound may be
viewed in terms of acycle in which nitrogen is shuttl ack and forth by the microflora, known
as the nitrogen cycle. Many steps are involv

Plants assimilate the ammonia produ in biological nitrogen ﬁxatlon into amino amds,
proteins and other nitrogenous pro e bulk of the nitrogenous material added to the
soil in. the form of organic nitrogef, i mt available to the higher plants, unless it is recycled.
The decomposition of the orga gen compounds into simpler ones is brought about by a
group of soil bacteria and oerta@.gl. The conversion of organic nitrogen to an inorganic state
is known as mineralization, which'results in the generation of ammonia and nitrate. These two-
are -distinct microbial processes. The mineralization resulting in the formation of ammonia is
known as ammeonification and the oxidation of ammonia to nitrate is referred to as nitrification.
In ammonification soil microorganisms convert the amino nitrogen to ammonia. The ammonia
reacts with the carbon dioxide and water present in the soil form ammonium salts. In nitrification
the chcmoautotrophlc bacteria Nitrosomonas obtams its energy by ox1dlzmg ammonia of the
ammonium salts to-nitrite (NO,").

The bacteria Nitrobacter further oxidizes the nitrite to nitrate (NO3 ). The hlgher plants
utilise mtrate more readlly than the other forms of mtrogen

In the denitrification process the fixed nitrogen is converted to gaseous nitrogen by a group
of soil bacteria known as denitrifying bacteria. The nitrite and nityate are reduced in this process -
and.molecular nitrogén escapes to the atmosphere. The volatilization of nitrogen depletes the
soil of the vital element needed for crop growth, The denitrifying bacteria having the ability to
‘use’ the oxygen from the air as hydrogen acceptor aerobically. In addition to this they can also
‘grow in the presence of nitrate and nitrite.. The convetsion of nitrate into nitrogen is lmovwn as
nitrate resplratlon. The mtrogen loss by denitrification is 830 million tons.
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The predominant demmfymg bactena in the soil are Pseudomonas, Achromobacter, Bacillus
and Micrococcus.

2NO '+‘10H > Ny +4H. Q+20H
2NO,™+6H - >N +2H2%) +20H
NOy +2H ——> Ny + H,0

Th:obacﬂ!us denitrificans, a chemoantotrophic bacteria present in the soils i$ known to
oxidize sulphur also reduces nitrate to nitrogen, dermng the energy by sulphur or thiosulphate.

“The biochémical reaction can be summed pp as:
58 +$KNO3+2H,0

> 3N +K 304 + 4KHSO

The blologlcal nitrogeh cycle involves the fixatlon of atmospheric mtrogen and assmllatlon
of the fixed nitrogen by the plant which forms a part of the food of animals, and the removal of
. nitrogen from sox! by denitrifying bacteria is reprcsentcd in F]g 13.5. :

Almsphanc nmcgen {N,) ,

-

~ Thitrogen fixation ¢ " _ | 1
P | s:rgplqtli:a:&n oY : \./__ _qutrificaglonl_;y _
| asymbiotie systoms ~ Soil line Q soil bactoris - | -

| \ | - Q)Q‘ - Nitt'iﬁe'atio{b-v.
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| asymbiotic systems Ammenia 3 o
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raigion

doad organisms (plants.
animals tmd tmcrobea)

Lasned sasige

i
i

Flg.13 5. The biological nitrogen cycle.

Earligt the rate of nitrogen ﬁxatlon was estimated by employing a heavy isotope of nitrogen :
{ 15 'N).by a mass ‘spectrometer. Nowadays nitrogenase activity in the laboratory and field is -
- measured by acetylenethylene assay by gas chromatogrphy because the nitrogenase is able to
- catalyse the reducuon of the molecules nf triple bonded analogues of molecular nitrogen.
(HC’CH) et (HC=CHy)
Acetylene _ : ' ethylene

- Biological mtrogeh ﬁxatlon is important in the mtrqgen economy Thc low levels of nitroges.
present in cultivated land cannot be mcreased by fertlhzsrs only ‘Besides, fertlllzcrs are also
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_expensive. Part of it must be met by biological nitrogen fixation. - Production of fertilizers is

encrgy consuming, dependent. on fossil fuels. -Further excessive use of fertilizers add to the

- problem of pollution of waters. Only less than 53% of nitrogen added as nitrogenous fertilizer -

is used by the plants. Urea is largely decomposed by the soil bacteria. -

. Scientists have transferred the ‘nif’ gene of Rhizobium to the non nitfogcn ﬁ)ﬁng Bacterix,,

Escherichia coli, Attempts are being made to transfer the ‘nif gene of the nitrogen fixing system

of the bacteria to cereal plants (nonlegume crop plants) which lack such a system, but they have
not been successful so far. = I o o o

- Check Your Progress - 4

What is the difference Be_twpeh'_'nitriﬁcation and denitrification?.
Note: (a) Write your answer in the space given below. ) _
() Compare your answer with the one given at the end.

D R e R I I L Ll R R L R N T T

13.7. SUMMARY |

agriculture depletes the limited terrestrial supply ofinitrogen, Higher plants‘are unable to use the -

_Nitrogen is one of the soil nutrients j1{:}:}%{%*’].‘fyplamts in largc' amounts. Intensive
t

gaseous molecular. nitrogen in the atmosphiere but can assimilate it in the fixed form as nitrate a

. and ammonia. The conversion of atmosp nitrogen into the fixed form by living organisms

is called biological nitrogen fixation it maintains the positive nitrogén balance on earth. In

. the nitrogen cycle transformation ofdiffoger, organic, inorganic and volatile compounds are

shuttled back and forth by thefhicrofiora. The microflora involved in nitrogen fixation include -
the blue green algae, the free Ii bacteria (anaerobic and aerobic). and symbiotic bacteria in - -
plant roots. Reduction of nitrogen to ammonia is catalysed by an enzvme nitrogenase. The -

. nitrogenase enzyme consisting of two proteins (.molybdenmnff iron protein_and only iron protein)

is highly sensitive to oxygen.especially the iron protein part. The nitrogenase enzyme can reduce

nitrogen to ammonia in the absence of -oxygen. The microorganisms, capable of producing the .

- enzyme nitrogenase, protect the enzyme from oxygen even in aerobic cells. The overall equation -
- of nitrogen fixation can be written as Ny+8H+6 electrons ~—> 2NH,. Conversion of nitrogen -
~ to ammonium is an energy dependent process and utitises ATP. Ammonium is the first stable

... nitrogen is converted to gaseous nitrogen. -
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. product of riitrogen fixation and it is rapidly converted to other drg_anic compounds, -

13.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The fixation of the atmospheric inert nitrogen gas in_td nitrates and ammonia by the soil |
microorganisms is called biological nitrogen fixation, T
2. . Anabaena, ‘A:habagnopéis’,-Nqstoc, Tolypothrix, Calothrix, Scytonema gfq. o

3. The 'haemoglbbin which is similar to the haemogiobin of red blood celis of-mémma-iis preserit - -.
in the leguminous plants is called leghaemoglobin. L S

4. The oxidation of ammonia to nitrate is called nitrification and-in the denitrification the fixed

[



13.9.

' MODEL EXAMINATION QUESTIONS

1. Answer the following question in 30 lines:

1,

- T R U N

Give a brief account of the asymbiotic nitrogen fixation.
erte an account on the symbiotic nitrogen fixation.

Discuss the role of the enzyme nitrogenase in the reductlon of mtrogen

Trace the sequences and changes in the leguminous root _durmg root noduiation.
" What is the significance of biological nitrogen fixation in nitrogen economy?

Which are the different groups of microorganisms involved in nitrogen fixation?

Write an account on the nitrogen cycie and its importance.

II. Answer the-follow-ing ‘questions in 10 lines.

= RV T SRS

Write a brief account on nitrogen ﬁxmg algae,

Write briefly about symblotlc nitrogen fmng bactcna

Give a brief account of frce lmng nitrogen ﬁxmg bactena

What is meant by mtnﬁcanon and denltrjﬁcatlon?

How is _mtrogen fixed by physical means? - _ h _
Trace thie 'stcpé in the reduction of nitrogen bg‘gnase.‘ -
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UNIT-14: NITROGEN METABOLISM

Contents

14.1.  Objectives.
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14.5.2.  Synthesis of Amides.

. 14.53. Synthesis of Carbamyl Phosphate.

14.6. Summary.
14.7. Check Your Progress: Model Answers.
14.8. Model Examination Questions.

14.1. . OBJECTIVES

By the end of this unit you will be able to:

t. describe the process of metabolic reduction of nitrogen in plants,

2 recogniée the enzymes that are in?olved in the reduction process,

3. note the relationship between the reduction i!:gi'tratc to respiration and pho.tosynthesis,
4

describe_ the three major pathways of
compounds, and , C) .

5. define reductive amination and tr_ai:?nination.

o QN |
14.2. INTRODUCTION

Nitrogen is one of the i &rtant elements prescnt' in all the plants. Plant parts, other than .

seeds, contain about 1-2% nitrogen on a dry weight basis; leaves contain 2-3% nitrogen.
Leguminous seeds (pulses) contain 15-25% nitrogen. Amongst the enzymes which contain
nitrogen, RuBP Carboxylase - the enzyme concerned with the fixation of carbon dioxide, isa
major source of protein and nitrogen in the leaves. Apart from enzymes, nitregen is a constituent
of all aminoacids which occur free in cytoplasm and also function as building blocks of all
proteins. As proteins are part of membrane structure, nitrogen is also found in membranes, It is
found in the nucleotides other than carbohydrates. Thus nitrogen is found in vaned metabolic
compounds and its need and importance. is next to carbon.

It was thought earlier that nitrogen assimilation resulted only in proteins. A large part of
the total nitrogen in plants is present in the free form as amino acids and amides, or in an
alcohol soluble state. Many of the fleshy storage organs of plants (potato tuber and carrot)
contain more soluble nitrogen than protein nitrogen. In plants, nitrogen is present mainly as
proteins and amino acids. They also exist in other compounds like nucleic acids, chlorophylis,
cytochromes, alkaloids, vitamins and phytohormones

14.3. METABOLIC REDUCTION OF NITROGEN

Plants can utilize mtrogen only in the inorganic form as nitrate mtrogcn (NOT) or ammonium
nitrogen (NH ) Nitrogen is present in soil water mostly .as NO;— and NH4 ions, as.a

‘resolt of the decomposltlon of orgamc remains of plants and animals or directly from the

n of ammonia into organic nitrogenous



inorganic salts. Of these two forms of nitrogen in soils, nitrate is the principal source of niitrogen '

to plants under normal field conditions. Nifrate as a nitrogen source is preferred by most plants
to ammonia. Specific soil bacteria transform ammonia into nitric acid (HNOg) rapidly by the
process known as nitrification. The nitric acid is excreted into the sorl by the nitrifging bacteria,

where it dissociates into hydrogen (Hy *) and nitrate {NOg’) ions in well drained acrated soil. -

Plants growing in cool and cloudy weather as encountered in the winter season of the temperate
regions, prefer nitrate nitrogen. Excess of ammonium nitrogen depletes these plants of the
_carbohydrate reserves and the plants become thin walled, soft and succulent, sometimes. resultmg
in ammonium toxicity. Plants growing in warm sunny weather with high photosynthetic Tate, can

tolerate large amounts of ammonmm nitrogen, as the carbohydrate content in these plants is

high.

Nitrate which is an OXICI!ZCd form of n1trogen is reduced to ammonia (reducea form) in the :

-root tips and also in the leaves, A consrd‘érable amount of nitrogen absorbed by the roots of the
' vigorously growing plants, is transported to the leaves by the transpiration stream, No matter
where the nitrate is assimilated, either in the roots or the leaves, it is first reduced to ammonia.

~The reduction of pitrate to ammonia is enzymic. In higher plants, reduction of mtrate is released .

as water, in the réaction. Later further reducticn of nitrite results in the formatlon of ammonia,

wrth the release of two more atoms of oxygen as water The reaction mvolvcd can be summed -

upas

- NOg'—- T NO, — Ht
Nitrate HZO Nltnte o th@ Ammomum
The reductron of nitrate to nitrite is catalyzed b){thekmyme nitrate reductase. This enzyme

is a cytoplasn‘uc enzyme and is an induced one, synth?ls ‘stimulated only if the substrate (ie,
nitrate) is provided. - This enzyme is c_lasmﬁeﬁ,g molybdoflavoprotein, as it contains both

molybdenum and flavin co-enzyme F.M) q each one acts as an electron carrier in the reactior
catalysed by nitrate reductas¢. For tne \%on of nitrate the hydrogen (reducing power) is
donated by NADH. Nitrate reductasé reacts With NADH and transfer the. hydrogen to flavin co-
enzyme FAD, which is bound tightly to the prosthetic group. FAD is thus converted to- FADHZ

- The oxidation of FADH, may be by the transfer of electrons to molybdenum ion which is bound
" to the enzyme. Finally the electrons are transported from molybdenum to mtratc as shown below:

NAD <7 FADH, )'Mo hd
- This reaction is catalysed by the enzyme nitrate rcductase:fas 'followrr -
‘NO3"+ NADH+H" i . '=-N02 +NAD+H20

The reduction of nitrate to ammonia is the second phase .of pitrate assimilation in plants
The, nitrite ions are reduced to ammonia by the enzyme, nitrite reductase present in thé
chioroplast. The direct source os electron for nitrite reduction in leaves is ferredoxin (ar
iron containing non-heme protein of low molecular weight). In green plants the reducing
- power for nitrite reduction is obtained from a. portion of the reducing power derived during
photosynthcsrs The photosynthenc light reactiop reduces ferredoxm in the chloroplast The
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reduced ferredoxm reduces NADP+ to NADPH the co-enzyme pam(:lpatmg in the pentosc :
pathway in. p]mtosynthesns. Ferredoxin is a pog(crrful reducing agent having as much reducing
power as.hydrogen itself. Besides redue;ng “NADP* to NADPH, ferredoxin reduces nitrite to
ammoma directly. The pathway in these rcacci’qns is presented below: '

.PHOTOSYNTHE nc_ —£ F-ERRE"DOXIN'(r_educe_dﬁ' NOy”
| LIGHT REACTONS{ = = FERREDOXIN (Oxidisediw's NHz*

" The reduction of nitrite to ammonia catalysedb}tlle €nzyme m‘trit_e reductase, is given bc!b_w: N
NO, + 6¢” + 8H —— > NH," + 2H,0 ‘

It is evident from the above reaction, that 6 equivaignt of electrons yielded by reduced
ferredoxin and 8 equivalents of hydrogen ions are required to reduce one molecule of nitrite to.
‘ammonia. Nitrite reduction, though ‘mostly occurs in chloroplasts, it also takes place in non--
green tissue like roots. In non-green tissues; ferredoxin is not involved in nitrite reduction, but
an unidentified electron carrier similar to that of ferredoxin acts as an electron donor. The

. Tespiratory. metabolism and not the photosynthenc hght reactlon prowdes the reducing power
- for nitrite reductlon in roots. :

Check Your Progress - 1'& 2 _
1. What is the enzymc responsible for the congSn of NO3 to NO,?

2. Nitrite reductase is present in the chlo @ hereas the nitrate reductase is pfcsént in -

the

Note: (a)_'Wﬂfe your answer in the s ace.given béiow.

(b) Compare your answe ,the one glven at thc encl

T . e e N R B L L R I I S R R

-------------------------------------------------------------------------------------

14.4 RELATION"_I‘O -RESPIB.ATION AND PHOTOSYN'I‘.HE_SIS_"

-

" In roots and non-green parts of the plant, the reductlon of nitrite t0 ammonia is obtamed -
by the reducing powerr of NADH derived during rewnraﬁon, whereas, green parts reduction of
' \mtratc by nitrite reductase is by FADHz or MADPH in chlorophyll dependent on photosynthesis, '
- because light causes the formation of FADHZ NADPH and reduced ferredoxin from photolysis
of water. It is dear that therc isa depcndcmc of nitrate reductase upon photosymhps:s and-
resplmnon. . .

Assimilatmn of Ammonia: Ammomum nitrogen is the inorganic form of nitrogen. They are
-.the ammomum 1011 (NH4 ) and ammoma (NH3) They are mconvcrtlble in water solunon _ '
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" NH 4 + H O — —NNH, "+ OH™
- NH3+ HR0Z 4o

Ammonria nitrogen is produced in different ways in plant cells. Tt may be produced.by the
‘reduction of nitrate to nitrate and finally to ammonium ion _’(NH4+), or it may be formed as a
resuit of metabolic breakdown of reserve proteins during germination of some seeds. The plant
may often absorb nitrogen from urea (NHyCONH,) used as a fertilizer which decomposes to -
ammonia and carbondioxide in plant cells by the enzyme urease present in them.

NH,CONH, + F o 32NH3 + CO,

Plant cells capable of fixing elementary nitrogen also contribute ammonia when plants
are supplied with ammonium salts or anhydrous ammonia as festilizers to soil. They absorb
ammonium nitrogen directly from the soil. Generally, ammonia absorbed by any source is rapidly
—assimilated in plant cells. Traces of ammonium nitrogen are not harmful to plants but in-high -
concentrations. ammonia is toxic to most of them. It inhibits the production of ATP in the
mitochohdrial photosynthetic electron transport system. Only a few plants (Begonia) with -
acidic vascular ?&@nts can store large amounts of ammonium ion without injury.

14.5. ASSIMILATION OF NITROGEN

1. The maintenarnce of ;:ellular-njtrogen balance is.due to the control of both uptake and
reduction. Ammonia is converted into organic nitrogenons compounds through three major
pathways. P L :

1.-Synthesis of aminoacids
" 2. Synthesis of amides : -~
- 3. Synthesis of ca_rbamyl phosphate _- 0
14.5.1. Sy.hi_;hesis of Amino ._Acid_s _ : o
Ammonium nitrogen is incorporated into- ome.or the other of the amino acids or amides.
The metabolic pathways in their assimilation are p%scntcd in ‘Ejg.14.1. In living systems there are
many reactions-involving direct assimilation ammonia into organit compounds. The ammonia
- nitrogen is converted into amino nitrogen. no acids contain bath the amino (NH,) and
_carboxylic acid (COOH) groups. The al formula of an amino acid is: - . .

; . Carbamx‘l :'.(ch.ti?n)m)@'me@dim 8 }'= Glutdrn:i Glutamine

v}

~ Phosph e‘__ _ _ ', acid ' (Reactiont)
o j : o . (Reaction9)
j . \.; N _ . 'é’sparﬁciqcid
Aginme - (meactoni’. .}

e o " Asparagine

‘Fig.14.1. -Pathway of ammonia nitrogen assimilation. Incorporation is shown intp. 3 aminoacids
namely glutamic acid, aspartic acid and arginine and into 2 amides namely glutamine and asparagine.
involving direct assimilation of ammonia into organic compotnds. The ammonia nitrogen is,
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converted into amino nitrogen. Amino ac;ds contain bath the amino (NH2 and carboxylic acid
(COOH) groups The general formula of an amino acid is:-

. H
~ R—C—COOH

i
NH,

Where R is usually a carbon chain or ring. Amino acids are synthesized by 2 ways;

1. Reductive amination
2. Transmination *

Reductive Amination: Ammeonia nitrogen is mcorporated into ac-keto glataric ac;d an
intermediate compound in Krebs cycle.

and green plants. But recent s
that glutamine gets labelled first and later glutamic acid. In other words, glutamic acid and not

COOH

&=

.?OOH
CHNH,

.
CH9+-NADPH-FH+-+ NH, = ——> CH,+H,0LNADP

| Glutamic |
(]:Hg dehyd@nase CH,
- COOH (!.IOOH
a-ketoglutaric O _ giutamic
- acid acid

\'e

‘This is called reductive aminatiefi and the reducing power is derived from NADPH. The
enzyme glutamic dehyd'rogeﬂa%aiyse this reaction. This pathway operates in bacteria, fangi

ies in green plants using radioactive - NHjy have revealed

«=ketoglutaric acid is the initial acceptor of amnionia. Small amounts of glutamic acid (catalytic
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amount) are required as a substrate for the synthesis of plutamine. The enzyme glutamine
synthetase and ATP are required as shown in the following reaction: :

'COOH | CO (NH,)

| . _ :

(.;HNH'_, ' : CHNHS'

CH; 4+ NH, + ATP ———— CH, + ADP + Pi
i Glutamine

?H._,. S sVnth_alase CH,

COOH o ' (!60H

G{utam_tc Glutamine -

acid

The glutamine formed, reacts wititosketoglutaric acid of Krebs cycle to form glhutamic acid.



co (NH) COOH

CHN‘H2 . C=0

1 |

CH, + CH, + 2H

' ~—— s 2 Glutamic acid

| . ' Glutamic acid :
O . Synthetase

CH, : CH, :

I |

COOH COOH

Glutamine a« - ketoglutarnc acid

This reaction takes place in chloroplasts. The reducing agent{ supplying hydmgcn in green
leaves is reduced ferredoxin formed during light reaction of photosynthcsns These two reactions
may be summed up as: .

GLUTAMINE A ~KETOGLUTARIC ACID
GLUTAMIC ACID GLUTA{&SACID

Transminationr This reaction involving the transfe @ one organic compound containing
amine (NH,) i.e., glutamic acid in this case to another orgaflic compounds initially not containing
organic mtrogen(uketoglutanc acid) is called trans ion. Other amino acids like asparatic acid
can be synthesized by incorporating ammon oxaloacetate. Pyruvate incorporating ammonia
gives rise to another amino acid called alay Q

The glutamic acid formed by reduetive’ amination can produce other amino acids by the
transfer of its amino groups to other ketoacids. These reactions are catalysed by enzymes known
as amino fransferases.

As-many as 17 different amino acids can be produced from ghitamic acid. The best example :

of transamination occuss between glutamic acid and cxaloacetic arid whzch produces asparatic
acid and « ketoglutaric acid.

COOH COOH

i | _

C = 0 4 Glutamic acid ————CHNH, + a-ketoglutaric acid
I | -

| L

COQH COOH

Oxaloacetic acid Asparatic acid

Several other amino acids also transfer their amino group to other ot-keto-acids. This
transamination is revérsible. The tranzaminase enzvmes need Jpyridoxal ohosphate as a co-
enzyme. It is a degivative of vitamin Bﬁ, one form of which is pyridoxal itself. Glutamic-acid i 73
decarboxylated to amino butyric acid in piants by pyridoxal phosphate. This nen-proteinaceous
amino acid is of common occurrence in plants. There are several amino acids in plants and
about tweaty kinds of amino acids are incorporated into proteins
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ﬂ.s.z. Synthesis of Amides

The amides are additional products of ammo acids and ammonia: The assmnlatlon of
ammonia nitrogen irivolves synthesis of amides. The reaction is dependent on ATP. In plant
tissues the glitamine and asparagmc are the two arides which are most frequently present.

Glutamic acid and ammonia ions combine to form glutamine. The reaction’ requires ATP

and an enzyme glutamine synthetase which catalyses the reaction. This is a reversible rcacnon
and allows some ATP synthesis from ADP and iP.

 Glutamic acid + NHg + ATP ——— > Glutamine + ADP + iP
S i Glutamine '

Synthetase

Glutamme is needed for the synthesis of a number of cellular metabolites mcludmg several
" amino acids. The amide nitrogen is moorporatcd into histidine, tryptophan -arginine by way .of
carbamyl phosphate [NH,COO(P)] and also is constituted to citrulline

_ Aspartic acid combines with ammonia and produccs asparagmc in the presence of the-enzyme,
. asparagin synthetase and ATP :

COOH . : CO {NH.)

¥ . | .
CWNH, + NH, + ATP —————>  CHNH, + ADP + Pi
t - . Asparagine ! :
?Hg C . Synthetase CH, .

. COOH \> doon

_As'parti_c.ncid - Asparagine

- Both the amides, glutamine and arginin ‘.& accurnulated in the tissues of healthy plants
-when plants are provided with ammonia nitrog ertilizers. The amides cqnirol the toxic levels
by storing excess ot ammonia nitrogen. ine and aspargine can be used thmugh transfer
reactlons for synthesising putines ino group of cytosifie.

Check Your Progress -3 %
3. Define transamination .V

4. The enzyme responsmle for the conversion of glutamic ac1d to glutamlne is

Note: (a) Wute your answer in the space given below.
(b} Compare your answer thh the,,qpﬂ glvcn at the end.

--.--.---_-..a---.....-._-......---‘...-..--.-.-.--...-...--.......--‘ .................
..................................................................................
....................................................................................

...oco-..-o-----.-o.--......--_-..-..--......-..._..-.--.-...,..--- .......................

| ‘14 5.3. Synthesis of Carbamy] Phosphate

The assimilation of ammonia mtrogen in higher plants may synthcs:se carbamyl phosphate
[N'H2COO(P)] as a result of ammonia reacting with carbon dioxide as mdlcated below:

NH3+C02+ATP_ — _>NH2COO(P)+ADP

'Carbamyl phosphate is essential far the formation of amino ac1d arginine. The first step in
the pymmdme (Cytosme, Urac:l and Thymme) formation is the synthesm of carbamyl phosphate.




14.6.

SUMMARY

Nitrogen is one or the important elements present in plants as different compounds. Plants can
utilise nitrogen in the inorgani¢ form. Nitrate (NO 4} is the preferred combined nitrogen source
for the plants. The nitrate is assimilated in root tlps and leaves in the reduced form, ammonium
(NH4 )- Reduction of nitrite to ammonium is enzymic. The enzymes involved in nitrate and
nitrite reduction are nitrate reductase and nitrite reductase respectively. The assimilation of
nitrogen by plants is by three major pathways by reductive amination or transammatlon The

. pathWays are by synthesis of amino acnds or amides or carbamyl phosphate.

14.7.

' CHECK YOUR PROGRESS: MODEL ANSWERS

1. Nitrate reductase

2., Cytoplasm

- .3. The transfer of amine group from one organic compound to another orgamc compound

which is devoid of it is ca[led transamination.

4. Glutamine synthetase

g

14.8.

MODEL EXAMINATION QUESTI’OILN\S

N

I. Answer the following questions in 30 lines ea

1

oW N

6.

‘Give a brief account on nitrogen metabofis%\lugher plonts
li

Describe in brief the steps involved ilg ic mtrogen reductlon in green plants.
a

Give the steps involved in reductive ation.
What is meant by transaminatio
What are amides? How are they synthesized?

Give an account of the importance of mtrogen

II. Answer the followmg questlons in 10 lmes each.

1‘

2

3
4
s

Give a bnef account of the role of the enzymes in nitrate and mtrlte reduction.

Describe briefly the dependance of nitrate rcductlon upon photosynthesis and respiration.

What is the difference between reductive amination and transamination.

_ Wnte a.note on glutamlc acid.

lee a bncf account on the reducnon of mtratc
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UNIT:‘-I'&. PLANT GROWTH & GROWTH
REG ULATORS

Contents - . o ﬁ’@

15.1. Objectives.
.15.2. Introduction.
15.3. Growth :
15.4. Growth Regulators
1541 Awdns -
1542, Gibbérellins
1543, Cyiokinins -
154.4. Inhibitory Chemicals
15.5. Summary
15.6. Check Your Progress: Model Answers
15 7. Model Exanunanon Questions

15.1. 'OBJECTIVES

- By the end of this unit you will be able to:

define growth in plants, ' _ R
recognise the growth points in plants and also the ‘different phases of growth,
list out different definitions given to gro _ _
recognise the main groups of phytohorm that are involved in the promotion of growth,
locate the distribution and movement,of auXifis in plants, and _

* describe the importance of auxims, gitl%kllins and cytokinins in plants.

SR W

152, INTRODUCTI/Q‘ISKW

Growth is defined as a grad'ual increase in siac development or attainment of full size or
maturity. 'To a layman it means "increase in size", but to a biologist it is a complicated and the
most obvious phenomenon of life. ™Size’ is the’ most obvious charactér which I8 oxprcssed in
terms of length or volume, mass or weight (either fresh or dry weight). However there may not

. be a close relationship among these parameters in a growing organism, because growth is not.
a continuous process and often occurs at regular intervals at unrelated rates in different cells °

- and organs. As such, no smgle deﬁnite criterion can be prescribed for the study of all aspect*:
of growth '

: _15 3 GROWTH

Generally, the study of growth may begm with the seed, though it is not the ‘starting pomt

A seed germinates and grows into a seedling which finaily - develops into a mature plant. By

‘measuring weight or length against time, we find that initially the rate of growth is stow, but

. later it increases rapidly, finally slows down and becomes steady. If a graph is plotteﬂ between
growth and fime, a characteristic ‘S’ shaped ctirve called "sigmoid curve” js obtained.

-In plants, growth is generally restricted to certain regions of the plant bedy known as
meristems. According to-their posifion these meristems may be apical, intercalary or lateral. The
meristems show three phases of growth (1) Phase of cell division (2) The cell elongation phase
and (3) Phase of cell maturation. -Of all the phases, growth is more during the cell cnlargement '
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phase The charactensnc growm curve (Fig.15. 1) shows that initially tl'te rate is slow whleh. '
represents the phase of cell division or lag phase, then rapid efongation represents the. phase of
cell elongatlon of log phase (or exponential phase) and finally the decrease and statlonary phase
or steady growth phase représents the cell maturation phase. The exponenfial peridd ot growth

. which represents mammum velocny of growth is the so-called "Sach s Grand Penod of Growth"

we 5] "
_ ~N = :
%§ 10' ,
-2
Rt
it 5 a
) -
R 23 4 ss 7 3910 n
3-;'-.\ _ ' UNITS OF TIME -

'Fig1S.1. An idealised growth curve which is typmlly 5
shaped g-a= lag phase, ab= log phase csstatlon phase.

n general growth is deﬁned in dlfferent ways. and deﬁmtlon mdrcates a-'certain aspect
of growth and has its own limjtations. For e.g., (1) an i e in biomass dry werght-tlus cannot
be taken as. a criterion as during the dark see?urmnanon which grows into a seedling'
there is loss' of dry weight: (2) protoplasm gdwplication - it is extremely difficult to measure
functional protoplasm; (3) cell multrphcatnoﬁrsome mstances this does not indicate growth;
(4) a permanent increase in volume - be considered as growth since ‘it is permanent
and irreversible mcrease in: volume., other hand, development is usually defined as a -
- change towards a more’ complex state of an organisin. Development may take place w1thout-
" growth and growth without development, but the two are often combined as a single process. . .
‘Development is usually implied to changes which are abrupt or gradual. For example, some
processes as germination or flowering are caused due to sudden change in the gromh patterns
‘of the plant. o S .

.. Thus, growth is a ‘quantitative concept which 1s measurable whereas dlfferentratlon is a.
quahtatwe conoept whlch mvolves v151ble morpholog:cal changes in_the nature of the growth in-
- an organism.. o _ _ g
Check Your Progress 1 & 2
1. Whatlslagphase" o s
© 2. What is meant by Sach’s Gfand Period of Growth"
. Note. (a) Write your answer in the space grven below

(b) Compare your answer mth the one glven at the end. PR
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15.4. GROWTH REGULATORS

The external environmental factors may directly act on certain genes which become active
or by regulating endggenous factors. In plants organized growth and development is due to
internal stimuli generated within the organ. Development may also be affected or controlled
by hormones that are synthesized at one location and translocated to another,. They regulate
growth, developmrent or metabolism at very low concentrations. Several classes of hormories are
known which are growth promoting and growth inhibiting. The growth promoting hormones are
known as phytohormones. ‘The main groups of phytohormones are (1) auxins (2) gibberellins
. and (3) cytokinins,

15.4.1. Auxins

The term auxin now includes all those chemicals, which have certain biological activities. It
is derived from the Greek word Auxin ie to increase. The first group of plant hormones to
be dlscovered are auxin. They generally promote growth of stem or coleoptilé sections and
decapitated coleoptiles, but in the same concentrations are almost totally without effect on
intact plants. They bring about cell e]ongatlon in shgots and may also affect other processes like

rooting, apical dominance etc. % '

Julius von Sachs was the first person to that "“organ forming substances” are produced
in leaves and translocated downwards. In\1910-13 Boysen-Jensén from various experiments. -
demonstraied the existence of such su ces. Charles Darwin observed that young seedlings

of canary grass elongated and curv ds the source of light. By using a light proof cap he
was able to show that the light s ive reglon was the apical tip of the seedlmg and not the

region further back which gc%: derwent bending (Fig.15.2).
2
N - B_

Fig.15.2. Diagram showing the light sensitive region. 1. Light proof cap.
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Various experiments with - at coleoptiles (4 vena sativa) were performed by Boysen-Jensen.
On germination the oat seed produces a hollow cylindrical structure with a conical tip which
encloses the shoot apex and the first foliage leaf (Fig.15.3). This structure is the coleoptile. The
substance is present at the tip of the coleoptile. When the tip is removed, there is no curvature,
but when placed back on the decapitated stump, with a layer of gelatin in between the cut
surfaces, curvature is brought about (Fig.15.4).

Fig.15.3. Longitudinal section of A vena coleoptile. 1. Coleoptile 2 Primary leaf 3. Endosperm
4. Scutellum 5. Shoot apex 6. Mesocotyl 7. Secondary root 8. Coleorhiza 9. Primary root.

This shows that the substancc dlffuses from the t1p and that it is watcr solublc, thus movmg
through the gelatin to the region’ of curvature, When the tip is cut off in the dark and when
the cut tip is placed along one side of the decapitated stump, the side oppOSIte shows curvature,
thus showing that curving is brought about due to uneven dlstnbunon of the growth promoting -
substance; the side of the seedling receiving more grows faster than the oppome side, "eSdlIlf]g
in curvature. (Fig.155).

The substance responsible for cu:vature was isolated in 1928 bya Dutch bota.mst F.W. cht
| He cut off the coleoptiles and placed them on an agar block for one hour. When this. agar block
- was replaced on the stump, curvature occurred, thus showmg that the substance. from the tip:

flows downwards into the agar block (F;g 15.6). '

159



160

v Figd55. Uneven distribution of awdn. 1Decapitated st 'p'i?é’i.,:‘:...
.. %Tip 3Tip placed on one side (opposite side showing curvature) =

g

A8

% - Fig15.4, Awn diffusion 1. Tip 2. Decapitated stump 3. Gelatin’

O
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Fig.15.6. Pictorial representation of an experiment by Went démonstraung the
‘presence of auxin that could diffuse from the culeopule tip into an agar biock
and cause growth and curvature of coleopuk, :

: This techmquc of Went was emp}oycd for extraction an tion of hormones. The
chemical nature of the hormone was identified and namg

" is also called as heteroauxin.. As the auxins. are soluble in

- their extraction is done by solvent method. - SN : ,

IAA isuniversally found in plants and is. &1
found in leaves and other parts of ptants. Tiygtophan is converted to indole pyruvic acid or

1AA.

Tas Indole Acetic Acid (IAA), which
ater, alcohol chlotoform, ether etc o

sizéd from its precursor molecule tryptophan

tlyptoamme, whlch furthcr gives rise to @e acc_tal_dchyde This i is ﬁlrthcr_ oxidized to form _

- Indole aoetomtnle (IAN) isa denvanve of mdole and was ﬁrst cxcracted from cabbage leavcs' '

_ in'1952. In many plants this may be converted Jo IAA. TAA and IAN can also be derived in .

some plants {Cruciferac) from hydrolysis of glycosxdes callcd ascorbigen and glucobassicin,

- IAA appears to be the only naturally accurring auxin in plants. 'Ihg.«_othcrs are synthetic .

. 'auxms Two other auxms are naphthalene acetic amd and 24 dlchlorophcnoxy acetic acid (2 D).

. Check Your Progress -.3.4 & 5 - S e
3. What is coleoptile? - : -
4. Write the full names of IAA & IAN;

5. 'What are the intermediate compounds in the conversion of tryptophan to lAA?
. Nete: (a) Write your answer in the space giVen ‘betow. . '

(b} Compare your answer with the o_ne. given at the end.

R I I I R B R T T T T T T T

R R I I R e R T T PR
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Distribution of auxm m ngher Plants: A survey of the auxins in etiolated oat seedlings

- has shown that greatest qﬁantmes occur in the root and shoot apices and lowest in'the non-
- growing regioris of the plant. The concentrations are of the order of 10g/Kilogram of plant fresh
weight. In plants auxins exist in three different states ie., (1) extractable (2) diffusable and (3}
bound auxing. Auxin content can be measured by the amount ‘of auxin diffusing out of-a cnt
tissue irto an agar ]elly or by extracting with organic solvents.

. Movement of Auxin in Plants: Auxins act<at a distance from their source. Thay move
.in a basipetal direction ie., towards the morphological base and exhibit a distinct polarity.
That basnpetal movement continues against a concentration gradient was shown by experiments

' perfonncd by Went (1928). Transport rate of auxin through hvmg cells was calculated and found
“to be about T0mm per hour. Pol::trltjar plays'a very nnportant role 1n the developmental effects of
duxins .(Fig.15.7).

A 8
B A
Fig.15.7. Polarity of auxin motremeht. * Awn from the apical end (A) to basal end (B). This
~ movement stops when a coleoptile-section js re and inserted with the basal end (B) upper- most.

- The amount of anxin in the ﬁssﬁ_@i € plant must be regulated for the proper functioning
‘as a-growth-controlling substance this is- brought about in various ways ie., (1) auxin may
be bound to a protein and thus jnactivated, (2) férmation of inactive dérivatives by reacting with
other chemicals and (3) can idized by enzymes called IAA oxidases. These enzymes are

found in many tissues and dre thought to be 1mportant in the regulatlon of anxin levels,

Check Your P'rogres's' -8

What is the transport rate of auxm per Y2 an hour _
Note: (a) Write your answet in the space given below.
{b) Compare you_r answr_:r with the one given at the end.

........................................................................................

......................................................................................

L R L I R AL T R R R e L R T T T T T T T

Bioassy of Auxins: The term bioassy is used when the efficacy or strength ofa substance is-
tested with the help of a living material. Oat colewptile curvature test is one of the methods
used for pioassay. of auxins. Aux]m can be separated by chromatogrphy and detected. elther by

i
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'bloassays ef extracts from pieces of the chromatogram by chemical reactions. The chromatographxe' '
procedures are much favoured because bioassays are frequently nonspecific and do not dnstmgmsh '
between TAA and other substances that have auxin or auxm-hke activity.

The hormenal effect on the growth of coleoptlle and root differs. This was shown by Cholodny
He found that when the root tips were cut off, the root continued to grow and when the
- cut tip was placed, it retarded growth. The same cut root tip when placed dn a decapitated
“coleoptile brought about curvature. This shows that the same hormone bring about curvature

of the coleptile whereas it retards the growth of the root. The differential behaviour of stem -
“and root can be explained by assuming that the optimum concentration of hormone for root is
- much-ess ie., about 0.001 mg/t of IAA, whereas ffor shoot growth the reqwremcnt is 1.0 mg/t

- of JAA,
Gradlent of TAA found in plants exert a variety of developmental effects suppresslon of -

lateral buds or shoots to stimulation of shoot or root elongation in different parts of the plant.
“Effects of auxins are many and diverse,

15.4.2. Gibberellins -

Glbberellms strongly promote plant growth, espec:al!y of stems They also have stnkmg effects
on flowering and dormancy and were first discovered by Japanese scientists, The bakanae (mad
plant) disease of rice caused by a fungus Gibberella fujukuroi leading to excessive elongation of
internodes led to the discovery of gibberellins. The plants infected by this fungus grew gigantic
and had a drawn-out and yellowish appearance and were worn-out due to abnormally rapid
growth rate. It was later found that these symptoms were due to the excrétion of certain

substance by the fungus and when this substance was appliedMo uninfected plants the same
- symptoms developed leading to understand that the subst@was diffusable. The active -
material was purified, crystahzed and called gibberellin A@ e genus of the fungus.

 Many gibberellins are known that are named as GAI,-" GAgj and so on (nearly about
50). All have the same basn: structure (F}g 15.8) as _'relllc acx_d ut differ in the nature of .

various sxde chains. _ )
S o &

HO

CH1 -COZH CHy
GA3 -

_Fig.15.8. Glbberell:c Acid. Other gibberellins haVe various snde chains on the san.. u.n:'.leu&

Biosynthesis of such complex molecules is a complex prooess and the synthetic pathway is
linked with those for the production of steroids and terpeno'iﬂs *Active glbberellm synthesis
occurs during germination of certain seeds.

Unlike auxins they move freely within the plant and do not exhlblt any polanty Then effect
is mostly on the increase of growth of intact plant. Genetlcally dwarf plants of maize and"

" soyabeen grow taller into normal plants: The "bolting" in rosetté plants before flowering is due =

to gibberellic acid. GA stimulates the dénovo synthes:s of amylase durmg germmatxon GA does
not have a role in aplcal donnnance _ : -



Check Your Progress - 7 =

What is the causal organism of backanac disease of rice? What is its main symptom?
No’t_{a:_,_ '(a);' Write your answer in the space given below. - IR '
(b) Compare your ansiver with the one given at the end.

L A R R I T K TE T T T T
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. 15.4.3.  Cytokinins.

They are adenosine derivative substances which primarily trigger cell division. They were
discovered in early sixties by F.Skoog and his coworkers at Wisconsin University and named
as kinetin.. Kinetins are degradation products of purines and nucleic-acids. The compound 6-
- furfuryl aminopurine was isolated as a degradation product of animal DNA and named kinetin
because of its activity in inducing cytokinesis. Other adenine derivatives as benzyladenine and -
. urea derivatives behave as kinetins in bringing about cell division and chemicals having the same
‘biological action as kinetin are called as cytokinins. Though many naturally occurring cytokinins
exist only a few have been isolated and identified. @ne of them is zeatin, extracted from corn
endosperm which appears to be widely distr_ibl:l_fed\@ng plants (Fig:15.9). '

_0  | K
: Q_‘ | - )YM
) L
2 3
: '. 'cﬁ,-
: . i
NH=-CH, < CM = _
: ' . CHyomM- .'

... Fig159. Some cytokinins... They aré ‘alt -adeniné deriu_aﬁv'e's. 1. "Kinetin (6-furfury-
. laminopurine) Z'Adcpil_\c 3. 6-benzy laminozurine 4. leatin’s.: Isopentény '_ac_lcnine'."'--'._(:

Besides stimulating cell division (eccurs with-concentrations as low as 5X10-11M) they.mediate
a wide range of responses. They aré not:as-mobile as auxins or gibberellins in plants. - They
- ¢an move in the xyiém from the roots to stems and probably also to leaves and fruits, Kinetin
can bring about root, shoot organisatien in un-organized callus growth in cultured tobacco pith~
tissue in the presence of auxins. They act to release buds from. apical dominance. They can
 alsoprevent.the onset of senescence in aging tissues and cause protein synthesis. Many of the

T



bioassays that have been developed make use of this aspect of their activity. In case of guard -
cells, cytokinins allow more K* .get into them from the neighbouring epidermal ceélls. They also - _
‘antogonise the action of abscissic acid. ' - - '
15.4.4. Inhibitory Chemicals _ _ e
In addition to auxins, gibberellins and cytokinitis there. are numerous chemicals that have

inhibitory actions which are particularly important in the developmental processes such as

“'dormancy, as well as in general growth. Some of them are phenolic acids. Lactones and -
flavonoids (e.g.caffeic acid, coumarin, naringenin etc). Recently discovered and important.
inhibitor is abscisic acid (alternative names are abscisin If and dormin) which can be synthésized’
in leaves and then translocated in the phloem to stem apices. It is also found ini seeds and stems.

. They cause dormancy in seeds and buds. They also cause the fall (abscission) of leaves. They

. inhibit protein synthesis and cause senescence. Inhibitor B is widespread and is a mixture of
substances including phenolic and abscissic acids. S S _

Check Your Progress - 8
What is the subst_ancé that is..rESponsiblé for the abscission of leaves?
Note: (a) Write your answer in the ‘space g;ivén_ below, -

(b} Compare your answer with the one given at the end.

e e T T S
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15.5. SUMMARY A >

Growth is typically a biological probleraand one of the most basic attributes of tiving matter.—
The three important manifestations of gr are (1) increase in size {2) increase in number
of cells and (3) development and differentiation. A typical ‘S’ shaped curve known as sigmoid -
curve is obtained when a graph is plotted between growth and time.  In plants. growth ‘is -
generally restricted to the meristems. Organized-growth and development is due to internal
stimuli generated within the organ of the plant.  The substances that are synthesized at ‘oné
location and translocated to another to bring about various growth manifestations are termed

_ phytohormones. - Phytohormones include auxins, gibberellins and cytokinins. Auxins promiote -

. growth of stem or coleoptile bring about cellé_ elongation in shoots, bring about rooting and
- suppression of lateral buds or shoots (apical dominance) etc. Effects of auxins are many ard -
diverse concerned with movements in plant organs. Gibberellins strongly promote plant growth.
Though initially discovered in a fungus Gibberella fujikuroi, they aré now extracted from mahy.
plants. They are concerned with breaking up of dormancy and cause flowering in biennial plants. -

- Cytokinins are adenine derivative substances which primarily trigger cell division, They can also
prevent the onset of senescence. I S - : o

15.6. 'CHECK YOUR PROGRESS : MODEL ANSWERS

1. The growth curve shows that initially the rate of'groﬁﬂi_is slaw ahd it represents the phase. -
of cell division or lag phase. B - .

2. Sach’s grand period of growth is the: exponential phase of growth which gepresents the .
maximum velocity of growth. . o - S
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On gcrmmat:on the seed produocs a holtow cyhndrlcal structure with a conical top It encloses
the shoot apex and first foliage leaf. Thls structure is called coleoptile.

\Indole Acetic Acid; Indoie Ac_etpmtnlc.
Indolepyruvic acid and Indole Acetaldehyde.
The transport rate of auxin per 1/2 hour is Smm. -

The bakanac disease of rice is cause by a fungus. - Gibberella ﬁjjIkHIOI The. symptom of
* the disease is the excessive elongation of mtermodes .

tn

Abscisic Ac;d _ S H

\\,“-", te

15.7. MODEL EXAMINATION QUES’I‘IONS

I. Answer the following in 30 iines each.. : o y

1. What are growth curves? Explain the use.of them.

2. Explain the different parts of sigmoid growth curve,

3. How is the growth rate in maize plant determined in terms of fregh weight and height? -
4

What are anxins? How do they control growth in plants?

" II. Answer the following in 10 lines each.

AN o S

166,

Explain the kinetics of growth. _
. How do you differentiate between g‘,@_and differentiation?
Explain apical dominance and ii?@l cance?.

What is the role of gibbcrgz ihgrowth of the plants?. )
What is a bioassay? t 1\t used for? Explaln it in rclatlon to au)ﬂns"
What is the role of c ins in plants? )




UNIT-16: ROLE OF GROWTH

REGULATORS

" Contents ¥

.16.1. Objectives <
16.2. Introduction -~ % _ _ . :
16.3. Role of Hormones in Agriculture - _ i
163.1.  Rooting : '
1632, Weedicies
1633.  Apical Dominance
16.34. Breaking of Dormancy
163.5. " Interaction Between Vegetative and Reproductive Activities
16.3:6. Flower and Frujf Formation '
16.3.7. - Abscission
16.38. Parthenccarpy . o .
: 1639. Sced Germination D _ D
16.4. Role of Growth Retardants - o ' _
~ 16.5. Role of Hormones in Dormancy L . B
16.6. Role of Hormones in senescence ' : -
16.7. Role of Hormones in Growth Movements
16:7.1.  Geotropism -
- 16.7.2.  Phototropism

16.8. Summary _ 0
16.9. Check Your Progress : Model Answers : \
16.10.Model Examination Questions o O .
16.1. OBJECTIVES = ?“

By the end of this it you wilf be able %%‘
describe the role of natural and syntheti¢’auxins in the growth of plants,

B R S

list out and describe the practical uses of auxins; _
reaogﬁi_ze the important compounds which retard the growth of plants,
describe the role of growth hormones on dcirﬂiancy of seeds and _seriescencc ot leaves, and
- describe the effect of hormones on geotropism and pho}gtropism. h
16.2. INTRODUCTION & (ANNE )

Growth regulators are organie substances which in minute'quantities either promote, inhibit
or modify growth. Hormones are regulators which are produced in minute quantities as a result

~ of metabolism and migrate from the place of production to the place of action and reguiate the. B
physiological process. Growth hormones are of various kinds, generaily referred to under the -
term phytohormones. The action of these phytohormones in plant growth and development are -

varied and are listed in Table - 1.

- The control of.the growth process cannot be attributed to the '.activi'ty_of a single hormone
but is a result of the interaction of various phytchormones. ' '
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'16.3. ROLE-OF HORMONES IN AGRICULTURE

- -Numerous developmental responses of plants are under auxin control. Some of these responses.
can also be produced by the use of auxin pfeparations which may be applied from the outside
as'growth_regulators. These are the synthetic auxins. ’Iﬁough-synthetic auxins do not possess

~.a wide range of activity as'IAA they do show. their effects on growth and development of a _
plant similar to natural auxins. Many do not show polar transport and differ from the natural
auxins, They also differ in being resistant to enzymic attack and may persist for several weeks
after application. This character of synthetic auxins js of value in agriculture and. horticulture.
They are regarded as second in importance, as agricultural chemicals, only to the fertilizers. . -
4, COOH e
OCHZ _ OCH, COOH.

S R1:eg.CH3'

- - Ryzeg Na-
~ Fig16.1 Synthetic chemicats with auin actiyity. 1. 24-D: 2. 2 napthotracstic acid 3. NAA 4, MCPA - .+
5. phenylaceic. acid. . 236-trichloroberizoic acid. 7. Dithio carbamates (they have O instead of S)

Some of the synthetic auxins recognized after the identification of natural. auxins LIAA are -
the substituted indoles - indolepropionic acid and.indole't'_)_utyric atid; I-naphthalene acetic acid .
(NAA), 2-naphthooxyacetic- acid, phenylacetic acid and various chlorinated phenoxyacetic and L
- benzoic acids. Certain dithiocarbamates also have auxin-like properties. =~ . .0

© e



Synthetic: auxins are most commonly applied in weed control as selective herbicides. The
selective and tofic action of these chemicals was first noted in the case of naphthalene acetic acid
and later in the methyl-chlorophenoxyacenc acid (MCPA) and 2,4 dichlorophenoxyacetic acid
(2,4-D). These chemicals have lethal effect on the dicotyledonous weeds, while the monocotyle-
donous cereal crops are unaffected. Thus, the benefits deriving from the use of these herbicides
in agriculture are substantial (increasing crop vield). : :

The synthetic auxins have many other lmportant practical uses. For e .2 in orchards, NAA
‘and 2,4-D are employed in increase fruit set and fruit size. They are also used to prevent pre--
* harvest drop (in apples and: pears), to thin out surplus fruit by inducing fruit drop, so that fewer.
~ and sturdier fruits are’ obtmnedhand also as defoliants in agriciiture. Rooting is also-promoted
by certain synthetic auxins. The following are the practical uses of hormones.
o

i

'16.3.1. Rooting

~ stem cuttings when appliéd at the base with auxins, promote root formation. generally IAA
is used for root initiation. It has commercial application in the propagation of economically
important plants.

16.3.2.  Weedicides

2, 4-D and related compounds are used as selective weed killers. It is of very great value to
the farmers, wherem they can eradicate the weeds growing amidst-their crop by spravmg with 2,
4-D, '

16.3.3 Apical D'Om.ihance

In many kinds of plants the terminal bud tb} mmant, inhibiting the growth of lateral
buds. This phenomenon called bud 1:1111b1tu:un€l monstrated’ strikingly in the potato tuber. If
the, whole potato is planted, only the te Gster of buds develop.into sprouts;-whereas if
the tuber is cut into several pieces, ail of ¢ develop into sprouts. This phenomenon is known
as apical dominance and is due to “@ﬂﬁence of auxin which is' produccd in the apical bud
and transported downwards. In tj}t: iad stems, the development of branches is related to this
apical-dominance. So long as rminal bud is present the lateral buds rémain inactive, but
when the terminal bud is removed’the lateral buds grow rapidly. THis is the principle mvolvcd
in getting the bushy growth in hedge plants on ‘pruning’ by the gardener

18. 3.4 Breakmg of Dormancy.
" By spraying glbberellms the dormancy of buds is broken and allowed to sprout

16.3.5 Interaction Between Vegetatwe and Reproductwe Activities

In many plants, appearance of flowers and development of fruits exert an inhibiting effect on
the vegetative growth of the plant. If flowers are picked as soon as they- open, this inhibiting
- effect does not occar. . According to some physiologists, the development of the reproductive
: shructures initiates the productlon of inhibitory hormones w}uch retard végetative growth.

16,3.0 Flower and Fruit Formation

The ﬂowermg of plants appears to be rétated to hormone actmty Information eoncernmg
this is meagre, since it has not beén possnble to isolate chemically a flower inducing hormane.

In crops where flowers are not needed, the formation cari'be checked by spraying chlorophe-
noxypropionic acid. By spraying 2,4-1} the early fall of fruits can be ehecked This can also be
induced by spraymg auxins to get.a larger size of fruits.



"13 3.7. Abscission

. . Abscission of lcavcs, ﬂowers and frults was in the past controllcd by auxms. The absmsmon of
- leaves or fruits is due to the decrease of auxin supply in them, then compared to the stem. When -
" TAA concentration in a leaf or a fruit i is higher than in the stem, abs¢ission normally does: not -
occur, and this is 5o when they are growing. But, when matured, the IAA concentration decréases
and abscission occurs. This decrease in the auxin level in these cases is usually aocompamed by
. an increase in the Ievels of absmss:c acid.

" Fruit growcrs make practical use of these rclatxonslups I1-spring, they spray auxins on stems
which mcreas/ethe/hormonc concentration of stems thus resulting in premature abscission of
fruits and a’ cor}seﬁuent thinking of the fruits. The fewer remaining fruits become-larger in size. :
" Later in the year, auxins-are sprayed on fnnts to delay absclssmn and permit longer’ tree-npenmg_ o
of the frults. . ) '

16.3.8. Parthenocarpy'

- The development of fruits from the ovaries of flowers and possibly, also the ripening of -
ovules into makuire seeds after fertilization are controlled, in part, by auxins.  This was first
- shown in 1910 when the water extract of orchid pollen grains were applied to the orchid ovaries, .
they developed intoe fruits which had. no seeds, because. there was no fertilization of the ovules.
" The ovary-thus developed into a parthenocarpic. fruit. Further studies have shown that auxins
and related growthsubstanccswhcn applied to the ovaries of flowers, cause the development of
seedless fruits. This technique is of commercial valug for thc large-ﬂ:ale productlon of seedless
 fruits, for e g seedless grapes lemans oranges etc.

16.3.9. Seed germmatmn

Cytokinins and gibberellic ‘acid. help in the germin @ of tobacco and lettuce seeds, 'Ihey N
also check ‘the- apical dommancc and activate the ?z\lo ent of lateral buds. " .

Thus, auxins wh1ch were of an dcademic curiasityfor Da}rmn havc now become an cstabhshed
practice in applied botany. _ {?i S . o

Check Your Progress -1, 2 and 3@ '

L What is aplcal donunancc‘-’ What is the substance responsfble for lt'? _
2. The dormancy of seeds can be broken by spraying
3, The root formation is promoted from stem cutting by__

' Note' (a) Write your answer in the space given below.
(b) Compare your answer with the one glven at. the erd.

------------
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16.4. ROLE OF GRQ__WTE _’ii_léi-frARDANTs -

Chemlcals which impede the action of auxins are antiauxins for e.g. maleic hydrazade It

' ihduces branc]ung or reduces growth. It prevents bud growth in.potatoes.

fany antiauxins are chemically similar to auxins but are deficient in the correct 1ing structure
and side chain for e.g. 2, 6- dichlorophenoxyacetic acid, 2, 4 dichloroanisole etc.

L‘hemlcally ethylene is unlike the auxin, and has many important effects on plants. *This
includes the pmmotlon of leaf abscission and breaking of bud and seed dormancy in the form

.of ethylene chlorohydrin. 1t is a natural product produced in leaves inducing. senescenoe and in
~ fruits affect the ripening process unhke__ the other antiavxins. S

i H
A

e
b

Flg 162 Antlauxms. 1.2, &dlchlerophenoxyaceucacld 2; 4- chlorophe-
noxy isobutyric acid, 3: 24—dlchloroanlsole 4. Malelc hydrazide. '

Certain chemicals snch as Phosphon AMO and CCC (chloro cholme chlonde chlonde)
are used in: the horticultural industry as. growth retardénts. They act as antigibbereilins when -'

“applied to, pIants, and interfere with the biosynthesis of gibberellins.’ Their action is prevented '

by the addition of gibberellins. Embryos of barley and wild oats fail to synthesize glbberelhns
in the preserice of CCC. Otherwise, they grow.and metabolise normally. In: ‘Tecent years, these:

_substances -are nsed to- study the roles of endogenous gibberellins. -

‘472

All the above mentloned substarnices are frequently used in both the practical aspects of growth
control and for investigations into the mechamsms of plant growth.



Check Your Progress - 4
'Define antiauxins with one example.
Note: {(a) Write the answer in the spate given below.

-(b) Cdm‘_pare your answer with the one given at the end.

R R T e N R R R R R T I T S T U,
L R T T T T T T T T
..................................................................................

......................................................................................

16.5. ROLE OF HOROMONES IN DORMANCY |

- Dormancy is extremely important to the plant as it provides a means of §ufviv_al and is a
defense mechanism against winter frost or summer drought. In all plants thére.is'a period of
dormancy and this phase is passed through as seeds. In most cases the growth of ‘dormant’
organs is resumed upon reabsorption of water at a suitable physiological témperature, and with
“adequate air supply. But some seeds and buds fail to grow. This state of the tissue or organ
(which will not resume growth at normal conditions) is defined as dormancy. This shows that
some special ‘trigger’ is required to release the organ from it dormancy. C : '

What causes a shoot_ap'éx- to stop growing and form a dor yud, or a seed to de\felop_ has

to. be understood. In many cases, environmental factorgStich as the temperature and-the day
length (photo-period), might be responsible for causing ancy. However, it may be said that

dormancy is maintained by some internal control m@?mism,' The maintenance and breaking of
_dormancy depend on an interaction between the en 'rbnmcnt and the plant. The best known
internal mechanism for maintaining dormancy Qﬁibitors‘.lnhibitors-_a’re found in many dormant -
‘tissues such as potate buds, ash buds, variety of seeds etc. Some of these inhibitors found in
many seeds are ammonia, cyanide, .couma . abscisic acid and many unidentified chemicals.

The most important factor in inducing dormancy appearé to be photoperidd;: Though the
photoperiod is perceived by leaves, the apex and the buds are the responding parts. This shows
.that the leaves are indugcd to make an inhubitory substandge that is transtocated to the ;bud_s. :

The inhibitory substances have been separated chromatographically from the leaves of the
trees such as Acer (maple) that were exposed to short days. These substances inhibit the growth -
of test-plants. This inhibition can be overcome by the piant through. exposure to long days, or
application of gibberellic acid. - S ' ) T

P.F.Wareing and his colleagues found that the extracts of |eaves of ‘Betula pubescence kept :
on short days inhibited the elongation of Avena coleoptiles and in ‘1963 were ablé to isolage :
a substance having physiological properties of the dormancy- inducing inhibitor, which. théy /
<alled dormin. At the same time F.T.Addicott and his workefs isolated a senescence- inducing 1
sabstance, abscisin IL The two compounds were found to have the same structure and are now
called abscisic acid (ABA). _ T - _

ABA is known to occur in many parts of the plants of varying types. - It is present in
dormant tissue or in tissues entering dormancy. Its concentration decreases in tissues treated .
for the breaking of the dormancy. ABA application induces various symptoms of dormancy and
senescence. The effects of ABA are: B - : ]
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) Induction of dormancy
2) 'Main'temance of dormancy'
3) Inhibition: of germination L _
4) | Inhlbrtron of glbberelhc ac1d - mduced enzyme synthesrs in seeds
5) - Inhibition of ﬂowermg o
'6) . Abostion of buds
7) - Abortion of fruits
- 8) Senescence of leaves "
19)  Acceleration of abscission _
10) Formation of terminal.buds on _shOOts'.__
1)’ 'Formation of 'buds scales S
1-_2)- Reductron of cell division : _ _
. 11)'-' | Inductron of brochemlcal charges leadmg to senescence and leaf absc1551on
“In addmon ABA appears to be a general 1nh1b1tor of growth

" For. many seeds, a low temperature treatment is essential for gemunatfon Thrs reuurrement E
s artrﬁclally done by the process of stratification. In this process the seeds are layered In trays in
cold moist air for a period of up to several weeks or inonths. Temperature between 0 and- 1°c oo
,are most effectwe The low temperature treatmen@ears to be ‘necessary for the breakdown

Pf ABA present in the. seeds. It is also necesmfo e activation of g;bberelhn synthesrs '

i .
5 In some seeds seed coat is involved in'd ricy and removal of this seed coat: helps seed :

germmatron T

nght also plays an lmportant 2 in ‘the breaking of dormancy and stlmulatmg seeds to-
germinate. This. is shown with respee to tobacco and lettuce seeds. ‘Red flight-is most effectwe_
and the’ period of dally expos f seeds to Ilght varies for breakmg seed’ dormancy '

In both seeds and buds, hght is essential not only for breaking dormancy alung with low )
_ temperature but also for the onset of dormancy Thus the mechamsm of. dormancy in these
- organs appears to be sumlar . : :

Check Yom‘ Progress - 5.- :

Define dormancy _
,Note. (a) erte your answer in the space gwen below

~(b) Compare your answer wrth the one given at the end.

....................

.._.........!_.._-.._....-..'................................_..................‘.‘....;....'.

...........,..............._..-_._..-........._..................-..........-.'..._.'.- .............

174



16.6. ROLE OF HORMONES IN SENESCENCE

It is easy to follow senescence in leaves which results in the destruction of chlorophyll. Prior
to the destruction, yellowing occurs followed by ether symptoms such as wilting, and shrivelling.
Biochemical analysis of the leaves reaching the end of mature life show that proteins breakdown
_ In aminoacids accompanied by nucleic acid degradation. Metabolic processes such as resp;rahon
and photosynthesis decline.

Leaf abscission ‘is due to senescence. Application of hormones to plant tissues markedly
affect senescence and thus hormones may be, likely, involved in senescence. Abscisic acid which
can promote abscision has been isolated from plant tissues, Leaves treated with kinetin lose their
chiorophyll and proteins at a much slowsr rate and thus the feaves remain green for long-periods.
This property has been used commercmlly to prolong the storage life of green vegetables

~ Application of gibberellins and auxins to leaves aiso inhibits their senescer:ce in some species
which may be due to the ability of these chemicals to stimulate synthesis of certain proteins.

Like any other growth phenomenon senescence 1s caused and controled by the complex
interaction of many factors both external and internal.

16.7. GROWTH MOVEMENT

Plants may react.by growth movement to directional stimuli, particularly light and gravity.
These movements-are irreversible changes resulting from growthiand are related to the direc-
tion of stimulus. Such movements are termed tropic movements! Tropic movements of plant
organs are always directive i.e., the direction of moveméntS\determined by the direction from
which the stimulus is applied arid organs move other towards the source of stimulus or away
from it. They include geotropism (response to gravitP)sphototropism(response to light), thig-
motropism(response to touch) and hydrotropism(response to guster) The best.understood are
phototropism and geotropism and these move@fm are under the” control of auxms '

16.7.1. Geotropism Q)

The movement of plant organs in response to the force of gravity is calted geotropism. The
primary roots grow into the soil along the line of gravity and they are positively geotropic,
whereas stems grow away from the centre of gravity and are known as negatively geotropic. The
secondary roots, branches and the Jeaves of the stem are placed horizentally or obliquely. and
are described as plageotropic or diageotropic respectively, according to the direction. The lateral
roots are not sensitive to gravity and they are ageotropic. Gravity is not percgived throughout
the whole plant and the perceptive region appears to be the root cap. This"is so because if
- the root caps are removed there is no geotropic response Geotroplsm can be demonstrated
- experimentally by using a Klinostat. :

Response to gravity 15 mductlve and can be separated. in\'time. This shows that two separate
processes are involved i.e., perception and reaction. According to certain physiologists statoliths -
' _(small bodies of high specific gravity) perceive the gravity. :

As we have seen earlier (unit-15), the unjlateral illumination of a.growmg stem reduces the
auxin effect on the side facing the light source. So, this makes the cells on the opposite side to
elongate moré extensively and then the stent curves towards the light. Thus the Tesult is positive
phototroplsm of stems.. How can the negative phototroplsm of roots be explained? o

It has been experlmentally found by F.Went and N. Cholodny, that JAA concentrathn required _
for stem ‘growth is very much higher whén compared to the concentration required for root
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growth. TAA eoncentranon which stimulate root growth is'so low that it does not promote stem -
growth. For e.g. if a stem-root system(in water) is illaminated from one side, the stem tip will
- curve towards light, whereas any auxin diffusing into the root on the side away from light will be
mfﬁcrently concentrated to inhibit root-elongation on that side. So, the side facing the light will
grow faster and the root t1p curve away from the light snmulus, henoe the negative phototmplsrn
of. roots '

- .Fig. 16.3. Diagréms showing 'regi:se of sl_';_ern and root to sunlight. 1. Stem’ (Auxin

- diffuses down) 2. Root (Auxr es up). 3. Auxin active on this side. 4. Auxin inhibited
I on this-side. 5. Awiin stiffajates on this side, 6. Auxin inhibits on this side. 7. Sl.em growth
<" faster on this side. 8_. R owth faster on this side. N

The negatlve geotroplsm of stems and the posmve geotroplsm of 1oots ean\ye explained by
migration of ‘auxin under the influence’ of gravity. If a plant is placed horizontally the stem tip
grows upward, whereas the root tip grows downward. This respense takes place even in the dark -

- and thus shows that it is gravity - dependent and not light- dependent In a horizontal. plant
2/3rd of the auxin in a shoot tip is present on the lower side of this tip. As the auxin moves back.
to cells which are capable of elongation, most of it therefore reaches the cells located on the

" lower side of the stem and thus these cells elongate smore than the cells on the upper side and
the stem tip curves upward as a result. The'lower side of the root cells which receive the auxin,
inhibits the growth of those cells on that side and thus the cells on the upper side elongate more
rapidly. Therefore the root tip curves.downward in the direction of the centre of the earth.

EVldence suppoits this mechariism for shoots. In rots, root caps have been found te be‘: '
- the source of growth-inhibiting substance i.€., abscisic acid. It is beheved that geotroplc growth .
stunulus is mediated by the assymmetric productlon of ABA.

Leopold and his colleagues have demonstrated that auxins are transported laterally under-
the influence of a gravitational field in corn coleoptiles. Accordmg to Juniper stateliths may be
responsrble for lateral redlstrlbutlon ofhormones e PR i
.
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Check YourProgress -6 : A—

What is meant by geotropism? - B .
~Note: (a) Write your answer in the space gmen beiow. .
(b) Compare your answer with the one given at thc end.
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16.7.2. Phototroplsm

The undcrstandmg of the mechanism of phototroplc reaction goes back to Went’s expcnments
leading to the discovery of auxin (Unit-19). The movement of piant organs as determined
- by the diréction of incidence of rays is called "Phototropism”. The stems grow towards the
source of light and are known as posmvely phototrophic. The leaves and stem bend towards the

light and are known as tranversely phototropic or diaphototrophic. Phototroplsm can be easily

demonstrated by using a phomtrophlc chamber. .
It is suggested that the pl;lototrophlc response of leafy shob@due to unequal synthcsis_ and

€Xpo. . of auxin. Qew _ _
. The work of Leopold suggests that cotyledon: ty for phototrophic response.
Recent experiments in Holiand by J. Bruisma sho‘j\{‘mt the cotyledons produce an inhibitory

substanoe _ )

- Growtn

010 w0? .t 107
Approximate [AA concentrmmn -M-

Fig. 164 Erfect of dmfercnt eonccntrauons of IAA on root growth and shoo( gruwth

—
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" Though most of the tropisms exhibited by plants is due to changes in awdin distribution anid -
differential effects of auxin concentrations.on different_plant parts, in most cases, however it is
still not quite clear how the external stimutus actually elicits particular auxin activation. '

Untike growth movements, turgor movements are initiated largely by external stimuli. They are '_
‘rapid and are transient and repeatable. Here again auxins appear to be the chief controlling agents.
‘Turgor movements include, guard cell movements, contact movements- and sleep movements.
. These different movements come under the genéral name fastic movements. i :

* Growth may not be a continuous and simple bl__;t.i'nvolvcs a series of"é'ompl_ex discrete sl_;epé..
Check Your P'ro'grc_sss -7 e

- Define phototropism. o o
' Note: (a) Write your answer in the space given below.
" (b) Compare your answer.with the on¢ given at the end.
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..............................................

-------------------------------------

165. SUMMARY /) '
— — __ < —
‘Growth regulators are or. 1S, bstances. They are produced in minute quantities and migrate

- from the place of production to'the place of action. Regulators which promote, inhibit, or modify
growth are growth regulators or growth hormones. These growth hormones are of various
* kinds (auxins, gibberellins, cytokinins) and are generally termed phytohormones. Phytchormones
~ show varied effects on growth and development of plants. Activity of synthetic auxins are similar
to natural auxins, However, they differ from natural auxins in not showing polar transport, being
© resistant to enzymes and in their persistence. As such, synthetic auxins are of value i agriculture.

and horticulture. Examples of synthetic awxins are indole propionic acid, indolebutyric acid, 1-

napthalene acetic acid (NAA), 2-napthooxyacetic acid, phenylacetic acid and various chlorinated ;

phenoxyacetic and benzoi¢ acids. Mostly they are used as selective herbicides in weed control[2,

-4-Dichloro phenoxy acetic acid (2, 4-D); methylchlora phenoxyacetic acid(MCPA)]. In addition

‘they are also used for fruit sétting, fruit drop, to promote rooting, .as defoliants, in breaking

dormancy in seed germination and also in obtaining seedless fruits. There are other chemicals.

" which impede the action of auxins. These are referred to as antiauxins-e.g. Maleic hydride.
"In addition to phytohormones, inhibitory substances are also produced within plants. For e.g.
the dorman_cy_-induc'ing inhibitor dormin;.the senescence-inducing substaice-abscisin II (They.
-are now renamed as Abscisic acid -ABA). Auxins are also responsible for the various growth -

- movements.  These growth movements are jrreversible changes brought about by growth in
relation to the directional stimuli and are known as tropic movements. They particularly,
include phototropism(directional- gﬁmulus-_light) and geotropism (directional stimulus-gravity).

Other movements which come under the general name , nastic movements, include guard cell

-movements,contact movements and sleep movements. s
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16.9. CHECK YOUR PROGRESS : MODEL ANSWERS

1. In several plants the terminal bud is dominant and it inhibits the growth of other lateral
buds as long as it is present. This phenomenon is called apical dominance. The substance
responsible for apical dommanoc Is auxin. :

oA W

Gibberellins
Indole Acetic Acid (IAA)
Antiauxins are the chemicals that impede the action of auxins.

temperatpre. But some cannot develop. This state of tissue or seeds is called dormancy. -

6.. The movement of the plant organs to grawty is called geotropism.

7. The movement of plant organs_ in response to sunllght is calle_d photb_ttépism.

°16.10. MODEL EXAMINATION QUESTIONS

L Answer the _followixig questions in 30 lines each

2. Briefly describe the role of -'horﬁlones in senescence.

3

Give an ‘account of synchetic auxins. . o (S

4. Write 2 brief account of practlcal uses of horomones.

Most of the seeds and buds germinate after absorbmg water at a suitable’ physmloglcal _

1. What aré-tropic mé_wements? Explain the.role of auxins in phototropism and: geotropism.
2. Explain 'gcotropi'sni and phototropism. Describe thc'r\u\’(}icrlying mechanism. |
" 3. What is seed dormancy ? What are its causes hat“methods are used to break it ?
4. Define dormancy? What are the methods used eak seed dormancy :
5. .Describe the physiological significance of a%?sion ? '
II. Answer the following questions in 10 lines each
1. Give 2 bm:f account of phototr
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‘'UNIT-17: PHYSIOLOGY OF FLOWERING
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17.1. OBJECTIVES . ‘?‘ .

@ﬂ"@-&»f-

o

Aftcr going through this % ' will be able to:

define photopenodisrn,

recognise the diffesent groups of plants clasmﬁed on thc basis of the length of photopenod
requirements, -

~ describe and differentiate between long day plants, short day plants, day neutral plants, _

plants promoted by long days and short days, long-short day plants, and short-long day
plants,

recognise. the number of photoinductive cycles necessary for the flower initiation in plants,
recognise the site of photomductlve perceptlon in plants,
describe the process of _translocathn of sumu!us,

describe the role of different hormones in flower initiation,

recognise the two different states of photochrome and also descnbe its role in flower
initiation, and

define vernalisation and also describe- the effect of vernalisation on plants.

17 .-2.

INTRODUCTION :

The initiation of ﬂoral prlmordla is a.major event in the llfe cycle of a plant It is bccause
it involves a transition from vegetative phase to reproductive phase. The plant passes through
several phases of development before the flower primordia are produced. The plant must
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complete a period of vegetative growth or attain certain minimal leaf number before the flower
.primordia are initiated. This condition of the plant is said to be ripe-to-flower condition. This.
condition of the plant is generally achieved after producing several leaves. The fruiting trees
- réquire several years to attain this condition whereas the annual herbs flower in a few months
only. Some cereal grasses have to develop seven leaves before they attain the ripe-to-flower
condition. The Japanese morning glory (Pharbitis nif) attain the ripeness to flower with a day
after the- cotyledons have emerged. Some of the processes involved in the fiower primordia
~ initiation are given below. - o . - R '

_Veg.et'ativc' grﬂwﬂl

R‘_ipeness- to ﬁoﬁf_er

Peroept;;-l;n of envitonmental fac_gors
. Aifcrcd me.tabplism

Formation of flower stimulus

-Translocation of flower stimulus to shoot apex

Transformation of vcgctativé@t apex to
" yeproductive shoot apex O : g

-

 Initiation of flower @mor_dia
‘Development -ogﬂ'ower buds and flowers

1t is found that two environmental factors are responsible for flowering. They are )
Periodicity of light (photoperiodism) and (2) Temperature {vernalisation).

17.3. PHOTOPERIODISM

Photoperiodism is defined as the response of a plant to the relative lengths-of light and dark
~ periods. The significance of light in flowering was rccognised.only after the work of Garner and
Adlard (1915-1920). They observed that the common widely grown variety of tobacco- Maryland
~Narrowleaf, flowered during the summer, A mutarit developed from these plants had grown
much taller and produced very large leaves. This mutant was named as Maryland Mammooth.
This mutant did not flower in the summer along with Maryland Narrowleaf. It flowered only in.
winter. This observation made them to study the flowering behaviour of Maryland Mammoth.-
and other plants. After thorough investigation, they found that the length of the light and dark
period are responsible for the flowering of plants. These two scientists have recognised 3 groups |
of plants on the basis of the length of the photoperiod requirements of the plants. They are: 1) -
Long day plants, 2) Short day plants and 3) Day-Neutral plants S

. The later workers have added few more -groups to the original 3. groups of Garner and -
Allard. They are: (4) Plants promoted by long days, (5} Plants premoted by short days, (6)

Long-short day plants and (7) Shokt-long-day plants.
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of perception to the site of flowering. It is found experimentally that the stimulus moves through

‘phioem beth upwards and downwards independent of photosynthates

16 80 ouvecycle 151 90 16: BO : . - 16, B2
s : ; A

Y ' (B i 1] th iFy

Fig.17.1. Response of Xanthium to photoperiod (After Naylor, 1952)

The experiments showed that the stimulus travels at the rate of 20mm/h in Pharbitis nil, a
short day plant. It is alse observed that the stim us\movés at the rate of 500 mm/h in long day
plants. These rates are comparatlve1y slower than velocity of photosynthates which trave} at
the rate of 1500 mmﬂlour ' :

7
4

17.4. ROLE OF HORMONES\IN FLOWER INITIATION

The translocation_ of stimuus from the leaves to the site of flower initiation indicates that
it is in the form of chemical. flower inducing chemical or hormone is named as florigen

"by Russian Scientist, Chailkahyan{1937). This fact is also supported by grafting experiments

with Maryland Mammoth a short day plant and Hyoscyamus niger, a long day plant. When the
grafted plants are exposed to either long day or short day conditions both the partners flowered.
This indicates that the flowering stimulus is translocated from one plant-to the other if there is a

graft union, If the graft union is not formed the flowering hormone is not transiocated from one’
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plant to the other. This also shiows that the flowering hormone is similar in all photopenodlc
classes of plants.

After the experiments of Chailkahyan {1937) several investigators have showed that indole
acetic acid (IAA) induced flowering in some plants. Some scientists have also indicated that the
other growth substances-gibberellins, cytokinins, abscisic acid, cthylene also pal’t]C!pated in the
flower initiation under certain conditions, :

Among the above mentioned hormones the gibberellins have spectacular effect on flower
initiation in long day ptants under short day conditions. But they have no role on short day. -
plants under long day conditions. This shows that the gibberellins are not florigen because it is.
mentioned earlier that the flowering hormone is similar in all photoperiodic classes of plants.

Chailkahyan has modified his theory slightly to explain the effect of gibberellins on tong day-
plants. He proposed that florigen consists of two hormones - gibberellin and anthesin. “He
suggested: that long day plants produce anthesin under any condition.- So when gibberellin is -
supplied flowering occurs. But short day plants produce gibberellin under any day length and
anthcsm only under short day conchtmns As anthesin is not formed in short day plants can



not be induced to flower under long day conditions. He also added that the day neutral plants
produce both the hormones under any day lengths. This explanation is based on the exlstcnce'
of a hypothetical substance calied anthesin. No such compound is isolated so far.

Gifford and Jenson discovered that the florigen alters the kinds of mRNA synthesized in the
plants. This alteration changes the snzyme complex of meristems and leads to thc formatlon of
ﬂorai primordia.

Check Your Progréss - 3
What is florigen?’ - o
Note: -(a) Write your anéwar in the ;paée given bciow.

(b) Compare your answer with the one given at the end.

-----------------------------------------------------------------------------------

17.5. ROLE OF PHYTOCHROME IN FLOWER INITIATION

1t is still assumed that the flowering stimulus, ﬂorigc@esponsiblc for the initiation of ficral
primordia. 1t is supposed that the release of this ﬂorlgen pendent upon a blue photoreceptor
~ pigment called phytochrome. The phytochrome\i proteinaceous in nature. Till now the
phytochrome is reported from red algae, dcsm% bryophytes,gymnosperms and ahgiosperms. in

angiosperms, the phytochrome is detected i s, coleoptiles, hypocotyls, stems, cotyledons,
petioles, leaf blades, vegetative buds, floral tisstes, seeds etc. in _Iow concentrations. - Borthwick
" and Hendricks suggestéd that the phyt e occurs in two forms: :

1. The red 'absorbing' P(60(Pr) antl
2. The far-red absorbmg P-;-;S(Pfr)

660 and 735 are the wave lengths (660 nm and 735 nm) of red and ‘far red respectwely The -
" two forms are photochemically mtcrconvcrtlhlc as follows:

%onm \ |
Pr - Pir
N 735nm p
N A - o g
SN S : L
™ _Reversion .~
i Dark

Fig. 172 Intcrt,onvcr'smn of phytochrome pholochemically.

. This shows that Pf is rapidly convertcd to P by far red hght zmd"Pr is rapidly convertedto
Pfr in red light. They also suggested that the Pﬁ, form is also cOnvcrtcd to P, fofrn in darkncsa
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Recent studies have suggested that there are several intermediates in the conversion of P to Pfr

_or Py, to P, and the biologically active Pfr ‘forms a complex with another compound (X) to form

complex This compound is responsible for the physiological response of the plaht. The X
may be ATP, NAD or some other metabolite. The effect of phytochrome on the ﬂow::rmg of
short day and long day plants is imagines as given below.

Short day plants: In short day plants, the dominance of P promotcs ﬂowcrmg. During Iong
day conditions the concentration of Py, is high and the: ratlo of Pg to P is such that the

. formation of flower stimulus is prevented. During the short day condmons (Iong dark periods)

the concentration of Pg,. is high and the ratio of P¢. and P, is such that the flower stimulus is
induced. If the dark period is interrupted by red light Pr is converted Pfr and the ratio of these
two is such that the formation of flower stimulus is prevented.

Long day plants: In long day pla_nts the dominance of Pg promotes ﬂowerlng. During long
day conditions the concentration of Py, is high and the ratio of Pg to Pr is such that the flower
stimulus is induced. During short day conditions, the concentrdtlon of Pg, to P, concentration

is such that the flower mltlatlon is prevented.

Check Your Prog_reks - 4

: _Wha( are the two states of phytochrome that plays a vital role in the release of tlorigen?

Note: {a) Write youi' answer in the space given below.
(b) Compare your answer with the one given at the end.

17.6. VERNALISATON

Before ﬂowei'ing many plants require a period of cold treatment. Many cereals rcqnifc this
cold treatment and wheat is a very good example. Some of the varieties of wheat are called
spring wheat. These are usually planted in the spring and they flower in the same season.

Some varieties which aré known as winter wheat should be planted only in the fall. These -
plants flower and fruit after winter. The cold temperatures of winter are essential for winter
wheat. Without this cold treatment these plants had not flowered or the flowering was reduced.
The Russian geneticist T.D. Lysenko has found that artificial coid treatment of winter wheat
seeds would permit them to behave like spring wheat when planted in the spring. This process of
the conversion of winter varieties to the summer varieties by cold treatment is called vernalisation.

In severat plants such as Secale cerealethe exposure of seeds to cold treatment will be

sufficient. Hyoscyarmus niger has to be vernalised when the plant is 10 days oid. In some pldmb
vernalisation-can be effected only after some vegetative growth has taken place.

It has been observed that mainly the stem apex is the region which perceives the effect of
verpalisation. There are some exceptions tu this. For example Wellensick (1961-62) has succeeded

-in vernalising the leaves and roots of Lunaria bienpis. In some plants such as Hyoscysmus niger

the vemahsatjon stimulus can be translundted via a graft union.

 The mechanism of vernatisation is.a complex process and it involves scvcral processes,
German physiotogist Melchers (1966) postulated that a substance called vernalin is responsibie
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5. What is meant by vernalisation?

- Note: (a) Write your answer in thc'sp@

for transm:ttmg the vernahsatlon snmulus. This is only a hypothetlcal substancc and it has not ‘
been isolated till now. Lang of United States has found*that the application of gibberellin would
replace the vernalisation in many cold requiring plants. However, glbbercilm is not Vernalln

' because the response of the plant to gibberellin is different from. cold treatment.

Chailakhyan (1968) has explained the mechanism in the long day plants in the followmg aE

- way. He suggested that in these plants under low temperatures vernalin is produced.. This, along.

with another substance called-anthesin which is present-in-the long day plants cause flowering .

' _in long days. In short days, the vernalin is not converted to gibberellin and so ﬂo\w:rmg does

not occur, Chailakhyan’s suggestion is illustrated in the following figure (Fig. 17.3) . _ t

long vernalin ~——e gibberetlin

= flowering =
. - davs __# (anthesin present) o
© 7 winter . ; /
Lo - - vernahn - -
wigars + low lemperature : . o
. \\ . no Lonvnfswn ol verngimm = no flowering o
hart w1 gibberellin - : :
aavys

" {anihesin abisent)

F\g 173, Converslon of vcrnalln to glbbcrellln

However. snll there is no firm evidence either for vemahn or anthcsm lt is more llkely that

some harmones and growth substances are involved i in flower nductlon How thcy are’ related
‘1o the prooess of vernalisation is not known. 0

Check Your Pro'gress' -5 & 8 Co : O :

&

6. According'to Chailakhyan what are respo@b for the caUSe of ﬂowermg in long daj.ar plants?
below; ' : :

(b) Compare your answer with the\dne given at the end. . -
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17.7. JSUMI\(IAR‘Y

The pldnt must completc a period- of vcgctat:ve growth for the initiation of flower primordia.
Light and temperature. are the two environmental factors which are responsible. for flower
initiation. Photoperiodism is defined as the response of a plant to the relative. lengths of light
and dark periods. Garner and Allard wére the first to recognise the effect of light on the fioral
initiation in a mutant of tobacco called Maryland Mammoth. On the basis of the length of
the photoperiod requirements the plants are broadly classified into 3 groups - (a) Long duy

~ plants, (b) Short day plants and (c) Day neutral plants. Long day plants require longer thar i
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the cntlcal penods of light and short day plants reqmre shorter than the cnttcal penod of light. hght
The day neutral plants are not affected-by the- iength of the day. Plants promoted by fong days,.
plants promotcd by short days, long-short day plantsand short long day plants are the other four
groups of plants added to the first 3 major groups. The number of photoperiodic cycles required -
varies from plant to plant: The number ranges from one. to several days. Expenmontal evidence
proved that the site of photoinductive percoptt\qn is the leaves. The stimulus induced in the:
leaves moves through phloem to the place of flower initiation. The flower inducing chemical or
hormone is namea\as ﬂongen by Chayaﬂ'nx, i usman Sc%entlst It is also reported that other
-hormon‘e\s (IAA, glbbe(elhns abscisic acid, “sytokinins, ethylene) also participate in-the flower -
" initiation. Amang them g‘lbberelhns have a spectacular role. Phytochromie triggers the initiation
“of florigen. Phytachrome ooc\us in two forms — (a) red absorbmg form (P660) and (b} far red
: absorbmg\form {P735). The dominance of red absorbing form promotes flowering in short day
plants and\\the dolmnance oﬁfarred a‘bsgrhmg form promotes ﬂowenng in long day plants

o,

178 -CHECK YOUR'PRQGRESS :____MO_D_EL. ANSWERS

e

1. T’he response of a p!\ant to the relatlvo lengths of Ilght and dark perlod is called photopcrl-
odlsm

-

Secale cereale and Ibsens durandn are thc cxamples for short long day plants
e

- 2. The. long\day plants requn‘ed long periods of Ilght ‘whereas the short day plfants reqmre
short period of light.

3 The chentical substance or hoimone that ind@tiwering is c':al\'led Florigen.
' vO vital'tole in the release of florigen are: (1) the

_ g Pr3s (Prp)-
s, The conversion of winte aL@tles mmer varicties by glvmg cold treatment is caIIed .
verrtallsanotl N
" 6. Vernalin antf \antt1osin are rcsgmblo for the ﬂowen_n_g_.m long day pl'_ants. -
17.9.  MODEL EXAMINATION QUESTIONS

'L Answer the i'ollowing guestions in 30 lines each.

. 1. Write briefly about photoperiodism. -

. 'Write an essay 'on vernalisation..

IL. Answe st
1 What :

. Write briefly 3

.'ertc bncﬂy aboﬁ‘t\t\e rolo ofhormones in ﬂowerffmtlatlon

the following questions in 10 lines each. _
long\“’(‘]‘ay\ and short day ptants? Explain. . .

ut thésite of photoindoctivc péroepfion'

. Write brelﬂy about the rolc of phytochrome iin flower mlttatlon

[T TR+

\ How does the arhﬁcral co\id trcatment of wlntor wheat seeds pcrmlt thcm to behave
like spring wheat varieties? o : : .
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17.10: GLOSSARY

-

1. Aerobic réspiration _
2. Anaerobic respiration
3. Cristae :

4, Fermentation
5. Grana_
6. Hydroponics

7. Metai' ien activatm:_'s '
8. Nucleolus

\9. Prosfhetic group-

- 10. Red drop

11. Quantasomes

Respifation in the presence of oxygen.
Respiration in the absence of oxygen,

Finger-like projections of the inner .membranes into the
- matrix of mitochondria. :

- Chemical change followed by cffervcsccnce
Lamellae stacked on top.of each other inside the chloroplast. -

. The ‘technique of cultlvanng plants in water or nutrient -

solution.

Single inorganic ions such as K*, Fe**, Zn**, Mn++, ctc

whlch are loosely or firmly bound to.the enzymes protein.
One ta four roughly sphericle or promment structures inside
the nucleus of cells.

The coenzymes Wthh are tlghtly bound to the enzyme
molecules,

The decrease in quantum yield in photosynthesm beyond 680

nm (red area of spectrum).

Small spheres present in the thylakmd memhranes of chloro-
plasts. Each quantasome_contain about 250 chlorOphyll

molecules,

17.11. SUGGESTED READING ™

Devlin, R.M. Plant Physiology.
- Malik, CP. Plant Physiology.

I R

Bidwel, R.G.S. Plant Physiology.

>

Malik, CP and A K. Srivatsava.Text book of Plant Phymology '
'__No_gg}g, G and GF. Fritz Intrqductory Plant Physiotogy
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UNIT-18: MENDALISM

Cb.ntents'

18.1.  Objectives
18.2. . Introduction

" 183.  Mendei's Experiments -

184. = Terminology _

18.5. Monohybrid Crosses

18.6. - Dihybrid Crosses

18.7. Test Cross .

18.8.  Ratios for More Than Two Pairs of Genes
189. Complete Dominarice

18.10. Modifications of 3:1. Phenotyp‘ic Raiio

- "~ 18.10.1. Incompleie dominance-
18.102. Codominance

*18.11. Lethal Genes

18.12. Summary .
18.13. Check Your Progress : Model Answers
-18.14. Model Examination Questions.

O

1. deseribe the Mendelian laws of inheritanee viz., - "Law of Segregation” and "Law of
independent assortment”, - : @5““' . L . . : _

18.1. OBJECTIVES =~ - \>

After gding through this unit you wll be able to:

2. -define various terms Of thc_‘ geneﬁca@?linology,

3. describe monohybrid and dihybrid crosses, |

4, list out the ratios for given number of chregating gene _pai;s_and
5

describe incomplete dominance, codominance and lethal genes. - -

18.2.  INTRODUCTION.

The modém. science of genetics orginated when Gregot Johan Mendel discovered that -

_hereditary characteristics are determined by elementary units transmitted between generations in
. auniform fashion. Until the twentieth century, little was known about the transmitted substances
and characters.’ : ' '

Before the 17th century it was believed that life was created spontaneously e.g. maggots
(tiny insect eggs) appearing on raw meat. According to kinnaeus (1707-1778), the founder of
systematics there was a “fixity of species” so that organisms of one species could only give rise.
to organisms of the same type. The idea of spontaneous generation was finally put to rest by -
Pasteur (1822-1895) and by Tyndall (1820-1893), who sﬁe\\ved that the new organisms arise only -

 through the continuity of life.

N
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“With the discovery of eggs and sperms; the biologists of the seventeenth and the eighteenth -
centuries started to speculate that the new individuals were completely preformed in miniature

form in the gamete. According to them such a miriature preformed embryo was considered to
occur either in the egg or sperm. Later, the idea of preformationism was replaced by epigenesis.

"The epigenetic view proposed that many new factors, such as tissues and organs, appeared during
" the development of an organisin which were not present in its original form. Wolff (1738-1794)

~ rapid progress. Q)

opined that these organs arose completely de novo through mysterious vital forces:

~ Chatles Darwin (1809-1882) the founder of modern evolutionary l:_heo'ry,'_put fbrWai-d a
hypothesis called pangenesis. According to-this hypothesis, each organ of an individual produce
many minute particles called pangenes or gemmules. These are transported by the bloodstream

to the sex organs and they assemble into the-gametes. This doctrine provides _-thé_:- explanation

e

how heritable ch_anges lead to. the origin of a new species. Lamarck {1774-1829), the foremost -

populatizer and exponent of th¢ theory of inheritance of acquired characters tried to explain the
extraordinary ability of these small hereditary agents to respond directly to the environment.

By the early twentieth century, most of the 'inofphological features of the cell had been

observed, apart from the general features involved in the. cell division processes ¢f mitosis and

meiosis. The work by cytologists such as Boveri (1862-1915), Henking (ca. 1891). Montgomery -

(1873-1912) and others had shown that such cell divisions Jed to an accurate partitioning and’ -

separation of the nuclear chromosomes. The constancy of chromosomes in a species and their
precise pattitioning in inheritance has become evident from the findings of the Gregor Johann
Mendel (1822-1884), who was a monk in the monastery of Brunn; Austiia, -In his monastery

garden he -carried out the famous experiments on, garden peas. (Pisum sativum)from 1857 to -

1865. The results of his experiments were publi e?N:n the annual proceedings of the National

History Society of Brunn in 1866, but received verylitle attention and thus his work was over

looked for a number of years. o 0

I 1900, the principles of heredity Jhich Mendel had discovered were independently redis- *

covered by three biologists. Hugode vries in Holland, Carl Correns in-Germany and Erie Von
Tschermak-Seysenegg. From tha

18.3. MENDEL’S EXPERIMENTS

- Mendel had chosen the pure lines of garden peas in which seven pairs of contraSting traits
were used for his experiments. The characters are diagramatically represented in Fig. 18.1. He

crossed the tall and dwarf varieties of _ga_rden péas. All the offspring in the first filial generation,
F; were tall indicating that the character-tailness-is dominanit over dwarfness. The tall Fy hybrid

- "plants ‘when self fertilized, produced 3/4 tall and 1/4 dwarf plants in F, generation. Thus the

phenotypic ratio becomes 3:1 and the genotypic ratio 1:2:1. When Fy hybrid forms gametes,

“gach gamete receives only one of the factors of an allelomorphic pair. For example, gamete may

- separate from each other when the hybrid forms gam

191

carry the factor for tallness, or dwarfness but ‘not both. From the observations Mendel proposed

the "law of segregation”. Thus the law of segregation states that "when a pair of alleles are

fie onwards, the science of heredity or. genetics has made

brought together in the hybrid, the members.of allelic-pair remain together w_ithdut mixing and .

Similar results were obtained by Mendel for the inheritance. of other characters. For
example when violet and white flowered varieties were crosses, the resuiting hybrid is violet in
colour indicating it’s dominance. The Fy hybrids on self-poltination gave rise to a mixed Fy i~
an appropriate phenotypic ratio of 3:1 (violet:white). ' -~

—



_  Mendel’s law of segregation is the fundamental principle in heredity and is also termed the
“Yaw of purity of gametes’. Mendel’s experimental results calculated on the basis of the law of

segregation have been confirmed by many scientists in a variety of plants and animals.
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Fig. 18.1 Seven characters in peas that were observcd
‘and scored b)t Mendel in his published expenments.
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Tall X Dwarl

Parents TT Tttt
Gametes T t
Tall
Fr Tt -
Tall X Tall
£ X .F T ) Tt
Gametes T, ¢ T, t
| 21 r ¢
. Fg 8\\
! T TT Tt
T Tt tt ,
| !
Phenotypss ' Genbtyp N Genetypic Phenotypic
. @ ratio ratio

. T %?\ . 1
Tall QW -
o Tt 2

Dwaif .\/ i 1 o 1

et Chpage

‘Fig.18.2. Mendei's cross berween tali and dwar{ garden
peas and summary of phenotypic and genothypic results.

18.4. TERMINOLOGY

The inherited factor that determines a biological characteristic of an organism is called a
gene. In diploid organisms, genes exist in pairs, The two individual genes in a particular gene
pair are known as alieles, e.g., a wrinkled plant carries two identical alleles s and s. Though the
terms genes, and alleles are interchangeable, the allele refers only to the genes of a particular
gene pair. The gene for smooth "Sis an allele for wrinkled “s’, it is not an allele of the gene for
yellow seed colour “Y?, When an organism contains two ideutical alleles e.g., *S? and *S*, the
organism is called homozygous for that character. If the two alleles are different, for example
*S* and *s’, it is termed heterozygous.

To distinguish the external appearance of an organism from its genetic make up (genome)
the terms phenotype and genotype are used. The phenotype refers to all the manifold biologichl
appearances, inciuding chemical, structural and behavioyral attributes of an organism. . The
genotype refers to the content of genetic material that an organism inherits from its parents.
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18.5 MONOHYBRID CROSSES

Monohybrid crosses are basic to Mendelian genetics, The monohybrid resuits from a cross
. between two genetically unlike individuals (e.g., AA X aa -> Aa). Thus a monohybrid is
heterozygous for one pair of alleles. The crosses involving parents that differ for one pair of
alleles and are called nionohybrid crosses and those will always result in 3:1 phenotypic ratio.
. Mendel crossed the tall and dwarf varieties of garden peas to study the single gene diffeences in
. monohybrid cross. (Fig 18.2 This led to the discovery of ‘the principle of segregation.

Mendel did not stop- his experiments but went on to consider the products of deVldual
differences in two pairs of genes or dihybrid crosses.

i8.6. DIHYBRID CROSSES

Mendel used for this purpose a plant with Smooth and yellow" seeds (SS YY) crossed to
a plant with wrinkled and green seeds (ss yy). The Fy plants were grown and self-fertilized, -
that gave rise fa 556 F, seeds in the foliowing ratio 315 smooth yeltow, 108 smooth green, 101
wrinkled yellow, and' 32 green. The above ratio is very close to 9:3:3:1 ratio. To analyse them
individually ‘with rcsapect to each gene pair is as follows :

P,  Smooth X wrinkied S ,@w X green
Fy Smooth o Yellow
F, 423 Smooth : 133 Wrinkle é» 416 Yel_low : 140 green |
~ 3/4 Smooth: 1/4 wri - 3/4 Yeliow: 1/4 green

Here each gene pair acts mdepmdent of the other. That is the chances for a plani to be .
smooth or wrinkled is independent of its chances to be yellow or green. Mathematically speaking
the relationship is expressed by multiplying the individual probabilities of the respective events.
For example if a seed has 3/4 chance of being smooth and 3/4 chance of being yellow, its chance
to be both smooth and yellow at the same time would be 3/4 x 3/4 = 9/16. Therefore, the

“Tespective probablltles of the individual phenotypes are as follows

3/4 smooth X 3;"4'}!,ellow = 9/16 smooth, yvellow
3/4 smooth X 1/4 gréen = 316 smooth, green
1/4 wrinkled X 3/4 yellow = 3/16 wrinkled, yellow

14 wrinkled x 1/4 green = 1/16 wrinkled, green

So from $:3:3:1 ratio for tho palrs of traits in Fy generation, it is clcar that thc characters
are independent of one another. Not only members of each pair of alleles segregate but genes
themselves behave independently with respect to each other. Mendel therefore drew another
conclusion: members of different pairs of alleles assort independently into gametes that form
the second principle ie., law of mdependent assortment of genes. - :
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- Check Your P-I_-ogress -18&2
L. Nanie the laws of heredity proposed by Mendel.
* 2. Define monohybrid and dihybrid crosses:
Note: (a) Write the answer in the space is given below. -

-

(b) Compare yeur ANsSwers with_the' one given at the end.

A T T B T L,

........................................................................................
R L L R R R R LI I N R R e T T I T,
R L A T T T . Tk T T T T

18.7. TEST CROSS

Thetest cross is a usefu[ way of determining homozygosnty or heterozygosny of a dominant
phenotype and can be equally valuable in determining genotypes in situations with two or more _
gene pairs. The test cross is a cross of an. individual (generally dominant phenotype) with one -
having a recessive phenotype In a two pair cross; in which air of genes are on a different
chromosome pair, the resulting progeny ratio is the ct of two one-pair ratios. Thus, a
monohybrid test-cross ratio is 1:1 and a. dihybrid t%@l;s ratio is 1:1:1:1, when one parent
is heterozygous. for both geneé pairs. The test cro§sisa very useful technique in mapping gene

~ locations an chromosomes: S}?k - o ' :

-TeStmg Dihybrid -Genotype"s" Q‘”

A test €ross is a medns of determ@ the genotypes- of the oftsprmg in a dihybria cross.
Mendel made a test cross of the dihybrid (Ss Yy X s5 yy) and got the following numbers of_

offspring. -
| . 55 Smooth yetiow (8s. er)
S_l Smooth green (Ss yy)
49 Wrinkled vellow (ss -Yy) L
+ 52 Wrinkled green {ss'yy) -

T hese numbers when reduced to a ratio appro)amates to 1:1:1:L From thls ratio Mendel -
could confirm that the dihybrid formed four classes of gametes in equal numbers-and this i 1_n
turn meant that the two palrs of aile[es underwent mdependent assortment in the hybrld

18.8.. RA’I‘IOS FOR MORE THAN ‘I‘WO PAIRS OF GENES

. When more than two palrs of genes are involved a’ cross  the: checkerboard system becomes'ﬂ -
 very difficult. So ashorter and simpler method to consider the sxpected phenotypes and ;enotypes' '
of a cross can be denved by ‘branching method when there is no lmkage :

As the individual probabilities are associated with each gene pair, the- resultant genotypes" .
-and phenotypes are ‘dne to multiplying their mspeetn{e probabllltles 'I‘he samg method can be.
used for more than two gene dlfferences : :
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Ss Yy X 8s Yy SsY S v
yxosry

Genotypas
Ss X Ss Yy X Yy fhenotypes. -
—>1 YY = 1 8S YY 8s X Ss Yy X Yy
1 S8 —|+2 Yy = 2 58S Yy ' :
-»1yy = 185 yy . .
>3 yellow =9 Smooth yellow *
3 Smooth —_' :
_ : —1 green =3 Smooth green
I-—>1YY=1SSYY - -
2 Ss «-h|—>2_ Yy = 2 Ss Yy
>ty = 1 8 vyy .
-3 yellow = 3 Wrinkled yellow
1 Wri-nkled—l
. -1 green = 1Wrinkled green
1YY =1 s YY '
1ss —f>2 Yy = 2ss Yy
>1yy = 1ss yy

Mating Aa X Aa, Bb X'Bb, Cc XCc

- 3C = 27N\ABC
~+3B—

->1¢ 8 ABc
3A—|
| -->3C 8 AbC
=1h — .
B Q‘D 3 Abc.
-+3C = 5aBC
38 -| | S
->1c = 3 aBc
1a -_— .
- =»3C = 3 abC
—+1b —I
—+1c. = 1 abe

‘The kinds of gametes, genotypes and phenotypes that are the result of mdny gene dlfferenoes
are indicated in Table 18.1.

Table 18.1. The effecr of segrcgatlon and mdependent assortment in crosses between
individuals heterozygous for a given number of gene palrs :

Number of gene Different kinds of Different kinds of = Different kinds of
pairs in which . ... gametes produced by genotypes inFy ° _  phenotypes in Fy
differences occur Fj heterozygotes o '

n 2n . 3n 2n
2 4 9 ' 4

3 8 . : 27 : 8

4 .16 81 : ‘16

5 ' - 32 243 32

10 . 1024 . 59.049 - 1024
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18.9. COMPLETE DOMINANCE

The common house plant, variegated coleus (Coleus blumeilis a good example for a simple
genetic experiment. It has shallow and deep lobed leaves. The plants being homozygous lines,
when two such homozygous individuals are crossed, the F, shows deep lobed offspring. Thus
the character that expresses in all the F; shows deep lobed offspring. Thus the character that
- expresses in all the F, offspring has terméd dominant and the trait that fails to express has been

termed recessive and it is an example of complete dominance. The results in this example may

be summarized as follows.

Parental generation (p) ~ Deep x Shallow
- First filian generation (FI)- All deep
Second filial generation(F,) | 3/4 Deep: 1/4 Shallow

118.10. MODIFICATIONS OF 3:1 PHENOTYPIC RATIO

Complete dominance was indicated in ail seven allelic pairs which Mendel reported. Dom-
mance has now been shown to be influenced by factors in the external, internal and genetic
environments. Therefore, Mendels view of domiinance as a fundamental inheritant property of
the gene is no longer valid for all cases. This is also evident from the examples discussed below.

18.10.1 Incomplete Dominance

When the case of complete domindnce operates t notypic and genotypic ratios are 3:1
and 1:2:1 respectively, but in incomplete dominance th rozygotes are intermediate between

the two parental homozygotes. This is due to th?lationship between genes and enzymes at |

ot both genotypes and phenotypes are the
same Le., 1:2:1 For example a case of incomp minance in snapdragon (Antirrhinum majus)

physiological level resulting in 1:2:1 ratio, Th?%gati
is given below.

‘A true-breeding snapdragon plant %)white flowers is crossed with a true-breeding plang
with red fiowers, the offspring (F13 produce pink flowers. The pink hybrid is intermediatg
thgved and white parents and Fz' segregates in a ratio of 1 white : 2 pink : 1 red. Examples of
incomplete dominance at the macroscopic level occur in both plants and animals, for example
the shape of radish. i

18.10.2. Codominance

In the phenomenon of codominance, both dominant and recessive alleles lack their dominant
and recessive relationships and both have the capability to express themseives phenotypically, in the
heterozygous condition. The dominant and recessive traits occur side by side in a heterozyote.
The Fy heterozygote produces Fy progeny in the phenotypic and genotypic ratios of 1:2:1 like
the incomplete dominance. The best exampie of codominance is found in cattle. The white coat
cattle (WW) when crossed with red coat (ww), the F| heterozygotes (Ww) are found to have
phenotype, reddish gray or roan color. '

Several illustrations of codominance are found in human Dbeings. One of these involves a
~ pair ot codominant alleles, M and N, responsible for production of antigenic substances M, and
N respectively, on the surface of red blood cells. :

.18.11. LETHAL GENES

A second major modification of the classic monohybrid ratios is produced by tethal genes.
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The phenotypic manifestation of some genes result in-the death of the individual elther in
the preniatal or postnatal-prior to. maturity; such factors are called lethal genes. Lethal genes

may be dominant, partially dominant or recessive. Individuals with a dominant lethal genes die
before they can leave progeny. Recessive lethals can cause death of the organlsms only. when :

they are homozygous.

In plants, several genes affect the chiorophyll production. In corn (Zea mays} one such,

gene designated G, for normal chlorophyll production, is completely dominant to its allele g.
As a result G-plants contain chlorophyll, whereas gg plants produce no chiorophvll and are thus

yellowish white. When the two heterozogous green plants are crossed the followmg results are
obtained. :

P ~ green X green

Gg Gg

Fr 1/4 green. - 2/4 green = + 1/4 non—gfeen' '

GG - ) Gg gg

"It is clear from the above cross that the gene gg ha % rted its lethal effect, so the cldsmcal -

phenotyplc ratio ot 3:1 becomes 3:0, since non- green s ng dies after two weeks:

The other examples of lethal genes are. summ in the table 18.2

18.12. SUMMARY’ . X

_ Various basic céncepts have been e;é{lished by Mendel in the field of:_Ge'neties. From his - -

expériments on garden peas, Mende! proposed the following two laws viz., "Law of segregation”
or “Law of purity of gamets" and ; Law of independent assortment of genes I the genetical
termmology the terms phenotype and genotype refer to the appearance or decernlble character

of an individual and the actual genetic constitution respectively. Alieles or alleloriorphs indicate

alternative forms of the same gene. An-individual organism carrying identical genes of a given

allele pair (i.e DD or dd) is termed homozygous and one with unlike genes. (ie Dd) is termed

heterozygous. ~An offspring of two homozygous parents differing from one another by alleles
at one locus.is called Menohybrid: An individual heterozygous for two pairs of alleles is called
. dihybrid. Incomplete dominance results when the dominarice of the gene over its recessive allelle

is not‘complete. If a heterozygote shows a mixture of phenotyplc characters of both homozygotes
- it is called co-dominance. A gene whose phenotypic. effect is sufficiently drastic to kill the bearer -

is termcd lethal gene and it may be dominant, mcompletcly dommant Or recessive,

.18.13. CI—IECK YOUR PROGRESS MODEL ANSWERS

1.. Mendel proposed the toll ing two laws w?f a) "Law of segrecratlon or "Law of purlty ot '_

gamets” and b) "Law of in ependent assortment of genes”

2. The crosses involving parents that differ for one pair of dlleles are called monohybnd crosses'

. and those Crosses. whlch involve parents thdt differ tor two pairs of atleles are called dihybrid '.

Cross€s.
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18.14. MODEL EXAMINATION QUESTIONS

1. Answer the following in about 30 lines . -

1. Write briefly about the Mendelian laws of inheritance

H. Answer the following in about 10 lines each.

1. , Write briefly about monohybrid cross.
2. 'Write briefly about dihybrid cross.
3. What are lethal genes? Name some of them.

4. Give reasons for modifications of 3:1 phenotypic ratio and explain them.

B

.
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UNIT-19: MODIFIED MENDELIAN
~ RATIOS AND POLYGENES

Contents

19.1.  Obijectives
192.  Introduction . .
193.  Each Gene Pair Affecting Different Character
194.  Each Gene Pair Affecting the Same Character
19.5. Modifying Genes or Modifiers
19.6. Pleictropism
19.7.  Pdlygenic Inheritance
' 19.7.1.'-Quantitai_ive Inheritance-Seed colour in wheat

198. Summary _
199.  Check Your Progress:Model Answers

19.10.  Model Examination Questions

19.1 OBJECTIVES -

After going through this unit you will be able to: 0
1. describe the interactions of gene expression, |
2. define epistasis an.d describe various modified elian ratios,
3. distinguish between modiﬁcrs, pleiotropis%q at'avism and
4. dcscrib_e_' the nature of polygcnes and@ inheritance,

19.2 INTRODUCTION

Soon after the rediscovery of Mendel's laws, genetlasts began nammg each hereditary factor
according to the character, i.c., tall, green etc. This helps in identifying genes by symbols other
than a letter or number. At this juncture, Bateson and Punnet discovered that the genes are

not separate elements producing individual effects, but they could interact to produce novel

phenotypes. The occurrence. of sich interaction means that the phenotype we observe is not

~ present. in the genes themselves but arisc from a complicated dzvelopmental processes. The

genotypic ratiosiare easily predictable when the two gene pairs (e.g.As.Bb) segregate mdependcntly o

which resuls in a classical Mendelian ratio of 9 3: 3 1in Fz

'19_;3. EACH GENE PAIR AFFECTING A DIFFERENT
CHARACTER -

When ‘two different characters are affected by each of two gene pairs with complete:

dominance, the phenotyplc rat:o in Fy becomes a classical mendélian rano of 9:3 3:1.

e.g.- A Cross rou_nd yellow plants ‘wnh wrmkled green (See unit-18),
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19.4. EACH GENE PAIR AFFECTING THE SAME - o
CHARACTER '

When one charaaer'ls affected by two or more gene pairs, a variety of phenotypic ratios
may appear, depending upon the type and degree of interaction between the gene pairs.  This
is evident from the work on the comb shape in pouitry by Bateson and Purnet. For example,
the tactors for both rose (A-bb) and pea (aaB-) combs are dominant to single combs (aa bb),
however a combination of the dominant factors for rose and peas results in a different comb
type, walnut (A-B-). As worked out by Bateson and Punnet, two different gene pairs interact to -
to give walnut combs. When both gene pairs are homozygous recessive, they result in single

combs. Thus, four phenotypcs are obtained from a cross between heterozygotes for hoth gene '
pairs resulting in 9:3:3:1 ratio. . :

walput: A=8=

- Fig.19.1. The four phenotypes

Eplst’aSls ‘The formation of new phenutypes is one example of interaction between gene pairs. -
o Other examples may 1nciude instances in which a novel phenotype does not appear but one gene -
~ pair hides the effect of the other. This latter type of interaction is called epistasis. Epistasis may

be caused by the presence of homozygous recessive of one gene palr or by the presence of a
dominant allele at a given gene pair. :

_ The epistatic cﬁ'ects may be in only one direction from one particular gene pair to anotherl

- orin both directions (A hides effect at B or vice versa) when each gene pair is muinally eprstatlc
to the other.

The appearance of ¢colour in mouse coat’ may be agouti (A-B), black (A-b) or albino (aa-B) '

In developmental terms it is clear that the appéarance of colour is due to two processes, the first

is controlled by gene A and the other by gene B. When the first Process is inhibited by aa the -
second cannot occur. :

Original . LA gene Intermediate - . B gene. T
substance .. —m———reiewes» o slibstance . S = Colour
. lst Process ' an Process

203



is . h colour

Therefore, the animal appears as an atbino (when A gene 18 absent and cv?‘?ettalgniﬁe coou

may be ?preseﬁt at the gene pair). The presence of homozygous rfflces,; hus ‘@’ gene pair

EZEZE e B;a in genotypes 11,12,15 and 16) hides the effect of }?)gf;e- pa‘;rijairs o e
¢ istati , i dominarnce at both gen -

; d epistatic to B gene pair. Complete _ ‘ S B e,

lin"w blicf;:(laezygtﬁls recessive, is epistatic to the other_- 5] called‘recesswe gpxstafjlstosbe i

\a?ll?c;gh marks the effect of dne or both members of different pair of genes 15 sa

The masked gene may be termed hypostatic.

i with F
Six types of gene interactions are described here. The genotypes and phenotypes 2
= - . .
ratios are represented in the following table.

AaBb x Aa Bb
' ab
gametes AB Ab aB -
. BB aB
AABB AABD Aa
A {D 2) : (3 (4.)
b AABb AAbD AaBb A_;{;gb
A (5) (6) Q) 8)
' ' BB aaBb
AaBB. AaBb aa
® ® (10) (11} (12)
b Bb aabb
ab - AaBb Aabb _aa
@ ’ (13) : _(14) (-15)\ | (16)

For all the examples déscribed here the genotyp@%l%notypic ratios can-be referred
{rom the table. : '

1
‘"{?\

Check Your progress - 1 ' %

Differentiate between epistatic and hypozatic £nes.

Note:(a) Write the answer in the space'giyen below. -

{b) Compare your answer with the one given at the end.

..................................

.................................

1. Dominant Epistasis (12:3:1)

Here the dominant allele (e.g. A) of one gene mask the activity of alleles of another gene(e.g.
B) and expresses itself phenotypically. Then A gene tocus is said to be epistatic to the B gene
locus. Because, the dominant allele A can express itself only in the presence of either ‘B’ or ‘b’
allele, therefore such type of epistasis is calied dominant epistasis. '

For example the fruit colour in summer squash is white, yellow or green, The gene 'A’
hides the effect of ‘B’ gene resulting in the white colour. In the absence of A, ‘B’ gene expresses

a yellow colour and in the absence of B gene, there is a green colour. Here the classical 9:3:3:1
ratio becomes modified into a 12:3:1 ratio. '
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2. Recéssi‘vc ﬁ}piétacis (9:3:4)

If the recessive genotype of one locus (e. g.aa) suppresses the expression of aIIcles at the e - _
B-locus, the ‘A’ focus is said to exhibit recessive epistasis over the B locus. Only if the dominant "_“

allele is present at the A locus, the allclcs of the hypostatlc B locus can be expressed. Therefore

_ ‘the 9:3:3:1 ratio becomes 3:3:4.

Example:- Coat colour in mice.

3. Duplicate Genes with Cumulative effect (9:6:1)

If the dowminant condition (either homozygous or heterozygous) at either locus produces
the same phenotype, the F, ratio becomes 9:6:1. For example, where the epistatic genes are
involved in producing various amounts of a substance, such as pigment, the dominant genotypes
of each locus may be considered to produce one unit of pigment independently. Thus genotypes
A-bb and aa B- produce one unit of pigment each and therefore have the same phenotype. The
genotype aa bb produces no plgment but in the genotype A-B- the effect 1s cumulative and two
units of pigments are. produced

Example:- Coat colour of Duroc-Jersey pigs.
4. Duplicate Dominant Epistasis { 15:1)-

Epistatic effects by dominant alleles cannot be confined to one gene pair. If two gene

_pairs effect a single character, both gene pairs may have epistatic effects on each other, so the
- phenotypic ratio of 9:3:3:1 becomes 15:1.

In the plant, shepherd’s purse (Capsella Bursa@ns) two gene pairs affect the shape of
the seed capsule. The alleles causing a triang shape are dominant to the alleles causing ait-

- ovoid appearance. Thus a cross of heterozygotes for a triangular (Aa Bb) capsule produces 15

triangular and 1 ovoid capsules in F,. Thus the dominant allele A and B hides the effect of
ovoid (aa bb)

5.. Duplicate Recessive Eplstasxg:?')

If both gene loci have ho@?gous recessive alleles and both of them produce 1dent1cal
phenotypes; the Fy ratio 9:3:3:1 Would become 9:7. In such a case, the genotypes aa BB, AA
bb, Aa bb, and aa bb produce one phenotype. Both dominant alleles, when present together
(AABB, AaBB, AABD, AaBb) complement sach other and are called complementary ‘genes
which produce 2 different phenotype.

Example: Flower colour in sweet pea (Lathyrus_ odoratus)

6. . Dominant and Recessive Epistasis (13:3)

Only two F phenotypes result when a dominant genotype at one locus (eg A) and recessive
genotype at the other (bb) produce the same phenotypic efféct. Thus A- B-, A-bb and aa vb
producc one _phenotype and aa B- produce another in the ratio of 13: 3

'l:xamplc. Feather colour in poultry.

Check Your Progress_ -2,

~ Name different types of gene interactions.

‘Note: a) Write the answer in the space is given below.

b) Comparé your answer with the one given at the end.



....................................................................................

T T

19.5. MODIFYING GENES OR MODIFIERS.

Epistasis is not only one gene hiding the effect of another gene in particular but it is due

- 1o the increased or decreased enzyme activity that results in the appearance of colour or other

complex events. Bearing this in mind a large group of genes can be considered as modifiers.

Broadly, they can be defined as the genes that change the phenotypic effect of other genes in

quantitative fashion. Certain breeds of cattle have spotted coats(skin) while others have coats

of solid colour (black or white). These variations are due to the effect of a single pair of alleles,
acting as modifier genes. The gene for spotting is recessive (s), while the gene for solid colour
is dominant (S). Simple mendelian inheritance determines the presence.of § or s in F, progeny.
The degree of spotting is variable continuously and foflows the multiple gene principle,

19.6. PLEIOTROPISM

. The myltiple phenotypic effects of a single gene is called ‘pléiotropism’ and is useful to
understand the relation between different dévelopmental processés. Many genes seem 1o have
pleiotropic effects. For example, a single mutation in a plant mabe involved in the expression of
a leaf shape, flower and fruit maturation etc. Single amino acidsubstitution of valine for glutamic
acid in haemoglobin causes marked pleitropic éffects, le@hg‘ to impaired mental function, heart
failure, rheumatism; abdominal pain.etc. :

Atavism: Through ¢pistatic effects and .other gen%h_fcr'actio_ns_ traits may remain hidden for
generations. Occasionally a ‘throw back’ occugsth a strain of domestic animals or plants, That is
an ancestral trait is expressed unexpectedly. redppearance of traits after several generations
was discussed scientifically by Charles DariWiu and was ealled ‘atavism’. For example the progeny-
of ‘wild type’ in appearance occur in the r%geon (Columbia livia) when a chance combination
of genes removes this effect of epistatic genes, that have suppressed the expression of certain
ancestral traits in the show birds.. Rock pigeo, is a European pigeon from which most domestic
_pigeons have been developed. g

19.7. POLYGENIC (MULTIPLE GENES) INHERITANCE

The early genetic laws were based on clear differences in the appearances of phenotypes.
e.g. tall, or short, green or yellow seeds etc. The quantitative differences were also noted in
. many characters. These quantitative variations were difficult to anatyse genetically, since their
phenotypic range appeared to be continuous. Early geneticists such as Bateson and De Vries
therefore proposed that continuous characters were not genetically produced and were therefore
not inheérited; only large discontinuous variations were caused- by genes.

Soon after the rediscovery of Mendel’s experintents two groups of thought arose L
Mendelians, who proposed that all evolutionary, important, heritable differences are qualitative
and discontinuous.2. Biometricians, who proposed that the heritable variation is quantitative
and continuous. The controversy between Mendelian arid biometricians was resolved by Danish
geneticist-Johannsen, who identified numerous sizes in the princess biean ranging from light to
heavy weighing seeds. He had grown 19 pure lines with varying sizes from light ¢osheavy seed
weights. Each line showed average seed weight but individually distinct, e.g. line 1 was the heay--
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jest Wlth an average weight of 64 ccntlgrams but mdmduals variéd from 502 649 oentlgrams
Line I was the lighter with a mean weight of 34 centigrams. From the experiment of Johannsen,
it was confirmed that the continuous variation observed for various characters (quarititative) can
be the resuit of both genotype and environment. So certain charactcrs that exhibit quantltatlve
vanatlon are governed by multiple or polygenes.

The genetical studies of qualitative and quantltatwe tralts are calted qualltatwe genetics and
quantitative genetics, respectwely The major differences between them are presented in the
.followmg table

_Qualita_fﬁ*e genetics . o ~ - Quantitat’ € genetics
1. It deals with the inheritance of traits - 1. It deals with the inheritance of traits -
- of Kind viz. form or structure. = - . of deggree viz. height or length.
.2.° Tt displays discontinuous-variation =~ .~ 2. A spectrum of phenotypic classes oc-
' o Z S whjt:h'con'tain continuous varia-
- . . . . . . th]'l ]
3. Each trait is governed by two or’ -~ 3. Here each trait is govemed by poly-
many alleles of a single gene., _ - genes.
4. The phenotypic expression is not in- 4. Environment effects the phenotyplc
influenced by environment .. -~ . . expression
5. It concerns with mdmdual mdtmgs = 5. It concerns a populanon of organ
~and- theu' progeny. o - . ism cons;stmg all posmble kinds of
SR T matings.

'19'.1_',-1:._ Quantitative Inheritance @é%olourin Whéait

- Nilsson-Ehle (1909) studied the m%anoe' of colour of wheat grain.- 'I‘he varwty with a
dark-red kernel when crossed with te kernel showed some plants with ‘intermediate shade
of red in F, generation. The @ pla ts showed colours ranging from deep red to white: About

1716 F, plants were white, were intermediate between red and white parents. Thus the
-connnuous gradanons were 1e ized between the extremes of the parents as shown below.

Red | o - White
AA BB oy 7 aabb
. AB ' . ab
' Fy (Medium). - FqSelfing)
| - o AaBb ' | o
F, | ' AB Aab aB ~ab
AB . - AABB  AABb  AaBB AaBb
R _ _ . Red - Dark Dark Medium-
“Ab . AABb - AAbb'  AaBb - Aabb
- : S " Dark :  Medium Medium light
aB . S AaBB  AaBb aaBB  aaBb
o : . ‘Dak . Medim Medium .~ light:
ab " AaBb  Aabb  aaBb.  aabb
: ' o Medi'urn oo light light . - _White '

On the basm of colour intensity it was shown that four had more,colour than Fl six were
intermediate- hkc F{ and iour were llghter than F. Thus, thls suggests that the segregation
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of two gene pairs controls .2 polygenic trait: Therefore, the FZ ‘phenotypic ratio becomes
1:4:6:4:1. The concept of multiple genes for quantitative inheritance is one of the most important
principles of genetics. It is strengthened by the use of statistical methods derived by R.A. Fisher,
‘Sewal Whiight and others. Thus the inheritance of ploygenic traits depends ot the cumulative

or additive action of many genes Thus a polygenic trait can be.measured, and be subjcctcd to -
statistical treatment, : '

A classical study of quantltatwc inheritance to estabhsh multiple gene hypothesm was made
by R.A. Emerson and EM. East. A -maize variety with ears averaging 6.6 cm. in length was
crossed with a variety having ears of 10.8 cm. The Fy progeny were infermediate in earlength,
averaging, 12.1 cm. The F, represented a wide spread of variation betweén the two. Histogram
in the Figure 19.2 represents graphically the characteristic pattern of multiple gene inheritance.

&7 8 % 10 'u YRTETET 18 19 20

. Fig. 19.2 . Graphic rcprescmanon of thelgh racteristic patiern of multiple gene inheritance.

The guantitative characters may be due 1o more than two pairs of independent genes. A
rough estimate of genes determining the quantitative character can be made by using the formule . ..
(1/4)™ this represents the fraction of the.progeny rescmblmg the parents where ‘n’ represents
the pairs of gene controllmg the character. . :

Number_ of gene loci B - REE G 2 ' 3 o n

fraction of Fyas -~ 14 116 - Vst (A",
extreme as one parent . : : o ) .

19.8. SUMMARY

© Genes do not always behave as separate units exhibiting individual effects; but they do interact
among themselves resulting in modified classical Mendilian ratio qf 9:3: 3:1 of F,. When more .
than one pair of genes are involved in character expression one gene that hides the effect of the -~ o
other is called epistatic. The masked gene is said to be hypostatic. The Six types of epistatic gene
interactions are: i)dominant epistatis(12:3:1) ii) recessive epistasis (9:3:4), iii) duplicate genes.
with cumulative effect (9:6:1) v ) duplicate dominant eplsta51s (15:1), v) duplicate rckecesswe
eplstasm (9:7) and vi) dommant and recessive epistasm (13 3.



The group of genes that change the phenotypic effect of other genes in a guantitative fashion
are called modifiers, whereas genes that show manifold effects are terms as pleiotropic genes.

Polygenes or multiple- genes show continuous quantitative variations in inheritance. The
intensity of the trait depends upon ‘he environment and the joint action of the several allehc

pairs of genes with cumulative effects.

19.9. CHECK YOUR PROGRESS: MODEL ANSWERS

- 1. A gene which masks the effect of one or both members of a dlfferent pair of genes is said-

209

to be epistatic. The masked gene may be termed hypostanc

2. The different types of gene interactions are - Dominant epistasis, Recessive epistasis, Dupli-
_ cate genes with cumulative effect, Duplicate dominant epistasis, Duplicate recessive epistasis,
Dominant and recessive epistasis.

19.10. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in 30 lines each,

1. Write briefly about the modified Mendelian ratios.

2.. What are multiple genes or polygenes? Write briefly about polygenic inheritance.
I1. Answer the following questions in 15 l@each.-

1. Write about the _dominaiit and recessive epistasis.
2. Write briefly about modifying genmodificrs. .

| 3. Explain brietly about pleiotrop%.‘-
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201, OBJECTIVES o Y
After going through this unit you will be able_ to: \ {\"’)
. u-nderétand the phenomenon of Iinkage- ang%osgz over,

. analyse the relation between crossmg ‘over dnd chiasma formation;

2
3. know about construction.of Imkage

- 4. describe and differentiate the terms interference and comcrdence and
5

describe the phenomenon of sex linkage.

20.2. INTRODUCTION

Mendel’s 1aw of independent assortment is applicable only when genes are located .on
separate chromosomes. .He couldn’t have succeeded-in framing the laws, had the genes been
linked together. The phenomenon of linkage was developed by the post- mendelian geneticists.
‘The chromosomes are the carriers of genes that are mhented together, was established by Sutton
between 1902 and 1912,

- T.H. Morgan (1866- 1945) and his assocmtes supported the theory through expemnents and
establistict the theory of linkage. - Lmkage was first defined as the tendency for non-allelic
genes in the same chromosome, to enter the gametes together in hjgher proportron than in an
independent assortment.

Later it became established that. the number of hnkage'groupo in species of animals and
"plants correspond to number of pairs of chromosomes. For example 7 imkage groups in peas
(211—14) 4in Drosophda (2n 8) 23 in man (2n“46) etc
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20.3. LINK_A_GE—

_ In 1906, Bett.son and Punnet analyzed the results of a cross between twp varieties of sweet
peas-purple flower with long pollen grains and red flowered with round pollen grains. The Fy
“hybrid is purple and long. In-F progeny, Bateson observed purple fong; red, round ocgurred
more frequently, whereas pur pQTe round; and red long; appeared less frequently. In another
" cross, when sweet peas with purple flowers and round pollen, were crossed with those havmg
red flowers and long pollen the paren tal combmatlons were in higher numbers.- Thus, Bateson
and Punnet developed a theory called ’coupling’ and repulsmn The condition in which ‘the

‘dominants enter the gametes in greater than dandom proportlon is cailed couphng and the

tendency for one dominant and one recessive gene to enter the gametes is called repulsron
" The genes ab/++ are said to be in a coupling configuration and the genes a+/+b are in a repulsion
phase. - The purple, long X red, rourid cross represents couplmg whereas the purple, round X
Ted, long cross. illustrates repuls:on : _ -

Thus linkage can be defines as "a mechanism by whlch a group "of | genes on the particular -
" chromosome, show a tendency to remain linked together, without. assorting 1ndependently or.
each other during gametic formatron" Due to lmkage a group of parental genes are mhented

' 'together into the offsprmg . : :

. - Thus the genotypes of the parental and ﬂlst flhal generatron of the Bateson and Punnet-
_cross may be written in the followmg f&Sl‘llOI‘l o v

‘parents ¢ Purple, lo@ R_ed Eroun"d -

3 X\?\H Ro K T EEE
nRo _i. R o
@ o Purp,le, lang

| Test cross<:2> | Purple, tong- X Hed round
B R RO - o’
: o -

- .—-—-—

rro . e .
Test Cross Progeny Purple, long -~ - .- 192] n R
: Red,round . 182] " l“1011"3085 overs
' 'Purpl‘e round . .23 o ; o
' Red long '-_-30_ -Crgsfjovers.

" The test cross ratio 1nd1cate ‘that there is a tendency for the dominant alleles (R RO) to.
pass together into the same gamete instead of resulting in four phenotypes in 1:1:1:1 ratio. This-
“tendehcy of dommant alleles to 1nher1t together was explamed as gametrc couplmg ‘by Beteson
: and Punnet; . .

The llnkage may be of geno types. in an 1nd1v1dual heterozygous for two precise of gene-
which are linked. The arrangernent of two dominant genes as one member of the chromosome
pair; with the two recessive genes on the other is referred as Cis arrangement. The second type -

;  having dominant of the first gene pair and the receiver of the other on one chromosome of the
- pair, with the recessive of the first gene pair. and the dommant of the second gene On the other
chromosome is. called trans anangement (Frg.ZO 1) : :
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R Ro R . P o

% _ * -

r ro T . Ro -
#) —a -

Fig.20.1. Cis and trans arrangements for twa pairs of .linked genes. "

- Thus the gametes purple round (R ro), Red, Long (r Ro) are crossover gametes and termed :
A combmants

Check Your Progress - 1.

Deﬁne lmkage _ )
Note: a) Write your answer in the spaoe given below.

b) Compare your answer, wnth the one given at the end of thjs umt

e L T I R L
T T T R T T I I R I R I )
e T T T T T T e I I R I R BRI

Kinds of Linkage: ‘The linkage is of two kinds - o 'le}ehkage and incomplete_linkage.-' '

1. Complete Lmkage When the Imked gen Ie 50 closely located on the chromosome
~ they inherit in the same linkage groups for I more gencrations in a regular fusion and
~ they are called completely Imked Lenes an@;phenomenon is called ‘complete linkage”. For
- . example, the genes for bent wings (bt) and Shaven bris;leS_(Svr) on the fourth chromosome in

Drosephila exhibit complete linkage. <21> o o

. 2. Incompleté Linkage: The linked genes don’t always stay together as non-sister chromatids
" "may exchange segments of varying length with one another-by the process of crossing over.

“ ‘The linked genes which are widely located in chromosomes and have chances of separation by
~ crossing over are called incompletely linked genes and the phenomenon is called mcomplete'
.lmkage For example, m pea, Zea mys,tomato female Dmsoph:la etc.

' 20.4. CROSSING OVER

The linkage is broken down due to the phenomenon cailed crossing over, occuring daring
meiosis. Crossing over can be defined as a mechanism by which a group. of genes on oné
chromosome exchange their loci with a similar group of genes on the homologous chromosomes -
during cell division. This involves crossing of two non-sister chromatids-and is called chiasma
" formation. The chromatids in. which crossmg over has occured have new combinations of .

" genes and are called cross overs. A crossover involves only two of the four chromatlds of pair. -
of homologous chromosomes. Crossing over and 1ndependent assortment are the important
mechanisms for the generation. of new combmatlons of genes.Crossing over will be reiatively

“more frequent, if dlstance between two genes is more than in a case where the distance betweeri
two genes is lesser The mammum frequency of recombination. between linked genes, is 50%
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RS il

If one assumes that thie probability of a cross over bemecn two loci, is dlrectly proportlonal .
to the distance between the loci, probablllty of cross over = K (dlstance)

P R Q@
_I_ i - S . -1
3ma:rwts .5 map units
8 map units
R P Q
| L { — - .'__I
3 mepUnis 8 map units )
1E.mop units

For example when loci P and Q are linked wi

_ a map units of 3 betwecn P and R,§ map
units between R.and Q and the total distancc@e

and Q is 8 map units.

But there will be systematic deviation from additivity as the distance become large, when
double cross overs occur a't_ sig;ni_ﬁc&nt fre jes, from the following diagram it is evident that -
though ctoss over occur, they will nc@e recorded as double cross overs. '

ﬁ Cheek Your Progress -.2
Frequency of crossing over will be relatively more if distance between two genes IS
than in'a case where the dlstanoe between two genes ]S '

Note: a) Compare your answer w1th thc onc given at the cnd

H e ma s e e msem s EEEEELa e e EY T EEaFEE R E AL EE Y EE AR e EE R RN R E s EE e Ay
P I R R I I I R R B I I I R N R R R T T T
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~20.5. RELATION BETWEEN CROSSING OVER
AND CHIASMA FORMATION

_ To explain the relationSlljp between crossing over and chiasmata, two main theories have
~ been proposed. . - - : '

~ Inthe cIasSi¢al interpretation the chiasmata are produced due to accidentl physical crossing
of homologous chromatids that will produce separation of chromosome segments. Thus the
chiasmata precede the genetic crossing over that occurs between diplotene and first anaphase, .
Thus chiasmata are not the result of the crossing over. : : :

_ The chiasma type theory was presented by Janssens and dchl'oped by Belling and Darlington_.; -'

This theory proposed that crossing over occurs during the eary meiotic stages (pachtene),

homologue Ay

centromeras
' classical Taory . Ttvbe
. . Chias -
Tk _ | hig mqtype Theory
) o ' N\ ) broakdge
. ) - L/)v . — - T
@) - . SR 3 B
b QN
ch;a-amg formation. ?‘ Yaunion dnd crossing over

3

"

i

. I
l-_ NS : S chidsma Sormgtian.

braakdga dnd reumion 3 S g
c o teductiondl MR reduationa!

Fig.20.2 Differences between the classical theory of chiasma formation and the c_'hiasma type theory '
in explaining the origin of observed chiasmata in pairing between two homelogous thromesomes.

.

20.6. CROSSING OVER AND LINKAGE MAPS

Morgan stated that the tendency of linked genes remaining together in original combination
1s due to their location jn same chromosome, The degree or strength of linkage depends upon
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the drstanoe between the linked- genes in the chromosome Mprgans concept_about’ the_ .

lmkage developed the theory of linear arrange ment of genés, m the chromosomes which helped
the cytogeneticists in the construction of genetic or linkage- maps ol Chromowmes

_ Geneticists use map units to describe distance between linked genes. A map unit is equal
to one per cent of cross overs. They are also called. Morgan umts One Morgan unit represents
".100 per cent crossing over. .

20.6.1 © The ‘Three-point Cross -

- The most commonly used method in genetrc mappmg is the trrhybnd test cross. Thc gene :
symbols and phenotyplc characters are gwen below :

‘Gene Symbol - e _ I ' 'Phenotype_" '

T R o S ~ Normal Wing {dominant)

Cu . o ' ~_ Curled wing (recessive) _
+ o R L .".'Normal thorax (dominant}) '
Sr. . . o e .- Striped thorax (recessive)
+ ' e - Normal bristles (dominant)

Ss R R . Spineless bristles (recessi_ve) '

The followmg example n drosophrla is given to determine the correct gene sequence

Test cross: S " Normal, Normal, Normal . .- X curled, Splne less, Striped
B WA
CeeCu$sSr ) .CuSsSi/CuSsSr
_ Fp Phenotype | fategnal Type
' S - mosome o o
"Normal Normal, Normal Ve NP: + 4 430 ' . 882% Non-Cross ‘gvers
Curled, Spineless, striped . Cu Ss:Sr 452 e R
Normal, Spirieless, striped -~ +SsSr 45| . 83%  Cu-ss
'Curled, normal, normal o Cut+ B : -
Normal,Normal, Striped, 4+ 48 16 © . 33% Single cross overs Ss-Sr
Curled, Spineless, Normal - CuSs+ 174 0 - ) o
Normal, Spineless, Normal - - S+ 1 l . 102% Double cross overs
" Curled, Normal, Spineless ' Cu+Ss _ ' . _ o
- 1000 10000

Some of the’ 1mportant cons1deratrons are gwen below

. The ﬁrst two classes are phenotyplcally like the parents They are therefore, non-Cross over
type. - - _ _ _ L _
2. Since NON-Cross +Overs are -Mmore frequent than cross over eells, +++;’Cu Ss’ Sr and
Cu Ss Sr/Cu Ss St files.occur in majority numbers. S _
. 3. The double cross over mdmduals result from two cross overs that are resultant between
first and third genes on the maternal chromoseme: - -

| 4, The double ¢ross overs are smallest progeny groups that are used to determme gene sequence
These are -+ Ss + and Cu + Ss that can be derived in tlus manner. .

+ 4+ S ohEE '+"ss+
i e SR o A5y S

: 215. _. Cu s’sj Sr | - Cu ss Sr” B Cu-1- Sr

S



5 The true drstance between Cu- and ss is therefore, 8.3+ 0.2 =8.5 (single- cro_ss overs + double
" cross overs) The true distance ‘between Ss and Sr is 3.3.+ 0.2 = 35 (srngle CrOSS OVErs +-

. double cross overs). The drstance between Cu and Sr is 8. 3+02+33 +0.2 = 120,

- With the cross: outlmed above the genetic mapping of the Drosophrla chromosome can

" be. made asfollows _ . _ R
Y0 R 8.5 I ~12.0

K

207  INTERFERENCE AND COII;\.ICIDENCE' :

Accordmg to the law of probabrhty the frequency of double cross ‘overs between genes

should be.equai to the cross over.frequency at region I-and reglonal 1L Actually tlus is not

observed The foliowing frequencres were obtained.

Region. -~ . G_enes s " Frequency of 'Percentege of ‘Map distance o
o : ' chrombsOmes - . Crossovers o

1T CuSsi. -~ 0.083 83 . 83+02=85

I o ssS¢ - - 0033 33 3.3+02= 35 ..

Double cross  Cu Ss St . Y (B ) | |

_ overs

The cross overs in regron Iand IT bemg mdependent 3 oent" double.cross overs' would

be predicated, but only 0.2 pér cent were. observed. Thus diffésence of the kind, where the. actual -

“double cross overs observed are less than the calculate d onie is very common or crossing overs at
one region interferes with the crossing over of nel%hbo

called ‘interference’. Interference appears to be

o region, suggesing the phenomenon -
ual in different parts of a chromosome, -

and among the several chromosomes of a given enotype. - In general interference appears

" greatest near the centromere or at the ends. Ht'chromosome The degree of 1nterference and
coefﬁcrent of comcrdence is expressed

obse%frecjuency of double cros_s overs

Coefficient of coincidence = : : . .
B expected frequency of double Cross overs

_ o - 0.002 _
cc. in the above example = mmemem—'= 0.67
S - 0.003

As interference increases, comcrdence decreases Corncldence values very between 0 and o

. 1.. Absence of interference gives'a corndldence of one and complete interference results in a
coincidence of zero. Interference value between 0 and 1 indicate the positive intérference. In
thls example rnterference is 1=0. 6‘7*0 33 - : ' '

208 CYTOLOGICAL BASIS OF CROSSING OVER

Genetic evidence for [mkage became well establrshed before the cytolog;lcal basrs was demon- o

strated. Genetic crossing over is due to exchange of parts between homologous chromosotnes.

The ‘cyto logical demonstration was ﬁnally shown in 1931 from the expen ments of Stern inoo.

Drosophxla and H.B: Creighton and Mc Clmtock in maize.

Stern could ﬁnd some marker chromosomes in his’ cultures A part of Y chromosome was - o



broken off, and was attached to X chromosome. He found another distinct feature ie, a part
of the X chromosome had been broken off by X-ray treatment that became attached to the
small chromosome IV. Females with red bar-shaped eyes. were mated with the males having
earnation (flesh) colored normal shaped eyes. The genetic and cytological resuits were recorded.
The material from flies that suggested crossing over through'the appearance of phenotypes-also -
showed microscopic evidence of exchanges between homologous chromosomes. The physical or
cytological basios of crossing over was thus established, as shown in Fig.20.3. Here the two cross -
over products produced by the female are one long X chromosome and a short X fragment with .
attached Y section. When combined with, the normal long X chromosome of the male the cross *
" over females are thus cytologically distinct from the non cross overs, .

- . "

¥ chrormhusaine
Section

wd H- wid ko oo+
' ' 9 . | shromatids i I '
., .

X ehrofosomes : _ _
1 ) . / '
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~w feenale

car Tor

+O
- .
2,

_Crassovet
X-thromostmes
- i .

wrl  dear | 4 oo
. B + + T |-

1  comonon Bar witd-1ype !
. _ a s ;
b
Fy femmaley
- Fig203Expe - . wing the correlation berween-genctic and eytological

- crossing aver x.w 2 wo sex linked loci in Drosaphila melanogaster.
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20.9. FACTORS AFFECTING CROSSING OVER

Many extrinsic and intrinsic factors have been found to affect the rate of crossing over. They .-
are sex, age, temperature, water content, ionizing radiation, certain chemicals,; heterochromatic
regions-etc, . - : R . _

' Gower (1933) have shown that in Drosophila mutation suppressed crossing over completety. -
Bridges (1927) demonstrated that with the increased age of Drosophila crossing over was
depressed. Plough (1917) has shown that at temperature between 17°C and 29°C, the crossing
.over was constant, but below or above that temperature range, the rate of crossing over increased.
According to Sybenga (1922) low water content reduces the chiasma frequency. Ionizing radiation

.~ _jficreases the rate of mittic and mejotic crossing over in Drosophila.” : '

20.10. SIGNIFICANCE OF CROSSING OVER

1., The frequency of crossing over is of great use in constructing 'gehetit maps of the chi'qmq-
somes. ' : - : : :

It produces direct evidence for linear arrangement of linked genes on chromosomes.

It increases the frequency of gcﬁetical varigtion which are the _'__ra:w' materials for organic
~ evolution. Sl ' _

20.11. SEX LINKAGE =~ A\ \\>

When parallelism was discovered between X chror@ne'cycle ‘and sex determination, it
was assumed that genes other than sex d_cterminer?eze also located on the X chromosome,
The genes which are located. exclusively on X ¢ romosome are called X linked or sex linked
genes. - The first experimental evidence for séxAinkage came with the discovery of white eye -
mutant in Drosophila by T.H.Morgan (1914). white eyed males when mated with red eyed
females, the Fy flies were found to be r_e% but F, included red and white in the proportion”

~of 3red : 1 white, but all white flies were méles. Ornie half of the F5 males have white eyes and
“another half had red, but all females had red eyes. ' o T .

.'20.1'_1_.1. Sex Linkage in Humans

Early Greek philosophers noticed that some human traits tend to skip a generation. A
characteristic that was observed in a father but not in any of his children, would reappear in
~males of the next generation. This distinctive criss-cross pattern from father through daughtey
to grandson is now interpreted as evidence of sex linkage. =~ R

Sex linkage has been indicated for more than 200 traits in humans, Examples are haemophilia, -
-~ color blindness, optic atrophy(degeneration of the optic nerve), juvenile glaucoma (har'dening of
.the eye ball), myopia, defective iris, juvenile muscular dystrophy etc. The explanation BiveD for
sex linked inheritance in Drosophila applies to traits in humans that are associated with genes

- on the X-chromosome.- o . ' e

. The criteria for identifying sex linkéd recessive traits from pedigree studies is as follows. B
The trait occurs more frequently in males than'in females. 2. The traits are transmitted from
an affected man through his daughters to half his grandson. - 3. An X-linked aliéfe is never
transmitted directly from father to son. 4. All effected females have an affected father and a
carrier mother. . . o S S



C.hei.:k Your Progress - 2
Define sex linked genes. Name any five sex linked traits in humans.
Note: 'ai_ Write your answer in the space given below. -

b} Compare ybur answer with the one given at the end .

........................................................................................

...................................................................................

.....................................................................................

20.11.2. Y chromosome Linked Genes or Holandric Genes

" They. occur normially on the Y chromosome. The gene that determines excessive hair
development on the ears(hypertrichosis } is holandric.

* Histocompatibility antigen genes are located on Y chromosome in haman, the mouse, rat,
guinea pig etc.. The genes controlling spermatogenesis are on the long arm of Y chromosome.

20.12. SUMMARY

Instead they teid to segregate together. Such ge es are said to be linked. The degree or strength . -
of linkage depends upon the distance be n the linked genes in the chrompsome. The -
arrangement of a wild form of a gene'-lg\gmterowgote is called a coupling or Cis-configuration - -
and the witd type gene is called ulsion or trans-configuration. The linkage is'broken down
due to the phenomenen of crossing over occurring duzing meigsis. The process of crossing over
produoes new combmaﬂonsﬂnbmatlon) of genes.It involves two of the four chromatids of
the pairs of homologous chr somes. The chromatids in which crossing over has occurred
have new combinations of genes and are called cross overs.

-(Genes that are located on the same chr don’t assort independently during meiosis.

The location of genes on a chromosome can be mapped by three factor crosses. A map unit
can be defined as the linkage distance that yields one percent recombination. The phenomenon
of interference is inversely proportional to coefficient of coincidence and varies between 0-1: 1
Genes other than sex determiners which are located on sex chromosomes are said to be sex
linked or X-linked. The genes which are located on Y-chromosome are called ‘holandric’ genes.

L4

20.13. CHECK YOUR PROGRESS : MODEL ANSWERS.

-1 Lmkage is a machanism by whlch a group of genes on the particular chromosome show a
tendency to remain linked together, without assorting independently of each other during ~
gametic format.lon

2. More, less.

3.  The genes which are other than sex deterinines and are located exclusively on ‘X’ chromo-
some are called ‘X’ linked or sex liriked genes. Examples of sex linked human traits are:
haemophilia, color blindness, optic atrophhy, myopia, defective iris. ' !
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20.14. MODEL EXAMINATION QUESTIONS -

L Aﬁsﬁer the fo.l.lowing questions in about 30 lines ‘each.
1. Explain the cencept of lmkage of genes with sultable examples
© 2. Write about crossmg over-and chiastna formatlon
3. erte about lmkage maps wn:h suitable examples
1I. Answer the follovymg questmns in about 10 lines each.
L What are sex hnked genes‘? Explam with examples
2. Explain the terms mterference and coincidence. -

3 Write briefly- about crossing over and its s:gmﬁcance
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“UNIT-21: CYTOPLASMIC
- INHERITANCE

Contents
21.1. Objectives
212. Introduction
21.3. , Cytoplasmic Inherrtanoe
. 2131 'True Cytoplasmic Inheritance |
ST 2132. Maternal Effec(s - ' =
- 2133. Cytoplasmro Inheritance Inﬂuenced by Nuclear Genes
21.34. Daver Modifications. .
121 4. - Summary
21.5..  Check Your Progress Model Answers
21.6. - Model Examination Questions

21.1. OBJECTIVES -

After going through t]'llS unit you, will be able to _

1. understand that some factors in the cytoplasm of the egg ce]l are responsrble for mherrtance '
of few characters both in animals and plants, ’

. 2 define and distinguish betweén true cytoplasmi mherrtanee maternal effects, cytoplasmlc .'
inheritance mﬂuenoed by nuclear genes and @modrﬁcanons.

N

,21.2.___mTRoDU_c'1110N ) T

nucleus, srtuated on the chromoso
the Mendehan laws of inherit, ese genes are cafled nuclear gencs and the inheritance is
known as nuclear -inheritance omosomal mherrtance '

The transmrssron of characters %o \%E‘rents to offspring is due to genes, present in the-

Eventhough this. kmd of 1nher1tanee is normal in all living orgamsms there is another kind
of inheritance which'is controlled by the geénes present in cytoplasmic organelles like chi oroplasts
and mitchondria. As these -aré sittated outside the nucleus in the cytoplasm, this is called
'cytoplasmlc inheritance. This is also called extra—nuelear inheritance. This kind of inheritance

- does not follow Mendel’s laws, 50 thrs Is- also called non-Mendelran mhentance

- 3'_1.3. - CYTOPLASMIC INHER,ITANC'E

In the case of Mendalran mherltance the tesult of a cross botween two' organisms A and B
‘will be the same whether A is male or female parent and B female or male parent. That is to
sdy the results of normal cross and reciprocal cross do not show any varlat.lon But this is not
_ the case with cytoplasmic mherrtanoe In this the fesult of reciprocal cross will be different from
that of normal cross. It means the results of a cross betweedi A (female) and B (male) will be
different from a cross between A (male) and B (female). In one cross A js the Yemale parent
and in the other B is the female parent.. The fact that the results of recrprocal Cross are drfferent

from normal ¢ross, is an evrdence for cytoplasmre 1nher1tance _ S . S

m

s we have alredy seen this transmission is according to



Of the two gametes, the €gg and the sperm, in most of the cases, the cytoplasm of the
zygote comes only from the egg cell but not from the sperm. There are reports that sperms also
possess some amount of c¢ytoplasm é.g. Epilobium, Oenothera, Nepata But the role of this in-
cytoplasmic inheritance is negligible. So the cytoplasm of the egg cell is the source of cytoplasmic
inheritance. Besides, sometimes the early growth and development of the embryo is 50 mugch
inﬂuenccd by the surrounding maternal tissue that the progeny resembles very much the female
parent sometimes. These are called meternal effects and are under the control of maternal genes
but not under the control of growing embryo. Hence these are called maternal effects.” -

Factors controlling cytoplasmic inheritance are located inside cell organelles like chloro-
plasts and mitochondria. These -érga_nelles have their own DNA and RNA which are differnt
from muclear DNA. These undergo mutations. These cytoplasmic factors controlling cytoplas-
mic inheritance are collectively called plasmon. In contrast to nuclear genes these are called
plasmagenes, - o _ o '

Cytolasmic inheritance is usually studied under 4 heads. They are (1) true cytoplasmic
inheritance (2) maternal effects (3) cytoplasmic inheritance influenced by genes and (4) Daver
‘modifications. o .

Check Your Progress - 1

What is meant by-cytoplasmic inheritance? _ 0

Note: (a) Write your answer in the space given below. Q
| th

LA

{b) Compare your answer with the one give_r\?t\

B i

21.3.1. True Cytoplasnﬁc'lnhéritance

Plastid colour in Mirabilis jalapa: Plastids are cytoplasmic organelles of plant cells. Their
number per cell may vary from one to many. The plastids nevér_ arise de nove in any cell. They
_ arise from preexisting particles in the cytoplasm, which are very microscopic and are known as
proplastids. The plastids are self tc'plicating_ _'ej'rgane}les. When the cells divide, these piastids
also get distributed into, the two cells more or less equally. Plastids with chlorophyll are called
.chloroplastids or chloroplasts and these are green in colour. Some plastids are colorless and are -
called leucoplastids or lencoplasts. o ' ' - o

Correns and his coworkers in 1908 studied the inheritance of plastid colour in Mirabilis .
Jjalapa. The plant has three different kinds of leaves-green, albino and variegated. Gireen leaves
possess chioroplasts, albino leaves have leucoplasts. Variegated leaves have both éhlo_mplasts
and leucoplasts and hence show green and '_wh_itc patches. In the same planits there may be three
different kinds of branches{gr‘eén, albino and varigated. Sometimes entire plants may be green
~ or albino or variegated. However albing seeedling cannot survive, as there is no photosynthetic
activity in such plants and so such plants do not reach maturity. In plants with all the three kinds
of branch_(:s at maturity albino branches get the food supply from the rest of the plant body.

o



&
Fig.21.1 Maternal mn@ of plastid colour in Mirabilis jalapa. The central circle repre-

sents the type of branch that produces flowers which are pollinated. The intermediate circle
shows branch from which pollen is uscd and the outer rircle represents the type of progeny.

- - Correns and his coworkers have found that the inheritance of plastids colour does not follow -
Mendel’s laws but it always follows the character of the female parent. Thus when the flowers on a-

- green branch were pollinated with pollen from the three Kinds of Branches, all the sceds give rise
to. green seedlings. Likewise, when the flowers on a albino branch were pollinated with polien
from the three kinds of branches, the result was all were. albino seedlings only. The flowers en.
the variegated branches when pollinated with pollen from"_a_ll the three kinds of branches, gave:
rise to the three different seedlings-green,-albino and varigated (Fig21.1). Thus the progeny
always resembled the branch on which the seeds are borne ie. the f_emale-parént-.- Thus the
" inheritance of plastia colour in Mirabilis jalapa is strictly maternal, the sperm. has very little |
“cytoplasm and no proplastids.at ail. The egg cell, on the other hand, contains-cytoplasm and -
. the proplastids. The egg cells on the green branches contain proplastids for chloroplasts, on

 the 'élbino_'branche§ proplastids for leucoplasts and-un the variegated ‘branches, some egg cells.
contain proplastids for chloroplasts and some proplastids for leuoplasts ‘and still others both"

types of proplastids. Thiis is due to random distribu_tion of proplastids during the fﬁfma_ti_on of
- the egg cells. At the same time, it should be understood clearly that formation of chlorophyll or.

its absence, is owever controlled by niiclear gene onljana cytoplasm hias no role in it atall.
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Proplastrds are known to.contain DNA, the heredrtary matetrial. This was estabhshed by .
: smentrsts like Ris; Chum, Edelman. When such DNA undergoes mutations, changes are seen ln
' ; the plastid colouz. These mutabons aré not under the control of nuclear genes ' '

~1

Thus the inheritance of plasud colour in Mirabilis jalapa is eontrolled by DNA present m o ;
the plastlds whrch are srtuated in the cytoplasm outside the nucleus .

¢
!

| 21.3.2. Maternal Eﬂ'ects

Matemal effects can be understood as changes brought about in organlsms by maternal

genes or by the tissues surroundmg the developmg embryo. These effects may slowly fade away

" as the orgamnism: g’rows or as in some cases, may survive the life time of an adult We will try to
understand two- caSes where such effeets were observed and. studred

Eye color in the ﬂower moth: E.Caspari in 1936 studled the maternal effects in the flower -
moth Ephest:a kulniella. In this moth the colour of the eyes is-dark brown and the larva have: o
- pigmented parts. These two characters are due to a pigmented precursor called kynurenine
- which is produced by a dominarit gene A. A homozygous recessive (aa) moth has no kyhnemne, :
- as aresult, the larvae have no plgment on therr bodres and the eye ¢olour of the moth is red

_ In a cross between a homozygous rcessive (aa) as a female parent and heterozygous {Aa)
as a ‘male parent the results were as follows: :

larvae " 1 Pigmented \> 1. non pigmented.
~ Adult - - ldark brown'eyeso v 1red eyes.
Genotypically = 1Aa \?\ ¢ laa

A teciprocal cross was made with hetero! s(Aa) moth as female parent'and homozygous
. recessive (aa) as male parent. Surprisin all the larvae were pigmented as though Kynurening -
was present in all larvae But when theséJdrvae developed into adults only half of ‘them had
dark brown eyes and the other half had red eyes. Genotyplcally, they were as in the normal
cross Aa 1 aa 1

Body prgmentatlon in larvae can only be due to the presence of pigment precursor kynurenme
We have already seen that homozygous recessive (aa) do not produce kynurenine. How isitthénin -
tne reciprocal cross larvae with genotype aa they also had plgrnented bodies? Thrs canbe explalned _
like this, All the eggs produced by. dark brown eyed heterozygous' (Aa) female parent receive:
. the pigrhent precursor, kynurenine, whether they received A or a. Tlus kynuremne is located_
. in the cytoplasm of the .egg. cell. A]l the eggs receive gene a. As a ‘result of the. fertlllsatlon, _
~ two kinds of zyigotes, Aa, ‘aa are formed. Al these, whether Aa or aa, have kynurenine in the
‘ cytoplasm. -So all the larvae, irrespective of the genotype Aa, or aa have pigmented parts, to
' begin with. Those larvae with Aa, continue. to have kynurenine and so develop into adults with. _
. dark brown eyes. ‘On the other hand in the larvae w1th aa, -as kynurenme is no more produced _
. they slowly lose prgmentatron, and adults w11| have only red eyes. K

So even though the larvae do not have the dommant gene A, still they have p]grnented B R
bodies because of the fact ‘that the mother is heterozygous (Aa) and its effect is seen in the
cytoplasm of the eggs havmg kynuremne So; for sometime, 1ts effect is seen in the larvae and
.. it slowly fades away. - : : : SRR
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. cross

o a8s - . p ! - © As
} o red eyos . . dark browr eyes
nonpigmested larvae ' L T pigmented larvae
S % Aa - % aa
. Harvae eoloured, ~ larvae not coloured

Adults dark browrieyes . Adults red eyes
Reciprocal cross o | '
g__-.A_a__ )l‘ _ 3 awa
b
All larvae cb%oured.
{Both Aa and aa).

P [
% adults dark : . % adults
~ brown eyes. _ 0 Red eyes

Coiling in snauls We will now study anoth@se of maternal effects where the cffects persmtz-:- |
throughout the life of the individual. ?\

peregra. The shells of these 'show two different types of coiling-one type coil to the right

A H. Strutevant (1923) st giletﬁ—c‘ inheritan(;e 'of 'coilihg of a snail species called “Limnaea
cailed dextral, another'coil to the left called, sinistral. This character of coﬂmg is controlied by

a pair of alleles, Dextral (D) bemg. dominant, over smlstral (d) which i 1s4reoesswe

However the coﬂlng of any snail is determined by the genotype of the maternal parent but
not by the genotype of the concerned individual. - '

These snails are hermaphrodite. Fertilisation can be brought abouit by 'conjugation between
two individual snails or through self-fertilisation. In a cross between dextrael_ {DD) male-and
sinistral (dd) female, all the progeny showed sinistral coiling eventhough their genotype is Dd.
When these heterozygous sinistral (Dd) snails of Fy generation show dextral <coiling even though
1/4 among them had genotype:dd, because the genotype of female parent is Dd. Howevek, when
these snails _w1th genotype dd get self fertilised m the F3 gencratlon sinistral coiling occitie,

Thus it will be seen that in Fi generatlon eventhough the genotype is Dd, it showed sinistral
coiling as its female parent is sinistral with dd. Thus again in Fy generatlon, ‘sniails- with genotype

" dd showed dextral coiling as the female is sinistral with Dd So the genotype of the female parent

determines the type of cmlmg of the snail, but not its own genotype. Hopwever, such a maternal

-effect is seen in one generation only. ‘For instance, snails with genotype dd in Fy generation

éventhough show dextral' coiling, their progeny in F; all show sinistral coiling and all of them .
have the genotype dd. !
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3. Cvtoplasrmc Inhemtance Inﬂuenced by Nuclear Genes

Recerlt investigations have rew,alcd that certain characters which are cytoplasmically mhented i
re. influenced by nuclear genes. The muclear - -genes are. plasmagenes together control the
mhensance of such characters. We will consider three examples to understand this type of
mhentance They are 1. IO]&]? trait in maize Z Kappa partlcles in Paramecium 3. Cytoplasrmc

' male sterility. ' :

Tojap trait in maize: in maize thcrc is a character in wluch the leaves show alternate greenand,

~ white stripgs. Thls trait is called japonica. This is controlled by a gene present on chromosome.
No.8. Thisis a recessxvc trait and so is seen in homozygous recessive (n condmon only Normal_

green leaves may be JJ ot Jj. ). Th]s shows normal Mendehan mhcntance

In th state of Towa in US.A a trait similar to japonica was observed in which the leaves
. showed long green and white stiipes alternatingly, and was by a gene located in-chromosome
no.7. This trait is called Iojap (Io stands for lowa state where this was first observed and jap .
stands for japonica which it resembles). This also-is seen in homozygous recessive (ij ij} state. '
The homozygous deminant Ij Ij or heterozygous Ij ij are. green in Colour. In contrast to ) japonica.
trait, iojap.js. transmitted to the progeny through the female parent. For instance, in'a cross
‘between green maize (Ij-Ij) as the female parent and Icjap striped (Ij Ij) as the male pm‘ént
the progeny contained 3 different kinds of plants-green, colourless and green and white striped .
-and all of them are genotypically Jj ij. So this chatacter is seen in the progeny only when the
_female parent is ij ij or ij Ij. In-such plants, the qﬁfasm of the egg, is now-known to contam '
two different kinds of plastids 1. normal chloroplasts’and 2. abnormal plasnds If the egg has
only normal chloroplasts, then green plants 2 oduocd If only abnormal plastids ate. present
-then colourless plastids result. If the € s bpth. normal chloroplasts and the abnormal
plastids, then plants with Lojap stripes %}roduwd There is some relationship between the
_ gene or chromosome no.7 and pl the cytoplasm of the cgg cell. The plasnds undergo
mutation and- 50 abnormal plastids ré"produced '

S 18t Cross.
§ 1 ' x. o il 3
~Greem - : i : ~ Striped . ”
' 1j all green-
MReci p.’r,'oe al ¢ _ro's's _ o
g Xy
Striped o ~ Green A
L § .4 : A

 Green ' t:elourless ' '  stripped -

Kappapartmles in pammecmm Sonneborn in 1943 studied the inheritance of two alternatlvc
sstrairis in Para.mecmm aurelia. I‘hey are Killer and sensitive. The Killer strain is so called
because when these two are. present in the same petridish with culture medium, the Killer ‘strain

ps -



produces a toxic substance,which i is released into the medlum as a result of whlch those of the .
' sensitive strain get kllled 'I'l‘us ‘toxic substance is called paramecm

'.Paramecium reproduces: through binary fission, as a result of which;, clones with a similar-
‘genotype are produced. Besides, Paramecium also reproduces sexually through conjugation. « -
During conjugation, a cytoplasmic bridge is formed between the two paramecia. The diploid - -
micronucleus of the Paramecium undergoes meiosis and two haploid micronuclei are produced.-

- These haploid micronuclei-are exchanged through the cytoplsmic bridge. Thus, two genetically .-
~ different micronuclei. fuse. and individual paramecia separate as exconjugants. As a result of
nu'clear exchange and fusion, both the exconjugants. are genetically identical. Under normal
conditions, little cytoplasm is exchanged during cajugation. Thus th:e exconjugants maintain'
their original cytoplasrn but contain similar nuclei. Thus when the Killer and the Sensmve strains
are invoived in conjugation, after exchange of nuclei the Killer and the sensitive strains. separate
into Killer and sensitive strains once again. Through fission the exconjugant Killer produces a
clone of Killer, Paramecia and the sensitive excon]ugant produces sensitive paramecra "It should . -
be noted here that eventhough nuclear exchange has taken place between the Kiiler and the -
sensifive strains, and the Mendehan genes get segregated- durmg suceessive generatlons after .
self fertilisation-the two strains retarned their identity. From this. 1t is clear that the Killer and.
sensitive characters are not under the control of nuclear genes. Héwever when the con}ugatlon"
I8 prolonged there is a rassive transfer ‘of cytoplasm in: addmon to mrcronuclel and in such
cases, the Killer character is transferred to the sensitive strain. Therefore all the progeny of the =~
Killer-sensitive prolonged conjugation are Killers(Fig.21.2). S _isingly_ during conjugadon, the
sensitive strain becomes'reSistant to the toxic substancé paramecin. He'r'e 1s one more 'proo'f for .
cytoplasmic inheritance. The extrachromosomal p e respons1ble for the Klller character has -
been called Kappa by Sonneborn_. *?\ o

These Kappa part1cles present in oplasm are 'depEndent upon a_t'l_east one nuclear .
_'gene for their multiplication and existence. e e size of these part_it:le_s varies from 0.2-0.8 microns..
In each Paramecium there may be 400 - 1600 Kappa particles. Sonneborn carried out' experiments
on conjugation between different ‘strains in Paramecium and established ‘the following facts '
‘regarding the mherltance of the Krller character and ‘the Kappa partlcles

L . Kappa particles are transmltted to the progeny through the cytoplasm

2. Inthe KJlIer stram, besrdes Kappa partrcles in the cytoplasm, there isa dommant nuclear
- geme k. : : . N

3. When the Pa.ra.mecmm is homozygous dommant KK’ or heterozygous Kk and Kappa
are- present in cytoplasm then only paramecm 1s produced

4. ~The sensitive straln 1s homozygous recesswe kk w1th no Kappa partlcles m the cytoplasm

5. The domlnant nuclear gene k cannot form Kappa partlcle in the cytoplasm but even if one
particle enters a Paramecr um with K gene then K helps in the multrphcatron of the Kappa

particle.

*6. ‘When the Kappa partlcles are present in a sensitive straln KK as the dommant gene is not
- present such particles degenerate ' '

Fl
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- The relation between genotype, plasmagenotype and phenoty_jpe in Paramecium iS given below. - '

, Genotype S Plasmagenotype - Phenotype
KKor : ' Kappapresent = Kilter
KKor . - . No Kappa : ' sensitive

1 KK ' ' -NoKappa . - ~ sensitive

- : C e (Kappa particles disappear)

It is now established that these particles have DNA and RNA also.

From-_ this we now see that the Killer strain is able to produce Paramgcin due to 'the'

presence of Kappa particles in the cytoplasm. Eventhough these particles are independent of

. muclear genes, their multinlicaton is controlled by the domin_ant nuclear gene K. Thus the Killer

character, eventhongh tfansmitted through the cytoplasm, is also influenced by the nuclear gene.
Normal C0nju'gat"ic3_:_h o _ Prolonged conjugation '

(no cytoplasmic exchahge) S (with cytoplasmic exchange)

Ll .
e )
Al .. ey

Fig21,2. Inheritance of Kappa particle in Paramecium

C_'jrto'plasmic male sterility: Male sterility, seen in some plants, is a condition in which the
‘anther get shrivelled up and do not produce pollen grains, or if they do produce it, such pollen
) . . . . w e . " L . ; o
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do not germinate. Generally, male sterility is controlled by nuclear genes. In maize there are. , -

over 20 varities which show male stenllty and in each case a dlf_ferent gcnc is sald to control

then' cha:acter

_In 1933 Rhoades discovered and studied a kind of mal€ sterility which is inherited through -
the cytoplasm. This male sterility is transmitted to the progeny through the female parent. A :

" maize plant with male sterility is pollinated by pollen from a normal plant. All the progeny .

happened to be male sterile plants, He selected one among the progcny as the female parent
* and repeatedly back crossed it with a normal plant of parental generation. Even after repeated
back-crossing several times, male sterility continned to .appear in the plants. This conclusively -
J"provcs that the mucleus has no ‘control over male sterility jn this case and that the cytoplasm
of the egg alone controls male sterility. Rarely male sterile .Elvants produce fcrtlle pollen grams_ .
in very small quantltles Reciprocal crosses using these rare polien with normal maize plants

where the male sterility is. not present, produced normal plants with -no male sterility (Maize

_is monoecious with separate male and female mﬂoresoences) This-is an addltlonal proof that

_cytoplasm control male sterility is not clearly lunderstood. Besides in maize, nuclear genes are. -

21.3.4. Daver Modifications

ma_le dsteritity is transmitted through the cytoplasm of the egg cell. But which organelles in the

known which in a dominant condition suppress the cytoplasmically inherited male sterility. Thus
the -expression of male sterily depends upon the interaction between the chromosomal gene and

 the Cytoplasmm factor This kind of male sterility is aiso known in beet root, onion and wheat.

o

- There is still another type of mOdiﬁCﬂtiOﬂ@i@h is transmitted through‘-the'.CytoplaSm of the

B

egg i.e., through the female parent. These ghanges are induced by chemical agents or temperature |

in the plants and arimals. But such ¢ s are seerl only for some generations and thén

disappear. For example in Phaseolus vulgaris.Hoffman found that morphological abnormalities .
in the leaf shape induced by chloral hydrate pcrsnsted for six generations in. thc female line and .

and then dlsappcarcd Such modificatons are called Daver modifications.

Check YO‘I.II’. 'Progres_s_ - 2,

What are Daver modifications 7 .

Note: (a) Write your answer in the space given below.

(b} Co‘mﬁér_e your answer With' the onc.'given at the _¢nd. o
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21.4. SUMMARY

Cytoplasmic factors called Plasxnon control cytoplasmic inhetitance. These factors are
located mside cell organelles like chloroplasts and m1tochondna In cytoplasmic inheritance,
it is the cytoplasm of the egy that plays a cruc1al role. Therefore there ﬁnll be a-difference in )
the results between the: normaL_cross and the reciprocal cross. Matefnal effects are changes .
brought about by maternal genes in the growmg embrygo and these may dlsappear aftcr some
time in the life of the individual or may be seen for one generation and, dlsappear in the next.

' _ Some times cytoplasmlc inheritance is influenced by nuglear genes, e.g: Mlaze Tojap trait etc, '

Some times chemicals and temperature also bring, about ‘changes in the planf body which arg
transmitted through the femalc line. Thcy dlsappear after a few generatlons They are calted
Davcr Modlﬁcatlons '

21.5. CI—IECK YOUR PROGRESS MODEL ANSWERS

1 -Inhcritance controlied by the genes preseht in cytopla:’smic organelles like chloroplasts and
- mitochondria which are sxtuated outsndc the nuclcus, in thc cytoplasm is called cytﬁplasﬁnc‘_
mherltance :

i.e through the female parent. These are induced\in plants and animals by chemical agents

2. Daver modifications are changes which. are trapsmitted through the cytoplasm of the egg
ﬁr some generations and then disappear.

or temperature, But such changes are- _s%eskl):o

£
oL

21.6. MODEL ExAmmAm QUESTIONS -

L ;&nswer the followiog que stg:in 30 iineé oach. a
1. What is meant by true'gytoplasmic mherltanoc 7 Exaplam this Wlth sultable 1llustrat10n '
A Exaplam the mhcrltancc of Killer charactcr in Para.mecmm '

IL. Anser the following in 10 hnes each. |
1. What is meant by maternal effects ?

2. How is the character of shell coiling inheril;od in Limnaea peregra
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32.1. OBJECTIVES

At the end of this unit you will be able to: . 0 "
1. describe the structure and function of gene, Q '
2. llSt out various mechanisms of exchange of éé;p:ﬂc matcrial

/

22, 2. INTRODUCTION <<‘-

It ‘was establlshed beyond doubt IS%?AU that the genes were Carried on the chromosome.
The primary genetic substance of the gene is the. DNA, the carrier of genetic mformat1on
Genes which control heredity, are specific genetic factors arranged in a linear manner on the
chromosomé. Each gene can affect the character of a cell in a highly specific way. The hereditary

" characters are mhemted by the offsprmg from the parents durmg meiosis (reduction division).

NUCLEUS

The nucléus in the cell was first described by Robert Brown in. 1881 which is the largest

of the celt organeiles. The nucleus is present in all cells; except in few cases. In mature sieve .
tubes of higher plants and mammalion erythrocytes nucleus is present in early stages only and -
- absent later on. In the bacteria and blue-green alggae, membrane bound well defined nucleus -
-is absent, hence are designated as prokaryotlc oells However, localised region of DNA known .

.as nucleiods are present.

" The nucleus has a nuclear membrane enclosecl in the nuclear sap contammg chromatin
‘which stain with basic dyes (aceto- carmine) and by Feulgen’s technique indicating that it is made

“up of DNA, The chromatin comprise of a heavily stained region de51gnated as heterochromatin -

and lighter region euchromatin. One or more spherical bodies known as nucleoli are present in

the nucleus. During cell division, the nuclear membrane and nucleoli dlsappear with chromatin

bemg organised into chromosome
The nucleus is composed of nucleu: ac1ds(more of DNA and less of RNA) and. prmems
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small amount of lipids and other 'compounds;_ The composition of the nucleus vary with different
nuctei. Protein forms the largest part of nucleus. : : '

Fig22.1 Acetabularia: The-upper part shows the essential differences between the
- caps of the two species most bonimonly used in experiments. The lower part shows
the result of fusing two decapited planits. The cap formed is ?ntermediate between
the two Slﬁecies.. A. A. mediterrpnea. B. A. crenulata, 1. Cap. 2. Stalk 3. Rhizoid

_ Usually the proportion of DNA is more than RNA in nuclevs. The protiens are compogsed
of two major groups. The basic proteins (histones) or acidic proteins. The basic .proté}ns, .
protamines and histones are found in nuclei of higher plants and’ animals. By ionic-binding
with DNA, they form the nucleo-protiens and nucleio-histones, responsible in controlling gene
activity. The non-basic or acid protiens which form 70% of the miclear. protiens, do not bind
with DNA but form protein of nuclear sap, ribosomal proteins and partly chromosomal protein.

‘ The nucleus is a complex structure and controls living cells. The chromosomes present in the
- nuclews have the bulk of genetic material DNA. The regulation of cellular activities is controlled -
by DNA, present in the chromosome. The DNA and RNA molecules which are responsible.for
synthesis of enzymes and proteins, expression of genetic information and the control of cellular
function are-all yynthesized within the nucleus. ' . S
etk S
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— 'Ihe 1mp0rtancc of nucleus as the major centre which controls the reproductlon and othcr
actmtles of living cells was demonstrated by Hammerling. He conducted a series of experiments
by using a single-celled mushroom like marine algae, Acetabularia, measuring 4-6 ¢m in length,
The single hige cell is dlfferentlated mto a branched prostrate rhizoidal portlon contammg a

Fig.22.2. Grafting cxperiments with Acetabularis. ‘I‘hc diagram shows two sets of
experiments in which a piece.of stalk of one species s grafted onto the rhizoid (cnntamlng
the nucteus) of aniother species. The cap formed resemblcs most strongly that “normally.
produced by the nucleus containing host. a. A Mediterragea b. A. Crenulata

large nucleus, a long narrow vertical stalk with a tcrmmal cap of 1 cm. in dlameter thn
the plant is decapitated it regenerates the. cap charactenstlc of the species bécause ‘the nuclens ~
is still retained jn the rhizoid. It is easy to produce nucleatgd and anucleattd portion of the .
planis. When two decapltated plants both providing the rhizoidal end are grafted with each :
other,-the ‘hybrid’ individual gives rise to a new stalk and cap.» The cap of hybrid, possesses - -
characters mtermedlatc to both species. For cxample, A Medxterranea whjch has a cap with -
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80 compartments with rounded edges and quite distinctive from A. Crenulata which has fewer.
segments in the cap. When the rhizoidal portions of these two species fuse, the cap formed by
the graft hybrid is intermediate in its cap character, because of the presence of two different
nuclei {Fig.22.1).  When pieces of stalk of one species is grafted to another, the new hybrid
developing from it will have the characteristic cap ‘of the host plant (Fig 22.2). In this ffgure
‘the rhizomatous portion with the nucleus belongs to A. mediterranea and it is grafted with
the stalk not containing the nucleus of A. crenulata, the cap that is formed of this hybrid is
characteristic of A. mediterranea, because the nucleus containing rhizomatous portion belongs
to a A. mediterranea. Similarly in this figure the nucleus containing rhizomatous portion of
A. crenulata decides the type of cap formed. These experiments clearly show that the genetic
material contained in the nucleus determines the strueture (morphologicai form of the plant).

~ In other words, characteristics of the individual are controlled by the genetic matenal in the
nucleus. :

In bacteria and blue-green algae, the nucleus is devoid of a nuclear membrane, and a-
single circular chromosome is present. The other cell organelles in these prokaryotes do not
contain membranous envelopes. But, in the eukaryotes a-definite. number (usually more than
'two) chromosomes are found in the nucleus and bounded by a nuclear membrane.

In higher piants during mitosis, the chromosomes consisting of largely euchromatin, divide

- longitudinally and the separated haives move to the opposite poles of the cell and form two

identical daughter nuclei. Thus during nuclear division, each chroi’nosome is dupllcated and is
associated with DNA synthesis.

‘The growth, development, structure of living organisms are guided by the hereditory infor- -
mation embodied as a code in the nucleic acids. Thcs‘c\macromolecules accurately decipher and
- reproduce the information contamed int them. \./ _ : :

22.4. GENE o \.}

Gene ma'y be defined as a sc_gt of a DNA molecule. In other words, 1t is one of the
basic units of heredity, each of whichforms a discrete part of the chromosome. Genes exist in
different forms and are knowrfas alleles. Gene has a specificity of structure, location chemical
nature and function. Genes can bhe'located on the chromoesome together or on different ones.

Genes with refated function are adjacent and not randomly located. Studies on viruses and
bacteria have indicated that a large fraction of the genes are situated in groups and carry out
related function. In the T4 bacteriophage the genes responsible for the synthes:s of head protem
are in one region and those of tail fiber are situated in another region.

22.4.1. Chemical Nature of Gene

Deoxyribonucleic acid (DNA) is the primary genetic substance of the gene. It is a long
macromolecule. The long chain polymeric molecule directs the amino acid sequences in proteins.
The nuclelc acid, DNA carries the genetic information.

The earliest clue on the significance of DNA as the conveyor of genetic information was

- made clear from the experiments of the English Biologist Fred Griffith(1928). He carried out

experiments on Diplococcus pnemhomae the bacterium causing pneumonia. It produces smooth

glistering colonies. During his studies, he found a nonvirulent mutant strain of this bacteria
which was devoid of the smooth capsule. The mutant produl:ed small rough dull colonies.

Later in 1944 the substance which could cause the transformation of rough type into
smooth type was isolated by Avery, Macleod and McCarthy. When DNA of the smooth
type was introduced into rough type, it produced the capsule and transformcd the mutant to
virulent type. The introduction of the genetic material from one cell to another is called as
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transformatlon Avery s discovery led to the important confirmation that DNA' was exclusively
found in the nucleus. The amount of DNA in a set of chromesome is constant for 4 given
organism. DNA in diploid or sporophyte is twice the amount. of that present in a haploid cell
or a gamete. DNA, the genetic material is metabolically stable. '

Further evidence for DNA being hereditary material came from studies of Hershey and
Chase in 1952 on the T, phage, which proved again that DNA is-the basic hereditary material,
When Phage particles-infect a bacterial cell, its protein coat.is left outside and the viral nucleic
acid enters the céll. The viruses cannot reproduce on their own. The viral nucleic acid takes
~over the cell’s gt:nctlc machinery and produces the viral protem and nucleic acid to form new
viruses, :

~ Besides these experiments, the role of nucleic ac1d in hcrcdlty was tested in some virus
hybridization experiments. Due to the experiments by Heinz Fraenkel Conrat in 1955 it was
found that the virus particles can be dissociated into the protein and nucleic acid components.
These components reassociate to become viable viruses when recombined. On the basis of this
ability of viruses, an experiment was conducted, to verify whether the nucleic acid, or the protein
is the genetic material.

The nucleic acid and protein components of TMV (Tobacco Mosaic Vlrus) and HR (Holmes-
Ribgrass virus) was dissociated. The nucleic acid of TMV was mixed with the protein of HR
- virus, which resulted spontanecusiy in the regeneration of a ‘hybrid’ virus, In the same way,
-another hybrid virus was obtained when the nucleic acid from HR virus was mixed with protein
of TMV. These two ‘hybrid’ viruses were -allowed to reinfect their respective host celis. When
these hybrid viruses replicated in the host cells, the TMV nucleic acid produced the progeny -
virus consisting only of TMV RNA and TMV protein, while the\HR nucleic acid produced the -
HR progeny. These experiments revealed the significant cbservation that only the nucleic acid
determines the kind of progeny produced. o Q o . '
i

Once the importance of nucleic acid was establi ed by'microbial éenctics, many efforts were |
made to unravel the molecular nature of DNA, th is-of all life.. Cellular DNA is present -
cXcIusively' in the chromosomes, however, a Iit@i it'is found in mitochondria and chicroplast,

_ 22. 4.2. Base Palrmg

The proteins which are linked with DNA in chromosomes are known as basw proteins or
histones which are rich in the amino acids, lysine and arginine and have a net positive charge. On
“hydrolysis, these molecules yield nucleotides. Each nucleotide is composed of four nitrogenous
bases, pentose. sugar deoxyribose and phosphate. The nitrogenous bases are two-of pyrimidines,
viz. cytosine (C). thymine (T} and two purines viz, adenine (A) and guanine (G) (Fig. 22.3). In
DNA molecule, one pyrimidine base pairs with purine base ie. AT. or G.C.

My . . o ¥ ow
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Acipring Thymioe

Fig. 22.3. The base pairs of DNA. The AT lﬁairs has two hydrogen bﬁnds; the GC pair has three.

In DNA, the number of molecules of guanine (G) is equal to the number of molecules of
cytosine(C). The number of molecules of adenine (A) is always equal to the number of molccules
of thymme (1) (Fig.224).

A+C=G+T
{where A =T and G = C)
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The bases (purine and pyrimidine) are attached to-the deoxyribose at the 1-carbon atom,
whereas phosphaoe is attached at S-carbon atom. The phosphate group is bounded to the 5
carbon atom, one sugar is covalently bonded to the 3-carbon of the’ next (Fig. 22.5). Two such
DNA strands are twisted around each other ]ust like a spiral Staircase.”
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Flg 224, Dlagram of the DNA déuznwelm showmg the speclf' c palrmg of the bases.

The mdmdual polynucleotide hibits a distinct polarity with s and 3%end. 'I‘he base
pairs are properly fixed in the doul hehx 50 that a maximum hydrogcn bond can be formed.
To achieve this the two. qham@ in opposite directions. Starting from the ‘top’ molecule one
chain will run in the direction5*-3%while the other chain 3'-5*. This is important for gene activity.

224.3. The Double Hehx

The two polynucleonde chains of the prlmary genetlc material i lS a regular helix. The d:ameter
of the helix is 20A° and each chain makes a complete turn over 34A°. The internucleotide distance:
is 3.4A°. The sugar of the nucleotide 1s ‘deoxyribose and are called deoxyribose” riucleotides.

‘The sugar of each nugcl otlde is joined by a phosphate group to the sugar of ad]aoent nucleotide.,
Four main nucleotides exnst each containing a deoxynbose residue, a phosphate group ‘and a
. punnc or pyrimidine base (Flg 22.6)

The moleniular structare of DNA was pmposed by. Watson and Crick in 1953 for which they
shared a Nobel Prize in 1962. Franklm and Wllkms confirmed the stracture by X-ray diffraction
method. -

. There is a wide variation in the base ratios of (A T), (G -C) contents of different DNA
__._and lower plants are rich in both’ (A- T) and (G-C). The base ratios of taxonomlcally. related
organisms are similar and riot random.’ The gene difference between plants and animals is die
to the variation in the base ratios. The DNA molecules with high (G-C) are more resistant to
heat than (A-T) rich molecules. Heat denatures DNA and the complementary strands separate
from each other due to breaking of their hydrogen bond.
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Fig..225. A po!ynucleoude chaln The dlagram mdlcates that a polynueleoude is
consiructed by the formation of a phosphate dicster linkage between the 50 carbon
of one sugar and the 3* carbon of its neighbouring nucleotide, The chain has one
_free phosphate group on the 5* carbon, the 5* end: and one free 3 OH on the
other terminal sugar, the 3'end. Interactions between different chains ¢ within
the chains are effected by bonding between the free purme and pymmdme bases.

T T
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Figure 22.6 9&0%& helix. A. A schematic diagram of the DNA
“ molecule showing the base pairing and the heljcal structure. The polarity
of the ester linkages of the two thains is shows by the arrows. B. The wo |
chains are held together by hydrogen bonding between the complementary
base pairs. Approdmately 10 base pairs lic between two exactly overlying
regions of thl,e molecule. Note that there are two grboves in the helix.
| .

22.4.4. Replication of DNA

The function of DNA is the self directed reproduction of itself. The complementary shape
suggests self replication. During replication of DNA the double helix unwind themselves. The
base units break apart at hydrogen bonds. Each separated strand serves as template - for the
formation of the complementary strand: The duplication and separation is a simultaneous

process. In the presence of DNA template the precursors decxynucleotide triphosphates for .

DNA synthests are enzymatically formed.

DNA synthesizing enzymes are found in microorganisms, .animals and plant cells. The

enzyme DNA polymerase can synthesise DNA but it requires all the nucleotides. Adenine,

Thymine, Guanine arid Cytosine (or 5 methyl cytosine of higher plants) in the tiphosphorylated
form (ATP, TTP, GTP, CTP) and magnesium. A portion of DNA miolecule is needed to act as

a template. When these are mixed with enzymes DNA. polymerases in vitro appreciable amount -

of DNA are synthesised. Pyrophosphate is split out of each added nucleotide as given in the
following equation. . ; S -



ST Enzymes, Mg*t
dcoxynucleotldc tnphosphates e (DNA)n + pyrophosphate S
DNA template

. This reactlon is reversible, but it is assumed_that DNA synthems is made 1rrever51ble by a
phosphate that destroys pyrophosphate as rapidly as it is produced.  The DNA formed will be
“identical to the DNA template molecule employed to initiate this reaction. Hydrogen bonds break
between complementary bases of opposite DNA stands. Simultaneously the DNA polymerase - -
adds a new nucleotide from available deoxynucleatide triphosphate (d-ATP, and TTP) to the new
strands pyrophosphate (Pyro-p) is split out from the triphosphate. Each nucleotide added must
_contain a base(adenme thymine, cytosine, guanine) complementary to the base in the parent

strand to form a new stable double helix resulting in two helices identical to the original.

-22.5. GENE ACTION

In 1909, Sir Archibald Garrod studied some hereditary diseases which he called as"inborn
errors of metabolism” reve_aled that a relationship existed between gene and enzyme. Garrod
. published a book in which he discussed in detail a hereditary disease Alkaptomuria. This is a
_rare hereditary disease in few individuals known as Alkaptonurics. The individuals suffer no
particular bad effect until late in life. The major symptom is blackening of urine on exposure to
air due to a large amount of excretion of homogenetistic acid(alkapton) in the urine, which 1s
oxidised into a black compound. In the normal individual, homogenetistic acid breaks down into
acetoacetic acid. A chain of metabolic reactions in several stagés from the precursor compounds -
take place to form the final product acetoacetic acid. Thc\@l precursors are the proteins
(from meat and egg diet) which are broken down to p. alanine, this in turn forms tyrosine.
~ The last two are amino acids. Tyrosine break down to mogenetistic acid which finally produce -
acetoacetic acid. In Alkaptonurics there is a. bloa_:_ | the metabolic system and so acetoacetic

acid is not formed. X

The direct experimental evidence on gene agtion comes from the work of Beadle and Ephrussi
in the mid 1930’s experimented with the colour of Drosophila and concluded that the. genes
. were involved in the expression of ‘the cofour. Drosophila is a highly evolved and complicated
' organism having many complex reactions and substances. Therefore Beadle selected in 1940 the.
sunple red bread mould Neurospora crassa to proceed with the work on genes.

Beadle and Tatum(1941) found that Neurospora could grow on a minimal medium.” Thls'
fungus require some inorganic nitrates and other inorganic salts, a simple sugar and biotin
a vitamin, a chemically complex molecule. The wild sfrain of Neurospora has the ability to
synthesize the complex organic molecules from simple ones. Beadle and Tatum reasoned ™
that the synthesis of the complex organic molecules was genetically controlled. They came to
the conclusion that the nutntlonally deficient mutants of Neurospora were unable to synthesise
those metabolites and could not grow in the minimal medium lacking the particular metabolites.
These mutants therefore needed an exogenous stpply of substances to be included in-the culture.
medium on which they were grown. They: designed a complete medium by incorporating the
particular vitamins, ‘amino acids and other constltuents necessary for growth of the nutrltlonally E
_ deficient mutants. _ : : :

A number of mutants were oﬁtamed in Neurospora which could not grow uniess the amino

acid arginine was supplied i.e; arginine-less mutant: Biocheémists have worked out the biochemical =

pathway of orginine synthesis in a sequential manner. Argmme is formed from c1trullme whlch
in turn is synthcsmed from ormthme as follows :
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© Among.the seen originine-less’ mutante of Neurospora formed 1ndcpcndently of each other;..

four-of the strains could grow on the minimal ‘medium if any one of the amino acid, i.e. ornithine
or citrulline or arginine was supphcd whereas two could grow with the addition of either citrulline
or orginine and one strain grew only arginine was provided (Fig. 2. 7). This is due to the genetic
blocks caused by the absence of genes and nonsynthesis of specific enzyme concerned at different-

-steps. A given enzyme being under the control of a specific gene brought out the hypothesis

‘one gene-one enzyme’ theory. Beadle and Tatum along with Joshua Lederberg were awarded
the Nobel prize in medicine and physiology in 1958. The studies on Neurospora strengthened
the ﬁndmgs that genes control sequentially related \r$ctlons
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Fig.22.1. Seven-arginin utants in Neurospora and their supposcd
site of action, M whlch blocks the conversion of citrullin to arginine -
will grow ooly in a mal medium to which arginine is added, whereas

mutants 1,2,3 and 4 grow with the addition of any one of the 3 substances.

 Check Your Progress - 1

"Inborn errors of metabohsm rcvea!cd that a relauonshlp ex:sted between
and .

Note: "(’a') Write your answer in the space given above,

(b) Compare your answer with -the one given at the end.

22.6.. MECHANISM OF EXCHANGE OF, GENETIC MATERIAL

Many mcchanjsnis exist for the ekchangc of genetic material between individuals.

a) Crossing over: The mechanism of crossing over involve the breakage of homo logous

chromosomes and dlagonal rennion. Thus, due to crossing over genes or gene groups initially
found on paternally derived chromosomes get exchangcd with material parent, resulting in new
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combinations. Seggregations of genes during crossing over helps in finding the location of the

gene along the chromosome. It js possible to determine whether the gene is located on different
or the same chromosome. When genes are located on the same chromosome, they seggregate |
together unless separated by crossing over. The crossing over seems to be a random event. Gene
location on chromosome can be determined by the frequency of recombination. -

It was thought earlier that crossing over occurred between genes and not within genes :
. themselves; because crossing between two regions far apart is easier to detect than those at close
proximity, unless a large progeny is examined.

Genes are stable and mostly copied during chromosome duplication.- Mutation brings about !
heritable changes in the gene itself. Each gene has a number of sites at which mutation occurs.
Like the order of genes on a chromosome the arrangement of mutable site in a gene is' near,, .

b) Transformation : Earlier work of genetics was done with large diploid organisms.
Now the most suitable for the gene study are the haploid micro-organisms like the moulds,

bacteria, viruses and the bacmophages (bacterial viruses). Because of their short life cycle a
rapid testing of the progeny is possibie.

(i) Lytic bacteriophages: The bacteriophages show genetic recombinations and .are
» extensively studied. - Plaques (circular holes) are produced by viruses on Escherichia coli the
common coton bacterial colony. The plagues are due to the death of the bacteriat celis caused
by viruses. A single virus particle attached to a bacterium multiply to several thousand virus
particles and are released by the dissolution (lysis) of the bacterial walt after 15 to 20 minutes
after phage infection. . These are known as lytic bacterial viruses as their multiplication bring
about the lysis of a bacteria, I\

(ii} Lysogenic bacteriophages: The phage kn ﬂ\i Iysogenlc phage does not multiply
on entering a host cell, instead the virus chromoso ‘i’ omes integrated with the bacterial
chromosome designated as prophage. Such virues areknown as lysogenic viruses. The integration’
of the viral chromosome is brought about by ¢ oss%\fer between the host chromosome and

_a circular form of the viral chromosome by@ming at a specific region. Both chromosomes

- break and rejoin in such a way that the broken ends of the viral chromosome join the broken
end of the bacterial chromosome inst% each other, thereby inserting the prophage into
host chromosome. The prophage detach e the host chromosome by the reverse process. The
two ends of the prophage pair prior to a crossing over even which affect the viral chromosome,
the new viral genome then begins to multiply as if it is the chromosome of a Iytic virus.

22.6.1. Conjugation

The nature of the gene has been revealed by many organisms lacking in conventional

- metosts. The sexual cycle starts in E.Coli by the conjugation of male and female ceils known as

“bacterial conjugation. The nature of mating process in E. celi has revealed rarely diploid cells,

_ Instead partially diploid cells. Crossing over between the female parent chromosoie and a

~ male, or a fragment chromosome followed by seggregation, yields haploid cells, In the bacterial

conjugation there is a direct one-way transfer of genetic material from the donor (male) to
recipient (female) cell by intimate cellular contact.

The sex difference between male and female cells are determined by specific genetic factor
calted F(fertility) factor. When this factor is present' F * are male cells. If the factor is ahsent,
it is a female cell. The F factor exists in two alternative states, either as part of the E. coli
chromosome or as a very small free circular chromosome that multiplies once for each cell -
division. In the latter case the F* cells are potentially male since they capnot transfer their -
gene to F cells. Only when the F factor is part of the chromdsome can the male cells mate. F*
cells containing integrated sex factors are called HFr (high frequency of recombination), The |
F agent is circular like the lysogenic chromosome. Both F chromosome and lysogenic phage
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chromosome are called episomes. It is defined as genetic particle that can exist either free or'as

part of a normal cellular chromosome. Evidence of episome is only found in bacteria. However, .
~there are hints that they exist in higher plants and animals as well. A fixed end of the male

chromosome specific for a given HFr strain always enterq the female cell first. S

The bactenal chromosomes are c1rcu,ll_ar. Clr.cular-chromosomes also exist in many Virtlses. :
Plasmids are- extranuclear DNA freely replicating circular chromosomal elements. Their size
varies greatly, some small oneés carry 1-3 genes while others have size upto 10-20% of the main
chromosomes. Single strand circular molecules are present in som# phages. There are some rod .
shaped molecules havmg the potentlal for convertmg into circulai form. : :

22.8. 2. Transductlon

The transfer of genetic matcnal from one bacterial cell to another (bacterla) has already been
described. It is clear that the nuclear material (DNA) is responsible for the protein synthcsm
In addition to the above, there is another method of cxchange of genetic material.

L]

* The transfer of genetic material from one bactenal cell to another by means-of & virus vector
is known as transduction. Temperate phage is used in transduction as the virus is duplicated

synchronously with the bacterial chromosome and does not kill the bacterial host, A bacterial
DNA tragment froni the donort is incorporated in the virus particle. When the phage- sensitive ;
recipient cell differing. genencalty from. the donor is infected with the transducting phage, thel

DNA from the donor bactenum may- be incorporated into the rec1p1ent bactenum Recomblj

nations possessing the newly acquired character appear with a frequency of about 1 per 10° to 10
recipients. Sometimes a double cross over occurs between the recipient bacterial chromosom

* and donor virat chromosomein order to integrate'the donor DNA to become integrated into the
chromosome of. \th_e’ recipient bacterium. Tra@cnon is yet to be observed in hjgher orgamsms'

Chec_k Your' PrOgre_ss'- 2 ?\
Deﬁﬁc transduction. P Q‘ _ .
Note: (a)' Write your ans\&e@e s_ljace given below. :
(b) Compare your answer with the one given at the end.

L R L T I I I I L R I R R R I T I I L R R R L I T I T R )
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b b e e e kb e e n e e 4 e i et e aah e M b4 e E R aa b aea ek a4 mE A aar e m et e w e a e a e

B T L T T N R I I

22.7. SUMMARY

The nuclevs is the chief organell in the cell. During nuclear division, the chromosomes are

dupllcated The regolation of cellular activity is controlled by DNA present in the chromosomes.

A pene is the segment of DNA, therefore DNA is the primary genetic substance of-the gene,

- . The macromolecule DNA has a double helix. It has nucleotide composed of a 4 nitrogenqus

- bases, a pentpse sugar i.e., deoxyribose and phosphate. The nitrogenous bases are of two kmds

(a) pyrimidines consisting of cytosine (C) and thymine (T); (b) purines consisting of adenine (A)\
and guanine (G) The- molecular stiucture of DNA was proposed by Watson and Cnck



two chains of DNA run in opposite direction to each other. The individual polynucleotide chain
exhibits a distinct polarity with 5" and 3" end. During DNA replication the double helix unwinds.
Each separated strand serves as a template for the formation of the complimentary strand.’ Gerie '
action was studied in Drosophda eye color and later in the red bread mould Neurospora crassa.
From N. Crassa Beadle and Tatum found out that the stepwise synthesis of the complex organic
~molecules was genetically controlled. After the establishment of the relationship. between specific
gene and specific protein,- the’ hypothems one gene-one enzyme is modified to one gene«one '
polypeptldc cham

22.8 CHECK YOUR PROGRESS: MODEL ANSWERS

- 1. Gene, enzyme

2. The transfer of genetic material from one bactenal cell to another by means of a virus
vector is known as transducnon :

22.9. MODE_L_' EXAMI_NATIO;N QUEST_IONS

I Answer the followmg questlons in 80 lines Each
1. Descnbe bneﬂy the gene and its function.
. Describe the chief control centrc in lmng cells

. What are tr}e characteristic features of the double lix of DNA?

2
3
4. How the/bloch_emlcal mutants hclpcd us to u_n_ erdtand the gene action?
5. Comment on the yypothesis "One-gene-one, polypeptide chain™..
6. Write in detail the differences betwe ytic\and lysogenic viruses. =
7. Describe briefly how genetic recombi tion oceurs in bacteria,
I Aﬂswer the ft;llowing- questions ﬁou’t 10 lines each.. _
L Describe bricﬂy.the_diffg'rent parts and functions of the rucleus.
. Describe briefly the process of conjugatior e |
. Describe briefly the' different processes of genetic 'rccombi:.lations.

2

3
- 4. Write an- account on the DNA synthesis. - -

5. Give an account of the chemical nature of DNA.
6

. Write Briefl’y- on the work of Beadle and Tatum.
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23.1. OBJECTIVES

By the end of this unit you will be able to: C
1. describe the compenents of Protein synthes@aratus,

2. explain the language of genetic code afd characteristics of tnplet codon and
3. describe the mechanism of proterr;{\?u‘them.

' 23.2. INTRODUCT101<<—~

i

The genetic code consmtgzessage mcluded mDNA and dlfferent kinds of RNA. Therefore :
it is necessary to learn more of nucteic acids at this stage. The structure of DNA is already given
_1n detail in the previous unit, hence a brief account of it is presented here. The details about
the structure and different kmds of RNA are dealt here. T :

23.3. PROTEIN SYNTHESIS AP_PAB,ATU.S' __

Chromosome in the nucleus w}uch carry the hercdltary characters contam mostly deoxynbosc :
nucleic acid (DNA). Protein synthesis takes place under’ the direction of DNA which carries-the
genetic information of primary structure of protein. The DNA is made up of four nucleotides and
the DNA macromolecule of several nucleotides forms double helix. The four types of bases viz. .
adenine (A), thymine, (T), guanine (G), cytosine (C), are arranged in definite linear sequence
on the DNA molecule. The genetic information exists in the sequential arrangement of these
bases. The bases are paired, ane purine of one spiral of the helix always pairs with pyrimidine of
the other spiral of the helix. In the case of DNA, adenine (a purine) is paired with thymine (a_
pyrimidine), white guanine. (another purine) with cytosine (another pyrimidine) ie., (A -T) and _:
(G-C). ; .

Ribonucleic acid (RNA) is present in the cytoplasm excluding the vacuole It is a nons
gengtic nucleic¢ acid. The pentose sugar in RNA ‘is a ribose. The RNA contains four- nitrogen
‘bases. The thymme (T) preseiited in DNA is rcplaced by -uracil (U) in RNA. The other bases are
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the same asthat of DNA, ie., adenine (A), guanine(6) and cytosine (C). Structure of RNA is
less complex, but more varied than DNA. All cellular RNa are single stranded polynucleotides.
The nucleotides are linked 3°-5 phosphate ester bonds (Fig.23.1).

Adeanine

[w} Cytosine

HOMC . OH
/kN,

H Guanine

_t g
OH . d!.-?-i#-:'-’b SCHL G,

Deoxytibese -

£
DMA : \

H

Q. ° -

: Qm=p—0O-—CH,
HOHC o OH Q> |
]q ﬂ o

OH CH

O Uracil

ENA - Ribose

Fig. 23.1. The chemical formula of RNA,

In some cases RNA may form secondary structure as in some viruses (reovirus), A compli-
mentary pase pair forms hairpin loops so as to make the RNA molecules double stranded in
certain regions like DNA type of base pairing (A-U) and (G-C) (Fig.23.2).

23.3.1. Synthesis of RNA

The synthesis of RNA complementary to a strand of DNA is known as franscription. The
DNA helix is temporarily uncoiled for the synthesis of RNA (Fig. 23.3) and it is catalysed by the
enzyme RNA polymerase. The genetic information is transcribed into specific mRNA molecules
which translate them to specific proteins throogh tRNA. This process is known as translation

All the three forms of RNA. viz.,-ribosomal. RNA (IRNA), transfer RNA (tRNA) and
messenger RNA (mKNA) are made on DNA templates» Enzyme RNA polymerase catalyses
the syntnesis of RNA. 1t uses nucleotide triphosphates (ATP, UTP, CTP and GTR). In the synthesis
of RNA a primary template of DNA is necessary. As mentioned earlier the composition.of RNA
- is identical to DNA, except for the presence of uracil (U} in RNA, which is equal to ddenine
) (A) and guanine (G) to cytdsine (C) of DNA,
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_ Enzymc Mg++ or. Mn++
n nucleotldephosphatcs

DNA tcmplate :

(RNA)rl +n pyrophosphate.

. Fi g. 23.2. Schematic folding of a. RNA chain showing several
double-helical regions held together by hydrogen bands.

~ In prokaryotic cells RNA is liberated directly into the cytoplasm of the cell, whereas in
-eukaryotic cell the process is complex. The synthesis of mRNA occurs in the nuclear ground
substarice. The precursors of the other form of RNA is in the nucleolus and after transformation
they emerge into the cytoplasm : \A> : :

i

- Fig233. .Synthesis of RNA using one of the strands of DNA as a template (i:raiﬁscripﬁon) According -
- to_this model, the DNA helix is°remporarily uncoiled as RNA synthesis, progresses along it. RNA
) poly'mcrase molecules presumably become bound to the DNA and attach nucleotides from triphosphates
such as UTP to the growing RN A chain, except that thymine (T) in DNA is replaced by uracil (U) in RNA.
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The three forms of RNA {rRNA{RNA, mRNA) are di'_stinguished_ on the basis of their
“molecular size and function. They are defined in terms of the sedimentation constants (obtained
‘through an ultracentrifuge), which are proportional to the legarithm of the molecular weights.

23.3.2. The Ribosomes and the Ribosomal RNA (iRNA')

The ribosomes are the site of protein synthesis, where amino acids are assembled tn a specific
sequence to produce polypeptide chains. Ribosomes were first observed by Rebinson and Brown
in 1953 in plant cells. Afterwards it was reported by Palade in animal cells. Ribosomes occur fiee
in the cytoplasm and also attached to the endoplasmic reticulum known as rough endoplasmic
reticufuin, Both the free and membrane bound ribosomes synthesize proteins. The ribosomes
attached to endoplasmic reticulum are active In protein synthesis, while free ribosomes are not
Ribosomes consist of approximately equat parts of RNA and proteins in eukaryotic cells and
catalyse the incorporation of amino acids into proteins in the presence of ATP, Magnesium

¢ (Mg*") and other co-factors. The ribosomnes are grouped into two major classes on the basis of
their sedimentation coefficients. The ribosomes of eukarryotes have a sedimentation coefficient
of 80S (Svedbesg) and consists of two sub-units 60S and 408 (Fig.23.4).

- " Mg“ 3 . Mg}!
K 5 A—— | —
. - M.g+¢ . Mgf(-
6d S 405 T HINY O

Fig.23.4. Diagram showing steicpieé,of ribosomes of eukaryotes.

e

1205

The ribosomes of prokaryotic cells 1l as from chloroplasts and mitochondria of higher
organisms have 70S sedimentation co- € nt and dissociate inte 50 S and 30 S sub-units (Fig
23.5). o '

70 51 bosome

© 50 Esub-ini .
sub-unil G . D 30 S sub-anit

Fig.23.5. The structure of prokaryote ribosome from the bacterium E. Coli
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The cytoplasmic ribosomes of plant cells are 20 nm in ¢iameter, contain 40-50% RNA

and 50-60% protein. Their molecular weight is about 4 x 106 And as mentloncd carlier the
ribosomes are composed of two subunits of unequal size. The- smail sub-unit lies to a side of
the larger sub-unit. A characteristic cleft divides the sub-units into uncqual regions. The Mg**

“ions are necessary for their structural cohesion. When magnesium is lmm:ec_l the ribosomal unit

fbfeak. aown 1o partiélcs and become inacfive in protein synthesis. The ribosemes constantly °
' dissociate into sub-units and reform. The dissociation is essential for protem synthesis to begin

with when a number of ribosomes associate together on a RNA strand, it is known as polyseme :
or polynbosomc In higher plants po!}nbosome may be them yor site of protein synthesis (Fig, .-—

-.2J6)

" it to the mRNA template as distinguished by the codon and line-up the ammo_acxds for pro-

" Free ribosoma! subunits Completed charin
shout bo atiach to : ™,
mRHA . : -

63 i
205 Free ribosomal wbumqs

' M"W Growing _mlywlde chain X gRMA

Fig. 25.6 atié picture of a polyribosome  diring protein
synthesis. A molecuie is moving from right to left.

The rRNA is present’in ribosormes in which proteins are synthes:scd The rRNA . is present
in (a) ribosomes free in the cytoplasm and (b) ribosomes attached to the endoplasmlc reticolum.
The rRNA constitutes about three fourths of the RNA in the cell. The rRNA molecnles dre
single stranded polynucleotides, which are unbranched and flexible. They are toiled and folded
within the ribosomes. The base composition of rRNA shows a general 51mﬂanty from orgamsm'
to organism. The rRNA serve as a template for protein synthesis.

23.3.3. The Ti‘ansfer RNA “(‘i;RNA_)"

‘The tRNA is also known as solube RNA(SRNA} as it is soluble in 1M Nacl. Its designation
as tRNA is more appropriate because it is involved in the transfer of amino acids from cytoplasm
to their proper position on the ribosomes. The tRNA forms 15% of the total RNA of the
cell The molecuies of tRNA are the. smallest and contain about 75-90 nucleotide bases, Their
molecular weight is about 25,000 to 30,000, ahd sediments 4S There are less than 60 distinct = —

. species of tRNA. There is at least one species of tRNA for each of the twenty amino ac1de .

forming proteins. They are synthesised on DNA and released to the cytoplasin
The function of fRNA_ 15 to haul up the specxﬁc amiino acid f.;'om the cytOplasm and transfer
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‘tg:j.n___ synthesis. The tRNA combines wjfh amino acids in the presence of an enzyme and an’
energy source{ ATP) to form tRNA- amine acid complex (initiation complex)-which is essential
for protein synthesis. Directly the free amino acids cannot be Incorporated into profeins unless
{RNA-amino-acid complex is formed. The first nucleotide sequence of a specific tRNA molecuie

‘reported was from yeast. It is, called as alanine {RNA as it is specifically attached to alanine

and contains 77 aucleotides arranged in a unigue sequence of high unusual bases with one or -

more methyl (-CHy) groups Fig23.7. The tRNA motecule is partially double stranded and the
. folded upon itself. In addition te A,G,CU some methyiated bases, pszudouridine (PSU}Y and
.others aiso occur on tRMNA, ' :

The molecuie of tRNA resembles a clover leaf. with four arms. Hach arm confains a helical
nydrogen-bounded region and termisates in 4 loop. The region with in the ioop is :the_ reaction
site. Each clover leaf has non-hydrogenated-bounded sections. The mucleosides at "’-3‘_ end of
tRMNA {the acceptor stem) consisi of ACC along with a fourth variable nucleotide. The 3 end
{RMA has a gnanine base. During protein synthesis the amino acid attaches itsell to the 3t

terminal A of the acceptor stem. Starting from the 3 end, the first iobe (ioop) of the clover leaf )

is enconntered. This loop is formed by seven unpaired bases and is involved in the binding fo
the rivosomal surface. Next to this , is 2 "Lump™ which is variable in size and is designated as

the variable loop. Next to this lump, ic., variable loop is the loop called the anticodon-loop,

“with seven unpaired bases. The three adjacent paired Bases GCC comprises of the codon. The
anticodou loop containing IGC anticodon triplet gets attadlied)by hydrogen bonds 10 mRNA

(RNA carrying the concerned amino
mRN A carcying the particular cedon.

during protein synthesis. This anticodon of the particy
acid recognises the site (by complementary structurgi fithe

23.3.4. ‘The Messenger BIN ,mgNA)

The singte stranded mRNA molecuicforms a small amount (5% or tess) of the total RNA
of the ceil. It is heterogenous in its molecular size. It contains 900-1500 nucieotides. It carries
genetic message to the ribosomes, hence the name. This RNA is synthesized rapidly and broken
down rapidly. The base composition of mRINA is sirilar to the organism in which it exists except
that thymine (T} is replaced by uracil (U).

A single mRNA strand has the ability to function on several ribosomes simultaneously, so

it is present in small amount in the cell. Many ribosomes ar¢ attached to a strand of mRNA,

cailed poiyribbsumes,

— 23.4. THE GENETIC CODE

Theré are about twenty different kinds of amino acids which normally constitute different
proteins. Single and double base coding will not cover ail the twenty amino acids. A single genetic
" code iavolving each nucleotide, coding for a single amino acid, can code only for a protei;‘i with
four amino acidé, while two bases codes for sixteen amino acids in the formation of polypeptide.
It was suggested by Crick, that each amino acid is speciiied by a triplet of nuciectides. It is
proved experimentally by Nirenberg and Matthaei by using tailor made artificial triplets of RNA
in cell frée systems that a sequence of three base codes are necess'a:y for a single amino acid.

—.—
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¥ "‘*‘"O@( ‘r——-——-—Sme: "
@ Unuscralbdses )

¥ Pseudourldme

GCC Codan

ﬁ Anticodom

Fig.23.7. The complete nucleotide sequence of alamine tRNA showing the unusuat bases and codon, anticodon’
. pesition. 1. Acteptor stem. 2. FUC loop. 3. Variablc loop. 4 Anticodon loop. 5. Dihydrouracil loop.

. The involvement of a specific sequence of three bases of mRNA codmg for a specific amino
-acid is called codon or triplet codon. So the genetic code exists in triplets. In fact, the tripiet of.
nucleotldes in mRNA do not code for an amino acid directly, but code through tRNA specific
to amino acids. The codon sequence for several amino ac1ds are listed in Table 23.1.
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' Table 23 1. The Gcneﬂc Code -

Sed U € . A G

FEnd
U UUUPhe UCU UAU . .UGU - U
| UUC ° UCC ~  UACTy.  UGCCys € -
UUA - UCA Ser UAA Ochre UG Non-sense A
UUGLewu UCG  UAGAmber UGGTrp. G
¢ cuu. . o CAU " CGU U
CUC . CCC ~  CACHis© CGC C
" CUALew CCAPro. CAA CGAArg A
CUG C0G. CAGG ~ CGG G
A . AUU ACU’ AAU .. - AGU U
' AUCLen. ACC Thr - - AACAspN AGCSer. C
~ AUA ACA AAA AGA A
_ AUGMet ~ACG =~ = AAGLys  AGGAre G
G GUU  GCU . GAU - GGU U
GUC GCC GAC Asp ~ GGC (ol
GUAVa. . GCAAla GAA  GGAGly A
G

GUG GCG . GAGGlu GGG

'IWO\ or more triplet code is represenbed for a smgle amino acid. In such cases the genetic

" code is degenerate. For exampie, code for phenylalanine is bo E UUU and UUC, while sering is '

. coded by UCU, UCC, UCA, UCG, AGU and AGC. When the first two nucleotides are identical,

the third nucleotide can be either cytosine or uracil e codon will still code for the same
amino acid. Often adenine and guanine are interchal le. All the degeneracy need not be

based on eqmvalcnce of the first tivo nucleotides S?:Ltvm letters being the same). Leucine can
be coded by UUA and UUG as well as by C
a specific codon for a givén amino acid is @d (by mutation) to specify, another amino acid
it is known as missense mutatlon In ition to these certain altered codons also caused by
mutation do not ¢ode for any amino a% all. These are called nonsense triplets (mutations)
‘and they help in terminating the polypep de chain at a particular length.

UC, CUA and CUG (Tabie 23.1). When

The genétic code appears to be. universat in all organisms. Another unique feature of the
genetic code is its non- overlapping: This is achieved by some type of mechanism present in the

mRNA that prevents the tRNA molecules from forming base pairs with purines and pyrimidines
in the two adjacent codons. Similarly, during the transcription of mRNA on a DNA template,

-it starts and ends at spcc1ﬁed pomts All these cvents are controlled hy op\.rator and regulator '

genes.

"~ Check Your Progx;ess- T B .
“What is triplet codon? Expl.ﬂn
Note: a) write your answer in the space- given below

. b) Compare your answer with thc one given at the end of this unit.
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23.5. THE OPERATOR THEORY OF GENETIC REGULATION

There is a genetic regulation of synthesis of enzymes. The amount of production of a given
“enzyme is proportional to the total amount of protein synthesis. The regulation of these inducible
and repressible enzyme synthesis depends on the amount of mRNA formed during transcription.
Jacob and Monad (1961) put forward a hypothesis, the operator theory to explain the genetic
regulation of enzyme synthesis by induction and repression. This is known as Jacob and Monad
mode! or Operon Modet (Fig.23.8) on the synthesis of an inducible enzyme galactosides in E.coli.
According to this theory the synthesis of mRNA can start at a particular site on the stands of
IDNA ie. in one direction. These sites are called as operators, which regulate the synthesis
of specific mRMAs, They determine whether franscription occurs or not. The structural gene
coding for the enzyme group is controlled by a single operator and form a unit,

* The structural gene and operator gene are collectively known as Operon. The activity of
operator gene is controlied by specific regulater gene, The structural gene for enzyme groups are
usually located adjacent to onc another on the chrotosome. These enzymes are coordinately
induced or repressed. For example, the lactose operon comsists of an operator gene (3) and
three structural genes which coordinately code for the inducible enzyme galactosidase (7. gene).

OPERC
Ly =t »
STRUCTURAL GEMES ) _
REGUMLATOR QPERATOR h
et GENE GEME, GQEZ GENE; CHRROMGOSOWE
e \Q)M \\

: Yy TRANSCRIPTION .
REPRESSOR (Tamscmmmm)

PROTEIN BINDS OSERATO:
e ARG (NI T
£

b eNAcw\?E‘/ TR

RIBOSGME

T ARNA=AMINOACID

REPRUSSOR COMPLE X
MUCLELS T ORMA :
TN PR -
' : PROTEIR
{mcTunme
Enzv WMESY
EY‘I‘GPLch
\ VAR OU <
: ﬁaacnows

- Fig.23.8. Operon model of regulation of protein syi'thcsis (After Jaceh and Monod. 1961).

galactoside permease (Y gene) and galactoside transacetylase (X gene). The regulator gene(i)
‘may be located far away from the operator gepe (or genes) on the chromosome with which it is’
associated (Fig.23.9). The regulator gene slaborates repressor substances Which control operator
gene to inftiate the transcription of the structural genes-and prevent mRNA synthesis and inhibit
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. 23.6. PROTEIN SYNTHESIS <}M"‘

specific protein synthesis. The attachment of an inducer (corepressor) inactivates the repressor.
When inducer is introduced, it combines with the repressor elaborated by the. structurai gene
resulting in a product unable to interact with the operator. Because the repression of the operon -
islifted, mRNA synthesis take place. There is evidence to suggest that the transcription of mRNA
begins instead of the éperator gene at a specific site on the DNA at or near the beginning of the
first polypeptide, the Z gene in the case of Lac operon. This site is known as promoter gene.

) _

ST ERE W S SRS B 1
T oYY 2 oy o
Fig 23.9 Schemafic diagram of the lac operon containing the structural genes Z for B-galactosidase, ¥
~ for galactoside permease, X for transacetylase; and the operator site Q, the regulator gene i and the ce

pramoter p. It is not clear whether the premoter isa separaic gene site or part of the structural gene

The central dogma of molecular biology: The DNA reguiates the cellular activities.
_Twe important functions occur in the nucleus. The biosyiithesis of DNA (or replication) is the
first function in which the duplication ensures the genetic continuity. The other feranscription) is -
the biosynthesis of different RNA molecules which are responsible for the synthesis of enzymes
and proteins. This function at the molecular level is known as the centrai dogma of molecular
biology. In other words, the DNA (the gene) makes RNA; which moves to the cytoplasm and
guides the syfithesis of protein. " - .'

¥ transcﬁption _ transiation
Duplication of DNA : > RNA : -> Protein.

It js clear from the figure that this process involves duplication of DNA which transfers the
genetic information contained in RNA (transcription) and the expression of the information in
protein synthesis (translation). However this dogmais i %- solute, sinice in some systems (RNA
tamour viruses) RNA transcribes DNA. This enzyme is'geperaily known as reverse transcriptase.

“The synthesis of profein invo!vj@\m, and RNA consists of three essential steps.
a) replication. b) transcription and c¢) franslation. The first two (a and b) take place in

™ the nucleus and the third {c) take piace in the ribosomes. The same is sammarised in Fig:23:10.

The replication (a) has already dealt with earlier while describing RNA synthesis.
The process involved in protein synthesis can be broadly divided into four stages as follows.
Activation of amino acids with the formation of specific amino acyl tRNA molecules.

2. The molecules of amino acyl tRNA bind to mRNA-ribosome complex and initiate the -
peptide chain. C : :

3. FElongation of the polypeptide chain.
Termination and release of the chain from ribosome complex.

. The amino acids are activated by ATP. The arrangement of the activated amino acids on

-~ the mRNA template is brought about by the tRNA as detailed previcusly. The formation of an

amirio-acyl tRNA complex takes place in two steps. The amino-acyl-tRNA is highly specific for
one amino acid, catalyses both the reactions. Each cell'has at least twenty- different activating .
ENZYMes. ' o S . -

Amino acid + ATP + Aminoacyt tRNA-———m—ee——m> (Aminoacid-AMP-enzyme)
| T - " Pjrophiosphate.
(Amino acid-AMP-enzyme) + tRNA ———> Aminoacyl-tRNA +-AMP.
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In the presence of the enzyme, amiino acid tRNA synthesis the amino acid and ATP form -
bound amino acid and adenylate by releasing pyrophosphate. The bound adenylate can react
only with specific tRNA and relcaserAMP and the enzyme. :

The thxee forms of RNA have 2 special role in prot_eln_synthesis. The_unpa_ired bases of
rRNA are probably involved in biriding tRNA and mRNA to both the sub-units of ribosomes.

“The end of a mRNA attaches to a ribosome: Then tRNAbinds itself to the same end of mRNA.
. by hydrogen bonds between particular three bases in each RNA molecule for example adenine-

uracil, cytosine-guanine and uraciladenine. The three respective bases of mRNA with which

rRNA urites are collectively referred to as codon and the complementary triplet ifi the tRNA as

anticodon. This requires three initiation factors F1, F2, F3 and GTP. The three base sequences:
determine the acid composition of a- synthesmng protein. The protem synthesis begins at a 57

_ termmal and of mRNA and terminates at the 3* end

} Ficpli_calian !

- Transcription

BT
i
AMP.agenzyme v—w—  ATP
. +
Enzyme

Translanon '

Potypeptide chain

p—=- Pmﬁhﬁc FOups

. Pasermbled prolein

Fig. 23.10. The over all scheme of DNA, RKA, and protein synthesis, showing
the relation of the prlmary processes of replication, transcrlpuon. and translation.

The initial ssep mvolves AUG codon of MRNA with an activated tRNA.whlch attach with

~ an amino acig formyimethlonme on its CCA endmg The anticodon on such tRNA is UAC and

- it comes to lie in alignment by their hydrogen bonds and in the presetice of several initiating

“factofs F1, F2, F3 and GTP. The mRNA molecule moves along the rihosome along three more

- ‘bases. As this occurs a new tRNA with its amino acid diffuses into position (Fig.23.11). This

process continues nll the genetically determmed hfetime of mRNA after Wthh they break down
by degradatlve enzymes. :

_ A peptide bond is formed between the two amino acids formed side by side which is catalysed
by a potassium dependent, enzyme peptide synthetase. Always initiation of a polypeptide cham
starts from the terminal amino- (NHy) group, to the carboxyl (- COOH) end. '
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_Check’ Your Progréss -2

-Name the th:éé essential stéps'o'f protei'n synthesis.
Notes a) Write your answer in the spacc gwen bc]nw

b) Compare your answcr \mth the one given at the cnd

: 'Fig. '23.1'1. The initial step of biding of tRNA to mRNA ribosome, .~ . .

23 7. PROTEINS

_ Proteins are organic n1trogenous components of all the. plants ammals and bacteria. They
- are large macromolecules consisting of a number of pelypeptides (blopolymcrs) with molecular .
" weight ranging from several thousands to several millions. Protein contain. carbon, hydrogen,
oxygen, nitrogen and frequentiy sulphur and rarely’ phosphorus and iron. The building block
of proteins are the amino acids and they are grouped into macromolecules called polypeptides. -
The primary sequence of polypeptide chains are composed of different amount of the twenty
‘amino acids. The peptide (-CO-NH-) bond which links the amino auds together ‘is formed by
the condensation of two amiric group (-NH 4) of amino acid with the carboxyl group (-COOH)
- of another. Proteins have localized hydrophlhc and hydrophoblc area and have definite site for . -

_nucleophlllc and electrophlhc dlsplacement which lmparts to them the umque catalytlc act1v1ty;- L -
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and iheir molecular afﬁmt;f Pmtems have fomr stmcmmi levels of orgamsataon whzch are
referred to as pnmary secondary, tertiary and guaternary stroctures. '

. Primary Structures It is the lincar polypcptsde chain and is formed by linking of a sequence
| of amino acids with each other by peptldc bonds in a line.

Secondary Structure: Each polypeptide cham may form sheet-like stmcturc, or ade)pt a
_ coiled or helical structure, The sheet- like struetare is formed by hydrogen bonds between the
oxygen and nitrogen atoms of the different group of polypeptide chains. These comdigurations
are coilectively known a8 B-structures, as described by Panling by employing K-ray diffraction
meihod. The regular arrangement of the polypeptide chain is brought by hydrogen bonding
between groups of the same chain which resuits-in the twnss:mg forming usuainy in an.x-helix.

Tertiary Structure: The tcmary structure of protein is three dnnenswnal form and in many

_cases irregular, containing both helical and nor-helical vegions. ‘The tertiary structures are’
folded to different configurations by the formation of hydrogen bonds, hydrophobic bonds and
disulphide bridges between the two SH groups. The tertiary structure of protein is essentnal for
the bidlogical activity.

Quaternary Structure: The quaterna;y stmcture is composed of two or more polypeptide
.sub bnits, which are non-covalently linked . Of the four po!ypepuﬂe chains in it, sach of the two
are ccmposed of two specms :

Proteins are classified on thclr solubility into simple protems and. cnngugate pmtems. Hy-
drolysis of sampie proteins yield only amino acids. Albumin, Globulin, Protamines, Histones
" and Scléro- proteins are simple proteins. Conjugale proteins are grouped on the basis of the
- prosthetic groups io which they are attached, @ms conjugate with nucleic acids, carbohy-

- drates or lipids and form nucleo-prateins, siigo-proteins or lipoproteins respectively. Proteins -
catalvze many enzymatic reactions. Large ts of proteins are stored in plant tissues and
supply eneigy and nitrogen dz.xring growth, Proteins aze also ciassified into a)enzymes b) Storage
proteins, ¢} ¢ontractile proteins, A} Stri€iural proteins, e} hormones, ftoxins, ett.

M

) \
23.8. SUMMARY D

Proteins the macromolecules are organic nitrogenons components of all living beings. The
synthesis of proteins is genetically controlied. The amino acids are building blocks of proteins.
The DNA motecule consists of the genetic information for protein synthesis. A specific part of
DNA called structural gene synthesises-BNA. The synthesis of RNA complemendary to a strand
of DNA is known as transcription,and is catalysed by the enzyme RNA polymesase. There are
three forms of RNA, distinguished on-the basis of their molecular size and function. They are
ribosornal RNA (rRNA), transfer RNA (IRNA) and messenger RNA (mRNA). The ribosomes
-are the site of protein synthesis. The TRNA is present in ribosome and seive as a template for
protéin synthesis. The tRNA transfers the amino acid from cytoplasm to their proper position
on the ribosomes hence the name. mRNA is the template that girects protein synthesis. The
involvement of a specific sequence of three bases of mRNA coding for a specific amino acid is,

- catled as codon or triplet codon. Genetic code is non-gvertapping.

The process involved in proiein symthesis is broadly divided into four stages;
Activation of amino acyl with the formation of specific amine acid t BNA motecuids.

b. The molecules of amino acyl tRNA bind to mRNA ribosome complex and initiate the
peptide chain. :

c Elongation of the peptide chain.
d. Tcrmmatnon and release of the cham from the ribosome compiex.

257 _



23.9. CHECK -Y;;")UR PROGRESS: MOD-EL ANSWERS,-’"

1. The nbosomes are the.site of protein synthms where aming acnds are assembled in a specific
sequence to produce poiypeptide chains. The invoivement of a speclﬁc' sequence of three bases
.of mRNA codmg for 4 specific amino acid is called codon or tnplct codoﬂ

2. a) Rephcanon
b) Transcription

¢) Translation.

23.10. MODEL EXAMINATION Qi}E‘szl:IpﬁNs

I. Answer the follong questmn in 30 ]mes each _
1. Describe the process of symhems of protems from aminc mds.
Describe the structure of RNA. _
Given an account of the genetic code.
“ Describe the role of operator and regulator gene.
Write an at_:count_on the nature of proteins. - -\
Describe the structural level of o’rganisation u@@

NS T

: What is the functlon of nbosomes _
'3 %:. ] .
*M1. Answer the following gquestions in 18 Q\ ¢hi..
1. Given an account” of the synthcsm 4
Give dan aoc_ount of the rolg ofs A in protein synthcsls
" Give an account of the function of MRNA.

Write briefly on the structure of protcms

‘.-":PPE\"

: Descnbe the cent[al dogma of molecular bloiogy
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UNIT - 24: MUTATIONS

: Contents

i 24.1. Objectives

24.2. Introduction ‘ oo

24.3. Gene Mutations

: ~24.3.1. Types of Mutations.
24.3.2. Frequency of Gene Mutations
24.3.3. Sponianeous and Induced Mutations

14.4. Chromosomal Mutations
24.4.1. Changes in the Number . of Chromosomes
24.4.2. Changes in the Structure of Chromosomes

. 24.5. Significance of Mutations

2. describe and different chrom_osomal 'muti tion

24.6. Summary-
24.7. Check Your Progress: Model Answers
24.8. Model Examination Questlons

24,1 OBJECTIVES

After gomg through this unit you will be able to:
1. explain what mutations are, and how are they}t:ined

ich 1nvolve changes in the chromosomal

number from the one involving the chadge in the structure of chromosomes, and

3. understand the mgmﬁcanoe of muta§$

24.2. INTRODUCTIO%{

There are two fundamcr}§>points on which evolution of plants'and animals rest. They

i are (1) the presence of variations in the characters of ‘the organisms (2) such variations are

" transmitted to the progeny faithfully. Now let us try to understand what is meant by variations.
! According to Darwin’s theory of evolution, variation is the bed rock of evolutlon First variations .
- Jevelop in the population and then nature selects those that are useful, they survive and multiply.
~On the other hand, those variations that are not useful, slowly get eliminated. During his

wide travels Darwin observed numerous examples of sudden and distinct variations arising in =~ -

populations. He named them ‘Sports and did not give them much importance in evolution. On
the other hand, he considered small and continuous. variations in ofganisms as being pivotal to
evolution. Darwin thought that evolution is a slow and continuous process and small varlatlons
go-on accumularing for generations to give rise to distinct varicties or species.

In 1880 Hugo de Vries of Holiarid studied the populations of Cenothera lamarkiana near
- Amsterdam for about 8 vears. .He saw among them numerous variations. All these variations
were breeding true. Some were very tall and were called ‘gigas’ while othei varieties were drawf
called ‘nanefla’._He collected these varieties and cultivated them in his garden and observed the
progeny for-several generations. In those populations de Vries identified 7 sub species. de Vries
gave the name mutation to those sudden and discontinuous variations in organisms which are"-..

heritable and he also believed that all those observed variations in Oenothera Jamarkiana were,

mdeed mutations only.
In the year 1901, de Vries publlshed alt his observations in the form of a book entitled "The

~ Mutation Theory”.. Of course, after nearly 50 years, scientists realised that what were termed as
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mutatlons by de Vrles in. Oenothera were not gene mutations bt were chromosomal aberratmns

~ and polyploids. What is mutation? We have learnt that genes of the organism are Jocated in
 chromosomes. The genes are made up of DNA. A gene is thought to be an entire DNA molecule -
* that controls a particular reaction of the cell. Together all the genes of an organism control _
the life activitics of the organism. At each cell division, the DNA molecule of the cell also gets .-

duplicated accurately. Thus exact copics of the genes are produced. This continues mllhons of
times without a mistake, Thus, we say generally, the genes are very stable.:

‘But occasionally, sometimes a mistake may occur in the duphcatlon ‘of a gepe. For some |
unknown reasons, which are yet to be understood fully, a nucleotide of a DNA molecule may

" be lost or may be substitited “or an extra nucleotide may be added. Any one such change is

enough to modify the structure of the DNA molecule. What is now formed is no more an
exact copy of the original DNA. This in its turn changes the genetic message. This may cause

synthesis of a new protein. This kind of change in the genetic message is ¢alled mutation. Thus .. =

aceordmg to the modern concept, mutations are hereditary changes due to alterations of genes
or Mendelian factors. These are called gene mutations or point mutations. Sometimes it will be '
difficult to draw a line between gene mutations and chromosomal changes, which occur. quite
frequently. These chromosomal changes are also to be considered as mutations because due to
these changes, not only genotypic and phenotypic variations are seen in the progeny but thcy
aid in evolution also. So in this unit, while giving greater attentlon to gene mutatlons we study
chremosomat mutatlons and also cytoplasmm mutations. - IR

24.3. GENE MUTATIONS

* During the- years 1909- 1912 two sc1entlsts did conmd\age work which enhanced our
knowledge of mutations. They are T.H. Morgan and R.A. Emerson. Morgan worked on. the fruit
fiy, Drosophila melanogaster, at Columbia Unwers;ty 'A while Emerson worked on Zea

~ ! mays at Cornell University, U.S.A. Morgan raised sands of fruit flies in bottles, supplying

Y N

~ among thes¢ thousands, had white eyes instead

: _ ted eyes. He also discovered that the particular
white-eyed fruit fly'was a male one. It became clear that the gene responsible for the red colour of.
the eyes, present on X chromosome had rgone mutation to give rise to white colour, which

them mashed banana. All those fruit flies lga\%:e eves. Suddenly, Morgan found that one,

" is recessive, This is a permanent change, and a clear example for gene mutation. Subsequently,
‘humdreds of such gene mutations were discovered in the fruit fly. Gene mutations were observed )

in maize, snapdragon, bacteria and viruses and also in man.

A mutation may have only a. minor effect in the cell. 1t may be so-insignificant that it -
cannot be casily detected. At the other end, if a mutation affects the production of an important
erizyme, such a changé may cause the death of the cell. Such mutations are spoken of as lethal
mutations. Most of the mutations studied by biologists lie between: these two extremes, so that
the effects of the mutation can be observed and at the same time it is not harmful to the cell.

" Genes normally mutate only once, thus their alleles are formed. In fact, the ‘contrasting
pairs of characters observed by Mendel in Pisum sativum, namely Tall vs. Dwarf; Round ¥S.

‘wrinkled etc., are formed due to the mutation of the-factors or genes. But theke is no rule

that a gene can mutant only once. Biologists have observed that a particular gene may mutate
repeatedly many times. In such an event, a series of multlple alleles are formed. For example,

~ biologists have found atieast 14 alleles for the white colour of the eye in Drosophila.

A mutant gene sometimes not only affeets one partlcular -character but may also affect
certain other basic chemical reactions and thus other gharacters may also be affected. 1In
Drosophila melanogaster, the gene mutation that brought about white eye co{our also affected
its fertility and longevity. Likewise in. Gossypium as a resuit of a gene mutation, lintiess seeds -

- are produced. Along with this change, the plant’s size, height and fertility also were affected.

Such genes which affect several unrelated characters’ smultaneously are called plelotroplc genes,

“This phenomenon is ealled plelotropy
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'24.3.1. Types of Mutations

Many of the gene mutations are recessive, and generally they are lethal. A few of them
are dominant. Some gene mutations are usefui. to.the plant to adjust itself to3the changed
environment and thus help in the evolution of the species. ‘Sometimes mutations are neutral
and go unnoticed. Besides mutations can be germinal or sGmatic, sexlinked or autosomal.

_ Germinal mutations are those that occur in the germ plasm ic. in the reproductive parts
" of an crganism. In 1791in U.S.A as a result of germinal mutation in sheep, a short legged sheep
arose. Af present this variety predominates the world over. Another example for germinal muta-
tion is drawf mutation in wheat. As germ cells are affected, the mutations arestransmiitted to the
next generation through the gametes, cach and every cell of the progeny possesses the mutation. |

Mutations that occur in the vegetative parts of the organism are called somatic mutations
and these, untike the germinal mutations do not get transmitted to the progeny, and so are
lost for ever with the death of the individual. Muitiplication of ths mutant somatic cell results
in the mosaic of mutant and nonp-mutant tissue. In plants which are vegetatively propagated
~ such jrustations can be transferred and perpetuated. The famous apple variety called Golden
deticicus, arose as a somatic mutation and a few twigs bore such fruits. Vegetative propagation of
those twigs resulted in the introduction of this new variety, which is now worldwide in distribution.

Depending upon the results, there are different kinds of mutations. The mutations may
differ from the parents in mozphological, physiclogical and biochemical characters.

YWhen geries undergo mutation, changes in the morphological characters are corimonly
abserved. Some mutations result in the change -of one ofgan into another. For exampie,
in Drosophila, as a resuit of mutation, the antennag change ihte legs. Certain mutations do -
not cause any visible changes but bring about a e:ha:_:'; i the physiology of the organism. For. -
example, in the fungus, Neurospora as a result of mut the nuiritional needs of thé mutanis
got changed. In bacteria, mutations may result iffejther increasing or reducing their virulence,
also, it may resuit in production of penici]lingesis ant or bacteriophage resistant varieties.

. oy :
~As we know gene is a linear stretch.of DNA molecule, may be an entire molecule or a part
of it. Changes in the molecular levei%g?\e DNA molecules result in mutation. This change
- at molecular level sometimes bring abobt observable changes. Such changes can occur at any
place in a gene. A change in the sequence of the nucleatides in DNA, brings about a change in
the genetic code and thus mutation occurs. Once change has taken place it can'be transmitted - . -
to the progeny. Changes in the nitrogeneous bases of the nucleotides can be brought about in
Many ways. - :

1. Addition of pair or more of nucleotides to the DNA. This is called insertion. An addition
of even a single pair of nucleotides makes all the difference. To understand this, here is an
analogy.

Intanded message. : Please say where you are:

Actual message. _ i Please stay where vou are.
Here an insertion of a single letter " in the word ‘say’ brings about an entirely different meaning.

2. Sometimes a pair of nucleotides may be miss'ihg. This:is called deletion. Consider the
following analogy. :

Intended message : : Will send friend to get the book.
Actual message : Will send fiend to-get the book.
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| "When the-"lettef /‘r’ is deleted in the word friend‘ an entirely different 'meaning tesults :

3. Attimestwo or more nucleot.lde pairs may. exchange places Th]s is called mversmn Conslder _

- the following: analogy

_ Intended’ message
Actual message

Ne arms will be supplied.
No rams will be supplled I
. The two lettérs *a’ and ‘T’ of the worcl arms exchange thelr place, gmng a dlfferent meaning.

"4, Yet another way is called substttutlon Here one nucleotlde may get substltuted for another
. Read the two following 1 messages. :

Ram now going to Madras.
“Ram siot going to Madras )

Intended rnes_s_age
- Actual message\

The letter ‘W’ i in the word * now 1s substltuted by t in the actual message gmng an altogether
'dlfferent meamng :

Gene Mutatton in Man A very subtle change at the molecular level of the DNA brmgs
about mutation of thd gene and it: may resplt sometimes in far reaching changes, with serious
consequences. To illustrate this pomt let u1s consider a case of gene mutation in man.

i _The red colour of red blood cells is due to the oxygen-carrying pigment, haemoglobin, which

isa protein. The haemoglpbm molecule is made up of two halves, each of which contains about

' 4000 atoms arranged - Some 300- amingacids of 19
’ carry haemoglobm are biconcave d]SCS. _

‘Mutation in Haemoglobm There is 2 ge@:tatwn in- haemoglobln as a result of whleh an

abnormal haemoglobm, naemoglob\h\S iS*produced: Thie ‘haemoglobin S is not efficient enough

inycarrying oxygen as, the normal lobin. Individuals having this haemoglobin $ suffer

from a disease called sickle cell anﬁma genetic disorder. In such-persons, the red blood cells

 are sickle shaped instead of being bicbncave discs and the.victim suffers all symptoms of extreme

~ oxygen shortage, weakness, el{gﬁhon, kidney and' heart faifure. All these disorders are due to
fact that haemoglobin S'is inefficient in carrj/mg oxygen ; _

_.»Part of amino agid chain Cft)rresponding' amino acid -
of nonnal haemqglobm . Chain of haemoglobin S.
* histidine ‘ histidine o
‘Valme _ Valine
L_eult;inc- --I_:ettlcine
| L_eh_léine_ " 'Leull;:ine_'
T o
Proline - Prelhte :
glutlanuc a{cid o ';éplac-ed by VeiE'ne
glutlamtcaad ) .. . o glutlamlc ac1d _'
. 1ysme o . Iysme s

»

erent kirids: The red blood cells which .



IMGRAM of Cambndge Unwcr51ty, United ngdom worked on this problem, to ﬁnd out
where exactly the chemical change has taken place in the haemoglobin melecule. His careful .
and pains-taking study showed that one half molecule. of the haemoglobin § differs from the
normal haemoglobin in only one amino acid. At one place in the chain of amino acids, glutamic
acid is replaced by valine, an amino acid essential to many protems mcludmg haemoglobin but
dlsadvantagcous at this particuiar spot..

“The ev1dencc is clear that the mutant or changed allele responsﬂ::lc for the sickling of red
_ _blood cells causes valine unit to be subsntuted for glutamic acid unit at one point in the molecule.
A change of only ofte amino acid in such a large molecule of 300 amino acids, without altering
the rest, can bring about enormous changc in the nature of the protem and result in 50 many
-.dlsorders in thc v)ctlms .

Checlt _Your grogreéé._-_ 1

~ Sickle ccll qnaemla a genetlc dlsordcr caused due 1o . | o in
haemoglobm . : e

Note‘(a) ertc your answcr m the space. glvcn helow.

(b) Comparc your answer with the one glven at the cnd

S

HamnophdlaAnother example for gene mntaﬂon mQan bemgs is haemophilia. This is a

disorder in which the blood cells fail to clot after an ifjury or clots very slowly. In extreme cases
the wctxms may bleed to death even from a sgl ut. .i A . :
. —— gf_
Tl'l]S hdS a royal h;story It proba ' as a gcne mutatlon in Queen Victoria, Her ~

. ancestors are not known to.have: this’d - From her, this trait become widely distributed
" in the many royal families of Europc This ‘is a séx-linked gene mutation and is carried on
X chromosome. Invariably it is the male, who. suffess from this disorder while the women are
generally only carriers. The Y chmmosome in the male has no role to play in this.

24.3.2. Frequency of Gene Mutatlon

Scncntlsts have Iong been mterested in ﬁndmg out how often genes mutate-as that would
gwc thcm some idea about how oftcn new kmds of orgamsms appcar on this planct.

From thelr studles scientists know that thcre isa w1dc range of vanatlons in the rate of'
gene mutation. Some genes mutate frequently, once in every 2000 gametes. Other genes do
not mutate even within several billions of cell divisions. Beiween these extremes, most genes, |
including those of human beings mutate once in a hundred thousand to a million gametes in
each generation. In bactcr;a, the mutatlons rate may ‘be as low as 1 in ten billions.

From thls data, 1t may appear that mutations do not -occur frequently enough to prov:de E
much’ genetic variabitity. However, it shquld be-borne in mind that this data applies only to ene
gene. We do not exactly know how many- genes there are in any organism. Apparently it must
be in large numbers. In human beings, it is estimated that there are about 10,000-genes. In that -
case, if each gene mutates at about the same rate, then more than one in every 100 gametes -
. would have a mutation of at least one gene. If the number of individuals in each species is in
millions, then mutation in each generation can be very Ia:ge indeed. Thus mutations provide a
- large amount of gcnetlc vananons in orgamsms. i : '

. —— -
-
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24.3.3. Spontaneocus and Induced Muntations

- Mutations may be antogenous or eXogenous. Autogenons mutations are caused in organisms

due to internal conditions. These. are also calied spontaneous mutations. The exact canses that

' dre responsible for spontanecus mutations are not clearly known. In some plantslike colchicum,

due to metabolism, substances like colchicine are produced. Such substances can bring about
mutatlons.

On the other Tiand, a [argé”f‘rum"'ﬁ‘:‘ﬁf* mutations are causeg by exiernal agents. These
. exogenous mutations are also called induced mutations. Some of the causes that are cﬂ’ectwe in
increasing the mutation rate are given below.

Radiation: H}gh energy radiations such as X-rays, gamma rays, neutrons, u!travmlet ll,ht have -
ali been shown to increase mutation rate

-For the first time, 1t was the amencan biologist H.J. Muller who in 1927 subjected Drosopbﬂa
melanogaster to X-ray radiation to induce mutations. From his experireents conducted at Indiana
‘University, U.S.A., Muller estimated that formation of induced mutations when x-rays are used,
is about 150 times to those naturally occuriing in Drosophila. He also found out that by far
the larger number of such mutations are harmful. The x-rays and gamma rays are shortest and
hence the most energetic wave lengths of radiation energy. These energetic waves are capable
of distorting the base sequence of DNA molecule by substitution, deleting or rearranging the
nitrogenous bases. This in its torn impairs the cell’s ability to synthesize proteins and produces
errors in coding. The implications of this are far reaching snd the effects could be even Jethal.
Radiation cannct be seen but its effects, specially those on living matier are easily detected,
The severe injuries caused by the atomic bornbs ed on Hiroshima and Nagasaki int Japan
are well known. Even though it is now 4(@;’35 since those bombmgs rautations caused by
radiations are still visible in the newly born

L% . -

2. Chernicals: After the. discoverydf mﬁ:genic effects of radiation, scientists began the search
for chemical substances that indue€ niutations. Thom and Steinberg in 1939 reported that
nitrous acid can induce mut in the fungus,” Aspergilhis. Auverbech and Robson reported
in 194¢ that nitrogen mustar and related substances can increase the rate of mutation in
Drosaphila. To day there is a long list of oils and chemicais which are mutagenic. Contaminated
vegetable oils fike groundnut, mustard, castor are now regarded as mutagenic. }Eydmxyla'nﬂ
Ethyl methyl suiphonate are powerful chemical mutagenics.

3. Temperature: 1tis reported that when the temperature of the reproductive cells is increased
within a narrow range the organism can tolerate, there will be an increase in the rate of mutation.

' 24.4. CHROMOSOMAL MUTATIONS .

_ These are also called chromosomal aberrations. Like gené ﬁ_alitations these also arise suddenly
in nature, These are-of two kinds. They are (A) Changes in the namber of chromosomes (B)
Changes in the structure of chromosomes. .

24.4.1. Changes in the Number of Chromosomes

(1) Euploidy: In the cells of all higher plants and animals there will be two sets of

~ chromosomes, one derived from the male gamete and another from the female gamete. The

set of chromosomes from one gamete is called a genome. Thas the celis of all higher planis are

diploid, or, we may say have two genomes. The number of chromosemes for each plant and

animal is fixed. Chromosomal mutation that.involve sets of chromosemes is calied F'E!pl(}idy If
the number of sets of chromosomes in anv pilant is more than two, then it is called peiyplmdy :

El

265,



C e -
-

“and such plants are cailed polypioids. On th'e_dther hand if the number of chromosome sets is
‘one then it is a haploidy

Types of Buploidy
:i:‘_y_ﬁc No. of chromosome Exaiﬁj)le
. sets

Haptoiay ' . One(n) ABC
 Biploidy Two(2nj . AABBCC

Polyploidy ~ More than 2 :

a) Triploidy Three (3n) AAA BBB CCC

b) Tetrapioidy Four (4n) - T AAAA BBBB CCCC
. ¢) Pentaploidy etc. . Five (5n) AAAAA BEBBB CCCCC

Polyploidy: This is very widely seen in the plant world. It is estimated that nearly half of the
plant genera are polyploids. Many of our economically important planis are polyploids €g.,
Plantain, Pine apple, tobacco etc. Among grasses, two thirds are polyploids. The variety ‘gigas’
in Qenothera lamarkiana., identified by De Vries as'a mutation, is in fact not an example of
gene mutation, but a pelyploid. The normal diploid O. lamarkiana has 2n = 14, while gigas has
28 chromosomes. This is an autotetraploid. Polyploids are rare in the animal world.

Polyploids are of two kinds. In some, polyploids arise as a result of duplication of the .

chromosome sets of the same species. These are called autopolyploids. When chromosome sets
of twa or more specms combine to form a polyploid, it is tcr%as allopolyploid.

Polypioids may arise among diploids due to any of the iollo g reasons. 1. Anegg cell may'

get fertifised by more than one sperm 2. As a result of of meiosis in spore mother cells,
the gametes so forred will be dipioid. Fusion of such g
mitosis in a diploid somatic cell, if the chromosomgs’duplicate and divide but there is failure
of cytokinesis, & tetrapioid cefl forms. Normal/@ivisiens of such a cell give rise to a tetraploid
tissue. The flowers borne on such plants prod@mloid gametes. Fusion of such gametes bring

~ about tetraploids.

Triploias are formed when two gametes, one with haploid number of chromosomes and .

another with diploid number are united, or when a egg cell is fertilised by two sperms In
triploids there will be three genomes (3n). But in these plants as meiosis is hlghly irregular
sterlity is prevalent. However such plants can be propagated vegetatively. Some of our common,
economically important plants are triploids eg. Musa, Grape, annanas, rose, chrysanthemum,
psidium, '

Tetraploids have 4 sets of chromosomes. In Autotetraploids, the diploid chromosomes
themselves get doubled. These are formed when abnormal gametes with diploid chromosomes
unite in fertilisation. Eg. Arachis hypogea, cuffee, potato. Allotetraploids are formed in
a different manner. Fertilisation between gametes belonging to two different species resulis
_in a diploid plant. Such a hybrid plant generally will be sterile. However, when such diploid
" chromosoimnes get doubled naturally or artificially, the result is a allotetraploid. Of the four sets
of chromosomes in-that plant, two sets belong to one specics, and two other sets to another
species. This tetraploidwill be fertile plant.- To understand this, iet us consider the development
of a new genus Raphanobrassica. '

In 1927 Karpachenko crossed Raphanus sativus (2n = 18) with cabbage, Brassica oleracea
{2n=18); The result was a hybrid (2n = 18) which is a sterile plant normally. However occasionalty

this produces abnormal diploid gametes. Such fertilisation.resulted in a new plant which is fertile.
This is Raphanobrassica (2n=36). Of the 36 chromosomes 18 belong to Ra.pha.ﬂus sativus and
18 to Brassica oleracea. Thus a allotetraploid is born.

etes result in polyploids. 3. During
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. Raphanussatwus ; N ' Brassica oleracea

20-18 . . X - - 2=18
® - Ty
_ : . .+ Flhybrid 2n = 18 ' :
- ' E - 9R+9B. _
'Réphanobrasslca 4n = 3€.
18R+18B

When r.ompared to d!plo;ds, tetraplmds havc Ieaves, ﬁowcrs, fruits and seeds of larger ssze"

.There are many econonucally nnportant plants whlch have even more sets of chromosomes.
In the sweet pea, Triticum vulgare there are hexaplmds (Gx) In the sugarcane there are
-oetaplmds (8z) different genomes in them. i oo o

-Indueed Pohrplmds- There are some agents, which whesn apphed to p!ants mducc polypimdy
By applying some chemicals, through temperature: shocks and causing mechanical _injuries to
tissues, polyploidy can be indiced. Chemicals like colchicine, acenaphthéne are befieved to
interfere with the spindle formsdtion in ¢ell division, thus leadmg 10 polyploidy. Colchicine is an
alkaloid present in the bulbs of Colchicum autwmnale of Liliaceae. This is applied to buds, roots
of plants in very dilute aqueous form. As a result, the chromosomes dunng metaphase do not
move to the poles but remain scattered in the cytoplasm :

_ Even cytokinesis is prevented, and with duphcatmn of chromosomes, their numbcr gees on
increasing. In the tomato plant, when the stem t:p\%g;ut disorganised cell division takes place
and calius‘is formed. Most of the cells of such tiss € tetraploids, while the rest of the plant
is diploid. Thus mechanical injury also ind olyploidy. In plants like maize, polyplmdy can.
be induced by temperature shocks, which al tsorgamses cytokmcs:s. "

Variations in larger numbers are seg?ﬁ poiyplmds than in diploids.Due to polyplo:dy, new .

- physiological characters arise, ulm@ ety leading to the formation of a2 new species. EB.Babcock  *
examined -196 species belonging to the genus crepis. He found out eight percent of these arose

~as polyplo_ids._Atitbpolyploid@ not contribute much towards formation of new species. But

allopolypioid's certainly help i lut:on of new specu:s as. there are different genomes in them.

Haplmdy. In ali higher plants and animals; the organisms are diploid and haplo:dy is conﬁned

only to the gametes. But occasionally haploid plants are seen in nature. Like gametes, these

have one set of chromosomnes or one gerome only. In angiosperms haploid plants are seen in

Brassica, Datura, Gossypium, Orysza, Triticun, Oenothera, zea mays etc. In animals, haploids
are very rare. Haploids are seen in ants, honeybees occamonally Haploid p]ants may anse due

to any of the following reasons. - _ .

1. An egg cell, not fertilised hy a male gamete, deve10ps mto an embryo and then intoa plant '
The pollen grains supply only stimuius, but not male gamete. Thxs development is cailed
female parthcnogenems

" 2. ‘Sometinies a male ‘gamete after entering the cgg. cell without any role of the egg cel] may'
grow into a haplmd embryo 'I‘hls is called male parthenogenesis. '

Sometlmes a synergld cell-a haplmd cell of the embryo sac - may develt)p into an. embrym

. Sometimes both the male gametes may enterr embryo sac unite with the d:p]md secoqdaxy )
© nucleus; thus forming a tetraploid endospenn mother cell. As for the egg cell, which received
- Ao sperm, may get stimulus and grow into"a haploid embzryo. -~ -

- An allopolyploid in which the total i:hromosome complement of the two spec:es s combmed
to form a fertile hybnd is called amplnplmd eg. Raphanobrassica
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.- Haplmd plants do not grow well and are usually stenle They are smaller in size than dlpimd
‘plants. As only one set of chromosomes are prese meiosrs usually is irregular. Rarely haploid -

'__.gametes are produced which on fertlhsatlon result in dlplmd plants

Check Your Progress - 2 : . .
Mention the typos of euploidy. and number of chromosome sets assoclated wuh each type
Note: (a) write. your answer n the space given below. '

) compare your answer\_wlth -the one given at the end.
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...................................................................................................
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: Heteroplo:dy or Aneuploidy: Somet:mes SOme OIganisms. may havc chromosomes, fewer.or
more than the exact multiple of basic number of haploid humber of cliromosomes of the orgagism.
Such an organism is called aneuploid or heteroploid and thmdmon is called aneuploidy or
heteroploidy. The number of chromesomes in such a plant m a little more or less than the

~normal dipleid number. Heteroploids are.seen in pl dnd animals as well in human beings.
Datura, maiz wheat, tomato are examples of hetcrOplo ts. In Drosophila several kinds of
heteroploids are seen. Addition or deletion of chrai mes brmgs about phenotypic as well as

. genotyplc charnges.

.ﬁl Sometimes the gametes of the same ci%wé} have different haoloid chromosome 'number. _ ‘ -
- Fusion of such gametes results in hete%dy. Irregularity in meiosis, resuits in formationof ' -
_ gametes with different chromosome number. This may be due to S .

1 Non-dlsjunctlon of homoiogous palr durmg meiosis asa result of which both the chromosomes
_ reach one pole only.

2. At the beginning of meiosis there may be fallure in pamng of homologous chromosomes.

Thus the gamete formed ‘may-have chromosome number like ny, (n+1), (n—l), (n+2), 2y "}
etc. When gametes like these fuse, it results in dlfferent types of heteroplolds They may be -
1.Trisomics, 2. Tetrasomics, 3. Monosomlcs 4, Nulllsorrucs Diploid plants are cal[ed disomics. |

- Variations involving mdwrdual__chromOSOmes within a d1p101d set.

Type _ - No. of chromosomes P Exampies
Disomic ' S | E ' AA BB CC
* Trisomic : s 2l : - AABBCC. .
“Tetrasomic - S 22 - _ . AABCCCCC.
Monosomic _ o2t o - AABBC .
Nullisomic = = '"-"-2n-2. . AABB"

'Ihsomlcs These have one exfra chromosome 2n+1 Orne of the chromosomes mayr ha've three
homologous chromosomes. " If there are two extra cliromosomes, _belonglng to two different -
chromosomes, it is then called double trisomic (2n+1+1). These are seen in Datura, maize,
tomato Bridges recoghised two trisomics m Drosophﬂa XXX and XXX, T
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Tetrasomics: There are organlsms w1th (2n+2) ie 4 homologous chromosomes for one. of 1ts
chromosomes. ¢g. Datura. These look like tnsomlcs :

I3

Monosomics: In these plants the number of chromosomcs will be one short of the dlploul
number (2n-1). In Nicotiana (2n=48) 24 monosomics are identified. Likewise in Triticum vulgare
(2n=42) 21 mo__nosomlcs_ are identified. Bridges identified some monoesomics in Drosophila.

' Nulhsomlcs In these plants one entire homologous pair may be missing (2n-2). These are —
- formed when seif pollination takes place in monosomlcs Some nullisomics like those of tobacco

- €annot sumve, while those of wheat survive.

e B e

: Aneuploxdy in man: Homan bemgs normally have 46 chromosomes. Sometimes aneuploidy
is seen in some individnals. Such persons may have less than 46 chromosomes or more.

In some individuals there is only one X’ chromosome. Such individuals have only 45
chromosomes. This condition ‘X is called Turner's syndrome. These are underdeveloped
females with broad shield like chest, underdeveloped breasts and female external genitaiia,
abnormalities of skm skeleton and stature. :

Angthier abnonnahty is where individuals have one extra chromosome. They have 47
chromosomes. They have three sex chromosomes ‘XXY'". This condition is called Klinefelter -
syndrome. The males havmg syndrome have very small tcstcs, are long- legged, with siightly

_ developcd ‘breasts. ‘ \

Somﬁ individuals have 47 chromosomes, T}e-flst chromosome -has three homologous -
chromosomes. This condition is called Down s;rhdrome. Such individuals are called Mongoioid
. idiots’. This is also an example for trisomic.

Addition or deletion ‘of even a single’ chromosome, as we have just now seen, will have
Serious consequcnces for the indivi B

24. 4 2. Changes in t@tructure of Chromosomes

" This expression.and inheritance of the sum total of charactcrs of an organism is determined

by the number and sequence of genes present on the chromosomes in its cells. We have seen :

how changes in the number of chromosomes affect the characters of organisms. Likewise changes
in the architecture and morphology of ttie chromosomes also affect the characters. These
-alterations are the result of the changes in the sequence of genes on the chromosomes. These
are aiso called chromosomal aberrations. These chromosomal aberrations are caused by breaks
in the chromosomes or chiromatids. When broken énds rejoin to restore the original chromose
- structure and, gene‘sequenice there will be no change at all. However, when the broken ends are
either lost or get joined to a wrong cliromosome or in a wrong manner to the same chromosome,
then chromosomal aberrations occur. Much of ocur knowledge about chromosomal aberrations
came from the study.of two organisms. They are Drosophila melanogaster which has only four
pairs of chromosomes, and zea mays where there are ten pairs of chromosomies each pair of
which is loing and distinct. Thus these two are ideal for the study of the morphology and structure

—~  of chromosomes.

A. Changes invelving the number of genes: a) Deletion or deficiency: Sometimes a.
. part of the chromosome may get broken. This may happen at the apex of the chromosome -
- (terminal break)or aniywhere in the chromosome (intercalary break). When such bits are lost in
 the cytoplasm, some genes are also lost with it. If a chromosoine has a gene. sequence ABCD.
'EF GH Labreak accurs between CD and FH, and the bit DEF is lost; then a new chromosome
is formed with the gene sequence as A B C G H I, which will be shorter than the ongmal This
X deletlen atiects some characters of the orgamsm ' -
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Fig.28.1. Diagram showing dif@?‘/pes of chromosome mutation. Each type
of mutation results in alteration iff the number and/or sequence of genes on
the chromosome, A. Delstion. B. Inversien. C. Translocation. B. Duplication. -

b) Duplication: The presence of a part of a chromosomie in excess of normal complement 1s
called duplication. A broken section of a chromosome may get attached to a normal homologous
chromesome. ‘Conseguently some genes are present in more than double doses. ABCDEFG
H 1 js the normal chromosome. An addition of a broken bit FGHI to it resndis in a chromosome.

ABCDETFGH UF G H 1 Duplications are more frequent in nature than deletions. These

are not harmful to the organism but resuit in morphological changes.

B. Changtes Involving Arrangement of Genes: a) Inversion: In this there is a break i
the chromosome at two points. The broken section rotates by 180% on its own axis and reunites
with the same but in a reverse order. Thus there is neither gain nior loss of genes in the chromo-
some. ABCDEFGHIsa chromosome in which a break occuss between C D and F
~(G. After inversion, it would be A B CDEF G H L Inversions niay include centromere calle
p_ericﬁntric imwersions; those that do not include centromere are paracentric inversions. These
are helpful for formation ef new species.

b) Translocation: This involves the transfer of a part of a chromosofne or a set of genes to

a non-hemotogous chromosome. It resalts in a change in the sequence and position of genes. .
Let us say, there are two nonhomologous chromosomes A BCDEFand W XY Z. A break

in the former between C D occurs and the bit D E F so.formed gets attached to the letter. So

‘a new chromosomes D EF W X Y Z is formed. .

R
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Due to structural cnanges like inversion and translocatlon structural hybndlty of chromo-
somes is formed. This bnngs about changes which have lasting’ effect '

Cytoplasmlc Mutatlons

We have already seen that there are plasmagenes in the cytoplasm. Also jt is nbw established

~ that organells like chloroplasts mitochondria have DNA. The plasmagenes aiso get mutated

and transmit characters accordingly. Variegated part of plants are now recogmsed as due

to mutations in chloroplasts. Different strams of yeast are formed due to mutatlons in the
mltochondrla present in the yeast

24.5. SIGNIFICAN_CE OF M_f.ITATION'S;__:

l'.

Undounbtedly mutatlon is-the prmcsple factor in orgamc evolution. It is mamly due to
mutations that there is so much of genetic variability. without which evolution may not have
possible. It is also true that a very high pércentage of these mutations are harmful and a smali

- percentage nearly 25% are useful. It is these useful mutations that bring about changes in the
* organisms so that they can adapt themselves the environment and. can stand competition in
- natural selectlon, s0 that their progeny survives. All the now emstmg plants and animal are those
formed due to mutations and have come out successfui in the: struggle for survival. Thus natural
mutatinns played and contmue to play a crucial role in the evolution of Organisms. '

Induced mutations are useful in deve;lopm%ﬁy\«r varicties of plants suitable to different
environmental conditions. As so many variatio e before him, it is possibletor the ptant
breeder to select those that have desitable @cters‘ tor his hybridisation experiments through
which he can raise superior varieties. : : : .

List of cultivated _specles whlch aro%??hmughﬂ_\p_olyp!oidy- from wild ones.

Crop " - ) on name. Level of ploidy
1. Avena sativa " 4 {tivated -oats - Hexaploid -
2. Triticum aestivim \Dread wheat altohexaploid
" 3. Sorghum vulgare cultivated sorghum tetraploid
4. Nicotiana tabccaumi . tobacco cultivaed - allotetraploid-
5. Gossypiunr barbadense sea island.cotton - allotetraploid
6

. Brassica juncea- ‘ - ral : © . allotetraploid

List of mutdnt vanetles of crop pldnts released in the Indla.

Type of crop = . _ S mutant varieties.

1. Wheat - . NP 836 - Sharbati Sonara
2.Pea _ Hons . : ' TR '

3. Rice - . Jagannath IT 60, k 84, HM 95
4. Castor’ _ ~Anuma ' : '- :
5. Cotton Indora-2, MCU-7

6. Groundnut . TG 1

24.6. SUMMARY

Mutations are heriditary changes. These are caused due to alterations of genes or Mendelian -
factors hence called genc mutationis or point mutations. . Chromosomal changes are also to
be considered as mutations because due to these changes genotypic and phynotypic variations
are seen. Chromosomal mutations are of two kinds. They are (A) changes in the number
of cnromosomes (B) changes in the structure of chromosomes Changes in the. number of

o



. chromosomes inf;lude euploidy, polyploidy, haploidy hcteroploidy. Changes in the structure of

" chromosomes include deletion o1 deficiency, duplication, inversion, transiccation. Mutation is

. the principie factor in organic evolation. it is mainly due td__mutations that there is so much of
* genetic variability, with out which évolution might not have been possible. ‘Induced mutations
" are useful in developing new varieties of plants suitable to different environmental conditions.

34.7. CHECK YOUR PROGRESS: MODEL ANSWERS

1. Gene Mutations.

2.
Type ' _ No.of chromosome sets
Haploidy _ - One (n)
Diploidy : _ Two (2n)
. Polyploidy L More than 2
a) Triploidy S o ‘Three (3n)
b} Tetraploidy . _ Four (4n)
¢) Pentaploidy . Five (5n)

_24.8. MODEL EXAMINATION QUESTIONS

1. Answer the following gquestions in 30 lines each.

L Write_brieﬂy about chromosomal mutations which involve changes in the number of chro-

MOSOmeS.
© 2. What are gene mutations? How does they influence :Ian@d animal life?

I1. Answer the following questions in 107lines ea !

- 1. Write about the gene mutations in man,

2. Write about structural changes of chronagdimes which involve arrangement of genes.

.
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25.1. 'OBJECTIV'E‘S |

By the end of this unit you will be able to: o
1 understand the techmques of gcnetic engmeer{g, e

2 cxplam the potcnuai apphcanons of rccomb\!@pDNA technology.

- 25.2 INTRODU-CTI_ON K )

Biologists have made experim TOZIESS during their lifetime in developing better varieties
of plants, lower animals and_in uhderstanding thé mechanisms of genetic change. In 1974
F!etcher have pointed out @ubling time for scientific knowledge in general is 10 years,
5 years for life science and 2/years for genetics. Thus a good deal has been known by
now about genetics from molecular processes involved in recombination, transduction, mutation,
- transcription, translation, DNA replication etc. Recent advances in molecular and cell biology
‘have raised the hope that a new technology may soon be developed to correct and improve
the genotype by directly acting at DNA level. The bulk of human genetic material is under
going a slow decline in quality due to several reasons. So the need for genetic improvement
lies in these general approaches - 1. over riding the expression of defect producing genes, 2.
directed recombination and genetic engineering. Therefore, the most recent rapidly advancing
frontiers of molecular biology is ‘genetic engineering’, where the normal genetic make-up of a
cell’ responsible for specific function is altered by manipulating the genome to fulfil the new
functions, It involves a wide range of techniques, an important one being the selective alteration
~of DNA in bacterial cells by new genes donated from any organism like animal or plant, so that
. the altered cell will produce non bacterial protein with the reconstructed DNA of the recipient
bacterium. The modified bactesia are referred to as ‘recombinants’, because in addition to their

" own genes, they contain. complete of a part of gene from plant, animal or human cells. Thus the o '

new tools of genetic éngineering and biotechnology have revolutionized the chemical industry
and they can also change the face of agriculture, forestry, animal breeding and medicine in the
. coming ycars. ts mmportant achievement and possxbllmes for the future of mankind also lies in
_ the synthesis of artificial genies and ‘making them funcnon as :f they were the natural gcncs of

~ the cells into which they have been transplanted
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Recombmant DNA and gene cloning technologies provnde a method for molccular biologists.

by which genes or segments of chromosomes can be isolated; ‘replicated and studied by nucleic

" sequencing techniques, electron mlcroscopy and other analytlca! techmques There are various
procedures for gene clomng .

i L

Animal coll DN
"'l & __ - Restyicrion I
Pleamith .
. endohucleassr
'11 - DNA molscute
e - o e - ——
=TC- ST TZZZZZ
OMNA Tragments of : . ) )
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' Fig.25.1 Simplistic view of genera_tion'of fecombinant DNA
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25.3. IDENTIFICATION AND ISOLATION OF ﬁE'smED GENE

DNA possesses nucleotldes that code for many protems. In actual sense only a smali amount
\of DNA in each chromosome codes for proteins. A special type of enzymes called restriction
endonucleases (nuclear scissors) are used to cut DNA of the donor into small fragments at a
particular point. Thus they can produce a few hundreds to a few thousand DNA fragments. A
number of endonucleases that permit the break of DNA strands of known length, have been
isolated. Once the DNA is fragmented, the desired DNA sequence or gene must be identified.
Thus the desired DNA fragment is inserted into a virus or plasmids. Plasmids are autonomous

: extranuclear genetic clcments (circular DNA) cxrstmg in bacterial cytopiasm

—-
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Plasmids are also cut open by specific - restnctlon endomcleases: The prewousiy isolated
eukaryotic DNA fragments from the donor are inserted into plasmid DNA. by the enzymatic
" methods (Genetic Technology - a New Frontier, 1982). The final result is the generation of a
" hybrid recombinant DNA molecule (Fig:25.1) - a bacterial plasmid DNA molecule with a hybrid
- plasmid can be further subcultured into an unlimited number of additional colonies.

Check Your Progress - 1

A special type of enzymes called are used to cut DNA of the donor into small *-
fragments at a particular point. - :
Note: (a) Writing your answer in the space given above.

(b) Compare your answer with the one given at the end.

......................................................................................

....................................................................................

.......................................................................................

' 25.4. GENE CLONING

various procedtirc_s forgene cloning are in use in ord_er to clone a piece of DNA.

(a} Cloning vehicles: Plasmids and phag o vehicles or vectors for carrying genes into |
bacteria. As such, they have become tooleneuc engineering; for if specifically -selected 1
DNA could be introduced into these vectors,"it would then be possible to transfer into bacteria
the blue prints for proteins- the bml&ﬁlocks of genetic characteristics. Plasmids are extra-

" chromosomal genetic elements ¢ licate autonomously in the-bacterial cell. Some plasmlds _

have the cbility to integrate into host s chromosome, called episome’..

(b) Cloning of recombinant DNA:Once the recombinant DNA has been formed, the next
step is to transform a bacterial strain with it. The isolation of transformed cells carrying
recombinant plasmids are important. The transformed cells are cloned by plating, and altowed
to form colonies that can be tested by rephca—planng techmque

Gene, Actwatnon _

Gene splicing and . the manufacture of recombmant DNA has been considered a great
technological a_chlevement of the century. Vifuses containing recombinant DN#: can be made to
infect new organism. For example a gene from Salmonella,that is resistant to streptomycin was
mcorporated into a plasmid and was added to E. coli, that occurs in the intestine of man. Thus

. gene transfer has round wide applications. Treatment of diabetes using bacterially produced
msulm was successful in curing the discase. Yeast cells have been used in the human system.

25.5. PLANT GENETIC _ENGINEE_RING

From the modern methods of cloning and gene transfer, it may be possible to improve the -
- many field crop plants and to create new strains of high yielding plants: Plant genes have been
isolated and incorporated into bacteria to create recombinant DNA molecules. Further, these
recombinant molecules have been transferred back into eukaryotic plant cells in protoplast
cultures. Plant cells possess a cellulose cell wall. If the isolated' plant. cells are exposed to

m



cellutase enzyme, ‘the oeltulose ccll wall gets dlssolved such cells without cell was can be used
just as any microorganism for introducing any plasmid containing recoinbinant DNA molecules.
These experiments have been performed in cells from the flowering plant Petunia, Figure 252
sammarizes some strategies that are being used in plant genetic engineering. -

25.6. ACHIEVEMENTS

1. Drugs and Chemicals: Genetic engineering technology introduced a revolutlonary way of
manufacturing functional proteins such as interferons, antibodies, blood clotting factors, insulin -- -
-and growth hormones.' A newly emerged aggressive field of research and development known -
4s biotechnology largely depends on the new tools of genetic engineering. In 1981, the genetic
company in US was successful in inducing yeast cells to make interferon to be injected into
cancer patients. Along with this, the production of monoclonal antibodies work as potential and
precise weapons for the war against cancer. Bacterially produced human growth hormone is used :
to treat dwarfismin man. Genetically engineered microbes can produce an enzyme rokinase
that is important in the treatment of brain and lung cancer. Himan insulin, soly w.th the trade
name ‘Humulin’ one of the first products to be commercially manufactured in 1502 using genetic
engineering (recombinant DNA) technique, is pure and specific, and more effective, with'lesser
side effects. Vaccines havc been developed agamst hcpantls virus, which causes liver cancer.

2. Crop improvement: Moderate success has been achieved for growing cells in tissue culture
in the mature plants. In some crop plants attempts are being made to produce a hybrid of
suitable variety. Some of the chloroplast genes RuBPcarboxylase were cloned in bacteria and -
their experiments were studied. The genes far plant storage{r}pms were suoccssfully cloned in
bacteria, Nif gene (nitrogen fixing gene) is being tried to.b nsferred from bacteria to plant

- cells. Scientists have already succeeded in producing w{:& plants such as ‘Sunbean’ (sunflower
bean) and ‘Pomato (potato+tomato) by combining,.tw ally unrelated plants. Similarly a gene
from french bean was transferred to Ti plasmid frorqﬁgrobacterium tumefacians,a plant tomour
causing bacterium. This plasmid was returne the bacterium which was used to infect tobacco
plant causing crpwn gall or plant tumour. The “cells cultured from this tumour forined a new

- plant which was grafted to the tobacc .. Thus this bean gene was successfully expressed in
a newly formed ‘Tobean’. Protoplast fus as made it possible in crossmg ¢omato and potato
to make a pomato and sunﬂower and french bean to form sunbean '

3. Pollution control: Pollution can be controlled by enhancmg the growth and activity of
microbes present and by adding new microbes to pollution sites. Attempts are made to sefect the
microbes that can degrade the chemicals released in-the environment. The genetically engineered
microbes and plants may.be useful in the removal and degradation of various toxic chemicals
from the environment. : '

Check Your Progress -2

Name few biologically functlonal proteins which are manufactured by using gcnetlc englneenng
technology. : o .

_ Note: (a) Write your answer. in the space given below.
(b) Compare your answer with the one giveh at the end.
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Fig.25:2. Strategles for transformation in higher plants using Agrobactenum, Agrobac. .
terinm plasmid, and recombinant plasmlds. Three experimental systems are shown as . .
alternative recipients for foreign genes depending on the vehicle used. If the capacity of :
plant regeneration is lost in the transformed callus, it could be restored foliowing the fusion

of the transformed protoplast with a normal protoplast of the same or different specws '

- 28.7. PROSPECTS

~

: ,-1. Curing and correctmg human diseases: One important goal of recombinant DNA
technology is to cure human genetic disease. The gene therapy lies in the correction of defective
genes. Vaccines for leukemia, hcpatltls mﬂuenza, cholera can be obtamed through recombmant
DNA techmque.
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' 2. Plant genetic improvement: Transforming non-legumes into nitrogen fixers can substan«

- tiate the necessity for chemical fertilizers. Recombinant DNA technology holds the promise to-
enable the creation of new crop with high yield potentials, insect and disease rcsrstancc .The

* suitable plasmid vectors for plant genes should be developed. Further, developing new vari-

eties with disease, drought and salt resistance are also envisaged in the near future by the gene

transfer through thlS technology

25.8. RECOMBINANT DNA AND GENE CLONING HAZARDS

Many blologlsts recogmzed tl‘llS technology to bc useful in, the study of structure and function

of genetic material. They also wondered whether it may introduce potential hazards (for example,
the gene regponsible for transformation to malignary, camed by tumour virus when cloned in
" an E. coli plasmid; if this E. coli strain serves as vector for the transmission of cancer causing
‘genes. So the opponents believe the organism produced may be introduiced into the ecosystem.

“Thereby, after extensive discussion, the National Institute of Health (NIH), US, Department of

Health, Education and Welfare established specific guldehnes under which recombinant DNA
_ research should be confined to the use of sterile. technique and spec1ﬁcally designed laboratories
to prevent vectors from €scaping from the laboratories to the natural. ecosystems. A perntanent

federal panel of scientists has been established to: propose and nionitoi genetic engineering'in

human beings. In the United States any rescarch concerning deliberate transfer of recombinant
DNA into human subjects shall be rev1ewed and approved by the rccombmant DNA advisory
committee which acts as a watch- dog T

..'25.9. SUMMARY ] " \

) v

Genetrc engineering is a technlque for isotating lndl' al genes from plants and lncorporatmg

these genes in bacteria and yeasts. This technolo epends upon the elegant manipulation of

. hacterial genome. It involves. thie synthesis of recombinant DNA, cloning and transmission of the

- of desired characters. There. are so many potefitj apphcatrons of recombinant DNA technology,
* namely, the production of genetically superio tops and manufacturmg brologlcally functional
proteins such as interfe'ron antibodies, @n and growth harmones etc..

25.10, CHECK YOUR PROGRESS MODEL ANSWERS

1 Restnctlon endonucleases

2. Interferon, antibodies, msulln blood clottlng factors are few b‘lologlcally functiona] protelns
manufactured by usmg genetlc engmeermg technology

25 i1. MODEL EXAMINATION QUESTIONS

S & Answer the followmg questrons in 30 lmes each

1 Wrrte bneﬂy about genetlc engmecrlng

2. What are the techmqucs involved in genetic engmeermg?What are their appllcatlons to

the plants, animals and human bemgs"
II. Answer the followmg questions in 10 lines each

1 How do you 1dent1fy and isolate a desnred gf:nc" g

2. erte bneﬂy genc clonmg

3 What are the hazards of rccombmant DNA and gene clonmg tcchnology‘?i : o -'



BLOCI%CCI:II

ECO




C e

. SN

. 26.2. INTRODUCTION

UNIT-26: CONCEPT OF ECOSYSTEM N

AND PLANT ADAPTATIONS

.Conte_:nts

261, Objectives

.262. Introduction
'263. The Ecosystem.Concept
264. Plant Adaptations
26.5. Hydrophytes
- 265.1. Ecological Adaptations of Hydrophytes
2652. Physiological Adaptations -
26.6. Mesophytes
" 26.7. Xerophytes :
2611 Ecological Adaptations of Xerophyt
26.8. Halophytes - _
© 268.1. Adapiations in Halophytes
26.9. Epiphytes _ :
26.10. Summary

| 26.11. Check Your Progress: Model Answers
. 2612, Model Examination Questions

26.1. OBJECTIVES

NS/

After going through this unit you will be able to: 0
1. describe the concept of ecosystem, v
2. differentiate and describe various ecological adzmon's of plants.

-~
<H
N

Mo organism exists in a vacuum, but depends on other life and its physical environment.

. Ecology has been traditionally defined as the study of interrelationships between organisms and

their environment. ' A modern view point, enunciated by a contemporary ecologist, Fugen P..

Odum, defines. ecology as ‘the study of the structure and function of nature’. This definition
attempts to avoid the distinction between organisms and. environment by treating them as an
integral unit or an organised whole. Further in this definitien, nature includes all living forms of

an area functioning with their non-living environment. Natuze is thus perceived as an ecological:
system, in other words, ecosystem. So to speak, an ecosystem is composed of all the living-

organisms in an area plus the surrounding physical environment with which they interact. The
‘eco’ part of the word refers to environment, the ‘system’ part a complex of coordinated units.

26.3. THE ECOSYSTEM CONCEPT

The ecosystem concept is an extremely useful one since it permits to study the structure

"and function of an ecosystem in a quantitative manner. Now the ecosystem has become thie-
“basic functional unit in ecology. Ecologist refer to all living organisms in a given ecosystem as -

community. Within the community, organisms are grouped into populations. A population is a

. group of one species of organisms occupying a particular space at a particular time. The term

‘ecosystem was first proposed by the English plant ecologist A.G. Tansley in 1935. But, of course,

the concept of such an ecological system is by no. means recent. ‘As early as 1877 Karl Mobius -



mentioned the term biocoenosis while describing the community of organisms in an Oyster reef.
'S.A. Forbes in 1887 used the word microcosm as a synonym to biecoenosis. Great. emphasis

was placed on the concept of biocoenosis by the Rusman ecologlsts durmg 1846~1903 who later

expandcd the term to geoblocoenoms. o '

What then is a systcm" A system isa collectlon of mtcrdependent part of events that make '
up a whole. For example a radio consists of various transistors, transductors, wires, a speaker; -
and control knobs, among other things. 'Each part has specific function, yet the expression of

" their role depends on the proper functioning of all the other parts. The whole system fails to
finction unless there is some kind of input from the outside which the system can act to produce
some output. For the radio the outside input is electrical energy, on which the system actst9
pick up certain radio waves which are transmitted as output sound. Thus the radio with atl its
parts functions as a total system. 'I'hc ecosystem functlons in a snmllar manner.

According to Odum (1971) typical ecosystem has six components as 1) Inorgamc substances -
(CN,COy, HyO etc.).. 2) Organic compounds (proteins, carbohydrates, lipids, humic substances
etc). 3) Climate regime (temperature and other physical factors). 4) Producers (autetropic
organisms as green plants, phytoplankton, photosynthetic bacteria). 5)- Macroconsumers or
phagotrophs (heterotrophic organism, chiefly animals which ingest other organisms or particulate
matter, 6) Microconsumers, saprotrophs or Osmotrophs(hcterotropluc organisms chiefly bacteria,
and fungi). The first three constitute the biotic component, and the last three fofm the #biotic
component. The inorganic constituents are synthesised into organic structures by.the gréen
plants(primary producers) through photosynthesis utilising solar energy. The green plants become -
the source of energy for the animals (herbivors), these herbivors become the source of energy for °.
the flesh eating animals (carnivores). Animals o@hrpes grow and add. organic matter to their
body; here the source of energy is the complex Org: compounds taken as food. These animals
‘are known as secondary producers. All t INing organisms, whether plants or animals, have
definite life-span and die. The dead organic ter provides food for the microorganisms which
ultimately decompose the same andr%hk the complex materials - and liberate the inorganic
components into the environme ese organisms areé known as the decomposers, All
this is known as the trophic or oa” and feeding structure -of the ecosystem -and in volves
food chains and food webs, ing the decomposition process of organic molecules, the energy

~ which kept the inorganic ¢o ents bound together in the form. of organic molecules gets
liberated and dissipated in the environment as heat energy. Thus in an ecosystem the inorganic -
materials, keep on circulating from the abiotic environment to the biotic environment and back
to the abiotic state. This circulatory cycle or cycling of materials is known as ‘biogeochemical !

- cycle’. The energy, however, enters into the ecosystéem from outside ie. from the sun, and is
trapped by the primary producers which through food chain is passed onto the other ofganisms
and ultunately the energy during the process of decomposition is dissipated into the environment
and goes out of the ecosystem. The process-is called flow of energy, like the cycling of materials;

- energy does not cycle but falls down in a series from a high level i.e., cascades in the ecosystem.

. It enters into the ecosystem in the form of Ilght and passes out in the form of heat.. Thus one
basic feature of an ecosystem is that it is not a closed but an open system in that it receives -

' -encrgy from an outside source, the sun. From this open system, energy and matter contmuously
escape and ‘are replaced in order that the system can contanue to function.

" Ecosystem' is self-mamtamed and self-rcgulated lelng organisms and their envnonment_

- are both dynamic in nature, their interactions producc changes in both. The organisms adjust to
the environment through adaptauonai changes in their body or function, while the environment
through physu:al or blogeochcuncal processes maintains its Jife supporting qualities and a proper
 balance in the ecosystem. There is thus a self-regulating mechanism in ecosystems of checks and

. balances. This is called- ‘hbmeostasis, and refers to the tendency for blologlcal systems to resist
chanse dlsm:de.t Or even a. changt: and to remam in a'state of equilibrium. The pnnc1ples of
cybemencs or of control such a teed back systcm are apphed to understand the homeostasis.

!



_ Feedbacks may be posmve or negatlve For example in a balanced popnlatton, a predator llke

* the snake eats up and. reduces the prey population of frogs. It means that snake is interacting .

with frog in a negatlve feed back way. The frog population by virtue of its numbers is reguiating

the snake population. This is a positive feedback as the frog is responsible in a positive- way

The positive and negatwe feedbacks strike a balance for mamtammg an cqulllbnum .

Thc ccosystems have lndeﬁnlte range and size. They are elther terrestrial, freshwater, marme -

‘or man engineered (agricultural). Terrestrial ecosystems are generally named after the kind
_of habitat conditions, as for example, forest ecosystem, desert ecosystem, grassland ecosystem

" etc. Fresh water ecosystems are usually named according to size and nature of aquatic body,

for instance, river ecosystem pond ecosystem and lake ecosystem. They are often interrelated.

Biological transfers of nutrients and energy from one system to another system bring about -
interdependence of the systems. Organic compounds and nutrients also gét transferred from

‘one system to another by means of stream, rivers etc. The total of the ecosystems (minus any
overlaps between them) consntutes the biosphere.

a Man (Homo sapiens ) in his quest for more amenities and to feed the ever increasing human

population, has interfered with the natural ecosyst'ems;and sometimes even tampered them to
the extent that today the very existence of many organisms and environment is threatened.

Since man hlmself is an anlmal and as such is an mgredlent in ecosystem, even his own
_ existence may be in jeopardy. Unless he develops an understanding of and respect for natural

ecosystem. If man is to exist, he has to work within the framework of the ecosystems of which

he is a part. In other words, he needs’to develop an ecosysteQappl_‘oach to the management of -

- ‘the earth. _

In order to get a sustained yield from an eco:ﬁ;ffl' a proper knoWledge_ of the factors

infliencing the components and processes w1th1n thessystem is very essential. Ecology could
become a predictive science if we.are able to ify the effects of factors influencing the
-components and processes of the ecosyst ne_-_- of the aims of international Biological
Programme and Man dand Biospher Progr l’ﬁ'e is to obtain quantitative data on contents,
processes and factors within the ecosys o understand their interactions and prepare predictive
models for any type of ecosystem for %ﬂ set of envuonmental parameters o

26.4. PLANT ADAPTATIONS

The plants exhibit differences in their morphology, physiology, ahatomy and reproductive

structures to compromise with their environments. Such changes are known as adaptations, which -

enable them to withstand extreme condijtions of environment. An adaptation is the net result
of all envircnmental factors operating simultaneously on the organism/community. However,
the intensity of any particular factor which is limiting the plant growth, brings the adaptational
modifications in the plant. Competition of the life cycle of an individual or stabilization of the

-community results through a series of adaptations which have survival value. Adaptations of

survival value are genetically fixed and heritable. Plants usually occur in gtoups and this groupism

_is-actually in response to the same set of environmental conditions in which they grow. Groups .

of plants growing under the syme set of enwronmental factors are called the ecological groups
and these are mdeed much broader groups without any atrtlght boundaries betWeen them.

On the basis of their water requlrements and more. spec1f1cally on the amount of water

‘av’ ilable.in their habitats, the plants are classified 1nto three categorles as 1. Hydrophytes 2.
--Mesophytes and ‘3. Xerophytes

i
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26.5. HYDROPi{Y-T_E-,S |

These are the plants that grbw in water (mannc or fresh) or that inhabit soils containing a
quantity of water that would prove supraoptimal for the average plant. The non-vascuar .aquatics
constitute thé phytoplanktons. The vascular hydrophytes. are divided into three natural grcmps
1. Submerged 2. Floating, and 3. Amphlbious p]ants. . _ i

Submerged plants. These are of two types, a. Submerged ﬂoatmg hydrophytes that posséss

~ _ long stems usnally with small leaves, e.g. Ceratophyﬂum, Utricularia, and b. Submerged rooted ~

hydrophytes which are completely submérged in water in shallow regions, where the plants <an
get adcqnate supply of light, e.g. VaHrsnana, Hydnﬂa, Potamogeton {Fig.26.1). ' .

v‘;"ﬁ-‘fi.“_’ i

M,
Al

Fig.26.1. Rooted submergcd hydrophyles Vallisneria." A. Female plant B. Maie plant. 1. Female flgwer.
2. Thin submerged leaves. 3 Male flower. 4. Compact rhizome. 5. Roots. 6. Stolon. 7. Mud. 8. Water.

- Floating plants. These are of two types. (a) free ﬂoatmg forms which are in contact wnh
water and air but not with soil, e.g. Lemna, Wolffia, Azolla, Jussieua, Salvinia, Pistia, Eichhornia
(water hyacynth), Trapa (water chestnut) (Fig.26.2) (b) Free flcating but rooted forms with
roots anchored in the mud and leaves floating on the sorface. of water, e.g Nymphaea steﬂata,

- 'NeIumbmm specmsum, Victoria regia (Flg.26 3A)

Amphibious plants: They grow in shallow waters. Thc basal part of the plant is usually
submerged in water and ‘the shoots extend well above the water surface. They exhibit both
. hydrophytic and-mesophytic c.haractcrs, ¢ g Ranuncufus, Typha, Sagittaria, and Hygrdphﬂa

(Fig. 26 3B).. :
b
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Fig26.3. Rooted hydrophytes. A. Rooted hydrophyte with floating leaves -
Nymphaea. B. Rooted emergent hydrophyte - Sagittaria. 1. Emergent leaves.
- 2. Flower. 3. Submerged leaves, 4. Stolon. 5. Roots, 6. Mud. 7. Water

26.5.1. Ecological Adaptations of Hydrophytes '

I\;Eldrphological adaptations - 1. Roots: They are poorly developed as in Hydrilla or totally

absent as in Wolffia; Salvinia, and Ge:atopbyffum. 2. Root hairs are absent or poorly developed..
3. Root caps are generally absent and, in some cases as in pisiia and Eichhornia they are :

- replaced by root pockets. (Fig.26.4). 4. Floating aerial T00ts are seen in addition to tl_le'_ normal

adventitious roots. 5. In some emergent forms which grow in mud, roots are well developed
with distinct Toot caps. 6. in Lemna, roots act simply as balancing and anchoring organs.
. _ N .
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el ‘Fig26.4. T.8.'of the root of Eichhornia-1. Epidermis. 2. Outer cortex. 3. Air chambers. 4. Inner
S . cofr,@_x_. 5,____!!i__l'__l_dodérm_is:'.'ﬁ.'Ee_ricyc_[e.??. ._}_{qu_r_n. 8. Phloem. 9, Pith. 10. Middle aércnchyma. '

I1. Stemis; The stem is thin, fong, sierider, spongy and flexible in Hydrilla and Ceratophyllum”
(Fig.26.5): - 2. It is reduced in Wolffia and Spirodela or it is modified into a rhizome as in -
Vallisneria and Typha. ~ "'~ .~ S . i N

HII, Leaves: The leaves are smalt in’Azolla, ong and ribbon shaped in Vallisneria, long and

and Nelumbium, the leaves are large, flat anid entire, floating, and their upper surfaces are coated .
with wa, their petioles are long and slender. Ranuficulus, Limnophila and Sagittaria exhibit
'lwt;émplf_;yl-ly._iv_ith's'u_bmerged,'_ﬂt;ating and aerial feaves. - ..o . S

linear in Potamogaton; finally dissécted into hairy strucrires in Ceratophyllum. . In Nymphaea c



]

1
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5. Endodermis. 6. Pericycle. 7. Xylem cavity. 8. Parenc 9. Sieve tubes. 10. Phloem.

Fig26.5. T.S. of the stem of Hydrilla . 1. Epidermis. Z. Hil i d@& Air chambers. 4. Cortex.

, \

Anatomical adaptations - 1. Roots: 1, ticle, in a majority of the cases, is completety
absent. 2. Epidermis is uniseriate with thinéwalled parenchymatous cells 3. Cortex Is large,
parenchymatous, with well deveioped-vities, this aerenchyma offers resistance to bending
stress; increases buoyancy and, facilitate change of gases. 4. Vascular tissues much Teduced

‘except in case of emergent forms, The vessels in xylem are less commoen. However, in Ranunculus

and Typha vascular clements are comparatively much distinct and well developed. 5. Mechanical
tissues are usually absent but in some emergent forms sclerenchymatous pith is present as in Typha..

IT Stem: 1. Cuctili is usually absent, or it may be in the form of a thin film. 2. Epidermis
is uniseriate and consists of thin welled parenchymatous cells; 3. Cortex is much distributed,
parenchymatous and extensively traversed by air cavities as in roots. Contrical cells are filled
with chloroplasts. Vascular bundles are numerous and scatiered in the cortex as in Nymphaea.
4. Endodermis is usually distinct and is uniseriate. 5. Vascular tissues are feebly developed. But
in some emergent forms as the Typha caticle, epidermis, and vascular tissue are well de veloped
and differentiated. ' ' :

III. Leaves: 1. Cuticle is completely absent in submerged forms. In floating and emergent
forms a thin film of cuticle is present on the upper surface .of leaf; 2. Epidermis is single layered
and the ceils are filled with chloropiasts. Stomata are completely absent in submerged leaves,
but they are present only on upper surface in floating forms. In emergent form the leaves show
stomata. On both surfaces; 3. Mesophyll is usually undifferentiated. In Nymphaea (Fig. 26.6

& 267)itis differentiated into palisade and spongy tissues with well developed air cavities; 4.
- Yascular tissues are very much reduced and are not differentiated. However, in Nymphaea the

xylem elements are thin wailed and phloem is well developed; 5. Mechanical tissues are absent.



e

Fig26.6 TS. of petiole of Nymphaea. 1. Hair. 2. Epidermis 3: Hypodermis.
4, Selereid. 5. Air chamber, 6. Phloem. 7. HKglem . 8. Vascular bundic.

Fig.z&?? TS. of Nymphaes teaf- 1. Stoma 2. Cuticle 3. Upper epidermis 4. Substomatal
chamber 5. Palisade 6. Spongy parenchyma 7. Air chamber 8. Trichesclercid and astero scleride
9. Lower epidermis 10 Protoxylem lacuna 11. Metaxylem 12. Phioem 13. Vascular bundle of
midrib 14, Colienchyma' 15. Xylem 16. Phlcem 17, Bundle sheath 18. Vascular bundie of vein,

Check Your Progress - 1_-

" Write about the anatomical adaptations found in the roots of hydrophytes. -
Note: () Write your answer i.the space given below. | '
- (b)Y Compate_your-ansvgrei with the one given at the end. .
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26.5.8. Physiolog'ical Adaptations.

Water and nutrients are absorbed throughout the plant body. 2. Osmotic concentration

of the cell sap is equal to or slightly higher than water medium; 3. The CO, released during .

respiration is stored to some extent in the air cavities and it is utilised during photosynihesis,
and the released O, is used in respiration. ' :

26.6. MESOPHYTES

Mesophytes are the plants which grow in normal habitats, generally moist and well aerated
soils. They form the intermediate category between hydrophytes and xerophytes, e.g. most plants
" around us, common garden plants and cultivated plants.

The general-feature of mesophytes are as follows:

1. Root system is well developed, root hairs and root caps are preseht;
2. Stems generally aerial, rigid and stout;

3.  Leaves are generally large, thin and are rich in clﬂoroph{lb(airy and waxy coatings usnally
absent, palisade and spongy tissues are well develop: in Jatter large intercelivlar spaces
are present. Cuticle is moderately developed. Stomatajare present on both surfaces;

4. Mechanical ang vascular tissues are well develaped;
5. T]_ley may exhibit temporary wilting during,no hours.

.

26.6. XEROPHYTES OxV\
' | v

Plants growing in extreme ry and arid habitats are known asxerophytes. The term ‘xerophyte’
has been defined and interpreted variously. There is no hard and fast line between the water
status of habitats for mesophytes and xerophytes. Some people regard only those plants which
actually suffer from the deficiency of growth water as xerophytes.' Others believe that all species
ihat grow in normally dry or arid habitats whether of not they suffer from deficiency of growth
water in their habitat shoutd be placed under xerophytes. Dubenmire (1959} defined xerophytes
as plants which grow on substrata that-usually become depleted of growth water to a depth of
atleast 2 decimetefs during a normal season. It is difficult to decide whether xerophyte is really
zerophylous, and occurs enly in dry habitats and deserts, or it is merely drought resistant.

Based on their capability to withstand drought conditions xerophytes are classified into
four groups. 1 Drought escaping(ephemerals) 2. Drought evading 3. Drought enduring (non-
succulents) 4. Drought resisting (succulents). :

Drought escaping: These are annuals which complete their life cycles within a very short
period {6-8 weeks time), before the advent of unfavorablé dry season, and thus they escape
dryness. They are mainly founa growing in semi-arid regions, etc. Argemone mexicana, Selanum
xanthocarpum, Cassia tora. ' : ' :

Drought evading:These plants are of very small size with restricted growth and require low
amount of water. Due to smallness of their size, they conserve whatever little moisture they get
and thus evade drought. '
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Drought enduring: These are the true xerophytes wluch include slow growing shrubs that

~occur sparsely in deserts. They are small and show stunted growth. They possess' a number
of morphological, anatomical and physmloglcal characteristics which enable them to withstand
critical dry conditions. These are the plants that suffer from dryness, both, in their internal
as well as external environments.  The leaves wilt and fall down during dtought period and
resume growth when water is again available e. g. Capparis aphylla, Prosopis, Casuarina, Nenumi_ '
Caloiropis procera and thyphus Jjujuba, Acacia nelottca

Drought resisting: These plants suffer dryness in external environment only. Thelr succulent
fleshy organs serve as water storage organs which accumulate large amounts. of water during
brief rainy seasons. The stored water enables them to contmue growth and development e.g,
'ftloe, Agave, Cactus, Opuntia, Muehel‘enbeckla

Based on the nature of their habitat, xerophytes are class1ﬁed into following types.
1 Psanunophytes They grow on sand or small pebbles in dry habitats, e.g. Acacia senegal,

2. thhophytes These are the plants that grow on rocks where water docs not stay, cg.
‘some species of lichens, Salaginella sp.

3. Psychrophytes: They grow in cold soils where the avatlabthty of water is limited on
account of frequent freezing, €.g. some plants grovnng in Himaiayas.

4. Halophytes: These are plants that grow on lnghly saline soils, where water is poorly
available on account of high osmatic concentration in such habitats. €.g.Pseuda-maritima,
Bruguiera sp. Avicennia sp.. Rhizophora sp. icornia. The latter three are also called
‘mangrove plants. _ @ . o R

28.7.1. Et:blogic'al.Adaptations Qerophytes

‘Morphological Adaptations - Rooi?‘l In xerophytes, the root systems is cxtenswely
developed, in-some cases it is seve mes longer than the shoot. Roots are long, with extensive
branching spreadover wide areas; 2.Root hairs and root caps are well develo_pcd

Fig.26.8 Succulent ‘xerophyies. A. Opunna ‘B. Eupharbm splendcns
lFlowcr 2. Spines. 3. Phytloclade. 4. Leaf. 5. Stipular spines. 6. Stcm

288



l

Stems: 1. These plants are mostly stunted, woody, dry, hard, ridged and covered with thick:

bark. 2. In some cases, the stem is underground, it is fleshy, green and leaf-like in Opuntia

(Flg. 26.8A) In Euphorbia splendens (Fig 26.8B), the stem is fleshy and green. 3. The stems
and leaves are usually provided with hairs or waxy coatings. C h

Leaves: 1. The leaves are generally very much reduced to small scale like structures some
times modified into spines, to check the rate of transpiration. 'Lamina may be-long, narrow
or needle-like as in Pinus or divided into many leaflets; 2. Foliage leaves when present, may
become thick, fleshy and succulent or tough and coriaceous in texture; 3. Leaf surfaces are
usually shiny and glazed to reflect light and.heat; 4. In some monocots, Poa and Agropyron the
leaves are folded and rolled in such a manner-so that sunken stomata are hidden to reduce the
rate of transpiration; 5. In some forms as Zizypus jujuba, Cappatis aphylla, Acacia nelotica the
stipules are modified into spines; 6. Some xerophytes shed their leaves-during dry period.

Anatomical adaptations Roots: 1 Roof. hairs and root caps are well developed; 2. The

roots may become fleshy to store water, e.g., Asparagus 3.. In Calotropis and Pinus edulis ropts

possess rigid and thickened walls.

Fig.269 T.S. of stem of Casuarina 1. Ridge. 2. Hairs. 3. Groove. 4. Cuticle. 5.Epi--

'detymis. 6. Hypodermis. 7. Sunken stoma. 8. Palisade parenchyma; 9. Sclere-
_ :nctbﬂa. 10. Cortex (parenchymatous)., 11, Cortical vascular bundle. 12. Starchy
+ © _ sheath. 13.'Pholem. 4. Cambium. 15. Xylem. 16. Stelar vascular bundle 17. pith
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Stem: 1. Epidermis is well developed with heavily thickened walls and covered with thlck
cuticle; 2 Hypodermis is multllaycrcd and sclerenchymatous; 3. Sunken stomata are preseht

4Vascular bundles are p rovided with multlldycrcd bundle sheaths; 5. Vascular and mechanical
tissues are well developed; 6. Water storage regions are present in succuient fleshy xerophytes;

7. Oils and resins are oftcn preserlt 8. Stems are covered usually with thick bark, e.g. Casuarina
(Flg 26 9)

Leaves: 1. In many xerophytes the leaves show thick cuticle on both surfaces to reduce the
rate of transpiration; 2. In some succulent Xerophytes as Peperomia, the epidermal celis serve as
‘water storage organs; 3. In several cases multiple epidermis is present; 4. The stomata are less
in number and are of sunken type; 5. Sclerenchymatous hypodermis is scen in several members-
{Pinus}. 6. Mesophyll is well differentiated into palisade and spongy parenchyma and palisade
tissue is present on both sides; 7. Vascular tissues are very well developed and differentiate;
several vascular bundles are present in the midrib region as in Nerium (F]g.26.10). 8. Severak
kinds of sclereids are present. A. well developed complex transfusion tissue is present in Pinus.

26.8. HALOPHYTES

Halophytes are a special type of xerophilous plants, that inhabit saline soils, with high
concentration of salts such as sodium chloride, magnesium chloride and magnesium sulphate,
The osmotic concentrations of these soils is ver{%w, so they are physiologically dry. The
‘concentration of the cell sap of halophytes is much'more than that of mesophytes. The osmotic
pressure of Salicornia and Avicennia exceed 3(0Natm, in certain cases it is upto 150 atm. The
halophytes are divided into 5 grgups, -

Fig.26.10 T.S. of Neriuin leaf. 1. Cuticle. 2. Upper epidermis. 3. Calciuni oxalate-crystals. 4.Par-
enchyma. 5. Palisade parenchyma. 6. Spongy parenchyma. 7. Mesophyll. 8. Bundic sheath. )
9. Xylem. 10. Pholem. 1i. Vascular bundle of vein. 12. Lower epidermis. 3. Starchy bundle
sheath. 14. Vascular bundle of midrib. 15. Hairs. 16. Stomatal ]Jlf: 17. Guard cell 18. Stoma.
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1 L:thophllous halophytes They grow on rocks near the sea shore.

2 Psammophllous helophytes: They grow in sandy regions.

3* Pelophilous halophytes: They grow in loamy saline soils with a predommance of clay
4] Salt gwamp or Salt desert: They grow in calm waters and muddy spots. '

5. Littoral swamp forests or Mangrove vegetation: They occur in all troplcal and
subtroplcal sea-shores, rlver mouths, es;»emally on ﬂat riuddy shores.

- 26.8.1. Adaptations in halophytes

Halophytes usually exhibit the xerophytic characters. They are, 1. most of the halophytes
are succulents; 2. Leaves are evergreen, thin, small and coriaceous with water storage tissues; 3.
Thick cuticle is present, palisade cells are-prominent; 4. Most of them produce special type of
branched, negatively geotrophic roots which come out of the mud surface to absorb atmospheric
- oxygen; These roots are called pneumatophores or breathing reots; 5. Some halophytes show
vivipary i.e., seeds germinate before the fruits fall off from the plant eg. thzophora {Fig 26.11
26.12).

E _ - Fig. 26.11. Pneumetapherus of Rhizophora

- Mangroves: The. halophytes in tropical and subtropical regions form a typical sea shore
vegetation known as mangroves or mangrove formations. These are also called littoral swamp
forests. In our country. mangroves are distributed in Bengal(delta systems of Ganges). Andhra
Pradesh (mouth of Godavari and of Krishna),-Andaman and Nicobar istands, (Madras Caveri

delta), Orissa (mouth of Mahanandl) Bombay region{Ele phanta caves), Saurashtra and Kutch .

(Kathiawar). These arcas are frequently water logged. The habitat is characterised by sandy,
swampy and saline soils, high precipitation, high atmospheric humidity and almost po or little

fluciuation in temperature throughout the year. Mangrove formations have :a characteristic
‘vegetation with a dense forest of small evergreen trees. Mangroves show several characteristic

-adaptive features, generally the xerophytlc features, given below.-

+Roots: The. internal structure of the normal root shows several layered cork. Cortex is made
Tl.lp of stellate cells connccted with each other by lateral arms. Some cortlcal cells are filled with
ol anid tafnin. '
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Fig26]2. Rhizophora. A. Twig showing _\gv‘brous germination., B. A seediny

" attached to soil. 1. Calyx. 2. Fruit 3 Radidle, 4 Hypocotyl 5. Watr. 6. Soil.

_ Stem: 1. The internal structure of an uné?[em shows very t]nck cuticle, 2. Epidermal celis
" are heavily thickened and filled with 011 annin, 3. Hypodermis is mu]tllayered with heavily
thickened cells. 4. Numerous lacu clare resent in cortex and the cells of which are thickened,
and filled with tannin and oil. Cal oxalate crystals are present in some corticle cells. H- -
shaped heavily thickened spi are present in cortex and they provide mechanical strength;
_—-5.Inner cotfeX.possesses nu us thick-walled, branched sclereids that provide mechanical
strength; 6. Pericycle-is. sclerenchymatous_and multilayered; 7. Pith POSSEsses. lacunae and H-
shaped splcules, and the cells are filled with tannin; 8. Vascular tissues are well dcveloped

Leaf: 1. The leaves are small, thin and coriacecius; 2. 'Ir‘itcrnal stnicture of leaf shows well
developed cuticle; 3. Epidermal cells are much thickened and may contain calcium oxalate crys
tals; 4. Stomata are of sunken type and present only on lower surface; 5. Several layers of thin
walted cells that are usually filled with water are present below the upper epidermis. Some of

these cells are also ﬁlled with tannin, oil and mucilage; 6. Mcsophyli is weil differentiated. @~ _ .

Mangroves are hlghly productive and are impertant in several ways. ‘They. exhibit a good
e.xample of ecological succession of plarlts A clcar zonanon of species-from sea watcr to mland
ganbemn Oﬂ the sea coasts. - . . :

- 26.9. 'EPIP-HYTES |

Some plants grow on other plants but do not dcnve their food from supportmg plants. .
Thése plants are known as ‘epiphytes’ and the phenomenon is called cplphytlsm ‘Mostlh they -
are to be found on the branches of higher plants. They are commonly seen in warm and humid
tropical rain forests and coniferous forests of the mountains. Epiphytes producc two types of
roots, clinging and long aerial roots. The clmgmg roots enter the crevices present in the bark of
support plant and fix the epiphyte. The aerial roots are long and hand in alr 'Ihevmay also be
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branched. Thede roots are coated with a special type of absorbing tissue called velamen. Most of
them exhibit the foliowing xerophytic adaptations ¢o check transpiration, ¢.g. Vanda {Fig 26.13).

1. The leaves are few in nwmber, coriacecus and succulent. 2. Cuticle is thick, 3. Stomata are
of sunken: type.

In Dischidia raflesiana (Fig.26.14) an Intcresting. type of adapiation for meeting water
requirement is seen. In this plant leaf is modified into a pitcher. The pitcher bas a basal opening
but no lid, A root enters the cavity of the pitcher and becomes much branched. Inside the
_ pitcher debris is collected by ants. All this water is then absorbed by the root.

Schimper has classified epiphytes into four groups.
1. Protoepiphytes: They derive their nutrition from support plant and atmosphere, €.g.
Peperomia and few ferns. .

2. Hemi-epiphytes:These are the epiphytes of peculiar type and their epiphytism is limited to
their early developmental stages. Later on, they establish contact with seoil and grow with the

help of their own roots and compietely become independent terrestzial plants, eg., Ficus, Some -

Aroids, Scindapsus officinalis,

3. Nest epiphytes: Many orchids form nest like struciures to collect lag quantities of humus
and water. They produce a thick net work of roots and when wind blows over these roots, the
-dust accumulates and provide the necessary edaphic environmgnt.

Tank epiphytes: The leaves of these epiphyies are variousl\y\godified into pocket, funnel

_Fig:_l’ﬁ.IS. Vanda. A.An epiphytic plant showing aerial roots. B. T.5. of root showing Velamen. 'l.Cling.ing
roof; 2. Aerial root. 3. Limiting tayer. 4. Velamen. 5. Bxodermis. 6. Passcge'cell. 17.Cortex. 8. Enda-
dermis. 9. Phloem. 10. Pericycle. 11. Sslerenchyma. 112, Metaxylem. 13. Protoxylem. i4. Pith.
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or spoon- hke structures whlch collect humus and absorb minéral nutrients w}uch aocumulate in
the crevices of bark of support plant. Peltate scaly hairs present on the base of the léaves absorb
nutrients. The roots are useful only to fix the epiphyte on the support ptant eg. Eplphyllc
species of Bromehaoeae

A _ B
'Fig.26.14. Dischidia rfflesiana. A. Several pitchers. B: A pitcher opened.

Check Your Progress - 2

- 'What are velamén roots? Q
Note: (a) ‘Write your answer in the space below. :

(b) Compare your answer with the mven attheend. -

T T T R T T T

26.10.SUMMARY

Ecology is the study of interrelationships between organisms and their environment. Odum
defines ecology as the study of the structure and function of nature. A typical ecosystem has
six components. They are inorganic substances, orgaiic compounds, climatic regime, producers,
macroconsumers and microconsumers. The former three form the biotic component and the
latter three the ablonc component ~The different types of ecosystems found in nature are
terrestrial(forest, desert grassland ecosystem) fresh water (river, pond and lake ecosystem),
marine, and agricultural ecosystemas. These are named on the basis of habitat, size and nature.
Nutrient and energy transfer occur from one system to another, hence they are mtcr—dependent
All types of ecosystems present in the ‘world. constitute the biosphere. Plants exhibit various
modifications in ordei to withstand the extreme conditions of environment, such modifications
are called plant adaptations. Based on their water requirements, the plants are broadly classified -
.nto three groups :" 1. Hydrophytes 2. Mesophytes and 3. Xerophytes.Hanphytes are a special
type of xerophytes which inhabit saline soils. Mangroves are the halophytes that inhabit the
sandy, swampy and saline soﬂs especially on sea shores and river mouths and form a dense forest
of small ever green trees.Epiphytes are the plants which lodge on other plants. They produce
clinging roots, which are useful in fixing the plant to the support plants and long aerial roots

" the velamen roots, whlch absorb rain water and atmospheric moisture.

=
=
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26.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1. (a) Cuticle'absent.
(b) Epiderrh’is uniseriate, thin walled parenchymatbus,_
(c) Cortex large, parenchymatous with well developed air cavities. '
(d) vascular tissues much recued except in case of emergent fofms;.-
- (e) Mechanical tissues are usually absent.

2. The aerial roots of epiphytes which are coated by a special type of absorbing tissue, —
velamen are called as "Velamen roots™. :

26.12. MODEL EXAMINATION QUESTIONS.

1. Answer the following questions in about 30 hnes each. |

1. Explain in detail the varions components of an ecosystem. Add a note on the food
chain.

2. What are the various modifications that are exhibited by the hydrophytes and  xero-
phytes.

II. Answer the following gquestions in about 10 lines each.
Write briefly about bio-geo chemical cycles. 0 _
What are different types of hydrophytes?. Brie@plain about each one of them.

1

2

3. Write briefly about the various modificati hich are met within xerophytes.
4. Write in detail about halophytes. Q_‘

Q
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27.1. QBJECTIVES

At the end of this unit you wili be able to:
1. - describe various ecological factors viz.@atic, edaphic, topogmp'ﬁié and biotic,
C

Z. deﬁcri’f)e the influence of ecological fa on plant life.

272, INTRODUCTIGRL. v

The environment is a%?iéx whole of so many interacting factors that influence avery

' organism, the geographical disfribution of plants or a group of plants. We find different kinds

- c.Temperature, d.Light, e.Wind velocity and f. Atmospheric gases.
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of plants in different places under different sets of environmental conditions. The various

conditions which affect the form and function of the plants directly or indirecily are termed as

en\nronmentdl factors or ecological factors. The life of the plants is so intimately related with the
environmental factors of a place that every species of a plant seems to be fitted to a particular
set of environmental conditions within the limits of which it is able to grow and reproduce its
own kind. All the factors as a matter of fact interact with each other to influence the organisms.

Ecological factess are costomarily classified as : 1. Climatic, 2. Edaphic, 3. ‘Topographic
and 4. Bictic factors.

27.3. CLIMATIC FACTORS

The climate of a particular region is fairly uniform over a wide arca and variations may occur
in small areas due to topographical or other factors. The stmospheric factors which affect the
planis are called climatic facfors and thus are classified into a.Witer, b.Atmospheric moisture,
27.3.1. Water (

F

The role of water in growth and development of a plant is of great importance. It being
a wniversal solvent, dissolves the minerals present is the soil. It is an electron donor in



photosynthes;s 1t is the medium for the moverment of gases, mmera!s etr. Enzymes function ln
the medium of water.

Precipitation:It is closely related to the amount of water avaiiable to the plant. Water is most
important factor for contrelling the type of distribution of plant communities. The water vapour
content present in the air is called relative humidity, Warm air can hold more water vapour
than cold air, Pre(:lp:tatlen takes place when warm air full of water vapour from ocean& Tivers,
lakes, streams, ponds and plants etc. moves up to the coider belts of the atmosphere The watcl;

- vapour cools off af these heights and condenses in the form of water drops.

The yearly precipiiation greatly effects the natural vegetation and culiivated vegetation. If
the rainfall is moderate and uniform for a number of days, plants wiil be highly benefited. Little
rainfali results in poor growth of plants. Rainfall and temperature are the chief climatic factors
and they together determine the pattern of vegetation of a place., Very low rain fall or complete
absence accompaniéd by high temperaiure will resuft in drought. The rain water which enters
the seil, as soil moisture, depends on the rate and kind of prec:lpitation and also on the nature

of vegetation. Rainfall 1s measured by rain guage.

37.3.2 Atmospheric Moisture

Water is always present in the atmosphere which is invisible and called as ‘humidity’ of the
air. The capacity of The atmosphere to hold moisture in vapour is dependent on the temperature
of the atmosphere. It increases with the increase in temperature. The relative humidity is the _
guantity of moistuse as a percentage oI maxirnum quantity that the air. can hold at the prevailing
temperature. The relative humidity of a place, besides bem{%cted by temperature and pressure
which change with altitude, is also affected by wind, 6 , vegetation and water content of
the soil. _ . :

&

Effect of atmosphenc moisture on p a. epiphytes, mosses, ht,hens and other plants -
can directly absorb atmospheric moisture. ew drops are absorbed by leaf surfaces of the plant.

© b, Atmospheric moisture reduces t]gi?tensity of light falling on the earth surface. Thus plants

receive excessive sunlight in dry conditions and f:xhibit se‘.feral xemmcrp}ﬁc condtiions.”

c. Atmospheric moisture in the form of fog and mist are absorbed by the soil pa; ncles and are
thus sources of soil meisture.

d. The evaporation of water from plants or a bady of water is directly dependent on the relative
humidity of the atmospherc C

The refative humidity has a direct control on the rate of loss of water by the plants
{i.e.transpiration). Many cryptogamic plants grow in habitats, where relative humidity is normaily
very high. They are called hygrophytes: Certain fungi and lichens show haxuriant growth in the
presence of high humidity. Epiphytes also grow in such conditions.

27.3.3. Temperature

Temperature js the measurement of degree of hotniess. Tcmpes ature variations are the most'

important of ecological factors and together with moistyre, determine to a large degree the
distribution of plants over large areas of the earth. Summer.and winter Se2S0NS are expression
of rhythmic change in temperature. Temperature denotes the heat energy available from solar
radiations. The radiation of heat from the ground is called ferrestrial radiation. The difference
between sofar {(incoming) radiation and terrestrial (out going) radiation is called net radiation.
It is generally posntlve during the day and negative during the night. Relating to variation in
temperature, it is maximum at the equator and gradually decreascs as one goes 1o the north or
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o south. The vegetatron of the earth can be grouped in relation to different temperature zones,
T oeg equatonal forests, troplcal forests coniferous forests, al1pne vegetation. S

Thermopenodrsm. -The temperature of any place changes constantly from hour to hour,
Many plants have in course of time, got adjusted to the rhytmic diarnal cycle in temperature .
changes for several phenological events. This regulation. of phenology to periodic changes is.

called thermoperlod1sm .

_ The temperature and the length of the vegetatrve Season affect the physrognomy of the
' mdmdual plant and whole of the vegetation. In the worm tropics the. plants continue to grow

luxuriantly throughout the year while in cold arctics and the mountain tops the piants have a

- very short vegetatrve season and, therefore they have condensed short and small Ieaves '

Effect of temperature on plant8° Temperature effects the rate of metabollc activities of
plants. The rate of photosynthesis and respiration increases with increase in temperature. High
‘temperature during day increases the rate of phytosynsthesis and low temperature during night
reduces the rate of respiration consrderably, so that the photosynthetlc praoducts are conserved and

. stored. Temperature influerices the ratio of cuticular to stomatal respiration. High temperature-
-rncreases the rate of cuticular transplratron even if the stomata are closed as at night.

High temperature accompanied by heavy rainfali results in very luxurrant _vegetation and
great complexity and diversity-tropical rain forests. In the temperate region the’ plants adopted
for low temperature and the vegetation consists of coniferous trees like pine, and dicots. In
cold, polar and alpine regions of troplcal or temperate mountains, the plants grow sparsely and
rémain dwarf. o , \

. . ) . B ) o : . ) :

Cold injury and cold resistance: The degri, injury that plants suffer from low temperature

. depends (a)on the degree and duration of teniperatore (b) the suddenness of change (<) on the
mineral and moisture contept of tissue zu?aLso (d} on adaptatronal characteristics. .

. Desiccation: In winter_ the transp on rate is hrg*r and rate of absorpnon is slow due to low '
temperature, the tissues are desi and Jn]ured

Chilling i lmury' Plants growing in hot cllmate ifex posed to fow temperature (above freezmg
pomt) theyare-found to be. krlled and injured. This is callcd chiliing i mjury

- B.'eezmg uuury Due to low temperature walter is frozen into ice crystals in the mter—cellular
spaces. Protoplasm of the cell also get dehydrated. Prntems are precipitated due to an increase
in the concentratron of cell sap: : . - n
Heat injury: Very lugh temperature stops growth, The plant becomes stunted and 1f such a
conclxtron persrsts for a long penod the plant dies.

Heat resistance: Plant-develop some devices for heat resistance. Dry seeds and Spores whreh e

- have low water contents are most resistant to heat i injury. High sugar content also 1ncreases the
- heat resistance of the plants Plants with bark can endure high temperature

27 3.4. Lrght

Lrght is one of the most important. chmatlc factors for many vital processes of the plant Itis
essential for the synthesis of pigment of plants. i.e., chloropl!yll Only the chlorophyll is ‘capable
of absorbmg radiant ‘energy and converting it into potential chemical energy of carbohydrates

- The effect of light on plants is the regulatrons of the- rate of transplratlon by controllmg the =

openmg and closmg of stomata
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The effect of light in nature is uniform over wide areas and therefore, it is not likely that
it wonld affect the general features of the plant communities. The majority of plants growing in
direct sunlight are called ‘hellophytcs {sun loving), whe[eas small plant communities growing in
: decply shaded areas are called scaophytes (shade lovmg)

'Lrght intensity: Atmosphere influences the intensity of hght to a very large extent ‘Moisture - .

of the atmosphere absorbs a high proportion of Jonger light wave. Dust and smoke can reduce

the light by 90% in metropohtan cities. The intensity of light is normally reduced to about 26% - .

by a canopy of vegetation. In thick forests it can be reduced to 1% of the total sunlight and
therefore, the ground of such forests does not have good vegetation. In land plants the variations
in light mtensuy is always accompanied with a change in temperature and relative humldlty

Effects of light mtensrty Lrght intensity falling at a particular place is normally enough for
the plants and their physiological phenomena as photosynthesrs etc. In photosynthesis 1% of
the light energy is converted. into potential chemical energy. "Sometimes low intensity resuits

in-closing of the stomata. Very high light intensity increases the rate of respiration 4nd thus
disturbs the photosynthesis-respiration balance. The most harmful effect of light intensity is -

the phenomenon of solarization in which all the cell contents are oxidised by the atmospheric
oxygen. This oxidation is different from respiration and is called as photo-oxidation. The light
mtensrty is measured by luxmeter

Light duration (light meter) The duration of total hght perlod in a ycar and the duration

~ of daily light peried (photoperiod) at a particular place show effects on the vegetative and

reproductive structures (i.e. flowering) of plants. The dal ight period has a marked effect
~on the flowering of a plant and they are classified a short- -day plants (b) long-day plants.
() Day-neutral plants.. Most of the plants belong t first category. Most of the plants

mespecﬂve of their -category, show more luxun?«egetative growth under long days. The
amount of vegetative growth is proportional uration of day light. Morphological features
like the formation of bulb, tuber and other rage products are affected- by the length of the

day. . : Q)

27.3.5. Wmd Velor:rty

The velocity of wmd has very important effects on the vegetatmn of a place

Breakage: A very high wmd velocity (gale, hurrrcane) breaks dead and Iwmg branches of the -

trees and even uproots them completely

Soil erosion: In bare deserts, high velocity of wind causes constant soil erosion, which makes

the plants difficult to graw there. Wind is also responsible for causmg rainifall to a very large

extent. In India rainfall is determmed ‘tiy wind movement.

Deformation: Continuous strong wmcls in a particular | dlrectron cause bendmg of trees. ThlS
can be seen in coastal or mourntain side plants. _

Lodgmg. Plants like rice, wheat, maize, sugar-cane fall ﬂat on the ground due to injury caused
by strong winds. This phenomenont is called lodgmg Wind is a medium of transport of pollen

of anemophilous plants, anemochorous seeds frurts, and mlcroorgamsms.

Desiccation: Wind removes aocumulated water vapour from above the plantsand thus increases

the rate of transpiration. Strong winds during winter increase the rate of evaporation whereas -

the low temperature reduces the rate of absorption of water. Plants exposed to continuous winds
show desiccating effects to transprratlon Wind veloc1ty is measured by anemometer.
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2'? 3.8. Aitmospheric Gases
The atmosphere surrounding the earth. contmns thred important gases viz. (,@2, 02, and
Ny.

Carbon dioxide: COj is the main raw m;aterial for the synthesis of carbohydrates through
photosynthesis. Adquatics get CO, dissolved in water. The CQ, content in the soil is also .
_important in effecting the plants. Excess of CO, in the soil cause pOOl’ aeration.

Oxygen: Atmoébhéric oxygen is vital to ifs life and normal growth. The amount of oxygen is
normally constant in the air because piants give off oxygen during phutosynthesns which replaces
the cxygeR consumed in respiration;

Nitrogen: Plants wiilise nitrogen in the form: of nitrates only. Free nitrogen of the atmosphere
can be fixed by certain bacteria and blue-green algae. Proteins in the dead plants and animals are
decomposed by micrc-organisms, enriching the nitrogen pool of the soil. The nitrogen content
of the plant is largely consumed by animals including man as food.

27.4. EDAPHIC FACTORS

Seil: 1t is the natural thin layer covering the surface of earth in which life is supported. It is
the environmernt for the complex root systemn of plants and other underground parts such as,
thizomes, corms, bulbs, and also soil organisms. It provides the plants with constant supplies; of -
water and minera salts. »

Seil profile: Soil has certain definite structura@ positional characteristics which form what
is known as soil profile, which can be disﬁ?&‘ished into three layers: top seil, sub-soil, and
weathered rock. The top soil that is weathered product of parent material constitutes the
first two layers. The semi- broken reg?‘!ﬁ the parent rock is the third layer.

Soil colour: Tropical solis vary%iy in colour. They are black, gray, red or brown. The most
impertant factor which determine the soil colottr are proportion of silicon, iren and humus which
a particular soil ‘contains. Thc biack soils are formed in anaeroblc condition where drainage fs
availabie.

Compaosition of Seil: The main components of soil are mineral matter (about 40%), organic
“‘matter {about 10%) 5%), and 5011 air (25%).

Seil textureé- The texture of the soif is determined by the relative proportion of rock-particles
of different sizes present in that. On the basis of texture, soils may be classified as (a) Sandy
soiis (b} Clayey soils (c) Loam soiis (d) Sandy-icam soils () Silt-foam soils {f} Clayey-loam soils,

Loam soils are-the best for the growth of plants since they contain coarse sand as well as
fine silf and clay particles. Thus texture allows aeration and also retaining of water,

Organic matter: Qrganic matter is 2dded to the mineral matter of the soit year after year.
The organic increment of the soil is largely derived from thc fallen lcavcs and twigs, dead and
decaying plants and animals.

Soil Water: The water content of the soil is more important than any other ecological factor
causing differences between plant mmunities. Soil water is directly taken up by the plants for
their life and growth It acts as a medium for the transport of salts
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Soil air: Aecration of the soil is absolutely essential for the absorpnon of water by roots.
Absorptlon of water will bc good in well aerated soils. .

So:l temperature* ‘Soil tempcraturc vary s:gmﬁeanﬂy between day and mght only on the top
layers. In tropical climate the high température of the soil by day results in rapid loss of water by
evaporation from the heated surface layers. This is only partly replaced by deposmon at night as
dew. TDirv and norous soil is auickly affected by change in temperature. Wet and heavy.sdil show
avety slow change in temperature. The temperature of the soil besides affecting the physical

and chemical process going on in the soil also influences the rate of absorption of water and .
solutes. Soil temperature is. measured by SOll thermometer.

Soil reaction: Soil pH- (pH Hydrogen jon concentration) has a direct effect on the wahlhty
of plants and on the nutrient supply.~ The protoplasm of root cells is badly damaged below
-~ pHq and beyond pHy. Soils may be neutral, acidic or alkaline. The chemical changes in the =
mineral components, the decomposition of oiganic matter and the biological activities of the
microorganisms are: also responsible for contributing to the acidity of the soil. Soil acidity beyond
a particular limit is injurious to plant. -High acidity may be toxic to plants, interfers with the
_ absorptlon of several matrients, and reduces docomposmo:: of organic matter by microorganisms.

Saline and alkali soils: Saline soil_s are soils which are highly charged with soluble salts, Saline

soils restrict the types of plants that can grow on them. Alkalinity is a solution found with soils

that are comparanvely high in their content of both calcium and sodium. -Excess of salts in the

soils is injurious to plants. In fact the salt does not favous vegetation at all. In such cases few
“species have been found to survive. They are called halophytes. The halophytes have. adopted

for several xeromorphlc characters to check water loss due @nsplratnon

Soil cover: SGll cover is an nnportant edaphic factor {in Q}; much as it protects the soil from '
loss of water and from rapid temperature changes. 1;1[1:: soilcover may be non-living (snow, dead
leaves etc.) or living (living plants).

In exterm cold places, snow cover is ver tlve in protecting soil and also herbaceous:
plants growing there. - Another exampie on-living cover is that of dead leaves and withered
~ remains of plants. A living cover consisti egetation protects soil moisture and temperature.

Check Your Progress - 1

Name various types of soils. N

Note: (a) Write your answer in the space given below
{b) Compare your answer with the one given at the end.

....................................................................................
----------------------------------------------------------------------------------------

.......................................................................................

27.5. TOPOGRAPHIC FACTOR.S

If the surfaoe of the earth is even over mdc areas, the vegetauon is uniform. If the surface
is irregular or uneven, the vegetation is modified considerably.  The irregular factors of the
earth’s surface are known as topographic or physiographic factors. The topographic factors bring
about local variation in climatic condition-and-modifies the edaphic factors of the habitat. The
topographic factors are 1. altitude of the place 2. Steepness of the slop 3 exposure of the stop
to light and wind 4. direction of thc mountain chaln '

-

4-—-"'_. o
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1 1. Altrtude. The contmuous mcrease in altitude and-its effect on the vegetation can best be_
“observed on the mountains. Increase in the alntude results decrease in temperature, increase in:

precipitation, increase in wind. velocity, increase in humidity. The general decrease in temperature -

with altitude is about 6-7°C per Km. In addmon, the amount of total solar energy absorbed at
" and low temperature greatly influences the development of soil and Vegetatlon

Steepness of slope The slope of rock or i mountam is another feature of topography whlch
influences the nature of vegetation. Steep alone causes swift- mn-off of water after a rainfall.

of water carry away the superficial layers of the soil. The humus is not allowed to accumnlate.

~To counteract the harmful effect of steep. slopes, the farmers employ terrace-farmmg on the hill. ---

The small terrace-lxke flat fields reduce the foroe of the ﬂowrng water.

Exposure of the slope to hght a.nd wmd. A mountam slope exposed to weak 1nten31ty of

- light and strong. dry winds has- xerophilous vegetatlon, e.g. the vegetation of northern slopes of

Sy

~ symbiosis, mutuallsm and co

the Hlmalayas Usnally the north facing slope consists-of shade loving species. The slope exposed
to direct sunlight and humid wind has luxunant mesophllous vegetation, e.g. the vegetation of
the southern slopes of the Hlmalayas Soil of a steep SIOpe 1s usually eroded and therefore,
lugher ptants may be- completely absent

: Du-ectmn of mounta'in chams. If the mountain chams l1e in the path of wmd which is full of -

thé mountain as in Cherrapunji in India which recewes the world s hrghest rainfall. This results

in very luxiriant vegetation in the area. Mountains the grea\souroes of water for the nearby

areas. Large rivers originate in the mountains whenvafter being fed by ramfall they flow down
into valleys below and the plams beyond. <:’~} S \

27.6. BIOTIC FACTORS ‘i?“

oy

salism. Symbiosis and mutualism denote: relatlonshlp bet\veen
m is of relanons}upbetsveen ammal partners.

The phenomena of clo@ relatronshlps between organisms are’ often denoted bys

wo orgamsrns and commensa
Symblosrs may be elassrﬁed as under. / _
1. Disjunective symblosm’ The orgam mvolved are not in constant’ contact

a. Atroplne (not rélated to /,food) Includes the effects of one plant on another with respect
- - to shade, air movement, soil moisture. etc. There is no direct nutritional relattonshlp

| ‘b, Trophlc (related to food):. Amrnals effectmg pollmatlon or drssemmatlon mmdental t

s SN

thelr activities in obtaitiirig food- from plants. o _
2 Cor:uunctwe sy‘mbmsrs' Orgamsms mvolved live in contact vmth each:othen ’
Atrophle Llanas and eplphytes using other plants for support o

‘b. Trophic: Llchens mycerrhazae, n1trogen ﬁxmg bacterla hvmg in the root nodules.
/
Herbworons animals: Grazmg is one ‘of the most important blotlc factors. The domestlc
as well-as wild animals graze vast areas of grassland every day in all parts of the world. These

complete destruction of photosynthetrc organs. The different kinds of animals have their prefer-
ences for-different species. Goats and sheep like broad leaved herbs, cattle and horses usually
prefer grasses, and the deer and mouse browse on many kinds of shrubs. Roderits and birds

‘consume a large number of nutritive seeds and fruits of small plants. Such plants, therefore, fail

to establish themselves, but some ammals are useful in dispersal of the species. P

1.
3

higher altitudes is higher than at low levels because of the thin atmosphere. The increase rainfall

" | This decreases the moisture content of the soil which becomes dry. The swift running streams

¥
7

3

‘:IU )

- animals like cattle; goat, sheep, deer, rabbit cause heavy damage to-plant life. The. damage is by



Insectivorous plants: These are also known a carnivorous plants. They are partly autotrophic
and partly heterotrophic. They can manufacture carbohydrates themselves but are incapable, of
synthesizing proteins. They get their requirements of nitrogerious food by capturing insects and
other small animals, and digesting them extraceltularily. e.g. Pitcher plant (Nepenthes),Bladder
wort (Utricularia),sun dew (Drocera)}, Sarracenia, Venus's fly trap (Dionaea).. :

Lianas: In most tropics there are divers forest with a thick canopy of leaves at the tops-of the
very tall plants. Very little sun light can pass through the canopy of leaves to the lower levels of
the forest. Under such conditions some woody plants climb up with the support of ather trees.
Such rooted clinibing vascular plants are called Lianas, e.g.Bauhinia, Tinospora.

Epiphytes: Epiphytes, air plants grow up on other plants usually trees. They are not parasitic
but manufacture their own food. They are entirely dependent on rain and heavy dew for their
water supply. Most of them obtain th:ciy essential elements from decaying organic matter that
collects around their roots. many kinds of plants may be ephiphytic. Among them are ferns,
lichens, cactus, and pineapple families. ' . '

Parasites: Parasites obtain nutrition from living plants or animals, which are called host. The -
parasites produce parasitic roots or haustoria which penetrate into host’s root tissue to make
connection with the conducting gtements of the host. Parasitism is common among fungi and
bacteria. The angiosperms living as parasites are-classified as total stem parasite-(¢.g. Cuscuta)’
partial stem parasite (e.g. Loranthus), total root parasite (e.g. Orchanche), and partial root
parasite (e.g.Santalum ).

Licheas: Algae and fungi are sometimes associated together in a form of compouﬁd organism -
called lichens. The algae manufacture food material is also shared by fungi. The fungi
absorb water and minerals and protect the algae ﬁ?\dryjng up.

“Mycorrhiza: In plants like pine, active porfy s*of the roots are invaded by specific soil fungi.
The resulting association is intimate angrgomplex, and the combination of root and fungus is
termed mycorrhiza (literally, fungus-root e hyphae, like root hairs absorb water and mineral
salts which are passed on to the plant. In general, mycorrhizac appear to enable plants under
unfavoprable soil conditions. Then fungus, in turn, is believed to obtain from the root certain
growth-promoting and food substances in which it may be deffcient.

Check Your Prc;gress -2

Define lianas.
-Note: (a) Write your answer in the space given below.

(b} compare your answer with the one given at the end.

e T T T R T T T R R I I R I SRR A B
...................................................................................
..................................................................................
...................................................................................
S T T T R N I I AL R L R
....................................................................................
....................................................................................
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27.7. FIRE'

Fn'e is a major ecologlcal factor which is, and ‘has been for centunes, almost a part of the
normal "climate” in most of the terrestrial environients. of the world. The biotic oommumtles
adapt and compensate for the factor just as they do for other factors like temperature and water.
Fire forms an ecological tool of great value when it is properly used. Fire was thus an extremely
important limiting factor long before modern man began to- drastlcaily modxfy his enwronment
in an attempt 1o improve his status. :

Long before the advent of man, periodic fires started by lightening of volcanic action swept '’
- the vegetation of various areas except in the very wet-rain-forest. Man is known to have used :
fire since paleolithic times. He has utilized fire to clear forest for agriculture, to i improve grazmg
land for domestic animals, to atiract game, to deprive game of cover, to drive game from cover
~in hunting to kiil and drive away predatory ammals to repel the attacks of enemies, for cookmg

=" and other purposes. -

The question whether ﬁre is a friend or foe, will depend on mtelllgent knowledge and
control. One must ascertain how importarit man-made fires are in comparison with natural
fires especially caused by lightening activity. There are several types of fire in nature which are
different in effect. Crown fires and snrface fires are the two extreme typés with entirely different
“effect. The former is hmltmg to most organism and the latter one exerts selective effect and
limiting to some organisms. regular light surface ﬁ:es greatly reduce the danger of severe crown
fires in regions subjected to ﬁre

Fire has many consequences on the mdmduﬂkg;/'t’s in the vegetation_ and a]so on the soil. ’
1t played a great role in the formation of v major types of vegetation e.g.some savannas, |
mild-latitude grasslands and shrublands. It ist in seed germination. There is a well known
" notion that fire stimulates the germinal of certam pastute species. The pasture seeds which

- are not Killed by fire may be sumulated‘?o germinate earlier. . West (1965) observed that the
germination of fresh seeds of Th triandra,an Afncan grass, was not only favoured by fire,
but was significantly increased whefi treated with dry heéat. In troplcal Australia, shaw (1959)

_ observed that seedling of He@gon contortus appearéd in great numbers only burnied areas. -
Some seeds of chaparsal species/fequire scarification by fire. The better germination of those:
; not requiring scarification may be related to removal by fire of competition lltter, and some
substanees in soils which are toxic to plants. :

Fire alters seeds beds. If litter and humus removal are substantial, large areas of this ash

~ bare soil, or thin humus may be created. Fire shows varied effects on the subsequent size .of
vegetative organs of herbs. On the coastal plain of Georgia, fire was reported to have reduced

- the size of the vegetative organs of both Paspalum netatum and Cynodon. dactylon (Burton
1944) although associated species were not affected. Fire:sometimes triggers the release of sceds
(as with the Jack pine), and ‘seems to stimulate the vegetative reproduction of many woody and
-herbaceous species. Fire can control forest insects, parasites and fungi and the process is called
sanitization. Fire also seems to stimulate the flowesing and fruiting of many shrubs and herbs | _

- and to modify the physmo-chenncal environment of the plants. Areas subject to fire often show

greater species dwersa.ty

The effects of burning on soil humius have been of much mterest. Moore (1960) found that
30 years of annual bummg in Nigcria led to an increase in the humus content of top soil by
17% where the barning was light and was applied early in the dry season. On the other hand,
the humus was reduced by 12% where the fires were kindled late in the dry season. Moore’s
findings evidently show that early burning must stimulate productivity resulting in the higher
humus levels in the top soil, whereas late burning does not. Soil moisture is also affected- by
burning grasslands. 1n central and southern Africa various workers have shown that fire reduces
“the water-retalmng capacity of the soil,. so that the grass becomes more susceptibie to drought
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injury. The burning of plant tissue is known to result in the volanllzanon of nitrogen and sulphur.

Other nutrients are converted into simple saits, which are more readily available to the soit and -

plants. The main effect of fire, then is bulk release of nutrients to the soil surface instead of thc
gradual release that normally takes place as a result of decay by decomposers.

It is a well- known observation that new grass following recent burns is attractive to hoofed
grazing animals probably because of increased palatability. The cattle are found to make great
gains in weight when they graze on recently burned grassland. Many full grown hoofed animals
are able to escape fire, but their young ones are often destroyed. Fire causes much harm to

ground nesting birds. Their insect food sources may also be eliminated. Mice and other rodents.

suffer loss of their essential food and grass cover, but they are better protected by virtue of the

fact that they rear their young in burrows.  Insects are also destroyed by fire which may be said

- to exert some measure of control over ‘insect pests in the field.

27.8. SUMMARY

. Environment is a net work of so many factors that interact and influence the living organisms. -

- Ecological factors are climatic, edaphic, topographic’ and biotic. These effect the form and

function of the plant communities. Climatic factors are the atmospheric factors that include
water, atmospheric moisture, temperature, light, wind velocity and atmospheric gases.- Soil,
the natural -thin layer "covering the surface of earth in which life is supported is delt under
adaphic factors. Topegraphic factors include altitude, slope-steepness, slope-exposure to light
and wind and direction of the mountain chains. Biotic factors irftelude biotic relationships related
to symbiosis, mutualism and commensahsm msectworous b@, lianas, epiphytes, parasntes

lichens and mycorrhlzae : _ . O

' 27.9. CHECK YOUR PRCGRESS%ODEL ANSWERS

1. On the basis of texture, soils may be asééd‘ as (a) Sandy smls (b) Clayey soils (c) Loam
soils (d) Sandy loam soils (e) Slit 1 ils (f) Clayey loam soils.

2. In most of tropical forcsts some woody plants gowing at the’ bottom undcr thick shade

climb up with the support of other trees as to get l1ght Such rooted climbing vascular plants :

a1e called ]1anas

27.10. MODEL EXAMINATION QUESTIONS

I Answer the .ibll.owing.(.lue.stions ini 30 lines each.
1. Writé briefly about the climatic factors that influence plant life.
2. Explain briefly about the edaphic factors that influence plant life.
3. What are physiographic or topographic factors? How do they influence plﬁamt life ?
4. What are biotic factors? Explain with eka'mples" | s
IL. Answer the followmg questions in. 10 lines each.
How does the yearly prc(:lpltatlon affect the natural and cultivated vegctatlon‘?
How does temperature determine the distribution of plants" '

Write briefly about llght as an ecological factor..

oW

"Wind has an important effect on the vegetation of a plaée". Explain.
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UNIT 28 ENERGY AND TROPHIC_ |
___LEVELS .
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- 28.7.- Check Your Progress : Model Answers
288.  Model Exammatlon Questlons

28, OBJECTIVES

After gomg through thls unit you W.ll be able to

1. recogmze the 1mportance of two functlonal events i;e. ﬂow-of energy' ahd material -olf' an L
ecosystem and . : . \ﬁn> . S o :

2 des(:rlbc the steps mvolved in the ﬂow oOrgy through the ecosystem :

28.2. INTRODUCTION \?“

the cyclical passage of materi ough it. Energy and ‘materials flow through the community -
* together, one cannot be well separated from the other. The flow energy is one way, once used
by the ecosystem it'is. iost Matenal on the other hand reurculates. o

© Two functlonal ‘events-of %\éh:e to ecOsystems are the energy relations within it, and-

‘263, ENERGY SOURCE

The sun supplies the basic source of energy to the eartly’s ecosystems.. _Ih.the'high temperature
of the sun a fusion reaction converts hydrogen to helium releasing radiant energy in the form of -
elcctromagnetlc waves. The energy that reaches-the carth from the sun constitutes a small region

'in the spectrum of electromagrietic radlatlon It fncludes radiation with wavelengths between
' 400 and 700 nm. This is the familiar visible solér light épectrum where energy is transmitted
through space. At the earth’s outer atmosphere the average rate of energy. transfer is about 2
_ .gram calories per square centimetet of surface per minute. This value is called the solar constant.
However, not all this energy is actually available for distribution throughout the biosphere. About
_one-third is readily renirned into space as a function of the reflective propertics of the earth’s
atmosphere and surface. This property, ability te reflect sun’s radiation is called the earth's
albedo. The radiant energy entering the atmosphere is diminishied further by about 208 through
absorption by gases and particulates, so that a little less.than one half of the radlatlon found in
the outer atmosphere reaches the earth 1tse]f : _ . ;

" The amount of solar energy actually received in the blOSphCIC vaned mdely Reglons in the .
tropics receive the most sunslmne With increasing dizfance from the sun, onergy values per unit . .
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of surface area are less. The northern most chmatcs recerve only about 40% as much radlatron
as the tropics.

. The quantity of solar radiation that reach the earth at any one place also varies :cons.'iderably' -
-.with daily-and scasonal ﬂuctuatrons. In the northern hcmlsphere there is more sunshine in-

summer than in wmtcr

28.4. ENERGY AND TI—IE LAWS OF THERMODYNAMICS

Energy exrsts in two forms, potential and. kmetlc Potentral energy is energy at rest that is,

* capable of and available for performing work. Kinetic enérgy is energy of motion and results-in
work, performed at the expense of potential energy. Work, which results from the expenditure
of energy, is of at least two kinds: the storage of energy and the arranging or ordering of matter
with no storage The behaviour of energy is descnbed by the two laws of thermodynamlcs '

‘The first law of thermodynamlcs holds that energy may be. transformed: from one type to _
- another but that it can be neither created nor destroyed and regardless of transformatrons no .

gain or loss i’ total energy takes place. -

The second law of thermodynaniics says that an energy transformation is never- entlrely'
efficient. When energy is changed from one form to another, some of the energy is dlspersed ;

into unstable heat. For example when coal is burned in a boiler to produce steam, some of
the energy creates steam and rest is dispersed as heat to the surroundmg air. The same thmg
happens to the energy in the ecosystem :

- - O

-'28.5. ENERGY FLOW AND THE E@gSYSTEM

. This can bc studled under four subhcadmgs a) Primary productron (b) Food chams
and food webs, (c)Trophic levels and (d)- Ec@ﬁa Pyramu‘ls

28.5.1. ' Primary Production .

. The flow of energy through the com%y starts with thc fixation of solar energy as. chermcal _
’xergy by plants through the process of photosynthesis wherein carbon dioxide and water are -

ed as the raw materials. ‘Once started the green plants begin to accumulate energy. Energy
accumulated ‘by plants is called production or, more specifically primary production, since it is
the first and basic form of energy storage. The rate at which energy accumulates per unit of
area per unit time is known as primary productivity. The part of sun’s energy that is converted
to chemical energy. in photosynthesrs is gross primary production. The energy remaining after
respiration and stored as organic matter is not prlmary productlon Thus net productlon for a
plant or plant commumty can be dcscnbed as: :

. Photosynthesls _ _ e L
Solar energy — > G_ross primary' productivity - _Respirat_ion. = Net production

Net primary production accumulates over trme as plant b1omass Thc amount of hromass '

found on a given area at a given time is the standmg crop blornass

_ The bas;c unit or energy used in efologlca] wor@s the calorle usually exprcssed as k]localorres_ '
per square meter per year (k cal/m“/year).  Produétion may also be expressed by dry matter
in grams per square meéter per year (g{mzfyear) Gross and net productivities, vary w1dc1y__ -
among different-plant communities. Variations in gross production for different communities: .

are indicated in Fig.28.1. Communities liké estuaries, springs, marshes, and eutrophic lakes have-

relatively high rate of productivity, but they constitute a relatively 'small proportion of the earth

compared with deserts, decp oceans or other area of low productmty
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Fig. 28.1. Primary productivity in terms of anhual gross production in some world ecosystems.
Notice that the highest productivity occurs in some estuaries, springs, coral reefs, and terrestrial
communities, which constitute a very small part of the-total world area. Much of the world, including
the deep oceans and deserts, has very low productivity. 1. Deserts. 2. Grasslands, deep lakes,
. mountain ferests, some Agriculture. 3. Moist forests and secondary commun[[:es shallow [akes,
moist grasslands most Agriculture. 4. Some estuarics; springs; coral reefs; terrestrial communities
on alluvial plains; Energy subsidized agriculture. 5. Continental shelf waters. 6. Deep oceans.

28.5.2. Food Chains And Food Webs

The energy stored by plants is passed along through the ecosystem in a sefies of steps of -
consumptlon(bemg eaten), is known as a food c@ Food is the means that energy uses to
move from one organism to another. In a grassland munity the grass is eaten by grasshopper, ™
the grassht)pper is consumed by the fr'o_g, the fr 'by the snake in that order. The food chain
here may pe represented as: Grass - Giassh 15 - Frogs - Snakes. Numbers of links in such

. chains are variable, but three to five ]iﬁ%‘arc common. Positions of links in the chains are
named; 1. Producer: the Photosynth€tic plant or first organism of the sequence. 2. Herbivore or
primary consumer: the first animalygvHich feeds on plant food. 3. First carnivore or secondary
consumer; an animal feedin redator, parasite and scavenger) or a plant-eating animal. 4.

' Secondary carnivore or tertiiﬁﬁlsumer: feeding on the preceding and 5. Tertiary carnivores.
Apart from the two major groups of organisms ie., producers and consumers, there is a third
group of organisms - reducers or trdnsformers or decomposers - the saprobes or organisms of
decomposition and decay

But in nature on one orgamsm lives wholly on another, the resources are shared, especzaily
at the beginning of the food chain. The grass may be caten by a variety of herbivores, and some
of the animais may be consumed by a variety of predators. Thus food chains become mterhnkcd
to form a food web, the complexity of which varies within and between ecosystem.

Withiin any community two ‘major food chains are recogmsed the grazing food chain and the
detritus food chain. Detritus is the dead organic matter in- ecosystem. Because of high standmg
crop and the refatively low harvest of primary production, the most 1mp0rtant food chain in most
terrestrial and shatlow water ecosystem is the detritus chain. In deep water aguatic systems, with
their low biomass, rapid turnover of organisms, and high rate of harvest, the grazing food chain
is the dominant one. The grazmg food chain involves moving energy and minerals from green
plans to herbivores to camivores. The decomposition or detritus food chain becomes operative.
when organisms die. Mitlions of decomposer orgariisms break up the dead bodies, using energy
and releasing nutrients from plant and animal matter back into nutrient cycles. Organisms sich
as earthworms and beetles, calied macrodecomposers, begin the process by remoying large pieces
of the dead organisms. Microdecomposers such as bacteria and fungi then finjsh the process.
Phytoplankton form the base of the grazing food chain in aquatic systems. They are eaten by

“other animals. Decomposers including crabs, worms, and bacteria tend to operate rapidly in the
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aquaﬂc system by bcgmmng to break up the orgamc mattcr lmmedlately after death. There are a
number of supplementary food chains in the commumty such as paras:tlc food cham saprophag:c
food chain etc. : _ _a -

¥

Check Your begréss - 1
Write briefly about detritus food chain.-.
Note: (a) Write your answer in the space gwen below

(b) Compare your answer with the one given at the cnd of thjs umt. 0 o

28. 5.3. Troplnc Levels.

Each leve!l of consémption in a food ‘chain is called trophic Icvel such as’thc grasshop-
*_per may occupy a single trophic level, but most animals at the higher levels such as hawk,
owl participate simultaneously in several trophic levels. The first trophic jevel belopgs to the
producers the second trophic level to the harbivores (pnmary umers), the third level to the
first order camwores(secondary consumersjand so o composers and paras:tes are thelr .
herbiveresiorcarnivores depending on their nature of food'squice. Decomposers feedmg ‘on dead '

Proguter ‘v

Cu:mem

Energy 088 . ' :

: Flg 383, 1nput and loss of encrg)r at each trophic level. The sun’s energy prowdes the fuel {or the . f
' operation of a food chain. Durmg photosynthems this heat is lost At each trophic level (T 1 T T3l :
fuel is lost because of respiration (R). Some of the energy available to'the next lrophlc level (EA) is
remmred by decomposcrs (D)), and some cncrgy taken in by thc ncxt trophlc Icvcl is not used (U).

plant matenal as well as bacteria occupying the rumen of ungulate animals are the functional

- herbivores, those feeding on the bodies of animals are carnivores. In this manner all the various

steps in energy transfer in an ecosystem can be placed in some wophic level. . The transfer ‘of .
energy from one trophxc level to the next is not 100 per cent efficient because the organisms in

[
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each trophac levei require energy is also lost as orgamsms consumeé ong another Not all the_
organisms at one trophic level are eaten by others; some die and decay, transferring this energy. .
to the detritus food chain. Producers use energy for respiration and lose energy as heat in the .

photosysnthetic reaction. Energy uptake by herbivores resperesents the total amount of energy
available not only to herbivores but ¢o all animals. In -essenice, three things can happen to energy
assimilated at eachrtrophic level. 1. It can be used for respiration of organisms on that trophic
level and ltost as heat 2.1t can become part of the detritus food chain either when the organisms
" of that level die and decay or as it passes through the bodi¢s of other animals without being
assimilated. 3. Tt cin be passed on to the next trophlc level when animals are consumed and

- assimilated (Flg 28’2)

28.5.4. Ecological Pyramids

The interaction of food chain phenomena in an ecosystem has a definite trophic stiucture,
which is measured as standing crop per unit area or as energy fixed per unit arca per unit time
at each trophic level. Trophic structure of an ecosystem could be indicated graphically by means

A

of pyramids in which green plants, the primary producers form the base and successive trophic

levels from the tiers which make up the apex. These are called ecological pyramids. They are

of three types: L _pyramid of numbers. 2. pyramid.of biomass and 3. pyramid- of energy.

Pyramid of Numbers: In large ecosystems, such as grassland and cropland ecosystem, the

number of primary producers is the largest, the number of primary consumers is less than that of

the producers and those of consumers of different orders decrease further in that order.If these -

‘numbers are represented in a diagrammatic way, an upright pyramid is formed {(Fig. 28.3A}. In

such ecosystems as tree ‘ecosystem, the number of primary producers is the least and that of -

the ultimate consumers is maximum, A single tr rimary producer) supports a large number
of fruit eating herbivore birds(primary consumers)which in turn support still higher number of

parasites like bugs and lice (secondary co@ers). Here an inverted pyramid is formed (Fig

© 283B).

Pyramid of Biomass: The pyramrd mass indicates by weight or other means of measuring ~

living material ie. the total bulk DIg isms or fixed energy preseni at any one time - standing
crop. In general the biomass of¢the producers must be greater than that of the herbivores
they support, and the bio f the herbivores must be greater than that of the carnivores.
This usually results in an up pyramid for most ecosystem, particularly the terrestrial(forest
ecosystem, grassland ecosystem etc.) (Fig. 28, 3C) and shailow water ofies, where the producers

are large, and characterised by an accumulation of orgamc matter, life cycles are long and there

is low harvesnng rate

In such aquatic systems as lake and ocean the situation is different. The prlmary producers are

microscopic algae(phytoplankton) which are characterised by short life cycle, rapid muitiplication,
little accumulation of organic matter, and heavy grazing by, zooplankton. At any point in time

* the standing crop biomass of the producers is low. As a result, the pyrarmd of biomass for these

aguatic ecosystem is inverted (Fig.28.3 D).

=7 Pyra.tmd of Energy: Here the pyramid is based on the-amount of energy produoed per unit

_area(oftén pef sqg. cm) by different trophic levels over a given period of time(often per year).
Such pyramids are always upright(Fig 28.3E). Since less energy is transferred from each levei
than was paid into 1t ThJs is in accord with the. second law of thermodynamics. -

Some organism may have a small blomass but the fotal energy they assimilate and pass
may be considerably greater than of organisms with a much larger biomass. On a pyramid of
biomass these organisms would appear less 1mportant in the community than they really are.
Thus sumbers overemphasize the importance of small organism, and biomass overemphasazes
thc importance of. large organisms. Energy flow prowdes a more suitable 1ndex for comparmg
any and all components-of an ecosystem
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Fig.283 Ecological pyramias: (A-B) Pyramids of number. (C-D) Pyramids of bintass. (E) Pyramid

of energy. T;, Ty, T3 and T are grecn plants, herbivores, carnivores and top carnivores respectively.

: ' ‘Check Your Progress - 2
l
" Write briefly about pyramid of energy.
Note: (a) Write your answer in the _space given below.

(b) Compare your answer with the one given at-the end.

....................................................................................
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28.6. SUMMARY

~ Flow of energy and material are the most important functional events of an ecosystem
and they are inseparable;the former being a cyclic and unidirectional and the latter cyclic. The
"~ primary source of energy for life on earth is sun and is available as electromagnetic radiation, -

Energy exists in potential and Kinetic forms. The basic unit of encrgy in ecological work is the
calorie. The steps involved in thé flow of energy through the ecosystem are primary production,
food chains and food webs, trophic levels and ecological pyramids. Green plants accumulate
energy and the energy accumulated per unit area per unit time is catled primary productivity,
The energy transfer from primary producers to fop level consumers in a series of steps. along
through the ecosystem is ‘food chain’. Trophic level is the consumption of energy at each level
in a food chain. Ecological pyramid js a trophic structure of an ecosystem. There are three Kinds -
of pyramids:pyramid of numbers, pyramid of biomass and pyramid of energy.

287 CHECK YOUR PROGRESS: MODEL ANSWERS

. 1. Detritus is the dead organic matter in ccnﬁ@nf By the decomposition or detritus food
. chain becomes operative when organismsdie. Millions of decomposer-organisms break up -
the dead bodies, using energy and 'rel nutrients from plant and animal matter back
into nutrient cycle. . g B S o -
~ 2. Pyramid of energy is represent o?t;l‘e basis of the amount of energy, produced per unit -
area(per sq.cm) by different Hic levels over a given period of time(Per vear). Since less -

energy is transferred fro%h_l vel than was paid into it, these pyramids aée\always upright.

28.8. MODEL EXAMINATION QUESTIONS - '

1 Answer tha;. following questions in about 30 lines. .
1. How does the energy flow through the ccosy'sttf:m. _
2. What is a food chain? Explain the series of steps that are involved in a food chain?
.- 3_. Wh:_:lt 1s ecolqgical pyramid? Explain different types of ecological pyrami%s_. ‘
IT. Answer the folowing questions in about 10 lines each.
1, Write briefly about food chain, |
2. Write about the pyram]d of numbers.
3. Write bri_eﬂjr_-ébout the pyr_amiu_ of biomuass.
© 4. Write ébout.-the'pyr?mic_l_ of energy. o
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'UNIT-29:

ENVIRON MENTAL
POLLUTION o

29.3.

i Contents

' 29.1.  Objectives

i 282, Introduction
Air Pollution

2931. Air Pollutants - Sources and Effects -
29.3.2.  Air Pollution control’

294. Water and Soil Pollution
29.4.1. Biochemical Oxygen Demand
29.4.2. © Water Borne Human Diseases
- 2943. Eutrophication
2944, . Biological Magnification of Insecticides
294.5. Mercury Pollution
29.4.6. Radioactive Wastes
294.7. Thermal Pollutlon
295, Summary
29.6. Check Your Progress @ Model Answcrs
29.7. Model'Examination Questions -
29.1. OBJECTIVES - : '\\2
At the ¢nd oéi___]is' unit you will be able to: - Q

1. list out the major pollutants of air, water, soil

2. describe the effects of various p'ol'lutéﬁt on

3. describe the methods of control of #fiyironmental pollution.

mention their sources,

imal and plant systems, and

29.2.

-,1'N"I‘ROD'_UCTION. E

Pollution is a major problem of the environment. Pollution can be defined as an upwanted
change of environment which is harmful to the living organisms. The deteriorating pollution is
. cansing world wide concern. Pollution can be natural or man made. The agents that poliute are

. om

., termed "Pollutants” and they are of various kinds. The environmental pollution: can be’ broauuy'

dmdsd into 3 catcgorles 1. An’ pollution- 2. Water po]lutlon 3. Soil pollution. -

29.3.

'AIR POLLUTI(_)N |

The gaseous envelop that sufrounds the earth s its atmosphere and the gaseous content is
. dir. The average composition of dry air below 25 Km is Nitrogen 79%, Oxygen 20%, CO, 0.03%
and other gases 1%. The earth’s atmosphere in its present form and composition. is beheved to

- have developed at least some 350 million years ago when extensive vegetation cover originated

on land.-Its presence provides an mdlspensable shield from ‘harmful radiation from the sun and
" its gaseous content sustains the plant ‘and animal life, The composition of the atmosphere is
progressively being changed by man’s activities with the result that plant animal and human life

is affected, hence the preservatlon of its quallty is.of utmost concern.

':t* o
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29.3.1. Air Polluta_hts - Spﬂrce.é'\a.nd Eilfectfs_"'-‘.

Table 33.1 gives the majc - air gollutan_ts,"\and_'their emission sources, and Table 33.2 lists |
_the air pollutants that affect the plant system, nature of symptoms they cause etc.

Carbon Dioxide: It is chiefly produced in'the combustion of the fuel in the homes, factories,

power stations etc. It is also released in respiration by plants and animals. A balance, or dynamic

equilibrium, is maintained primarily by photosynthesis whiich removes approximately 3% of the
world’s total CO, annually. However, between 1870 and 1970 the total quantity of atmospheric

COj is estimated to have increased by 11% (from 294 to 321 ppm) due to the burning of fossil

fuels. The actual use of fossil fuel should have produced an increase of about 20% but apparently

the excess is taken up by the-land biosphere and the oceans, Calculations suggest that there will
be an increase of CO,4 concentration from 320 to 370 ppm by AD 2000.

Most of the incoming solar radiation passes thrbugh air containing CO o and Wwater vapour
because most of its electromagnetic energy is in the shortér wave lengths. However, as the earth

-reradiates heat back into space, the shift to the longer wave lengths puts the radiation in a range

readily absorbed by water vapor and CO ,. Therefore, any increase in the CO , content of the
atmosphere may result in more of the outgoing earth radiation being . absorbed in the air and
a warming of the earth’s atmosphere. This warming effect has become, widely known as the

‘green house effect’, by analogy wgth the ability of green house to keep it inside warmer than the '

outside during the day time.

_ Table 29.1. Major air pollutants and théir er'n_issitg §o§1r¢¢s.

-
Pollutants Olhere They Come From 7}
: : rr
Aldehydes e Thermal decomposition
: : Q‘ of fats, oil or glycerol
- Ammonias . Chemical process-dye-
- Q> making ; explosives;
: lacquer ; fértilizer
_ Arsines P Processes involving metals
e - or acids containing arsenic
soldering o
Carbon monoxides o . Gasoline motor exhausts
Chilorines . . Bleaching cotton and
' flour; many other chemical
. . processes. - '
Hydrogen cyamides ' Fumnigation ; blast fornaces;

chemical manufacturing ;
_ . metal plating.
Hydrogen fluorides Petroleum refining ; glasses
' etching ; aluminium and
metal plating

- Hydrogen sulphides - . " Refineries and chemical
o industries ; bituminous
s ' : : : fuels,
Nitrogen oxides - ... Motor vehicle exhaust ;. .
/ . ' : . soft coal o
- Phosgenes (carbonylchloride) " Chemical and dye manufacturing.
Sulphur dioxides Coal anid oil combustion
Suspended particles Incinerators; almost any
(ash, soot, smoke) ~ manufacturing
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"Table. 29.2 Significant pollutants. toxic o plants.

Level
. . _ (parts per
Pollutants _ Markings mitlion)
v
-Sulful dioxide White to brown, bleaching, 0.1¢t0 30
blotching between veins _ -
Fluoride _ Necrosis on tips and edges 0.0001
of leaves, sharply
demarcated by dark.
brown-red band
Ozone Red-brown flecks 00_.15’
Oxidant smog Silver or bro Ii%_dn - 02
underside (@1‘,
bande@tem
Chlorine Bleaching, necrosis on About 1.5
margins and between
veins, scattered spotting
- Ethylene | Withering and drying of 0.01

flowers, growth
retardation, foss of
flower buds

* Cut roses are sensitive to fluoride,
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* Table.29.3. Specific effect of airpollutants on humans.

- (Groups

Agent

Principally Affected Organs

Respiratory Pollutants
Pulmonary irritants -

Dust

Granuloma-producing

agents

_ Fever-Causing agcnts

Asphyxiating po]lufants

Systemic Pollutants

Host-Specific Agents
Allergenic -

Carcinogens

- Mutagens

“Fluorid
-Cadmiuﬁ?*
' Cl%%cnat d-

Sulfur oxides
Nitrogen oxides
Ozone

. Chlorine

Ammonia

. Quartz

Silica -
Carbon

Asbestos i

Cobalt -
Iron _oxides :
Berytlium

" Hair sprays

Talcum powder

Zine '

Manganese
Hemp, cotton

_ Carbon monoxide
Hydrogen suliide 0

Lead
Mercury

G _
arbons -
ganophosphates

hy

Epoxy resins |
Thiocyanate =
Formaldehyde
Polien

Fungi

House dust

Strontiom-90
Todine-121 _
‘Nickle carbonyl

Chromium
Asbestos
Selenium -
Arsenic
Polyviny! -

- Benzo [a] pyrene

Most systemic pollutanté_;
organic mercury, lead, chlori

nated hydrocarbons, arsemic, -
fluoride, cadmium ' '

-Respiratory {ract

Lining of respiratory tract

Pulmonary interstitial tissue,

Lungs | -
Alveoli

Hcmoglobin _
Respiratory centre
Nerve tissue

¢ Brain, bowels -

Bones, teeth
Blood vessels, kidneys

Fat tissue, liver
Nerve muscle synapses

Skin
Respiratory tract.
Skin,lungs

" Bones

Thyroid

‘lungs,sinuses -

Nose
Pleura

‘Testicular tissue
~Skin

CRTOMOSOIMES
and genes -
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~ An increased warming of the earth has consequences. The glaciers would recede, polar ice
caps would disappear, and ocean levels would rise. It is estimated that if all the ice on earth
_should melt 200 feet of water would be added to the surfaces of all oceans, and coastal cities
“would be inundated.

Carbon Monoxide: It is the most dangerous and abundant air pollutant and is produced mainly-
from the incomplete combustion of carbon in vehicle fuels, and consequently is very plentiful in.
urban air. It also results from steel industry, in solid waste disposal. CQO is absorbed through the
Jungs and reacts with the haemoglobin of the blood to form carboxyhaemogiobin. Haemoglobin
has an affinity for CO that is- 200 times stronger than for Oxygen, preventing oxygen from reacing
body tissues. Thus it is highly hazardous to human health and the general effect is strain on
the heart and respiratory system.

_Cigarettc smokers have a ca’rboxjhacmog[obin level of about 5 per cent, contrasted with
- non-smokers at 0.5 per cent. Exposure to high levels .of CO produces death quickly: CO is
a special problem for street traffic; better the traffic police wear gas masks and have oxygen
supphers :

Oxldes of Sulphur The important sulphut 0x1des are: 802 and 803 The former is
consxdcrcd to be one of the most serious pollutants of the atmosphere -and 1§ associated with
mdjor air pollution disastrous on record. These oxides of sulphur are emitted by smelters, oil
refineries and paper mills, but mostly from burning sulphur containing coal and petroleum. SO,
« is mostly formed in the atmosphere by the oxidation of SO, under the influence of sunlight.

The moisture in the air reacts rapidly with SO, to form a mist b&sulphunc acid. In such-a case
© 30, is called the primary pollutant and the ot %er sccondary\ptu;tants

SO 5 is quite harmful to humans causing diseases @f e\gs throat and lungs. In plants, the _
gas causes ‘bleaching of leaf (Chlorosis) thereby affectmq‘photosynthesm breakdown of cells. It
may however be noted that the_sensitive to SO sto to%\‘ly is different in different plants, Lichens
are extremely sensitive and could be regarded “l;lfa lible indicators of SO 5 pollution.

various bu ilding materials. ‘Marble is p rly vulnerable to such attack; as a result, many
buildings and monuments that have endur for centuries are now being rapidly eroded. The
danger to the Taj Mahal of Agra has been anticipated from the oil refinery at a nearby town,
Mathura and appropriate anticontrol measures are taken.

HyS0, formed as secondary pollutant Eqrro smetals, destroys living tissue, and deteriorates

Acid rdin col[ected in lakes affects the eggs of amphlblan and fish, especnally trout. As
lakes became more acidic, bacteria disappear, frogs die, and leaves and other litter pile up on
the lake bottom. Below 5.5 pH, traditional planss are replaced by masses, fungi and algae.

Fluorides: Fluoride containing rocks, soils, minerals on heating release the hydrogen fluoride
into the atmosphere. It is also emitted from various specific industrial operations such as the
production of aluminium. It is extremely toxic to plants, and causes widespread damage to
vegetation. It enters the leaves through stomata and’ gets accumulated in their tips and margin’s
resulting in necrosis and chlorosis. .

Oxides of Nitrogen, Hydrocarbons and Ozone: Nitrogen oxide (NO) and nitrogen dioxide

. {NO ,) are the important oxides of Nitrogen that occur in the air as pollutants. Both are produced
by any combustion process, but, again it 1s the locally high concentrations that are responsible -
fot adverse effects on living organisms and on materials. The effects of NGO, on man range from
unpleasant odour to serious tung congestion to death, dependmg on the conccntratlon of NO 2

“and the duration of exposure. Hydrocarbons which are a variety of chemicals, are emitted 1n
large quantity by the burning of petrol in the automobiles. These are quite harmful Ozone (04
occurs to some extent in ‘normal’ air, but in higher concentratlons (15 to 20 ppm) it is toxu:
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It 1s~abundantly produced from oxygen- contammg molecules High cnergy causes sphttlng of
NO 5 to NO and atomic oxygen which in turn reacts with molecular oxygen to form ozZone.

The oxides' of nitrogen- and hydrocarbons combme in the presence of sunhght preducing
stlll more harmful ‘photochemical smog’. Ozone and PAN (Peroxyacetyl nitrate) are the chief
‘constituents of smog, and are extremely toxic to plants, but also cause eye- watering and respiratory
: distress in man. Smog is now a serious problém of sunny urban areas with heavy automotnle

' trafﬁc. such as Los Angeles, New York and London in the west.-

l..ead. Lead w]uch 1sm1xedm petrol to minimise "knockmg comes ouit from the automobiles
and very badly affects human health. Further more, it. accumulates in the automobrle engine
~ and increases the hydrocarbon emlss1ons, whose effects have already been dlscussed

- -} : Ethylene- It is released from 'automobile engines, from incomplete combustion of almost .
- ' any organic substance. It causes w1ther1ng and dying of ﬂowers, growth retardatron loss of ~
ﬂoWer buds. _ : .

. Particulate Matter: Not all air pollutants are gascs There are partlcles (sohd or liquid)
that include sea salt, dust, organic matter, smoke. Dusts-are produced from such manufacturing
processes involving gririding and crushing or handing of dusty materials, cement plants, asphalt
plants, foundries and so on. Construction and demolition also make -dust. Burning of coal
_produces unburned- or mcompletely burned particulates of carbon (smoke and soot) and solid
resuiue {fly ash). Incomplete burning of oil will produce soot.

Partic' s discharged from natural (volcanoes or'from man made sources canrreduce visibitity '.;_
.and restrict the amount of sunllght reaching the possr_brllty leading to. a coolmg of the
. earth s atmosphere. N .

- There dare many kinds of materials 3§:u%>log1ca] ongm in the air like bacteria, fungal 3pores , A
pollen grams etc which qmte often tause atopic allerg;y and bronclual troubles hke asthma : %

20.3.2. Air Pollution %Qnt l

©"  There are various dev1ces ‘@ developed to check parnculate materlals and abnoxrous gases
' from being dischatged into the atmosphere. The use of simple. air cleaning equipment such as
Cyclones, scrubbers, bag houses and electrostatic precrpltators enable to capture most of- the
. particles of combustion; and dusts from manufacturing arid processing units. If gascous waste i§~
passed through a porous chamber particles are held up. The gases could then be passed through
a water tower before releasing into the general atmosphere so-that most of the water soluble
polintants are absorbed before hand. Substituting natural gas for coal and oil would eliminate
802 and particulate emission problems from combustion, because it is scare it js no longer particle -
for power plants, As far as possible steps must be taken to avoid too much use of fossil fuels like
coal and petroleum, and instead hydroelectric and solar power should be harnessed more and
~ fnore. Nuclear plants do not have these air pollutron problems but peeple have other concerns
‘about using muclear fuel. The social and economic costs and benefits mcludmg enwronmental
rmpacts, need to be evaluated | m order to choose the best fuel system

Check Your l’rogress 21 _
“Carbon mono:_n‘de is lughly haaardous to human health" ~Explam
‘Note: a) 'Write your answer in the space given below. : |

b) Compare your answe'_r with the _one given at the-_end.

LR L RN R R R T I



I B T L T T T S
R T I T T T T S A A
........................................................................................
........................................................................................

.....................................................................................

20.4. WATER AND SOIL POLLUTION

The principal waste dlsposal practice employed almost every where is based on the philosophy
that solution to pollution is dilution. Therefore effluents from: human settlements and industry . .
are being increasingly let out at such a rate that many great rivers and lakes have turned murky.

* The industrial wastes, radioactive materials dumped in the sea and oil spills have been affecting
- the marine life. The indiscriminate and excessive use of pestlmdes in agnculture greatly damagcd '
the 5011 as well as aquatic systems. : _

These polluta:hts are'class‘ifi_cd in a generai ways as:

| 1. Sewage and other oxygen den‘laﬁding wa_ste;
2 Disease-causmg or mfecnouswastes
3 Plant nutrients such as mtrogen and phosphorous compounds
4 Sediments or silt i.e. particles of soil, sand and mlnerals
5 Toxu: substances such as synthetlc orgamc compound(djtergcnts msectlcldes BENE
6. Chlorinated hydrocarbons; o o
- 7. Radioactive wastes and . ' \?‘

8. Heat : o S Q"

Blodegradable and nondegradablc %ants From the ecosystem point of view, two.
basic types of pollutants are recognised. are nondegradable pollutants and biodegradable
pollutants. The first one includes the materials and poisons, such as aluminiuzm cans, mercurial

~ salfs; Jong-chain phenolic cherticals and DDT, that either do not degrade or degrade only very
slowly and accumulate in the natural environment. By contrast, biodegradable pollutants such
as domestic waste can be rapidly decomposed by natural processes mvolvmg microorganism,
Heat or thermal pollution is dispersible by natural means, and hence can be considered in this
category. However, problems arise with the biodegradable type of pollutants when the mput into
the env:ronmcnt exceeds the decomposmon or dispersal capaaty :

The cffects of the two basic kinds of potlution on systems energetlcs are different. chradable
pollutants that provide energy (organic matter) or nutrients (phosphates, carbonates etc.) will -
increase the productivity of the ecosystem by providing a subsidy when the rate of input is-
moderate (upper graph). At high rates of input a critical range is reached that is. frequently-
characterised by severe oscillations. Additional input above this. level becomes a stress and. the
system essentially becomes poisoned by ‘too much of a good thmg Toxic materials are stressful -
from the beginning. They increasingly depress productivity as the amounts increase, But the
effect may be hard to detect at low levels. :

20.4.1. Biochemical Oxygen: Demaltd (B' 0.D)

-

Sewage and other oxygen dcmandmg wastes constitute one of the largest pollutants of our |
waters This group lncludcs fhose materials usually derlved from domestlc scwage and ammal g



or food processing plants. Normally, if the quantity of sewage deposited in natural bodies of
water is low, the organic materials are acted upon by aerobic bacteria and fungi, and turned
into minerals in a short time. But if the sewage quantity is higher than the purifying capacity of
the water body, the population of bacteria tremendously increase. The aerobic bacteria, as their

name indicates, require a great deal of oxygen. As a result, any oxygen found in the body of |

water in which the pollutants occur is in great demand and often rapidly reduced. Such oxygen
reduction is used as an indicator of the degree of pollution and is measured as the biochemical
‘oxygen demand or BOD. In a poorly oxygenated condition with increased CO 2, fishes, other
ammals and plants die, and the clean water body is turned into stinking one.

29 4.2. Water Borne Human Diseases

) Human diseases carried by water include typhoid, cholera; amoeb13515 salmoncllosm shlgel-
tosis, infectious hepatitis (Jaundice), amoebic dysentry. They are:caused by certain microorgan-
isms-bacteria, viruses, protozoa and helminths that can be found in the feaces and urine of a
person ill with the disease. Intestinal and kidney discharges from ill persons, if not properly
disposed of, can contaminate water subsequently used for drinking, cooking, washing dishes or
bathing. A person consuming food or water containing these organisms will contract the disease.
The drinking water obtained from such water bodies polluted with intestinal discharges is to be
chlorinated to kill the disease causing microorganisms.

- 29.4.3. Eutrophication

The rain water from the land runs from the surf; " ce of perco'la'tes thrbugh the soil to enter the
streams and eventually the lakes, estvaries and OCC{%T}}C water carries with it silt and nutrients

load of silt, nutrients especially of nitrogenous an phosphate fertilizers and other organic matter -

in solution, all of which enrich aguatic ecos@'s an has added through agriculture a heavy

‘to the water bodies. One of the outcomes o
our aquatic systems - which become hi roductive or eutrophic. Eutrophication is another
form of pollution. The mat of algdlblobms became quite thick; on their death they become
medium for bacterial decompositi0sf which in torn leads to oxygen depletion and the associated

kinds of pollution. In such a@bic_situations many_ijseful plants and fishes die and the water

begins to stink. -

20.4.4. Biological _Magniﬁcation of Insecticides:

Organochloride insecticides like DDT, though helped to control mosquitoes and agri(_'_:ultura_l
pests, have become serious pollutants of soil and water. They are highly persistent, and theijr
concentrations continued . to increase with successful applications. The long term effects of

insecticides in soils are not knewn. Available evidence shows that they bring about significant -~ -

. changes in the population of soil organisms thereby affecting soil mineralisation. They inhibit
nitrification by soil bacteria. Termites have not been able to survive in soils sprayed with
Toxaphene. Aldenine depleted the earthworm popu[atlon

A large fraction of soil-based insecticides gets carrjed into the world’s surface waters with
the result all major rivers and the oceans are contaminated with these pesticides. The effect of
a given spray application is found to be more severe on carnivorous insects than on the original
pest. The chemical was linked with the death of various birds. The egg shells of birds that
have ingested DDT contain less calcium and are thinner. In these cases, a series of steps along
food- chains was involved; leavés of sprayed trees dropped, decayed, and tainted the sorl; the

birds ate the worms. Fish-eating birds and animals were also affected by DDT. Carried into lakes

lakes and oceans, the chemical was ingested by small organisms which in turn were eaten by fish
or clams. The DDT is more concentrated in their bodies through the process called biological
magnification. Stored in fats and oils DDT is concentrated when these materials are eaten and
digested. Clams may show a DDT ‘body concentration of only 0.09 ppm, for example, whereas a
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sea gull may contain 25 ppm in its body fat. It i is alarmmg that DDT is present in human breast
milk, obviously reaclung there through feod chams

29.4.5. Mercury Pollution

_ ‘Mercury in an organic form is highly harmful. Thc organic mercurials-ethyl or methyl mercury
* are produced when inorganic mercury compounds are dumped into a body of water and settle on a
_muddy bottom. There bacteria convert the inorganic mercury into organic mercury, commonly the
*methyl form. The highly toxic methyl mercury then enters the food chain, where it is concentrated
+1n fish it may further be concentrated in iumans who eat such fish. The toxic effects are mainly
" on the central nervous system. Mercury poison can be fatal. The famous minimata disease is a

-clear example of many poisons. For years, Industrial mercury was dumped into Minimata bay

in Japan. The fisherman and their families who lived on the fish they caught, began to show

the crippling effects of mercury poisoning. By 1970 the effects of the”Minimata dumping had
" reached epidemic propomons.

Mercury also enters o\lr enwronment in other ways; from burmng of fossil fuels and from
the use of methyl mercury as a fungicide. :

29.4.6. Radloactlve Wastes

A serious threat to our ermronment is from radioactive wastes- the deadly, long-lived by
products of nuclear exploswns nuclear reactors, nuclear power stations-etc. When a nuclear
. bomb explodes high in the atmosphere or at the earth’s surface the explosion releases fine
radloactge dust particles and gases, which are then spread ardund the globe by winds. As these.
particles settle to earth of their own weight or are brought db@" rain, they become radloactlve
"fallout" that may be breathed or ingested by living orijms

_ The radicactive wastes can enter the. food chain, "be taken up by plants, animals and
man. Radio-iodine gets concentrated along food ¢hain from low levels in the environment to
relatively high levels in the thyroid gland. josttontium is similar in chemical behaviour to
calcinm. Strontium-90 is concentrated fromM@W™evels in the environment to higher levels in
human bones; the concentration ratios ighest in children who are adding calcium to bene
~more rapidly than adults and who rece@ronﬁum i milk as well as in other foods. Cesium-
137 is taken up by plants along with potassium. One of the least expected hazards to human
beings involved the food-chain concentration of Cesium from dust from atomic explosions, to
soil and lichens in the arctic tundra, to reindeer feedmg on these lichens, to Eskimos eating the
reindeer. :

Life is damaged genetically or somatically by radiation. Genetic damage might not appear
for many generations, but somatic effects appear immediately or later in life. Cancer, cataracts
- or a shorter life span are some somatic effects of chronic, or long- term exposure In Japan the
after-effects of the atomic blasts of 1945 at Hiroshima and Nagasaki are still visible. Hundreds
of people died due to malignant growth, leukemia and cancer. Strontium-90 entering and -
accumulating in bones through the food chain: Plant-herbivore (cow) - and human, is. the
potential canse for bone cancer and leukemia. :

20.4.7. Thermal Pollutmn' :

Many industrial processes including nuclear and fossfl fiel power plants produce great -
amounts of heat which ends up in the air'and water. This waste heat called thermal pollution,
.can cause severe problems in aquatic énvironments. Many aquatic speciés are very sensitive to
changes in temperature and oxygen levels. Oxygen demand (BOD) go us as femperatiire goes up.
'On the other hand, oxygen is less soluble in warm water than in-cold. Water at 20°C witl hold
roughly 17% more oxygen than the one at 30°C. 'I‘he entire ecologlcal balance-of & stream can
"be affected by thermal pollutxon Increased water temperatures cause fish eggs to hatch so ear]v
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in the spring when natural food organisms needed by thé young ones would not be avallable'
Trout eggs commonly fail to hatch in water that is tpo warm, and samon often fails to spawn in
such conditions. Increased temperature may even affect CO ass:mllauon and consequently the
primary productlon of water bodies is cons:dcrably depresse%l :

Check Your 'ngress -2
-What is B.O.D? _
Note: a) erte your answcr in thc Spacc gwen below

b} Compare your answer with the one glven' at the end.

......................................................................................

L L R R I T T T T

B

20.5. SUMMARY - - .\

Air is being polluted by different activiti /}}nan and results in many harmful hazards to

- all living-things. Major air. pollutants, are.oxidés’of Carbon, Sulphur and Nitrogen: Fluorides,

= Hydrgcarbons, and Ozone, Lead, Ethylen d particulate matter. €O 5 is chiefly produced
in conibustion of fuel. Increase m@ ») content causeswarming of earth’s atmosphere; this

is known as “green house effect” is the most dangerous pollutant and accumulates in the

atmosphere by incomplete com%n of carbon from vehicle fuels, stee! industry and solid waste

disposal. CO on inhaiation quickly’ combines with haemoglobm to form carboxy-laemoglobin

_preventmg O 5 to reach body tissue. The result is strain on the heart and respiratory system.

305 and SO are also the major pollntants mostly produced from burning sulphur containing
cozi? and perrgleum ‘They cause disease of eyes, throat, lungs and, chlorosis in plants, and affects
photosynthesis. Nitrogén Oxide (NO) and Nitrogen dioxide (NO ,) are harmful pollutants
produced in any incomplete combustion. The unpleasant odour 012 NO 4 ‘brings congestion

- of lungs and leads to death. Hydrocarbons are emitted during the burning of petrol in the
automobiles and various chemicals. The oxides of nitrogen and hydrocarbons combirie. in the
presence of sunlight producing harmful effect and it is called photochemical smog. Ozone and

PAN (Pe‘ro)ryacetyl nitrate) are the main constitvents of smog and are toxic to plants. Ethylene
cnmes from incomplete combustmn of organic substances and is hlghly harmful to plants. = - -

Different types of partlclcs (Sohd and Liquid) act as pollutants and enter into atmosphere -
from various sources. The chief water and soil polluting sources are human settlements, .
industrial wastes, radloactlvc materials, oit spills, and pestlc1des “Water and soil pollutants are
basically of two types: - biodegradable and non-degradable. The biodegradable pollusants are
poisons, such as aluminium cansmercuria long ¢hain phenollc chemicals and dichioro diphenyl
ethylene tetrachioride (DDT). Polluted watér causés human diseases. Thcy are. Typhmd Cholera
Amoebiosis, Salmoneliosis, ‘Shigeflosis and Jaundice. Water enriched with nitrogenous and
phosphorous fertilizers promotes algal blooms, on death they become a medium for bacterial
decomposmon, thereby oxygen depletion. It is known as ‘Butrophication’. DDT in high
concentration causes water and -soil. pollution, the issue becomes more. seriotts because of
‘biological’ magmf]catlon Mcrcury in orgamc form is thhly harmful Radloactlve wastes are
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dangerous pollutants liberated into atmosphere from the gxplosion of nuclear bombs. These |
particles during rain reaches-the earth’s surface and through food chain affects the living organisms. =

20.6. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The most dangerous and abundant air pollutant, carbon monoxide (CO) is.absorbed through
the lungs and reacts with the haemoglobin of the blood to form Carboxyhaémoglobin in
human beings. Haemoglobin has stronger affinity (200 tlrnzs) for CO than for oxygen Thls
results in-strain in- the heart and respiratory system o

2. In.a water body 1f the seepage quantity is higher than the purlfymg capac1ty of the water
" body, the population of bacteria (Aeroblc) tremendously increase. This results in great |
- demand and often rapid reduction of oxygen. Such oxygen reduction is used as. an jridicator - -
of the degree of poliutlon and is measured as the blochemlcal oxygen demand or B.O.D.

- ¥
29.7. MODEL EXAMINATION QUESTIONS

1 Answer the following questlon in about 30 lines’ each

1. What are the important air pollutants? erte brleﬂy about their sources and their
effects on anlmal and plant life.. : :

2. What are the important water and soit pollutants“@é_ briefly about their effect on - -

living organisms. -~
II. Answer the following questlons in 10 lmes e@
"Carbon Monoxide is a dangerous air 50 ant” - Explam

What are the dangerous effects of g acids? .

‘What are the measures you su; to control air pollutlon"

1
2
3
4. Explain briefly about the biodegradable and nondegradable pollutants
5. Write briefly about the water borne human disease.

6

Write briefly about-t_he effect of radioactive waste on living organisms.
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30.1. OBJECTIVES. '_ \ |
: . . A ¢

: _ N/
After growing through this unit you will‘be.'a:

1. descrlbe varlous natural -Tesources, §

2. know the principles of conserv? atural IESOUICES,
-3 describe the managemen%at ',al -resour(_:es.

k)

30.2. INTRODUCTION

As the human population increases, greater demands are placed upon the available resources.

Large areas of the earth are converted to the exclusive use of man. The result is that several

changes are occurring in the various components of the biosphere-pollution of seas, rivers, and

lakes denudation of forests, disappearance of thousands of plant and animal species, loss of

_ valuable genetic resources especially in the tropics; ecological imbalance resulting from excessive

and widespread use of chemicals, degradation of extensive areas of pasture, especially in the

semi-rid regions of the world. These changes are well documented in UNEP’s 1982 reporr - 1he

World Environment. Thus in the present day, many valuable natura! assets and resources, which

- were available yesterday are not seen today. The problem then is what will happen to our future
generation if the natural resosurces are consumed at rapid rate. .

Increased attention is now being paid to understand the ecological principles, and find ways,
and means for proper utilization, and management of natural resources so that their continied
availability for future needs is ensured. With man’s growing awareness of his effects upon nature,
he is constantly searching for better control of his industrial waste products, and methods of land
use which are harmonious with nature, Conservation programmes are becommg more common
practice. : :
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30.3. NATURAL RESOURCES

Land, minerals, timber, and wildlife are all resources. QOur lakes, rivers, oceans and
underground water constitute our water resources. The resource, then, is anything that satisfies
the needs or wants of human society. .

Natural resources have been custemarily divided into {1} renewable and (2) non-renewable.
" The former includes plants and -animals whose continued harvest is possible upon proper
- management, the later includes coal, iron, and oil deposits, which, orice gone, have very little
chances of recavery or resynthesis. ' ' .

What is conservation?

The word conservation is derived from two Latin words: con meaning together and servare
meaning to keep or guard The word itself was coined by Pinchot shortly after the 1908 Whlte
House Conference.

The aim of conservation as stated by Odum (1971) must be to ensure (1) the preservation
of quality environment that considers aesthetic and recreational as well as product needs. {2)
cop"tinuous yield of useful plants, animals and materials by establishing 2 balanced cycle of harvest
and renewal. ' '

As defined in World Conservation Strategy prepared by IUCN in 1980 conservation is “the
manageiment of human use of the biosphiere so that it may yield the greatest sustainable benefit
to present generations while @aintaining'its potentigl to meet the needs and aspirations of future
generations. Thus conservations is positive, embracing pres&w@tion, maintenance, sustainable
utilization, restoration and enhancement of naturdf environment”. The World Conservation

! * Strategy sets out three basic principles for mamtdn@i}the balance between man and the

_environment. Here is a prescription for conservation, h man must take in order to ensure

: his survival on earth: (1) to maintain essential ecoldgical processes and life-support systems; this

" primarily requires rational planning anda allocation of uses and high quality management of those -

uses; (2) to preserve genetic diversity; thi marily requires the timely collection of genetic
-materials and its protection in banks, p% ions, and so on, in the case of off site preservation;
and ecosystem protection in the case n site preservation; (3) to ensure the sustainable
utitization of species and ecosysterns; this requires knowledge of the productive capacities of

- those resources and measures to ensure that utilization does not exceed those capacities.

Awareness is the first reguisite for meaningful analysis of environmental problems and
appropriate action. A mutually reinforcing awareness-analysis-action chain can be promotéd only
by education. An old Chinese proverb says: If you are thinking one year ahead, plant rice; If
you are thinking 10 yeass ahead, ptant trees, and, if you are thinking 100 yedrs ahead educate'
the people.

The UN Conference on Human Environment held in Stockholm on 5th June, 1972, which
had the distinction of the Prime Minister of India, late Indira Gandhi addressing it was a major
breakthrough in creating awareness. From then on the. World Environment day is being observed
every year an June 5 with a view of arousing the masses and bringing envirenmental issues to the
forefront of thinking and planing, and also to remember this mother earth the only environment
we have, and to take stock of its great capacity to assure all of the lasting prosperity. The recent
cantroversy over the Silent-Valley hyde! project to save ‘one of the last vestiges’ of typical rain
forest and the "Chipko-Movement" in Himalayas (Almora Hitls) in India is a welcome sign of
people’s “wreness. ' :

Y s ¢ oareat difference between the problems that the developed and the developing
contris sae idh regard to the environment. The developing contrlcs like India face the dual
problcm ol popu[atlon growth and proverty
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Therefore one of the fundamental problems confronting mankind is how to meet the basic
need and reguirements of all people without simultancously destroying the resource base, that
‘is the environment, from which uitimately these needs have to be met. Dcve]opmental activities
leading to the reduction of poverty ¢ and improvemient of the quality of life cannot be improved, if
- the development activities cause serious environmental degradation. The crucial need is therefore
to be planned for development that is in harmony with the environment. Thus environment and
“development are to be treated as two sides of the same coin and we must achieve development
without_ destructio... The implementation of conservation strategies depend on the collective
cfforts of people, State and Central Governments.

Tn the following the conservation and managcment of some 1mp0rtant natural rcsources are
dealt Wlth :

- Check Your Progress - 1 _
What are resosurces? Give examplcs of natural FESOUTCes.

Note: (a) Wnte your answer in the space given below.

(b) Compare your answer w1th the one given at the end

. 30.4 SOIL CONSERV?&;I _

Soil is a crucial life -5pp tem. since the bulk of all food production dcpcﬁcls onit. As
with other countries, the futu f India‘or at least of its ability to feed its people, will depcnd '
- on the health of its soils. ' '

Soit has never stayed in one place. Runmng ‘water and wind have movcd soils since they
were first formed from the early rocks. Thus, soil erosion is not new, nor is man exclusively
the canse of it. Nevertheless, today man’s agricultural practices certainly aggravate the problem
in a major way. Soils in tropical zones sre genérally more susceptible: ‘to_erosion than the
temperate zone, due to the topography of the land, and the nature of soil and rainfall. More
than half of 1ndla fu example, suffers form some form of soil degradation. Qut of her total of

i3 mﬂhon km 1.4 million km2 are subject to increased -soil loss, while an additional- 270,000
km are being degradcd by floods, salinity and alkalinity. An estimated 6,000 million tonnes

_ os soil are lost every year from 800,000 km? alone; with them go.more than millin tonnes of _
nutrients-more than the amount that is applied in the form of fertilizers. The world Charter for
Nture, which the United Nations General Assembly adopted on 9th November, 1982 recognised
~oil, conservation as fandamental and provides that the productivity of soils shall be maintained
or enhanced through measures which safeguard their long term fertility and the process of organic -
composmon and prevent erosion and all other forms -of degradation. The United Nations
Environment Progress (UNEP) has developed a World Soil Policy to ¢onserve the productmty
of soils and is now considering how to implement it. -

Soil erosion occurs easily when these are cut or the soﬂ is ploughed. Plant roots bind the

soil, and their destruction allows the soil to be readily moved by.wind or flowing water. Such

. destruction, aided by drought, accounted for the formation of the dust bowls. Secondary causes of

' .'soﬂ mstabzllty include the dlsturbance of the cycles mvol\ﬂng l;lumus and nitrogen. In undisturbed
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L _down into the river with big splash. Such riparian is more in

soils, these materials are normally replaced at least at the rate at which they are removed. In -
disturbed soils, the lack of recycling of organic matter demands that fertilizers be used, often rich °
in nitrogen, which greatly increases nitrogen content of soil and adjacent waterways. If fertilizers
are not v.ad, soil fertility continues to decline, and in time this is reflected m the crop.

Destruction of natural vegetation cover by overfelling and overgrazing is the genesis of soit
erosion. Water and wind are the pnm:lpa] causes for the removal of sml from one place to
another. : :

Water erodes or cuts and removes the soil by falling on it as raindrops, as well as by its
surface flow action. The chief sheet form of soil croswn by water are 1.Sheet erosion, 2. Rill .
Erosion, 3. Gully erosion and 4. Rlpanan €rosion. :

Sheet Erosion: A thin covering of soﬂ is removed uniformly from all-over without leaving any
mark behind. The evidence of such a type of erosion can be seen-in the heavy quantlty of silt
that deposits e]sewhere

Rill erosion: The run off water moves raplclly -over the soil surface cutting well- dcfmed fmger
shaped groove-hke structures appearing as stream-iike structure

 Gully erosion: Several rills (thin channels formed during rill crosion) coverage towards steep
slope, which form together wider channels (grooves) of water known as gullies. These gullies
may become still deeper and wider due te further rains.

Riparian erosion: The surface current of fast running rivers cuts the margins of the bank
lethally. Once much of the soil from beneath is cut away th Kp}soil of the river banks tumbles
tenSe during floods.

Soil erosion due to wmd is very common in dry aﬁ\_)glons where soil is chiefly sandy and
the vegetation is very poor or even totaily absent. Inlndia erosion by wind affects approximately
. 50 million hecteres of land, most of which is in Rajastan. As in water erosion, wind erosion is :
* also triggered by the destruction of plant cové)f_land' by overfelling and overgrazing. Once the
+ . top soil is laid bare to the fury of strong,galesyit gets blown off in the form of dust storm and -
* sand storm. Landsliding or slip erosmn%tlmcs results from heavy pressure caused by heavy -
rains on rocks at cliffs which come under tHe gravitational force and finally slip or fall off. Thus
an entire field or hillock may slide down. : '

The principal methods of soil conservation include, 1. minimum tillage, 2.. terracing. 3.
contour ploughing. 4. strip cropping. 5. basin listing. 6. contruction of dams. 7. controlled
gazing. and 8. afforestation.

Minimum tillage attempts to cultivate only to the degree necessary to ensure quick seed
germination and satisfactory growth of row crops. The seed bed is only roughened, so water -
_ sinks easily into the soil. Thus, little water flows off to erode. Contour tillage is ploughing along

‘the contours of the fields rather up and down the hills. Consequently water cannot run off
easily. Strip cropping involves clear-cultivation of crops between strips of grassess or iegumes on

- contoured slopes. This is effective in retarding the run-off and it helps hold the soil. Terracing -
_is widely used on long slopes. The slope is converted into a series of broad, level areas called !
terraces. Water draining down the incline is diverted into the flat areas. It slows down and *
reduces its erosion ability. Furthermorc the water is retained fqr watermg crops grown ‘in the
terraces. : . _

30.4.1. Dams

Disastrous floods are annual featurs of many rivers. Floods bring havoc to the soil and -
vegetation of the plains. Soil erosion is severe and widespread. Big dams constructed in the head
waters of such rivers control the floods effectively. Seil erosion is prevented and when better



irrigational facilities are provided the waste tand become fertile and productive. But before
-planning to construct such dams environmental impact assessment should be made to aviod any
unforeseen ill effects.

30.4.2. Controlled Grazing

Excessive grazing makes a land completely bare and the soil particles compact. Rain wafer
cannot percolate in such a soil and there is guick run off. The soil ultimately becomes dry. Such
a dry and week top soil is easily eroded. A strong check on overgrazing can only prevent this
type of soil erosion.

30.4.3. Afforestation

_ Probably one of the best ways of preventing erosion is by maintaining a vegetation cover on
iand. Of course, such a technigue cannot be practical on land destined for farming. Yet most
likely a great amount of unptoughed farm land shouid or could be reforested or regrassed. It was
found that on the banks of the riverse Ganga and Varuna at Varanasi that there is considerable
erosion due to the sloping topography, and wherever the slope is under cover of plants the rate
of £rosion is minimal,

Trees planted in short blocks are called wind breaks and extensive plantation of trees are
called shelter belts. Both the types of plantations are aimed at checking the spread of sand dunes
or desert conditions or blowing away of the fertile top soil. The plantation is usually being done
i two or three beits. Small sized plants are planted on the wind-ward side and tall trees on the
ieeward side. Casuarina, Lawsonia, Agave, Thevetiay Calotropis, Acacia, Dalbergia, Zizyphus,
Prosopis, Parkinsonia serve as nseful wind breaks\@shelter belts. P

In conclusion, it can be said that man's @vnce in the past and today is to a great extent
a product of a life- sustaining relationship whielf he has maintained with the soil. To abuse the
soil is to endanger that refdtionship and%ﬂ& to seriously threaten man’s very existence.

Check Your Progress - 2 . :

Name the methods of soil co@atmn.
Note: () Write your answer in the space given below. .

(b) Compare your answer with the one given at the end of this unit.

30.5. WETLANDS

Wetlands are the areas of submerged or water satuarated fands. They may be natural or

" man made, fresh. water or marine. They are of immense economic, scientific and aesthetik
" importance. They form excellent habitats for water fowl, and nursery grounds for prawn, fishes
" and crabs. Some of the important wetlands in the country are Chilka lake of 1,15,150 ha. when
full; Kolleru fake (90,100 ha.) and Pulicat lake (35,000 ha.).These lakes are richin fish, and the



_ l - ..
anrual Iandings of fish respectively are 36,000; 7500; 1200 tonnes. There is a gradual decline in
the fish vields in all the rivers and lakes, and the principal factors responsible for a dectine include
over- fishing, and sharp degradation of the agutic environment by industrial and domestic poilution
and construction of river-vaily projects. While over-fishing calls for effective conservation vis-a-vis: ;'
judicious management, the coraing up of river-valiey projects causes gbstruction to free movement -
of migratory fish (hilsa, musheers) rapid industridiisation and urbanisation are serious threats to
the fish life of the watess. : . ' i

. Tt is now increasingly realised, that these wetlands should be properly managed, and exploited
to the maximuin without causing damage. The Department of Environment, Government of India |
- through the National Committee ‘on Environment Planning (NCEP) has considered the question | -

of Wetland management and gave great importance to gathering the required information for
their ecologically sound management. _ :

30.6. GRASSLANDS

The prassstand ecosystems are those in which the vegetation is dominated by such herbaceous
species as (i} grasses and grass- like plants (particuiarly sedges) referred collectively as ‘graminoids’
and {ii) forbs, which are non-grass-like herbs. Frequently, there are also dwarf shrubs that do not
exceed the height of the grasses, while taller shrubs occur in some areas as isoloted individuals or
in patches; “cattered trees characterise the tropical subtropical savannas (Grassland Ecosystems
of the wortd-Ed.R.T.Coupland, 1979). '

Natural and artifical grasslands cover atieast one-thir ON‘lé land surface of the globe,
and produce much of the worid’s food. These areas provid;\mage for free-ranging native and
domestic animals as well as producing possible sources i&?@od production, water and wild life.

~ Thus the nataral grassland areas of the world have be vsed primarily either as cropland or

- as rangeland, because of the increasing deggree of sity of management for crop and meat
production, natural grasslands are being chan ‘at an accelerating rate. It is therefore, urgent
to obtain more information about grasslands iy tHeir present condition before they are further .

modified. <‘; _

© With just a fortieth of werld’s land, Thdia supports over hdlf of its buffaloes and over a

seventh of its cattle and goats. The result is a fodder famine. Large arcas of former grazing lands

now come under agriculture, ieading to an overstocking of the remaining areas. In Gujarat,

* permanent pastures and grazing lands have dwindled from 1.04 million hectares in 1960-61 to
'8,52,000 hectares in 1976-77 while the bovine population has increased slightly. Rajastan, which
ranks third in India in animat wealth has experienced a simitar shrinking of grazing lands between
1951-52 and 1977-78 leading to an increase in animal units per 100 hectares of common grazing -
fand from 39 to 105. In Andhra Pradesh, the area of permanent pasture and other grazing
fands in 1969-70 was 11,56,817 hectares, and in 1980-81 it was 9,23,648 hectares, and the bovine

~ population slightly increased. Similar decrease in grassland area and increase in livestock might
_bave taken place in other states, :

Range management seeks to maintain and impreve.the range so as to preduce highest
possible forage yield for the animal feeding on them. This is normaily brought about by applying
ecological principles. Indian grassland and Fodder Research Institute at Jhansi works to evolve
the ecotogical principies and management practices. Overgrazing has caused deplétion of the
grass cover in'many areas, and is a haphazard to the continued productivity of rangeland. It has
caused some grassland landscapes to become desertic in character. :

It also leads to the disapperance of palatable-species. Trampling for larger periods by graziné
animals prevenis the growth of young plants. The soil becomes tompact, and the séeds cafinpt
sprout. Soil erosion is accelerated. ' T o
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Many small animals such as rabbits, rodents, and even insects forage on grasses and other
range plants. It is, therefore, necessary that pcople who: manage range lands, must know thc
principles of food chain.

The major management practice in use is control over the numbers of livestock and their
distribution on range. in rotational grazing, livestock is. moved from on¢ pasture to another
according to a schedule, and this reduce grazing intensity and allows time for vegetation to grow.

. Sometimes, a pasture is prcventcd from grazing until all seed and grass maturity is assured; this

is deferred rotation.

The use of fire forms anximportant'tool, espccially in tropical regions. In maintaining
herbaceous cover by interferénce with invasion by unwanted species such as trees or shrubs.
. However, this tool must be used with. some caution. The IBP studies showed that fire seems:

to be beneficial in some subhumid temperate situations in releasing nutrients from accumulated;

‘litter; while in drier areas vigour of the herbaceous vegetation is noticeably reduced for severa}
years after burning. The undesirable piants in the pastures can be removed by use of herb1c1des
or by mechanical means. . :

Fertilisationisa standard means of i 1ncrcasmg productmty it mtensxvely used arable pastures,
and in certain semi-natural pastures and meadows. Under exterisive rangeland conditions,
insufficient moisture and economic feasibility have interfered with widespread use of fertilisers.
Periodic seeding of suitable species is an additional practice to increase the grass production.

30.7. FORESTS

Forests provide both goods and services to -m\;nd. The goods'include wood for homes,
furniture, fuel, and paper; nuts, frults, honey for food; medicinal plants for health and fodder

for Ilvestock
™

The services rendered by forest: 'ncll)gf?harbouﬁng of wildlife, rebuilding of soils, protecting
soil against erosion, reducing the dapger of floods, protection of the catchmerits and regulating
the flow of streams for irrigation and hydroelectric power, prevention of polution etc. Forests
regulate [ocal microclimate a@wide beauty amenity and recreation. Such a natural resource
with a great variety of functions'afid services, has been thoughtlessly destroyed in the last century.
According to Forest Department Statistics, India lost between 1951 and 1972, 3.4 million hectares
of forest to dams, new croplands, roads and industries, which means an annual deforestation of
about 0.15 million hectares. Besides, recent report prepared by the International Union for the
conservation of nature and Natural Resources (IUCN) says that India has lost nearly 2.5 million
hectares of mangrove forests over the last 80 years.

The National Policy envisages that 33% of the land should be under Forest cover as against

‘this, according to Forest Department statistics, approximately 23% of the country’s total area is -

the forest land. A report of the National Committee and Environmental Planning clearly states
that no more than 12% of the country’s total land surface is under adequate tree cover.

~ The reasons identified for such degradation of f_orest land- are unatithorised felling of trees
for wood, over-grazing, shifting or podu or slash and burn cultivation and the expolitation of
forests for forest based industries, and for urban markets, Whatever niay be the reseason for the
rapid denudation of forests, the consequences are incredsing floods, soil erosion, heavy siltation
-of dams and changes in microclimate. Thus there is an urgent need to evolve workable principles
of conservation, exploitation-and management of such a valuable resource on sound ecological
principles.

‘t_:.

?

The National Commlssmn on Agriculture estimated- thc total wood requlrcment for the year

1980 and 1990 to be 25.5 and 40.5 miillion m3. This demand is likely to rise to 64 million m3
by 2000 A.D. The cstlmated requirement of fucl-wood by 1980 and 1985 and 2000 AD. will be
s .
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" about 184,202 and 225 million m3 respectively. The production at present is hazdly 10% of this
-estimated demand. This démand for wood by the 2000 A.D. can be met by man-made forestry

“prograntmes, concentrated natural regeneration programmes, working of an accessible forests

. by infrastructural development timely thinuing and final fellings of existing plantations, social -
forestry or farm forestry. So, during the past three decades steps have been taken to implement
these programmes. In fact, social or farm forestry holds the key to ease the scarcity of industrial
wood and fuel wood and.-can only provide the cushion to protcct the reserved forests.

Sllwculture is the term for forest management whlch deals through ecologlcal prmc1ples
with the establishment, growth and reproduction of timber trees.

Many barren areas and lands that are unsuitable for. ¢rop cultivation” have becn and are
increasingly brought under the cover of forest trees. The less productivity forests and waste
lands can be turned into forests short term tree plantations to meet theé demand for firewood by
raising high yielding/quick growing plants like Casuarina, Acacia auriculiformis, Cassia sianea,
Caesalpinia coriacea, Pongamia, hybrid Eucalyptus like Eucalyptus citrodora, and Leucaena
Jeucocephala (koo-babul or see-babul). Many artificial forests of single dominant species are also
maintained eg. teak and sal forests. No doubt such forests are of great commercial importance,
but pure stands or monocultures are susceptable to damage by insect attack and disease epidemic.
In order to reduce the expenses over plantation of trees a- system of forest culture plus agriculture
has been evolved. This is called the Tungya-system in India. In this system the landless pqor are
allotted cleared forest plots, Crops are grown along with the seedlings of the forest trees for 2-3
years and after the seedling grow deep down due to competition with crop plants, the labourers
are moved onto a cleared plot. The labourers enjoy the refurns from crops.

For successful forest management, a knowledge of the eco%%pf the habitat and of succession
" is a must, otherwise the programmes may end in faily e improvemént practices such
as genetic hybridization, and tisssee culture are to be{_%bincd with management practices
to reduce the length of growth cycle. To imeet the incredsing demand for wood by the ever
. increasing population, undoubtedly the -managcme%actices will become more intensive and
. costs will accelerate accordingty. O"’" ke '

30.8. WILDLIFE = (%

The greatest nature lover and architect of modern India, our first Prime Minister Jawaharlal
Nehru, referred to wildlife as: *"Wildlife” - that is how we refer to the magnificient animals of our

- jungle and to the beautiful birds that brighten our lives. Inspite of our culture and civilization -

" in many ways mar continues 1o be not only wild but more dangerous than any of the so called
animals. Life would be very dull and colourless if we do not have these magnificient animals .
and birds to look at and to play with. We should therefore, encourage as many sanctuaries as
possible for preservtion of what yet remains of our wildlife' '

The expression ‘wildlife’ is extended to include both animals and plants. The former includes
not only the bigger and showy animals Ilkc the Tiger, the Lion, the Elephant etc. but also
the smaller and bright creatures such as' ‘'sriakes, lizards, bats, insects ete. The Indian sub-
continent is one of the most fascinating eécological, geographic regions, in the world and sustains
a tremendous amount of diverse life forms, that inctudes about 15,000 species of plants (out of
a known world total of 2,50,000) and 75,000 animal species {out of a2 world total of 1.5 million).

_Several of these as Sloth Bear, Blackbuck, fourhorned Antclope are peculiarly indigenous.-

There is a general lack of awareness of economic value of wildlife. Wildlife can be treated as
a national resource that provide many benefits to mankind. Rajcsh Gopol (Wildlife Newsletter,
July 1979) classifies the uses of wildlife as consumptive and nofi-consumptive, the former includes
sport, hunting, food, hides, horns, bones, musk, ivory, feathers etc., .and the later comprise
benefits of scientific, cultural, recreational, ‘aesthetic, educational and ecological nature.
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1t is often realised that wild animals yield more food material than we get from domestic -
animal husbandry. The diversified natural animal communities acting as'a whole can maintain a
far greater production of animal flesh than the goat, sheep; cattle and buffaloes which mostly
constitute the livestock in India; We have a number of species such as wild pig, chital, sambar,
nilgai and blackbuck, which can be exploited by way of wildlife ranching. :
Today a significant portion of our wildlife is threatened by the pressure of human activity
on land, forests in other words due to habitat destruction. The first comprehendive listing of
endangered wildlife species was conipiled in wildlife (protection} Act 1972 Schedule 1 of the act
identifies 70 mammals, 22 reptiles and amphibians and 41 birds as rare and highly endangered
species which are totally protected throughout the land. Such threatened animals include,
Lionatailed Macaque, the wolf, the Jackal, the Indian fox and the wild Dog, the Tiger, the Lion,
" the Leopard etc. The Cheetah, the pink-headed Duck and the Jerdon’s Courser have already
- disappeared from India. The Indian Lion is now confined to a small patch of dry scrub jungles
_ of Gir forests in Gujarat, the Indian Ass to Rann of Cutch and the Indian Rhinoceros to the
marshy patches .of Assam, West Bengal and Tarai area of Himalayas. The Tiger is confined
mostly to the Tiger reserves created under world wildlife Fund Project Tiger in 1973.

- Compared to endangered animat life, piant life has not received much attention. An estimate
of threatened Plant Committee of JUCN reveals that about 10% of the world’s flowering planis
are reported to be dangeriously rare. The Botanical Survey of India, in a recently published
"State of the Art” report lists 134 most threatened plant species of which 99 are in the Himalayas
and north-east, 28 species of orchids are listed as endanagered. The seriousness of the sitnation
is amplified from the observation of Peter H. Raven, Director of Mussouri Botanical Gardens
(USA) that "the disappearing plant can take with }(\10 to 30 depending species such-as insects, ~
higher animals and few other plants". \./ o . :

As rightly remarked by our late Prinﬁﬁinistqr Smt.Indira Gandhi, "the environment in
which animals and plants become extinct is noé-safe for the human beings either. Our country has

 a rich heritage of wildlife and at the samg¥ime has long history and tradition of its conservation”.
Speaking at a function of launchingythe orld Conservation Strategy on March, 1980 at Delhi, .
Smt.Gandhi rererred to this heritage™as: "The interest in conservation is not a sentimental one -
but the rediscovery of a tru 1l RKnown to our ancient sages. Indian tradition teaches us that =

" all forms of life: human, a and piant, are so closely intertinked that disturbance in-one.
gives tise to imbalance in the rest”. ' ' s

" Broadly, there are two ways of conservation of wildlife. One to conserve it the wild or on
site conservation and the other in captivity. The on site conservation involves the identification
and declaration of Biosphere-reserves, National Parks, Sancturies etc. The Biosphere-reserve

" Programme was,launched on a world wide scale by UNESCO in 1973 as the Man and Biosphere.
(MAB) Programme. It has led to the creation of 200 Biosphere-reserves in about 40 countrieis
so far. In India seven areas are being considered for setting up such reserves. ~They. include
Nilgiri at the tri-junction of Karnataka, Kerala, and Tamil Nadu. Tura Citrus Gene Sanctuary in
‘Meghalaya, Namdapha in Arunachal Pradesh, Valley of flowers Tunganath-Rudranath in -U.P., .

Nandadevi in UP., some islands in. Andaman-Nicobaf group and the Guif of Mannar on the
Yamil Nadu coast. One of the objectives of the international Biosphere reserves is tb conserve
for present and future use, the diversity and integrity of plant and animal communities within
natural ecosystem, and to safegnard the genetic diversity-of the.species on which their continuing
evolution depends. However, the most significant aspect of Indians Biosphere-reserve Programme

is the concept of ecodevelopment. It is an attempt to integrate the restoration of degraded
- habitats, with efforts for water and soil conservation. o '

30.9. SUMMARY

Natural resouices included land, minerals, fo_rests,? wildlife, lakes, rivers, oceans and under-
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grownd Watéf Several valuable natural resources, which were abundant, are diminishing day by
_day. Much attention is paid to find out the ways and means for proper utilization and judicious
and wise management of nutural resources on sound ecoiogical principles.

Conservation is the management of human use of the biosphere for the continued benefit
of the present as well as future gererations. Developing countries like India face the duel
problem of population growth and poverty. Developmental activities aimed at reducing the
poverty and improving the quality of life of people must be in harmony with the environment.
Soil is an impertant life-support system and the future of any country depends upon the health
of its soil. Soil abuse, seriously threatens the very existence of man. The principal methods of
soil conservation are 1) minimum tillage 2) terracing 3) contour ploughing 4} strip cropping 5)
constructipn of dams 6) controlled grazing and 7) afforestation. Forests are a valuable Yesource
which provide various goods eg: Wood, Food, Fodder, Medicinal plants, and render yariois
services like rebuilding of soils, harbouring of wildlife, reducing the danger of flood, protecting
the soil against erosion, prevention of potiution etc. Proper steps are urgently needed to conserve,
exploit and manage the forests on sound ecological principles. India is facing fodder famine
due to excessive cattle growth and disappearance of permanent pastures and grazing lands. The
general rangeland managereal practices inciude (i) controlling overgrazing (ii) fertilisation and -
(iii) use of fire. Wetlands are the submerged or water-saturated land; they may be natural or
mari-made, freshwater or marine. Wetlands should he properly managed and exploited to the
maximum extent. Wildlife as a resource, provides marly positive values to mankind. India has a
rich heritage of wildlife and at the same time has a long history and tradition of its conservation.
About 10% of the world’s flowering plants are dangerously rare. The major cause identified for
the vanishing wildlife has been the habitats destruction. Thereare two categories of conservation
of wildlife: to conserve in the wild and in captivity. The@ of onsite conservation can be
achieved by identifying and declaring Biosphere-reserves, National Parks, Sanctuaries etc. The
Zoological and Botamical gardens serve to conserve tr@dhfe in captivity.

30.10. CHECK YOUR PROG;@S‘ *MODEL ANSWERS

1. Anything that satisfies the needs nts of human society is called a resource. Natural
resources are of two types rencwablgZand non-renewable. Forests, grassland, crops ana
Animals are examples for the former type and minerals, fossiis and fuel for the latter.

2. The principal methods of soil conservétion include 1. Mintmum tillage; 2. Terracing,_
3. Contour ploughing, 4. Strip cropping, 5. Basin listing, 6. Construction of dams, 7
Controlled grazmg and 8. Afforestatlon

30.11. MODEL EXAMINATION QUESTIONS

L Answer the following questiﬁns in about 3¢ lines each.
1. Write briefly about soit erosion and methods to be taken for soil conservations.
2. Write briefly about witd life conservation. i
3. Write briefly about the conservation and managemenf of grasstands and forests.
2. Answer the following questlons in 10 lines each. |
. What is soil erosion? E‘:{plam briefty about different types of soil erosion.
2. Write briefly about natural resources.
3. "Water and wind are the prmclp&l,ga_pses of soil erosin”™ - Explain.

4. What are the natusal resources of wet lands? How do you conserve them?
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' ' BOTANY ' _
COURSE [II:PLANT PHYSIOLOGY, GENETICS & ECOLOGY a
' B Sc., III YEAR o

':ASS\IG_NMENT_- 1

| B A - Time: 2 hours .

1. Do not copy the ansWer'direc'tly from émy of the books. : o
2. As far as pbssible try to answer the qucs.tibhs indepénden@your own words.

3. Tf it is niecessary to quote from any s'burce, give the t referencc

4, Usé ybur own foolscap pages for writing 'the assi§ me
5. Leave sufficient margm for the comments of the %Tuators

6. Completion of this assignment normally sh d"iot take more than two hours tlme

. K )
L Answer the l’allowlng questions in about 30 lines each.

- 1. Explain the fluid mosalc model of Plasma mcmbrane structurc with a neat dldgram

2. Ennume_rate mlcro-nutrlemclements in Plan_t nutl_‘l_tlon. Descnbe how they are utilised by plants..

3. Describe the structure of enzymes and explain their mode of action..

IL Answer the following questions in about 10 lines each
L De'scrlbe the structure and function of Go!gi l:ody

2 Explam the Phenomenon of nmass ﬂow
3. What are the main differences in carbo_n 'fixa't_ion" mechanisms between C; and C, Plants?



‘Cut here

I. Answer the following qliestions in about 30 lines each.

DR B.R. AMBEDKAR OPEN UNIVERSITY

FACULTY OF SCIENCE
BOTANY
COURSE - IIEPLANT PHYSIOLOGY, GENETICS & ECOLOGY
" B.Sc., IIl YEAR

ASSIGNMENT - 2

Time: 2 hburs

Note: - ' S .

. Do not copy the answer directly from any of the books:

. As far as possible try to answer the questions Ind ently in your own words.
. If it is necessary to quote‘from_any sOurce, gigz@c current reference

. Use your own fool.scap pages for wrifing the assignment.
- Leave sufficient margin for the comments of the evaluators.

6. Completion of this assignment no@ should not take meore than two hours time.

1. Describe Krebs Cycle and the reactions in order.

2. Give a brief account on nitrogén metabolism in higher plants.

3. What is meant by Photoperiodism? Explain it with reference to shbrt-day plants.

I1. Answer the following questions in about 10 lines each,

1: Explain the role of auxins in geotropism.
; 2. What is fermentation? How is alcohol produced in alcohol fermentation?

‘3. Write briefly about the role of hormones in flower initiation.

s



Cut hero-

DR.B. R AMBEDKAR OPEN UNIVERSITY

FACULTY OF SCIENCE
' ‘BOTANY - '
COURSE - III.PLANT PHYSIOLOGY, GENETICS & ECOLOGY
~ 'B.Se,, lIl YEAR

A}-SS_I_GNMENT'-‘ 3

Time: 2 hours
Note: |

Do not copy. the answer d'irectly_ from any of the books.

i

2. As far as possible try to anSwer the questions inde’pendontly in your own words.

3. If it is necessary to quote from any sourge, give the curre rcference :

4. Use your own foolscap pages for wntmg the assngnmen\"t) '

5, Leave sufficient margln for the comiments of the -@ tors. . _
6. Completion of this assignment normally_ shoulq?st take more than two hours time. '

P L Answer the followmg quest:ons in a%:igiines each
1. Write an essay on gene mutations giving suitable examplcs
) 2 Write briefly about the Mondellan Iaws of mhcntance

3. Explain eoologlcal pyrannd and dxscuss 1ts dlfferent types

IL. Ans'wer the following guestions in about 10 lines each.

1. ‘Write brleﬂy about modofymg genes or -modifiers.
2. erto briefly about crossmg over and its mgmﬁcance

3. Explain briefly about the blodogradable and non- degradable poIIutants
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- Unit-1
Unit-2
Unit-3
Unit-4
Unit-5
Unit-6
Unit-7
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Unit-9
Unit-10

-+ Unit-11

Unit-12
Unit-13
Unit-14
Unit-15
Unit-16
Unit-17

BLOCK-I1 :

Unit-18
Unit-19
Unit-20
Unit-21
- Unit-22
Unit-23
Unit-24
Unit-25

BLOCK-II :

Unit-26
Unit-27
Unit-28
Uni¢-29
Unit-30

B.Sc., 11l YEAR

SYLLABUS

- PLANT PHYSIOLOGY

Piant Cell-Structure and Functions
Transpiration and Stomatal Movements

- Macro- and Micio- numents

ion Uptake

Translocation of Solutes

Structure, Nomenclature and Classification of Enzymes
Photosyntheti¢ Pigments and Photochemical Reactions

Cye C4 and CAM Pathways and Factors mﬂucncmg Photosynthesus

Glycolysis and Fermentation = -

Krebs Cycle and Electron Transport ste'

HMP Pathway and Factors Affecti 'Respiration
Photorespiration c@ E
Nitrogen Fixation ‘I?\'

Nitrogen Metabolism

Piant Growth and Growth Regulators

Role of Growth tors in Dormancy and Movements
Physiology of Flowefifig

GENETICS

Mendelism

Modified Mendelian ratios and Polygenes
Linkage and Crossing Over

Cytoplasmic -Inhe_ritanée

Gene Structure and Function

Genetic Code and Protein Synthesis
Mutations '

A Account of Genetic Engineering

ECOLOGY -
Ecosystem Concept and Plant Adaptation
‘Ecological Factors :

: . Energy and Trophic Levels .

Environmental Po]lut:on

.COI'ISEI'VdUOI‘I and Managcment of Natural Resources _
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DR.B. R AMBEDKAR OPEN UNIVERSI’lY
" FACULTY OF SCIENCE
B.Sc.Ill Year (3 Year Degree Courses) Examination, July 1991 _
BOTANY B b
COURSE—I Plarit Physiology, Genetics and Ecology ’

MODEL EXAMINATION PAPER

Time 3 Hoursj | [Max.@qus 75
Min.Marks 27"

. Section A (Marks 3 X 15 = 45)

Answer any THREE questions.
Each question carries 15 marks. _
~ Answer the following in about 30 lines each.

¥

=

Describe any model explaining the ultra-structure of plasma membrane

Explain the differences beiéwecn active and passive uptake of sp!utes

Explain Mendel’s law of inheritance. \> ' o
Describe HMP pathway. What is its importance? Q o

A R R

F -

. Explain how Cy4 pathway of carbon flxatlon is rg?e\e icient than C, pathway. Name two! Cy

crop plants, _ _ _
6. Describe the ecological adaptations in hid%wﬁes with examples. . \,_

Section (Marks 5 X 6 =30} -

Answer any-FIVE questions. .
Each question carries 6 marks.
Answer the following in about 10 lines each.

=~

Describe the wtra-structure of mitochondrion and its main functions.

wo

Explain Statolith theory of geotropism,

. What is genetic code? Describe it with examples.

SR

10. Discuss the importance of envimnmental conservation.
11, Explain Hill reaction.
12. Explain electro-osmosis. N
13. What is parthenocarpy? How is it induced? Describe it's'impartance.
!4. Describe the role of iron and phosphorus in plants.
. Explain thé pyramid of energy. .

" 1ajscuss the significance of crossing over.



