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Preface

Biological Research is in the midst of a revolutionary change due to the integration of powerful
. technologies alongwith new concepts and methods derived from inclusion of Physical Sciences,

Mathematics, Computational Science and Engineering.

We are living in the 21" century where the role of science and technology cannot be denied.
* Biology as subject is playing a pivotal role to explain the complex nature of life. Now, there is a

need for every individual to know the worth of scientific saturations, and in this regard it's

Biology which is going to help every individual of a society in today's world.

It is essential that we learn the Morphology and Physiology of all living things. How to live in

harmony with the other residents of earth. Thus study and teaching of Biological Science at each

and every level of education has become inevitable.

The text for class X1 has been developed in accordance with the demand of national curriculum

2006. which is based on attainment of standard benchmarks and leaming outcomes.

The special features of this book are:

e Eachchapter begins with the briefintroduction of topic.

e The headings and sub-headings of each topic is written in different colours which help the
students to differentiate between topics and sub topics.

e  For the first time new informative pattern is introduced e.g., tit bits, data/ information,
tables or boxes, critical thinking, activities etc.

e The exercise of each chapter is written according to the pattern of paper as prescribed by
educational board that is section 1 is comprising of objective questions which inciude
MCQs and completion of blank spaces. Section 2 includes short questions and section 3
includes long questions.

e SLOsofeach chapterare given in the beginning of the chapter while summary is given at
the end of each chapter in order fo assist students recall their knowledge about said chapter.

e Biological names of organisms are written in italics letter.

At the end of this book:
e Commonly used Greek and Latin words and their meanings are given at the end for the

convenience of students and teachers. -
e  Glossary has been provided to understand the biological terms.
e Indexisalsogiven forthe convenience of students to locate different topics.

Your kind guidance will be appreciated:
e  Despite our earnest efforts there can be certain errors and omissions in this book as human

limitations, suggestions and positive criticism, therefore, from our colleagues, {eachers
and students will definitely inculcate a new spirit in us for further improvemen? of the

. ‘textbook.
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Students Learning Outcomes

On completion of this unitstudents will be able to:

List the principles and identify the apparatus used in the techniques of
fractionation, differential staining, centrifugation, microdissection, tissue
culture, chromatography, electrophoresis and spectrophotometry.

Describe the terms of resolution and magnification with reference to
microscopy.

E)fplain the use of graticule and micrometer and define the units used in
micrometry.

Describe the locations, chemical compositions and significance of the primary
and secondary cell walls and of middle lamella.

Explain the chemical composition of plasma membrane.

Rationalize the authenticity of the fluid mosaic model of plasma membrane.
Relate the lipid foundation and the variety of proteins of the membrane
structure with their roles,

Identify the roleof glycolipids and glycoproteins as the cell surface markers.
Explain the role of plasma membrane in regulating cell's interactions with its
environment.

Describe the chemical nature and metabolic roles of cytoplasm.

Distinguish between smooth and rough endoplasmic reticulum in terms of
their structures and functions.

Explain the structure, chemical composition and function of ribosome.
Describe the structure and functions of the Golgi complex.

State the structure and functions of the peroxysomes and glyoxysomes in
animal and planicells.

Describe the formation, structure and functions of the lysosomes.

Interpret the sorage diseases with reference to the malfunctioning of
lysosomes.

Explain the external and internal structure of mitochondrion and interlink it
with its function

Explain the extenal and internal structure of chloroplast and interlink it with
its function.

Describe the structure, composition and functions of centriole.

Describe the types, structure, composition and functions of cytoskeleton.
Explain the stmcture of cilia and flagella and the mechanisms of their
movement.

Describe the chemical composition and structure of nuclear envelope. |
Compare the chemical composition of nucleoplasm with that of cytoplasm.
Explain that nicleoli are the areas where ribosomes are assembled.
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Describe the structure, chemical composition and function of chromosomes.
List the structures missing in prokaryotic cells.

Describe the composition of cell wall in a prokaryotic cell.

Differentiate between the patterns of cell division in prokaryotic and
eukaryotic cells.

e Relate the structure of bacteria as a model prokaryotic cell.

Introduction

As we know that the cell is the structural and functional unit of living
organisms. The branch of biology which deals with the study of different aspects of
cell is called cell biology or cytology. As most of the cells are microscopic,
therefore, to study cell at organelles level and molecular level, different techniques
are used. In this chapter we will study about these techniques and detailed structure
and function of cell organelles.

After the discovery of the cell in seventeenth century, a lot of informations
have been collected by different researchers. These informations have been
summarized in the form of cell theory.

The main points of cell theory are given below.

1. All organisms are composed of one or many cells and their products e.g. hair,
nails, scales and horns ete.

2 Cell is the structural and functional unit of life.

3. All cells come from parent (pre- existing ) cells.

4

Cell contains the hereditary informations, [4# «dult human contains
moaore than 37 trillion cells.

which are transferred from parental cells to
daughter cells.
5. Most of the diseases are caused by malfunctioning of cells.
1.1 Techniques Used in Cell Biology

To study the cell, many techniques are used to examine various components
of the cells and their functions in detail. These techniques are cell fractionation and
centrifugation, differential staining, micro-dissection, tissue culture,
chromatography, electrophoresis etc.

1.1.1 Cell Fractionation and Centrifugation
It is a procedure to separate cell components into-parts and fractions without
altering their shape and function. .
For this purpose firstly the cell is |4 centrifuge machine can be
homogenized (grind) in a suitable medium with descri’%d as a machine with
o S ) TN _ . |\a rapidly rotating container
correct p‘H, ionic composition and temperature. This |, - app';:'és centrifugal force
process is called homogenization which is usually |mitscontents. ;

»{3m




- Mioro tast tube

Rotor o edium

Times Speed reguintor xg

sediment (Pellet)
Fig. |l Ulire Centrifiige Machine

done by a food mixer. The homogenate is poured in
a test tube. The tube is then kept in a centrifuge
machine and centrifuged for a fixed time at a

- . ) Ultra centrifuge is a type o
specific speed. The faster the rotation of the |centrifuge optimized for

centrifuge make the smaller particles well |spinning arotor at very high
sedimented. A series of increasing speeds can be $Peed

used for the separation of smaller components. After
each speed a pellet is formed at the bottom of the test tube. Then supernatant (fluid

above the pellet) is taken into another empty test tube and recentrifuged. Thus a
series of different cell organelles are obtained in different test tubes. This is known
as differential centrifugation. The detailed structure and function of these isolated
cell organelles are studied under microscope.
1.1.2 Differential Staining

As most of the biological structures are transparent and colorless, therefore,
cannot be seen clearly. Thus we stain these structures to observe them in detail.
When only one stain is used, it is called single staining ¢.g., Borax carmine. When
two stains are used, this is called double staining or differential staining. One stain
for nucleus e.g., Hacmatoxylin and other that will stain cytoplasmee.g., Eosin.

1.1.3 Microscopic Dissection or Micro Dissection

It is a technique in which a microscope is
used to assist in dissection. Laser or fine glass |Zissues that take up stains
needles are used under a microscope to remove a  are called chromatic. The

srtion of selected cell ¢ , tc. Large _[(érm chromosonies refers
portion of selected cell or chromosome etc. Large their ability to absorb violet

TV screens or monitors arc used to view images. stain.
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1.1.4 Tissue Culture m
The term tissue culture was introduced by an |Micro dissection is a useful

American pathologist Montrose Thomas Burrows.  |method of collecting selected

: . : ; ; cells for DNA/RNA or protein
It is a modern technique in which cells froma |/ hocic and 10 isolate

tissue of mul}icellular organism are grown i Vitro. | cellular structures.
The cells for tissue culture may be isolated from donor _— —
organism “primary cells” oran immortalized cell line. [ Tit bits
The cells are bathed in a culture medium which |4 complete plant can be
contains essential nutrients and energy sources (grown from small pieces o
needed for tissue survival. The tissue culture is also \plant tissue in a culture
called cell culture. This technique is used for both (medium.. e

10 vitre
Fig. 1.2 Progeditre of Tissue Culture
I.1.5 Chromatography Paper Chromatography
It is a procedure used to separate different |7his type of chromatography
chemical compounds (Pigments) from a mixture. is used to separate coloured

There are different techniques are used for \chemicals or substances and
chromatography. However paper chromatography is |primarily used as a teaching
simple, easy and widely used. The paper fool.
chromatography involves two phasesi.e.,

1.  Mobile Phase which consists of the solvent and dissolved sample (pigment

mixed in water). | y

2. Stationary phase which consists of filter paper.
Mechanism:- The mixture of mobile phase is passed through the stationary phase,
as a result the molecules of mixture begin to separate as dots at different places on
stationary phase (filter paper) according to affinity of molecule for the stationary
phase. Now this filter paper is called chromatogram.

This procedure is usually performed to separate the mixture of protein and
photosynthesis pigments.

J
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1.1.6 Electrophoresis

It is a procedure to separate molecules (DNA, RNA, protein) according to
their size, shape, molecular weight and surface charge. It is called gel
electrophoresis because medium (Agrose or polyacrylamide gel) 1s used to separate
the fragments under the influence of electric field.

A viscous slab of gel is formed between two glass or plastic plates. The
samples are loaded in the slots of gel by micropipette. The two ends of slabs are
suspended in salt solution and connected by electrodes to a power source
(electricity). As a result the molecules present in the gel migrate through the electric
field towards opposite terminal i.e., from negative to positive terminal. The smaller
molecules will move faster than larger molecules.

Negative pole

Electric supply

Agarose
unit

Geltank

Positive pole

Fig. 1.4 Gel Electrophoresis
Applications:- This procedure is used in forensic science to identify criminal
cases (murder, rape, parentage). It is also used to diagnose infectious diseases,
genetical disorders and cancer. Moreover this procedure is also used to determine
the genetic similarities and evolutionary relationship among different organisms.

wi6pe
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1.1.7 Spectrophotometery SHRSeE

This technique is used to measure
the amount of light that passes through
the sample, the amount of light absorbed
at each wave length is plotted in a graph
called absorption spectrum. The
mstrument used for this purpose is
called spectrophotometer and the
procedure is called spectrophotometery.
For example it can be used to determine
the wavelengths of light that take part in
photosynthesis.

Fig: 1.5: Spectrophotometer
1.1.8 Microscopy

Microscopy is the procedure of using
microscopes to view samples and objects that
cannot be seen with naked eye. Of all the techniques | Magnifving glass, telescope,
used in biology microscopy is probably the most [slide projector efc are some
important. The cells of living organisms mostly magnifying instruments.

range in size from 1-100 pm.

Resolution and Magnification in Microscopy

The microscope has two abilities. i.e., resolution and magnification. The
ability of a microscope to view two close objects by separating them from each
other is called resolution power. The resolution of a compound microscope is
about 200 nm times while resolution power of electron microscope is 0.5 nm.
Magnification power is the ability of microscope to view an object by enlarging it
from its real size. The magnification power of compound microscope is about 1500
times while electron microscope is about 1 million times. It depends on resolution

power.

o 0 O A Resolution
ti < o
Magnification Distance between
Two objects

1.1.9 Graticule and Micrometer

The measurements of microscopic objects is called micrometery. This can
be done by using specially designed scales on glass. One of the scales is placed in
the eye piece called graticule (glass scale) or ocular micrometer. It iIsused asa

ruler.
vl 7pe
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The stage micrometer is a glass slide on which a series of vertical lines ar¢
present (100 divisions). Its total length is Imm. ST
lmm = 100 divisions a
100 divisions = 1000 micrometers
| division  =0.01mm (10um)

{.2 Cellwalland plasma membrane : :
Structureof Cel T
The plasma membrane is

The cell consists of following parts.
outer living membrane of

1.2.1 Cellwall .

Cell wall is the outer most nonliving all the cells. Many Ce”;*
covering present in Plants, Algae, Fungi and have rigid or semi rigi
Prokaryotes. It is secreted by the protoplasm of the dead covering outside the|
cell. Its thickness and composition varies in |cell membrane called cell
different groups of organisms. Here we will discuss  (wall-
the detail of plants cell wall.

Structure and composition of cell wall

The plant cell wall consists of three layers i.e primary cell wall, middle
lamella and secondary cell wall.

Primary cell wall is a true wall formed in developing cells. Some plant cells
possess only primary cell wall such as leaves, storage cells and young growing cells.
Primary cell wall is composed of cellulose, hemicellulose and pectin, The outer
part of primary cell wall of plant epidermis is usually impregnated with cutin and
wax, forming a permeability barrier known as plant cuticle. The cellulose
microfibrils are arranged in criss cross manner. The microfibrils are held together
by hydrogen bond to provide high tensile strength.

|80
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Fig. 1,7 Plant Cell Walls

Middle lamella

. It x:s .the first layer that is deposited at the time
of cell division between two adjacent cells. It is
formed of sticky gel like magnesium and calcium
salts of proteins which help to stick the

neighbouring cells together.
Secondary cell wall is thick layer formed

between the primary cell wall and plasma
membrane. The secondary cell wall is formed when
the cell is fully grown. It is composed of cellulose,
hemicellulose and lignin which is used to
strengthen the wall. In the secondary cell wall the
microfibrils also show criss cross arrangement.

Cells with secandmyoell walls are rigid.

1.2.2 Plasma Membrane
It is outer most living boundary of animal

cells while in plant cell, it is always present afler the |7

cell wall. There are many other membranes bounded

organellcs, lxke mntmhondna; Golgi bodws. -

lil“‘l”‘.‘
amelin

Ccllulosc Fibrﬂs

Cellulose, the main
constituent of cell wall, is
used in the manufacturing

of paper; colton

sellotape, ropes eic.

Cell wall provides
mechanical strength shape.
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Fluid mosaic model: »
This model of plasma membrane was developed by Jonathan Singer ang

Garth Nicolson in 1972. According to this model plasma membrane is fluid mosaijc
of protein, floating within bilayer of phospholipid and cholcstf:rol._ The
phospholipid molecule contains a hydrophilic head and two hydrophobic tails. The
hydrophobic tails face each other while hydrophilic heads are directed towards
water which is present outside and inside the cell. '

The cholesterol molecules are embedded in the interior of the membrane
which makes the membrane less permeable for water soluble substances. It also
provides stability to plasma membrane. :

There are two kinds of membrane proteins, extrinsic or surface protein and
intrinsic or embedded proteins (either wholly or partially embedded in bilayer).

Some amount of carbohydrates are also present in plasma membrane. These
may either attach with protein as glycoproteins or attached with lipids as
glycolipids.

' Hydrophilic heall
Carbohydrie ~

*— Hydrophobic il chiiti X
of J : Glycoprotein

P VMBM‘QW s

>

Extempl membrine
surlbice

miembrane
surtice

| § tE. Prtein
ML = (“holesterol

Cytoskeleton
fi ﬂuncms

Fig. 1.8 Fluid Mosaic Model of Plasma Membrane

The role of glycoproteins and glycolipids:
 They provide receptor sites for hormones, nerve impulses, recognition of
antigens and also responsible for endocytosis. Therefore, these are called as cell

: w2000
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, granules of animg]
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solution (Such as starch particles in plant form ©
cells). The colloidal solution may be in the :
(viscous) parts,
Cytoplasmic Organelles: podies ok ,
These are highly organized cellular b as fa LRy
which perform specific functions. SU° ‘dics
endoplasmic reticulum, ribosome, Golg! bo.
Mictochondria, plastid, centrioles, lysosomes Efe

Functions: Store House: Fyital
The cytoplasm serves as store hous€ 0
materials, chemicals e.g., glycogen in liver cells: N
Site for metabolic activities: i : "
It is the site of certain metabolic pathway
e.g., glycolysis.
Maintain the cell shape: o
The cytoskeleton present in the C)""P"“‘l o‘
not only maintains the shape of the cell but ais
helps in the movement of organelles.
1.3.1 Endoplasmic Reticulum (ER) ules in contact and
Endo lal;xm'c reticulum is a network of channels °’$‘£'Zu eukaryotic cells. |
extending bgween nuclear membrane and cell membrane
The components of endoplasmic reticulumare: ; instack
Cilltrl::: Thescarelcﬁ)gﬂatwned and unbranched units arranged in |
res.
Vesicles: These are oval membrane bounded structi )
Tebmlee Theoe ure irogular ofien branched tubes bounded by membIane
A J
Tubules be free or connected with cisternac. SR . . 'V
Enn:l?plasm'ic reticulum divides the intracellular s;:m—ren )mto two distinet
partm i ol (inside) and extra luminal (cytopiasiii). B
com ents, 1.€., hlﬂllnl]( ) Rough ER and Smooth ER. I Il
1

Tvpes: Thercare two types of endoplasmic reticulum,
Meodification of Endoplas 1
mic Reticulum: Lo
as sarcoplasmic reticulum |-

In skeletal and cardiac muscle cells SER is know.'n !
(SR). These store calcium ions in their lumen. If many ribosomes are attachedonthe

small parallel cisternae of RER, then it is called ergastoplasm. In nerve cells the

ergastoplasm is known as NissI's body.
22
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Protem synthesis: Rough ER helps in protein 5.
attached with their o ler surface.

Lapid Synthesis: Cholesterol and phospholipid ar
ER.

.o surfac
Cellular Metsbolisry: The membranes of ER in(.:rcﬂﬁ‘-' 31\":;:5.
metabolic activities Iso contains some enzymes hike, $3°
phosphatase, NAD ¢ phosphatase etc.
vil)  Formation of Nucldir membrane: Fragmented ¢
nuclear membrane and E.R elements arrange aro ,
form nuclear membrane during cell division. ifochondria

wsized by stnooth
H ¢ synlhunzul by s

e arca for
gl}xcosc 6

vi)

|
|
Jements of disintegrated
osomes to
und the chrom /

vili)  Formation of Organdles: All membranous organelles SO
and chloroplast are f; rmed by ER.
1X) Detoxification: Sm
pollutants, steroids
1.3.2 Ribosomes (Engi

{
Sficati drugs,
th ER are concerned with detoxificatio of drug

dother toxins. _ (‘

of cell or factory for protein synthesis) | 1953.
These are granular structures first observed by George Pal’“,ie A el as
Ribosomes are non membranous organelle, present both in prokaryotic as W

. . = d
cukaryotic cells (except matnmalian RBC). It is one of smallest cell organelle an
also called organelle with inan organelle.

b ]
50 known as ribonucleoprotein particle of the ‘i‘:f
0s and rRNAs. In prokaryotic ribosomes the am%unand
il is 40%. In eukaryotic ribosomes, protein is 60%

bunits of ribosomes are synthesized in nicleolus of
cytoplasm via nuclear pores. Thus nucleolus is the
bosomes are the factory of proteins,
Sdinniiss o YOS A complete eukaryotic
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tubuyl Mast of the (i“.gi“l‘[’m‘utus i$ formed of flattened sacs or cisternae but some
ules and vesicles may also participate in the formation of € iolgi complex. The
i Of cisternae ranges between 3-7 in most of animals but in lower organisms

May have up to 30 flattened sacs. These flattened sacs are arranged in a concentric
fashion, the convex face or sac lies closer to the nuclear membrane and called ag

Cls{iolgi or forming face. The farthest concave sacs are named as trans Golgi or
Mmaturing face,

Fll_nc(ion; Golgi bodies perform number of functions €.g., Cell sccrct;on: Itis the
main function of the Golgi complex. The secretions are P“’ccssed:(;' wRnvEted
into finish products and are packed inside the membrane then exported. '
S‘:""BC of proteins: Proteins synthesized by the ribosomes are passed to the
endoplasmic reticulum and stored in the Golgi apparatus. :

Cell wall formation: Golgi bodies are also involved in the formation of new cel]
wall by the plants, ' ool
Formation of Lysosomes: An important function of Golgi apparatus is the
formation of primary lysosomes.
Formation of acrosome during spermiogenesis s

bodies.

Formation of vitelline membrane of egg is also secreted by Golg!

1.3.4_Lysosomes -
Lysosomes (Gk. lyso: splitting, soma: body) are sac-like single membrane

bounded organelles which break macromolecule in the cell.s. i o
Discovery: These were first reported by Belgian biologist Christian

1949, .
Occurrence: These are found in almost all eukaryotic cells f;};zell);sr:sammnhomes ;:
RBCs. In plants central vacuole functions as lysosome, lhe;; ok g
less in number in plants. All fungi contain many lysosomes. 1he peri
of bacteria may function as lysosome. ' o
Chemical Composition: Lysosomes contain m =
phosphatases and all types of hydrolytic emzymes, like carbohydrases, lipases,

nucleases and proteases.

Shape: They are roughly spherical in shape. . B o
Size: Vary in;v size from 0.1-0.8um in diameter. In phagocytic WBC itis largestin

silizem(O.S-Zqu). J | hic cellular organelles

: These are known as polymorp Hular |

because:funng function exist in different morphological and ghysnologxcalstaws.

Primary Lysosome: Enzymes are synthesized by ribosomes of rough
»26e
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mate
jysosome. In unicellular
while inmulticellular org,

e: Lysosome containing undigested
remo tll%‘m"’l‘“‘“‘m%!!lledresn:hml
d outside of cell by exocytosis

45 e"!h‘ﬂleeellas llpofusmn granules.
nell ___mchasmxtochonmmwmoh

NIM) are digmd by
or dead cell organelles are
starvation. This




Extra cellular digestion: by releasing t‘h/.yfnct;s.bc.g.,
Lysosomes also help in extra cellular d1£€ ?"‘_'"l“', pwanted parts © one.

the lysosomes of osteoclast (Bone eating cells) diss©

Extracellular digestion also take place in fung!:

Autolysis: _
Some time all lysosomes of cell burst to disso
wBCs, P

the cell complctcly, Thus
vel telets an epithelial cells
; bry© such as tail of

also called suicidal bags because old cells lTike ans of em
are removed by autolysis. Italso destroys unwanted © |
human embryo and tail of tadpole. |
Crinophagy: : jysosome. This |
ted by 1Y |
The excess hormones of endocrine gland maY i |
process is known as crinophagy.
Exocytosis or cell excretion:
Sometimes enzymes of primary lysosomes S diseas
wp-sIOrage sedase
Glycog*” pe rreated by

are released from the cell. This occurs during |G =, 4y
replacement of cartilage by bone during t(gking small meals of
development. Similarly the matrix of bone may be carbohydrate in LSA ORG

broken down during remodeling of bon
GSD.

occur in response to injury. )
Storage Diseases (Diseases dueto faulty lysosomes)

Several congenital diseases (by birth but not hereditary ) tl‘a;’:;e:zrfs:gir;
occur due to accumulation of substances within cell. Such ?‘slgsisomal e
glycolipids. These are caused by mutation in the g€nes o 5 3;ow. '
About 20 such diseases are known €.g., WO of these are given DEIOT
Glycogenesis type Il disease ( G-Storage disease) —_— .

It is caused due to the absence of D-glycosidase- If‘ t.hls d‘i‘::i:;;"&:‘;:
muscle cells are appeared to be filled with glycogen within me

organelle.
Tay-Sachs disease: . .
Tay-sach disease is arare disorder passed from parent 10 child. It is caused by
| osaminidase) that helps in the breakdown of
gliosides, built up to toxic

the absencz of an enzyme (Beta hex
fatty substances. These substances in
level mainly in babies and young children

Symptoms .
Child loses muscle control eventually this leads to mental retardation,

blindness, paralysis and even death.

brain called gan
and affect the function of the neurons.

w2852
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1.3.5 :;:.i:oiho::ria (GK.mitos: thread, chondrion: granules)
itochondria (Singular m , $
_mall thread or gmmlg eith ar mitochondrion, Power house of the cell) 100k like
| *7 Altman (1890) eau:lrl:g::" g::l 5 ‘clmbd«ltissclfrcplicating organclle.
The term T:i;qchondﬂawvﬁvmby g B““l u(‘mwc and called them bioblast.
T e y mil l N : : v
; ;ﬁr ﬂumbcf‘sa?reetz're:fw’m th ais 0.2-1pm while length is one pm to 4. 1pm.
sctivity of the cell. o many thousand per cell, depending upon physiolog:csl
(hondriome:- All the mitochondri ;
cell are collectively called e S pot e mitochondria is also called
animal oel hﬂ‘llemorqmimommpm. Y e Power house of the cell or
cture:- It is double mem Yirins’ sthitic ATPmillincell:
f.::r:' memhranelxsasmool& hile the i structure. The | ACenwum:z:n.
< folded. If outer merr b ile the inner membrane |* Cell furnace or s10rdge
is folded. If outer membrane of mitoch Soiiecllh - batertes.
. moved then it is called > of mitochondria is
e st. The folds of |* Mo;:d lbu_sy ;;nd active
MUIalG ait DRSO R or, eincell.
; mwch . "S"cxml autonomous cell
: | organelie. _J
- F1 particles. Tit bits
fﬁ called |F1 particles or oxysomes are
or cellular |knob ike structurcs located

Y " mitochondric




Function of Mitochondria:

he R s .
and ATP pio?:lr:c\:dc site of acrobic respiration. Most of the oxidative metabolism
101 occurs in mitochondria. Therefore n]i(uch()ﬂdl'iu are called

POwerhouses of the cell
(-‘A!" .‘OQ+6O +P s
! 3 I‘V\DPH GCO. + 6H:() + ATP ILis believed that

Mitochondri  fde
fOn‘naﬁon) in OOcdrla also help in vitellogenesis (Yolk | . hondria have
1.3.6 Pl e endosymbiotic origin from
. it purple sulphur bacteria or

The plastid (Gk. Plastos: : varvotic cell. The
( lastos: formed, molded)isa I:;;))a X (:';‘""0 of mitochondria

major double m, :
cells. Plastids :rmebl;‘ne organelle found in plant | s nn 4 are similar to
sto 2 € sites of manufacture and |, .otaryotic cell.
rage of important chemical < ;
the cell. Th nical compounds used by _
: - ey Often contain pigments used in pho[osynthcﬂs and many types of
' gm?ts that can change or determine the cell colour for different purposes.
plasti d:::f‘;hsslﬁed into chloroplasts, chromoplasts and leucoplasts. All types of
| rmed froma : ids.
Chl'omopl : precursor molecule proplastids
These are pigmented i i ;
, : plastids located in ¢ plants inherit plastids
eolpurml (‘fthe"ﬁ‘m green) parts of plants like petals %Zsmpone parent e.g.,
covering. These plastids also help in cross [angiosperms inherit plasti
pollination. These also contain chlorophyll but in [from female gamete while
~very less amount. many gymnosperms inherit
L“Npll sts: : wlastid rom male pollen.
- These are colourless plastids present in colourless parts of plants like roots,
woody stems etc. They are triangular in shape. They help in storage of food. e.g.,
llm?'loplast which stores starch, Elaioplast which stores lipids and proteinoplast
which stores protein.
Chloroplast:

These are green plastids, present in green parts of plants like leaves,
herbaceous stems, unripened fruits coverings etc.

They are double membrane structures. The outer membrane is smooth and
more permeable while the inner membrane is less permeable. The inner membrane
contains disc like structure called thylakoid and group of thylakoid stacked together
is called granum (plural Grana). There are many grana in a chloroplast and many
chloroplasts in a cell (up to 40). The fluid which surrounds grana is called stroma.
The stroma contains enzymes required for the synthesis of carbohydrates during
dark reactions of photosynthesis. The most abundant and important enzyme is

sedoe




Rubiseo (sbouni ﬂfohlompm' Stroma also contains small amount of DNA,

A and 70s ribosome. Presence |
Nuautonomousmllenfan‘f ke }“M'Mﬂm indicate that it is

The grana m OOMM




2 . he inner face of the plasma membrane. These are

_ W“or mesh like network. Actin filament
Besides the actin
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Function

' The name peroxisome was applied because this organelle is specifically
nvolved in the formation and decomposition of hydrogen peroxide (H.0, ) in the

cell.
HO, &= HO+4%O0,
1.3.9 Glyoxisomes

These are cell organel]es, mostly found in lipid rich seeds and seedling cells
of plants. These contain enzymes like glycolic acid oxidase and catalase. Some
other enzymes are also Present which are involved in the conversion of lipids into
carbohydrate by a process called glyoxylate cycle.

1.3.10 Centrioles

Centrioles are non-membranous organelles, two in number, located near the
outer surface of nucleus. The diameter of centriole is 10nm. They are found in
animal cells of some microorganisms and lower plants while absent in higher
plants. Centrioles were discovered by Beneden in 1883 and Boveri in 1895.
Structure:

The cytoplasm which surrounds centrioles is called “centrosphere”.
Centrioles and centrosphere are collectively called centrosome. In cross section
each centriole consists of a cylindrical array of nine microtubules. However, each of
the nine microtubules is further composed of triplet tubules. Both centrioles are
placed atright angle to each other.

Fu | 1 '._!_’ig, 1.17 Centriole

They help in cell division. They are self
replicating units and replicate Just before the cell |
division. Each pair migrate towards opposite side of |
the nucleus. The spindle fibers are formed between |s

e




k- e et .‘
l - - Fig. .18 Ultra Structure of Cilia and Flagella

mpnr(;ml role in the loca‘ion- -
of

these
two ;
¢ Pairs of centri
Wing during ¢ |“f“f"9't'$- They play an !
L3.11 Cini cll division and ammgcmcmufnncmlulmlc& |
Gilia (L, o ugella |
a il b
Outgrowths of ;::ﬁlum‘ eye lash) and Flagella (L flagella means whip) are hajy
surface of some membrane and elongated appcndagcs. Ihc:y are present gp -
“8.0 contain ci]i:?v= 1Is. They help in the movemen ell. Some stationary the
ciliahelp in the m (such as epithelial lining in respiratory system). The station, &
o ella a:: eﬁl"v‘mt of materials over the surface of the cell.
cilia. However, ot} € to twenty times longer tha0 =~
s cilia and flagella have same . l
Basal bodies of cilig o

internal struc

cylinders. Th,?re They are membrane bounded

matrix contai membrane encloses a matrix. The flagella are typeg 4

axonemes clons ?xoncmes or axial ﬁlameﬂts. Thc &'ﬁttriolc's. ) }.; ‘

microtubules, ;;‘;;;of nine pairs (doublets) of Tit bits

two central tubules ;h"earmnged in a circle around [oerm centrioles gm |

other duri mOVemes lchrotubules slide over each {m;;h;mn aﬂa;@w

microtubules has two maﬂd flagella. Each ‘g’w oindseiy fm i

Mmjmtowards ST the dynein arms [erlllizalion.
the neighbouring doublets and '

|

tofthe €

Do you know?

~—-

Ouler doublet
Mictotubules

i




spokes which extend towards the centre. Dynein have ability of hydrolysis of ATP

and release energy for ciliary or flagellary movements. The flagella and cilia
originate from the busal body (also called Kinetosome) which is modified form of

;"“‘t’i"'c' Basal body controls the growth of cilin and flagella. Microtubules in the
asal body form 9 + 0(9triplets) pattern. Basal body ex hibits cartwheel structure.
Mechanism of movement: :

Movement of these structures is due to the sliding of double fibrils into
groups one after the other. (suggested by Bradford, 1955).
Effective stroke: |

During effective ; i t
sl ve stroke five out of nine double fibrils contract as a resul
Recovery stroke;

During recove i don ; th
ciliumstraight. ery stroke four out of nine double fibrils contract and make the

1.3.12 Nwe“‘ (Greek. karyon=central commander)
~ Nucleus is a double membrane bounded cell organelle of eukaryotic cell. It
et Robert Brown in 1831 in orchid cell. Nucleus contols all
_contains genetic information of the cell. Nucleus 1s
> arises from division of pre-existing nucleus.
‘but sometime may be two to many,
Dpalina. It is absent in some eukaryotic
ot p@?mdmamre RBCs of

Y :

i e 1, -
Vi 2 8 11
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regulate RNA, ionic exchange (1e., pnucleocytoplasmic traffic) betw%
is also known as nuclear enyejg.

nucleoplasm and cytoplasm. Nuclear membrane 1s al: uCi
Nucleoplasm: Nucleoplasm is ground substance of nucleus, which is also

as nuclear matrix or karyoplasm. ‘

Chemical composition of nucleoplasm: It is a transparent complex colloid‘l

form of solution or fluid contains water, protein and enzymes like ATPase, DNA anq
l long

RNA polymerases, endonucleases, It also contains nucleotides and minera
(Ca”,Mg")etc.
Nucleolus: Nucleoplasm also contains one or more nucleoli, which is nop.
membrane bound and spherical structure so that the content of nucleus is
continuous with the rest of the nucleoplasm. Nucleolus usually attached o
Chrpmgnn at specific site called nuclear organizer region (NOR). It is visible only
during interphase while disappear during cell division.
It contains 85% proteins, 10% RNAs and 5% DNA.
;l'he ml::;: function of nucleolus is to form sub units of ribosomes which move to
C’::gmunby nuclear pore thus known as ribosome factory of the cell. -
Chromatin ﬁ:::sw network of nucleoprotein fibres, embedded in nucleoplasm.
during cell divisj;,::nmm genetic information and condensed to form chromosomes

_ Chemically chromatin consists of large] i iste :
protein) and non histone (acidic protein), DN m l’; ufe":::gn ‘:?R:‘litone (basic

Sister Chirormatids

k“Ow{;

_. Fig. 1.19  Nucleus and Chromosome
-Clmm(ﬁrqekh};ll:lmmas':colog&ma:body) |

| Ch' 'omosome is hi y condensed form of the chro :
cell division, I - : omatin, seen only du
.mmm wﬁmwlym'b“”dmmﬂmmfnsthusdﬂrklymng
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Chromosomes can be best studied at metaphasc stage because size of

chromosomes is the shortest during metaphase.
Karyog‘l’e e
¢ number of chromosomes is definite for each

human, 0820;1 body cell contains 46 chromosomes, Mucor (Fungs)
20, Frog 26, Chimpanzee 48, Fruit Fly 08, Ascaris (
chromosome can be identified by its size and shape.
Structure of Chromosome

_ At metaphase stage, each chromosome
consists of two identical (sister) cylindrical structures
called chromatids. Both sister chromatids are Whith human cells do nof
connected together by a common centromere. Around [possess mucleus and which
the centromere is a disc of protein called kinetochore ¢/ multinucleated?
where spindle fibers get attached during cell ' .
division. Each chromatid is consist of a single long thread ¢f DNA associated with
histone and non-histone proteins, RNA is also present ir] it . Chromosomes are
covered by thin proteinaceous sheath called pellicle. They are the vehicle of
heredlm)’mﬁ!ﬂﬂ.al(sencs)ﬁ'ompammcelltodaughtercell}

1.4 BacteriaasaModel Prokaryotic Cell |
Bacteria despite their simplicity, contain a well developed cell structure
esponsible for unique biological structure. The cell wall is
while in eukaryotes it is either composed of

vall is cell membrane which lacks sterol such
contains réspiratory enzymes. In many
s secreted by cell. Flagella are present in
posed of flagellin protein ein. Many of gram
ent known as pili. These pili are

the cell wall. They help in
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« Cell fractionation technique is used to separate cell organelles for detailed study.

« Staining isatechnique used in microscopy to enhance contrast in microscopic image.

« The use of microscope to assist in dissection is called microscopic dissection.

« Tissue culture is the growth of tissue or cells separate from the organism.

« Chromatography is a technique which is used to separate different chemical
compounds from a mixture.

» Electrophoresis is a procedure used to separate fragment ofa charge bearing molecules
according to their size, shape and molecular weight.

» The spectrophotometer is an instrument that measures the amount of light passed
through a sample.

o The measurement of an object by means of an eye piece graticule is called
micrometery.

« Cell wall is present in plants, fungi, algae, and in prokaryotic cell.

« Plasmamembrane is composed of 60-80% protein and 20-40% lipids. .

s+ Glycoproteins and glycolipids actas cell surface markers.

« The liquid portion of cytoplasm s called cytosol.

+ The ribosome is known as the protein factory of cell.

« Inmuscle cell smooth endoplasmic reticulum is called sarcoplasmic reticulum.

+ Golgibodies are concerned with cell secretion.

+ Lysosome contains about forty different types of digestive enzymes.

« Peroxisomes and glyoxisomes are collectively called microbodies.

« The membrane that encloses the vacuole s called tonoplast.

« Mitochondria are the sites of cellular respiration, the metabolic process that use

oxygen to generate energy hence called power houses of cell.

The disc like structures in chloroplast is known as thylakoid which are site of light
reactions of photosynthesis.

+ Centriole is non membranous cell organelle found inanimal cells.

« The cytoskeleton consists of micro filaments.

+ Cilia and flagella have similar structure and function but cilia are much smaller in size

than flagella.
« Pili or fimbriae are the structure in bacteria which help in conjugation and attachment

with host.
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Section I1: Short Questions.
Differentiate between Cilia and Flagella.
What is differential staining?
What is paper chromatography?
Define Spectrophotometry.
Why mitochondria is called power house of cell?
How mitochondria are similar with bacteria?
Draw labeled diagram of chloroplast .
Which organelle is called the factory of protein synthesis and why?
Write down any three differences between prokaryotic cell and eukaryotic cell.
Write the functions of lysosome.

Section I11: Extensive Questions.
Describe the process of Electrophoresis.
Write a detailed note on chromatography.
Explain the structure of plant cell wall.
Explain the fluid mosaic model of plasma membrane. Write down some important
functions of plasma membrane.
Explain the structure of ribosome and Golgi complex.
Describe the structure of mitochondria and its role in cellular respiration.
Define cytoskeleton and describe its components in detail.
Explain the mechanism of movement of cilia and flagella.
Illustrate the structure of nucleus.
Describe the role of chloroplast in photosynthesis.



BIOLOGICAL MQLECULES
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Biological Molecules in Protoplasm.

Importance of Water for Life

Carbohydrates, their Structure, Role and Classification..
Proteins, their Structure, Classification and Role
Lipids, their Structure, Classification and Role.

Nucleic Acid, its Types, Structures, Functions.
Conjugated Molecules.
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Students Learning Outcomes

On completion of this unit students will be able to:

Introduce biochemistry and describe the approximate chemical composition of
protoplasm.

Distinguish carbohydrates, proteins, lipids and nucleic acids as the four
fundamental kinds of biological molecules.

Describe and draw sketches of the dehydration synthesis and hydrolysis reactions
for thg making and breaking of macromolecule polymers.

Explain how the properties of water (high polarity, hydrogen bonding, high specific
heat, high heat of vaporization, cohesion, hydrophobic exclusion, ionization and
lower density ofice) make it the cradle of life.

Define carbohydrates and classify them.

Distinguish the properties and roles of monosaccharides, write their empirical
formula and classify them.

Compare the isomers and stereoisomers of glucose.

Distinguish the properties and roles of disaccharides and describe glycosidic bond
in the transport of disaccharides.

Distinguish the properties and roles of polysaccharides and relate them with the
molecular structures of starch. glycogen, cellulose and chitin.

Justify that the laboratory manufactured sweeteners are left handed sugars and can
not be metabolized by right handed enzymes.

Define proteins and amino acids and draw the structural formula of amino acids.
Outline the synthesis and breakage of peptide linkages.

Justify the significance of the sequence of amino acids through the example of
sickle cell haemoglobin.

Classify proteins as globular and fibrous proteins.

Listexamples and roles of structural and functional proteins,

Define lipids and describe the properties and roles of acylglycerols, phospholipids,

terpenes and waxes.
Illustrate the molecular structure (making and breaking) of an acylglycerol, a

phospholipid and a terpene.

~ Evaluate steroids and prostaglandins as important groups of lipids and describe

their roles in living organisms.

Define nucleic acids and nucleotides.

Describe the molecular level structure of nucleotides.

Distinguish among the nitrogenous bases found in the nucleotides of nucleic acids.
Outline the examples of a mononucleotide (ATP) and a dinucleotide (NAD).
[lustrate the formation of phosphodiester bond.

Explain the double helical structure of DNA as proposed by Watson and Crick.
Define gene is a sequence of nucleotides as part of DNA, which codes for the

-
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o Distinguishintermsgfge CIRNA, .

o Define conjugaifd mojecy S804 roles, the three types of RNA.
. Proteins. linanrateine. : g = f

introduction S lipoproteins and nucleoproteins.

Biological _;E,h,- o o |
carbohydrates, lipigls nucgue: Aare present in living organisms such as proteip‘s, \
and significance f¢ li\'ing mn‘ﬂmdy of biological molecules, their processing |
Biochemistry is ifmports ‘;msms is called to as Biochemistry. The knowledge of
biological systems, devel many ways for example, to understand the working of

= 3

LY
-

ind suicsandm'mp' 4 Opment in agriculture, pharmaceutical industries, food
m;‘ Biologids .rtnnt]y forthe expansion ofﬁgldof genetics and biotechnology.
2. P&?gg‘ 8 Molecules in Protoplasm

"hatter of universe contains more than 100

elements althcugh living 2.
clements, yet only 16 of these are essential mf:fsﬁ
most COMMON elements in all living organisms are
hydrogen, carbon, oxygen, nitrogen, sulphur and
phosphorous

_They account for about 99% of total mass of living
organisms. [

Biological importance of hydrogen oxygen, nitrogen and carbon is largely due to.
their valendies having one, two, three and four respectively and their ability to form more
stable covdlent bond than any other element with same valencies.

Table 2.1 Approximate Chemical Composition of a Mammalian Cell

B s

term for cytoplasm an
nucleoplasm.




Do vou know? P

The six most abundant

tphosphorug £ dant
i ; sments in human f
LM [ 0.4% J :&:"J'::g;r: carbon,
Sulphur = - 'I—‘_"':" h,vdrog"n, ”i'rogt'".
W e s g.?_’i__ oxygen, calcium an
B T 02% | phosphorus.
| Chio - L 02 ¢
R . RRee
| ‘ WE0% - |

| Trace elements (14 types) less than | 001%

: In bioc:hemisny, trace elements are dictary elements that are needed in a very
minute quantity for proper growth, development and functioning of" the organism.

Examples of trace elements are:

Copper, Boron, Chromium, lodine, Zinc, Iron, Manganese, Cobalt, Fluorine,

Silicon, Vanadium, Molybdenum, Tin and Selenium.
Macro-organic molecules:

; There are four types of macro organic molecules in m
living things. These are proteins, carbohydrates, lipids and [Macromolecules are made

from many repeating units
Protein are the most abundant organic compounds |i-€.. pelymers und have
higher molecular weight,

Proteins are present in different forms like enzymes, |While Micro molecules are
hormones, antibodies etc, These are building materials of |7dividual units of polymers
and have low moliecular

nucleic acids.

in protoplasm. Basic units of proteins are amino acids.

K, weight.

S

Carbohydrates are composed of C, H, O and
provide fuel for the metabolic activities of the cell, also store reserve food in cell.

Lipids are heterogenous groups of hydrophobic compounds, which act as

reserved food stored and building material for cellular organelles. N

Nucleic acids (DNA and RNA) are most essential organic compounds, for living
organisms, their basic unit is nucleotide. DNA acts as hereditary material, while RNAs

synthesize proteins under the instruction of DNA.
Main Metabolic Reactions in a Cell:

Condensation:
Specific small molecules when join together they form large molecule

LR
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polymers. T l}ns process is c_allcd condensation, in which water is produced, while energy
s used. [)}lﬂ;g condensation, when two monomers join, an OH is removed from one
monomer and H'is removed from the other. The condensation is also called dehydration

synthesis. '
e& Gluose | | Condens
$os

Three Fatty Acids
& a Glycero]
molecule
e

__Amino Acids

Fig. 2.1 Condensation and Hydrolysis

Hydrolysis:

Usually means the lzreakdown of polymer into monomers. In this process water is
used, one monomer gets H and other OH ™ ion with the help of enzymes. When a bond is
broken, energy is released, This process is also known as hydration.

2.2 Biological Importance of Water

Water is the most abundant component of
protoplasm, with out it, life can not exist, It is important
for different reasons; Such as vital chemical constituent
of living cells and secondly it provides an environment
for those organisms that live in water. The bodies of
living organisms contain about 70-90% of water. Water
has following important properties.

High Polarity:

Water is a polar molecule because its hydrogen
contains slightly positive charge and oxygen contains
slightly negative charge. A polar covalent bond is formed
between hydrogen and oxygen atoms of water. Due to
this polar covalent bond water is called polar molecule
and thus it is universal solvent for polar substances, ionic
compounds or electrolytes. The non-polar molecules
having charged groups on their molecules can also be
dissolved in water like sugar.

Hydrogen Bonding:

dgertt
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H

Fig. 22 Hydrogen bond

Bone contains only 20%
water while brain 85% an.
blood 88%, The body o
fellyfish contains 99% o

\water:

Hydrogen bond is electrostatic attraction between two polar groups that occurs
when an hydrogen atom covalently bond to a highly electronegative atom such as

oxygen, nitrogen and fluorine.
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g point. (Boil at

Due to hydrogen bonding water has a specific boiling and freezin :
rtant Lo sustain

100°C and freezes at 0°C). The boiling and freezing point of water is impo
life on carth,

High Specific Heat:
The heat capacity of water is the amount ©

of one gram of water by one degree centigrade (15°C to |
joules.

 heat required to raise the temperature
6°C), i.c., one calorie or 4.18

The high heat capacity of water means that a large increase in heat energy rcsul‘ts
t of the energy is used in

in a relatively small rise in temperature. This is because mos ;
breaking hydrogen bonds which restrict the movement of molecules. Due to this property

of water, hot water cools slowly while cool water gets hot slowly... As a result Ehc
temperature of earth and living bodies does not change quickly and environment remains

stable.
High Heat of Vapourization: .

High heat of vapourization is a measure of the heat energy required o vapourize a
liquid. A relatively large amount of energy is needed to vapourize waler. This is due to
hydrogen bonding. High heat of vapourization is useful for animals and plants to get rid
of excess body heat during sweating, panting and transpiration elc.

Cohesion and Adhesion:

Cohesion is the intermolecular attraction between similar molecules while
adhesion is attraction between dissimilar molecules. Water exhibit both cohesive and
‘adhesive properties. Due to the cohesion water molecules stick together, remain in liquid
d flow together. The cohesion is due to hydrogen
ding. Due to adhesive force water stick with the wall of
tainer (such as in xylem wall). This property is
se of the polar nature of water.

The heat of vapourization o)
water is 574 kcal/kg anc
evaporation of only 2ml out
§ the process by which an atom or a molecule fﬂ?ﬁ;ﬁ:ﬁ,ﬁ{,ﬁm
 or positive charge by gaining or losing (water by I'C.
ons. On ionization water releases equal
and OH ions. The state of equilibrium is

ey The part of compound that
clusion: reacts with an other
ction of the contact area between water ;:onmcl;;mml!g called
es when placed in water. This |7 ¢/ /onal Uroup e.g.,
W.Pb.lé. Al w:_‘“s Hydroxyl Group, Keto
MiE EDIE: maintaimng Group, Aldehyde Group and

|
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Density and Freezing Properties:

Fhe density of water decreases below 4°c, therefore, ice is lighter than water, and
tends to .Iluill. [tis the only substance whose solid form is less denser than its liquid,
because it has maximum hydrogen bonds. lce insulate the water below it thus increases

the chances of survival of organisms during winter.

2. 3Carbohydrates

These are organic compound, containing the
clements of Carbon, Hydrogen and Oxygen in the ratio of
|:2:1. Their general formula is C,(H,0),, where x and y are
variable numbers. Carbohydrates are also known as
hydrated carbon because the number of hydrogen and
oxygen atom is same as in water.

Chemically they are polyhydroxy aldehyde or
ketone or complex substances.

Water is effective lubricant,

prevent friction e.g. Tears
protect the surface of eyes,
from rubbing of eye lids, act

Their chemistry is determined by aldehyde and
ketone group e.g. aldehyde are very easily oxidized and
hence are powerful reducing agents. Carbohydrates are
commonly called sugars or saccharides.

Classification:
There are three main classes of carbohydrates, that
is monosaccharide, Oligosaccharide and polysaccharide.

Monosaccharide: (Gk. Mono: one, Saccharide:
sweels or sugar)

They are simplest form of carbohydrates which
cannot be hydrolyzed into simple units. The
monosaccharides are small organic compounds made up of

one sugar molecule, containing 3 to 7 carbon atoms.
They are very sweet in taste and easily soluble in

water. All carbon atoms in a monosaccharide except one
have a hydroxyl group while the remaining carbon either
contain aldehyde or ketone. The sugar with aldehyde group
is called aldo sugar and with ketone group is called keto
sugar. Specific formula for monosaccharide is C (H,0),
where, n is the number of carbon atoms in
monosaccharides.

s<51>e

as cushion around many
organs (cerebro spinal flui
around central nervou
system and amniotic flui
around foetus prevent fro

([ frauma).

=3

Do vou know?

-
The source of carbohydrates

are green living things (e.g.
Plants cyanobacteria, algae

Any of various organic
substances that are essential
for normal growth and
nutrition. They are needed in
minute quantities in the diet,
act especially as coenzymes
and precursors of coenzymes
in the metabolic process but
do not provide energy or
serve as building

unit, These
are present in mtmulfﬂ
stuffs or some times pre

within body.




11111

|
L
} Fig. 2.3 Monosaccharides
olecular and structural formula;
”Thémbenlarformula for a hexose is written as CH,, 0. It is useful to show the
ement o! mmsmamoleculebyadnagmm which is known as structural formula.

ia long enaugh to close up on ltselfand forma stablenng structure
: forms a ring, carbon atom No. | joins to the oxygen on carbon

e, contains oxygen and the last carbon of glucose is not part
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H l OH CHO
N/ | Ho, | M
i H-tli—on ?/
—C— ~— —n | 0]
ST "-f-OH OH—C—H
s ? CH,OH " e S
CH,OH (|3H20H
Aldehyde form
Alpha D-glucose (free CHO) Beta D-glucose
OH
O_ oH
H
OH
H
H OH
Fig. 24 Linear and ring forms
above or below the

The hydroxyl group, (OH) on carbon atom number one may be
plane of ring. lfitisbelowtberingislnwwnasalphglucose(a-glucosc)md
abovcmenknownast}-glwosc(saaglmc).Themdiﬂ'm forms of same
is known as isomer.

Trioses: :

Their fonnulaisc,ﬂ‘o,fa'examplcglymldebydc. dnhydroxy acetone. These
minmmediatcmhccunlr:wphﬁmmdpwosynﬂu&

Pentoses:

Theirfoﬂnulaisc,ﬂno,c.g.ribose.deoxyﬁboscandnwoc.kﬁwcisﬂle
‘component of RNA.ATRNAD,FAD.NADPac.DeoxyriboseiSMWofPNA
whilenbuloscismecomponentofRUBPwhichiubeOO,awcpwrin photosynthesis.
Hexoses:

Tbeirformtdaisc,ll,,o.e.g..gime, fructose, galactose. Glucose is the most
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2 pibon
3 CH,0H
D- Glyceraldeh
/ |
1  CHO Tﬂ
OO —» HOCH
3 HCOH
bl CHyOH
£ 2 }ina»\
. cuo/w\ = CHO CHO
2 - HOCH "J:OH L
. i HOCH HCOH
4 HCOH HCOH HiOH
b o bnon bion S
D- Ribose D- Arabinose Jo-xb‘h“ e Taees

\
CHO

IH
H

b
. s OFH ;

| L”,on (I:a,on J:H,ou LH,OH J:u,ou OH

r o-mm D-Mannose  D-Gulose  D-Tdose  D-Galactose  D- Talose

CHO

H ¢—»H
HCOH
H

H
H

. ecules [Can you justify tha
egul.m part) are molecules B o Ll £ 2

but different chemical e
sweemers are the left hande
mnﬁmmenumber of sugar and cannot be|

differentarrangements. | metabolized by the r;gld
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i - (hey 4lso have same functional group. CHO CHO

B two main forms of isomerism, the
o4 OH——H

et ‘ml iSL,mcrism and stereoisomerism. bt

sﬂ‘""mln ,-trut‘"“'" isomers (also called
u(io"“' isomers) the atoms and

07!l groups are joined together in s

glucose and fructose are H o Of "

H—+t+—OH

et
Bent VOIS
mural jsomers. H o T
4 stereo-isomerism the bond
o aning of atom and functional groups in CH,0H CH,OH
o differse: g., D-glucose and L-glucose. D-glucose e 2500 L-glucose
tory Manufactured Sweeteners are «[eft-handed” Sugars:
feach other.

The Labora <
Two forms of chemical compounds may exist, that are mirror image 0
ogy is pair of gloves, they can be either teft handed or right handed. SUgar

Asuitablc anal :

arealso eft ha'mdcc.i and right handed molecules.

T our digestive enzymes can only digest the right handed sugar molecules but
ass through body without

egerally do not digest the left handed and allow them to pass

ioestion.

e The LH sugar have same physical properties as D-glucose, therefore, may be used
{pstead of D-glucose &£ for baking and also making ice cream. The |eft-handed sugar
are not commonly because they are expensive, not commonly gqvailable and their
over use cause serious disturbance for diarrhea patients. The laboratory manufac

sugar such a5 tagatose, sucralose etc. are examples of LH sugar. These sugar molecules
cannot be digested because mostly the enzymes for their digestion are not synthesized in
the body and our cells do not have receptors for them. LH sugar are not converted into

’Ollgosaccharides:
of 2 to 10 monosaccharides. Some examples of
The most

~ They are made up
_gosaccbaridcs are Disaccharides, Tnsaccmrides Tetrasaccharides.

ligosaccharides are

Disaccharide: -
ltismadcupoftwpmoqowm(ﬂwﬂlw
fchemical reaction} =

taste and less soluble in

wateras compared to .
Disaccharides on hydrolysis give two
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altose, lactose, SUCTOSE and cefjopc
je i called leCOS'qlc bond ang ;“
\bouring unit while in g iy

UCre. .
ose. The general fo,mu::‘);

"y { ag @are
monosaccharides, SOMe commaon c.\aml"“

The bond formed between (WO
normally formed between carbon atom
between carbon 1 of glucose and car

disaccharide is C 3 Hy, Oy

munosacchuru i o
| and 4 of nei&

- > .t
bon 2 ol fruc

Fig 2.6 Structures of several comman disacchandes
The Role of Disaccharides:

Maltose is a disaccharide found in fruits and also
found in our digestive tract as a result of breakdown
product during digestion of starch by e e called dins -
amylase. It is also used in brewing induszl‘ricsntzgtsnymhcsize ireated with iodine and gives
alcohol. many molecules of glucose

Lactose is milk sugar and it is an important energy
source for young mammals. The sucrose or cane sugar is
the most abundant disaccharide in nature and is hydrolyzed
into glucose and fructose. It is obtained commercially from
sugar cane or sugar beet, the sugar we normally buy in
shops. All monosaccharides and some disaccharides
including maltose and lactose are reducing sugars because
these sugars can carry out a type of chemical reaction
known as reduction. Sucrose is the most common non
reducing sugar.

Polysaccharides: ) .,
Polysaccharides exhibit following properties. They are made up of seyer]

Starch gives blue color when

when treated with iodine
while cellulose does not show
iy reaction with iodine thus
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rnun;).sic;:z;?::; :::lt:d by glycosidic linkage B80 bo branched oruribranched. They are
(aste €S8 or some time T , : ¢ L
in nature. Their general formula s © (H o;gly Soluble in water. They are most abundant
Typesof polysaccharide: = = *
Important polysacchari |
rides are starch, glycogen, cellulose, dextrin, agar, chitin,

ectin. All the above polysacchar: .
Smcruml material. ysaccharides function chiefly as food, energy storage and

m

Amylose

’’’’
-
-

AmY ]ui\('\'(in

Starch Glycogen
Fig2.7 Different types of polysaccharides

Starch:
Starf:h is the polymer of glucose. It is major fuel store in plant and main source of
food for animals. There are two types of starches, the simplest form is amylose, which
has straight chain structure and joined by 1-4 glycosidic linkage. The other form is
amylopectin which is more complexed and branched polymer with 1-6 linkage at
branched point. Amylose is soluble in warm water but insoluble in cold water due to its
simple structure while amylopectin is neither soluble in warm nor in cold water.
Cellulose:

It is a polymer of glucose and the most abundant carbohydrate in nature, unlike
starch and glycogen it has structural role and main constituent of cell wall of plants and

H.OH CH,OH CH,OH 1,0H CH,OH ,OH

Fig. 2.8 Cellulose and Starch
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algae. Cellulose is hi I and we can not digest
ghly insoluble in water it .
have cellulase enzyme. However, herbivores can digest it because the bec‘"“

contain micro-organisms like bacteria, yeast, protozoans whlch
enzyme, secmh
Glycogen:

Itis a polymer of glucose and also called as animal starch. It j IS Storgg fh
muscles, It is also found in fungi. It is insoluble in water due to complex liva
converted back to glucose monomer when necded. :

H,OH

Fig.2.9(a): Glycogen

Chitin:
It is the structural nitrogenous polysaccharide and closely mw vz o ¢
found in cell wall of fungi and exoskeleton of arthropods.

Fig. 2.9(b): Chitin
2.4 Proteins |

Proteins are polymers of amino acids and they are most abundant on
snbatancesmtbeoell.AllpmtemsmustcontamCH.OandN somemr 50 cont
and S while few have Fe, I, Mg’ etc.
Amino Acids:

These are the building blocks of proteins. There are about 170 different ty
‘amino acids discovered in cells and tissues, out of these 25 are involved ir



synthesis. Most proteing,

made up _"f 20 types of 8minl:)n:(,:?(‘;sc "!E:l'c
amino acid consists of an alpha carhon (;h
one side of this alpha carbop NH (an'l‘ n
group) IS present while on °tl:1cr 8;30
COOH (Carboxylic acid £roup) is pres .

On the third side Hydro ecn!.
sresent While fourth side radiga) grgo: 13
attached which is different in 4 aml:,::
ucids.

Many amino acids are no i
because body of the organ?s?,icnct:ﬂ
synthesize them, thus are mostly not
required as dietary food. Few amino acids
are essential because they are required in
diel.

2.4.1 Peptidelinkage

Amino acids are linked together to
from polypeptide chain. The linkage
between amino acids are called peptide or
amide linkage. One or more polypeptide
chains unite to form a protein molecule.
The peptide linkage is formed by the
condensation reaction between the amino
group of one amino acid and the carbox;il
group of another amino acid. Water is
released during this reaction.

2.4.2 Significance of sequence of

Amino acids

Each protein molecule is composed
of unique and specific arrangement of 20
different types of amino acids. The
sequence is determined by the order of
nucleotides in the DNA. The arrangement
of amino acids in a protein molecule is
highly specific for its proper functioning. If
any amino acid is not in its normal place,
the protein fails to carry on its normal
function. Best example is the sickle cell
anemia disease of human beings. The
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Hydrogen
' Carboxyl
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Fig. 2.10° An Amino Acid
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Peptide Bond
Fig. 2,11 A Dipeptide

- -
Do vou know: =
5

Word protein has been
derived from Greek wora
“proteios” which means
prime or first.

Normal
Red Blood Cell

Fig. 2.12 Sickle cell anemia

Sickle cell



oglobin consists of four pol
ERSEALRURN ROC are e shaped and the hmf!‘;).& xln:;d two beta chains each \{vilh
chains, two alpha chains, cach with 141 amino acit s W
amino acids. . - :
| l o1 0.0 ; "
In sickle cell anemia the ulllllio|gtl;:n l;'ails (o carry any Or sufficient OXygen ar

instead of glutamate and the haemog

(a chain of haecmoglobin ig val

RBCs become sickle in shape.
Normal beta chain: _ e 4] -
Valine — histidine — leucine — threon®e ™ Pmlsme d g‘““‘s‘“ﬂm
I 2 3 2 ‘ 9 "‘""i“byv
Sickle cell anemia: 5
- |_ proline — ‘
Valine — histidine — leucine |— threonine |— PF J valine
l 2 3 4 - |

2.4.3 Classification of proteins . .

Proteins are classiﬁeclp on the basis of their shape into two types.
Fibro teins: ; : 3

lll’?!?r::seplrl:teins consist of molecules having one or more pot;lylpept;:; chains iy
the form of fibrils, insoluble in watery medium. They are non-crystalline and elastic i
nature. Fibrous proteins perform structural role mn cells anc} organisms, E"ﬂmvlesu.
keratin (in nails and hairs ) fibrin (of blood clot), myosin (in muscle cells), silk fibers
(from silkworm and spider webs) and collagen ( connective tissues of skin, "M
ligament, tendon etc).
Globular proteins: o . . . o8

Glol?ular proteins are spherical or ellipsoid in shape. This shape 1s due to multiple H
folding of polypeptide chains. They are soluble in watery medium, such as salt solution,
solution of acids or bases or alcohol and canbccrystglhzed. . ' . ..
They can be disorganized with changes in the physical and phy.mologxcal environment,
Examples are enzymes, antibodies, many hormones, haemoglobin and myoglobinete.
2.4.5 Roleof Proteins . et -

The proteins are very important Organic mo}ecules of living orgamsms.'l‘heyﬁ
involved in all types of function of body. Each protein has a specific function. .
Structural Role:

exc

Proteins as structural components:
f the cell. All known structures,
blood of

They build many structures o
predominantly composed of proteins. Bones, nails, hair, flesh and even
animals also contain huge quantity of proteins.
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a5 provide mechanica) Support:
\any structural proteing detcrmi“e.th |
v A Thals e ,
anical strength that protect sof > Shape of the organ !
mech® ibersand cytoskeletons, 0 delicate Organs or wofl -0 4 el and provige

o~ 1C i or
ollage? 9 cell organelles ¢,g . bones,
'um“i"“al e

Enzymes are proteins, work ag biocatal
es which decrease the energy ofqeyi e YSts, all cef)

. v n
Many proteins help in transportation €., energy barrier
: E ’
(0, £ASES. such as haemoglobip transports oxygen and
' Protein compley ¢ 5 _ |
orotein molecules also store energy jn musgle: ofth:t:or:; which st Muscles

v when outside source of food is inad o Which supply energy to the
bo) proteins also provide immupe ity

emselves from the harmful effects
gntibodies with in their body,

Blood clotting proteins such as fibrin
lood from the body after an injury, ngn and prothrombin, prevent the loss of

proteins also reg;{latf{ metabolfi.c processese.g., hormones,
Contractility is one of the most outstanding 3 ‘ ,
. . property of proteins. Contractil
muscle prolte;ns. (?}fﬂn And myo_:ln). Tubulin of microtubul OP:CW. illgenlla ang
cntrioles) help in the movement of chromosomes during an hase ivisi
“aused by proteins (spindle fibers), B GRRRE OLicll Simigrabe

‘l"l‘(“'

enzy™

1.5 Lipids

The lipids are a heterogeneous group of organic compounds which are insoluble
in water but soluble in organic solvents like alcohol, ether, chloroform, acetone, and
benzene etc. Lipids have greasy or oily consistency and include the compounds like fats,
oils, waxes, cholesterol and related compounds.

Like carbohydrates, lipids are also composed of C, H and O. However, the
percentage of oxygen in lipids is less than the carbohydrates which makes lipids lighter
and make it much less soluble in water than most carbohydrates. '

Due to hydrophobic property lipids form the structures like membranes, act as
slorage compounds and possess double energy as compared to carbohydrates due to high
proportion of C-H bonds.

L5.1  Classification and role of lipids et

As lipids are heterogeneous substances and made up of different buxldmg blocks.
% lipids are classified on the basis of solubility and the products obtained upon
hydrolysis. There are following main groups of lipids.
*  Acylglycerol

Phospholipids

wcioe



Terpenes
Waxes i
: pi
Acylglycerol: (Neutral fab): ds and glycerol, They are most abuqdm;t fori?o?l of;; -
They are esters of fatty acids an e s it of chemical reac :
in living th{ngs. An ester is a compound produced as a rcsuasc of acylgivvercl Aloghals:
alcohol with any acid and release of a water molecule. In ¢

: ) ttached with each carbon
glycerol. Glycerol is three carbon compound having OH group a

atom. HH HHH |
HH W R i R |_é_)f._ I
= ? T A | —H H—C—0 C_? i ? I
H—C— on| |n -—fi:—?"%" i i H B H WY
H HH H B N , H???I*
Q H H » QR . | > C= Ly
—C— i [fio—¢—_d_ L o H—C— 0 SHEL g"c"c—% 7
“d“o?-fHH“—r SREN
L H B H B g § 3H;0 A R R
W R E P -
B v gn s S AREES B
H HHH Ay H H H HH
Glycerol Fatty Acidg Triglyceride
Fig. 2,13 Triglyceride

acid 18 Carbong),

A fatty acid may be saturateqd if i
double bond between carbon atoms or un

contains 1—6 doybje bonds e.g. olejc acid.

he saturated fatty acids are solid at room
lemperature, contain more energy due to high number of
C—H bonds ang mostly obtained from animals. On the

L contains no
saturated if i




THHHHHHHHH—
T
T e e
h
HHHHHHHLlIi}ll i
Saturated Fatty Acid
H H
nw L
H H 7 . N
i L e—e=g “ L ToH
| | c—c—¢ [ ]
H—C—C—C )4 H H
N H H
H H H
Unsaturated Fatty Acid
Fig, 2.14 Saturated and Unsaturated Fatty Acids
Prostaglandins (PG):

The name prostaglandins is derived from prostate gland because it was first
isolated from seminal fluid in 1935. It was believed to be part of prostatic secretions.

They are group of physiologically active lipid compounds having diverse
hormone like effects in animals. Prostaglandins have been found in almost every tissue in
human and other animals. They are derived enzymatically from fatty acids. Every
prostaglandin contains 20 carbon atoms, including a 5 carbon ring. .

In 1971 it was determined that aspirin like drugs could inhibit the synthesis of
prostaglandin. The prostaglandins have a wide variety of effects such as cause d?latxon
and contraction in smooth muscle cells, cause aggregation and disaggregation of
platelets, regulate inflammation, regulate hormones, control cell growth, sensitize spinal

neuron for pain, act on thermoregulatory center of hypothalamus to regulate feveretc.

Phospholipids:
Phospholipids are a class of lipids that are major
components of all cell membranes. They can form lipid
of too much

bilayers because of their amphiphilic characteristics. It's Effects
molecule consists of 2 hydrophobic fatty acid tails and a Jfats in diet.

hydrophilic head, consisting of phosphate group. The two Makes a person obese
also cause cardio vascular

components are joined together by a glycerol molecule. ;
The phosphate group can be modified into nitrogenous disorder like B.P, heart attack
organic compound such as choline, serine, ethanolamine ‘€& —/

In biological systems the phospholipids often occur with other molecules for
example proteins, glycolipids, sterols and a bilayer such as “cell membrane”. Lipid
bilayers ocf:t}r"when hydrophobic tails line up against one another, forming a membrane
of hydrophilic heads on both sides facing water.



hemical structure ofa
phospholi

Polar
head

Phosphiite groep

Polar head  Nonpolar tails

(b) Simplified way to draw & phospholipid

Fig. 2.15 Phosopholipid Cell membrane

Terpenes: A .
diverse class of organic compounds, produ

Terpenes are a Jarge and olas unc W
variety of plants and some insects. The building block of terpene is  isoprene unit. Thig

Isoprene unit

CQ’/CK"‘{’\"C{“’
T Nen

Cholesterol ‘e

, Fig. 2.16  Structure of Isoprene unit, Cholmcrol*n;d Progesterc

LN v64



P

it is condensed in diffe
u:]::'tll:c; to form a monot:::t:n:ig '® form Many Compounds, Two isoprene units join
ti‘itsc rpene CyoHly, €.2. Vitamin A S; 1 16 ©-8., mentho| and four isoprene units form a
G B . . . ' .
while rubber is apolyterpene. € units form triterpene CyyH,q €.., Ambrein,

steroids: lest your knowledge?

Steroids are organic molecules and are included ; Why the use of artificial
n steroids are banned in

lipids due to their similarities with other [in;
,,f,’n fatty acid lipids. Their core structure iséz::s ¥
carbon atoms bounded in 4 interlocked rip

three rings are six sided while the fourth one i Do you know: @

There are different types of steroids which vary . |Synthetic prostaglandins are
functional groups attached to theirfour,-ing core by their used lo induce parturition, to
Hundreds of steroids are found in plants animalg [P/C ¢ and treat peptic ulcer,
and fungi. All steroids are manufactured in e, :feg::’:i':'o;gg"?;zf:rg;’
lypertension ere,

For example cholesterol is the structural component of cel|
membrane and brain tissue. Sex hormones like estrogen,
progesterone in femple and testosterone in male are
steroids in nature. Vitamin D which regulates calcium
metabolism and bile salts which emulsify fats are steroids. |phosphatidvicholine also
known as lecithin.

They are organic compounds consist of long alkyl chain. They may also include
various functional groups, fatty acids, alcohol, ketones and '
s thesized b lants and

Waxes are synthesi Y many plants and animals. . .
The most common animal wax is bee's wax while in plants |//@¥€3 areusedinmaking:
epicuticular waxes. They provide protection, act as water
barrier, prevent abrassive damage etc. Cutin on leaves and
fruits, suberin in plant roots are also examples of waxes,

2.6 Nucleic Acids |

Nucleic acids are the most important and essential group of complex organic
substances in living things. They are polymers of nucleotides. The principal nucleic
acids, DNA and RNA are the carrier of hereditary information and control synthesis of
proteins, :

Nucleic acid was first isolated in 1869 by a Swiss physiciap, Fredrick Miescher
from the nucleus of pus cells and sperms of salmon fish. He named it as nuclein (because
first recorded in nucleus), later their acidic nature was observed (due to the presence of
Phosphoric acid) and were named nucleic acids. | | ' - -

Jones in 1920 proved the fact that there are two types of nucleic acids, i.e.
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).
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43 eric organic mol
" fshmemiczl;:;;tl:d that nucleic acids are ﬂ:;nericy r::nits called nucleom )
i : ondensation O T, i hibit a constant chemica]
n‘q"ﬂé‘n’l'.-c‘?caﬁ ffé”;?fﬁ!ﬁiéﬂ&ﬁm and functional diverstY “ -
composition. .
Structure of nucleotides: esptelousd s yield comPOUﬂds known ats nucleoudegwg.;
The partial hydrolysis of nucleic a¢ : { bases, pentose sugars and
nucleosid&sp:vrltllile c};dnrlgl):zte hydrolysis ¥ ields 8 mix®re © l

hosphate ions. . .
; DNi\ is made up of deoxyribonucloeudes whil

ribonucleotides.
< : i i e. There are two main
Base is a nitrogen containing heterocyclic organic molecul main

'pes of bases in nucleicacids. i.c. pyrimidine

e RNA is composed of

and purine.

Pyrimidine Bases: ) cp = "
These consist of nitrogen containing six comer mnﬁlzszlir:l::d s‘:udm
monocyclic. (molecular formula is (N;C,)- Three major tylpw from ‘
the parent pyrimidine bases i.. thymine, cytosine 82‘3] uractl.
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Fig. 2.17 Types of Nitrogenous Bases
Purine bases: These are second type of nitrogen containing heterocyclic organic
molecules consist of two cycles. It is nine member bicyclic molecule (N,Cy). Theya 2 of



two types, i.e., adenine and guanine.

Pentose sugars:
There are two types of 5
carbon containing pentose sugars
which are yielded during complete
hydrolysis of nucleic acids i.e,
deoxyribose (CsH,,0,) from DNA
and ribose (CsH,,0,) from RNA.

HOCH, \(I)H “OCH« O H

H

/ '\ i

—— P H
|
OH OH H

Rlbo;; LeoX Yt
Fig. 2.18

Deoxyribose has almost the same structure like ribose, the only difference is

having one atogtHof oxygen less at carbon no. 2.

| O
70—1|’=o ‘O—T=o
H H
OH| H ? 0
- ST
(QH' 0V— P=0 [Phosphodiester bond * H,0
|l

Phosphoric Acid:
' Phosphoric Acid (H,PO,) has
the ability to develop ester linkage
with hydroxyl group (OH) of pentose
sugar.
Phosphodiester linkage:
In a typical nucleotide the
nitrogenous base is always attached to

carbon one of pentose sugar while
phosphoric acid (in a chain) is

F ig. 220 Nucleoside and Nuclcoude
w67 =




‘nerve impulse and synthesis of proteins etc. :

~ The addition of i i - B

phosphorylation. inorganic phosphate with an organic molecule is
There are two types of phosphorylation. "

photophosphorylation e.g., formation of ATP during photos

to carbon three of pentose
::n?:f ‘;g front and to.carbc')n five of
pentose sugar behind it. Since
phosphate forms & double ester linkage
with pentose sugar. Thus the linkage 1s
called phosphodiester linkage.

Nucleosides:
Nucleoside is formed when a
nitrogen containing base is linked with
a pentose sugar. The bond that
combines the base with sugar is called

glucosidic bond.

Nucleotides:
A nucleoside and phosphoric

acid combine to form nucleotide,
which in free state exists either
monophosphate, diphosphate or
triphosphate esters. Sl s
Mononucleotide: Fig. 221 Structure of ATp"
ATP, cyclic AMP and cyclic GMP are made up of '
one nucleotide. Chemical analysis of ATP reveals that it
consists of adenine, ribose and three phosphate groups. [l
.Adenm.e reacts with ribose to form a nucleoside called Nucleotides are 5
adenosine. One, two or three molecules of phosphoric acid component Qf TP o
react with adenosine by condensation reaction to form [VAD. FAD and ¢ 'i
nucleot.ide, known as adenosine monophosphate (AMP), oenzymes.
adenosine diphosphate (ADP) and adenosine triphosphate

(ATP)tespegtively.
ATP is known as energy currency of the cell, being orga

hydrolysis it releases large quantity of
: mebeusedtomakemusclcScontmct,dﬁve‘: stive transport, transmi

4

:energ}'. for phosphosrylation comes from ‘; »

g At 3

3
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2 I(;xidalivc phosphorylation
energy for Jlati
iscalled as oxrigd);tivcp:ho:s:l?orylrh.o" comes from breakdown of organic molecule in cell
rylation. e.g., formation of ATP during cellular respiration.

Dinucleotide (Nicotinamide ade
nine di :

Mot eyies tond it ch::;::]oﬂde NAD) 0
components to become functional called
cofactors. Cofactors may be inorganic or organ:
but other than proteins are known as coenzymcg
e.g., nicotinamide adenine dinucleoti
and many vitamins, g2
Structure of NAD:

. NAD cqnsists of two nucleotides, one
consists of nicotinamide base, sugar and
phosphate group, Other consists of adenine base,
sugar and phosphate group. Both nucleotides are
linked by their phosphate group forming a o=
dinucleotxdc: NAD is derived from nicotinic acid
or niacin (vitamin B). In metabolism, NAD is
involved in redox reactions, carrying electron
from one reaction to other. This co-enzyme is,
therefore, found in two forms in cells. NAD' is an & ’

Fig. 2.22 Nicotinamide Adenine

oxidizing agent. It accepts two energetic
electrons and a proton from other molecules and Dinucleotide (NAD)

become reduced (NADH), which can be used as
reducing agent to donate electorns. These
electron transfer reactions are the main function
of NAD.

Another example of dinucleotide is flavin
adenine dinucleotide (FAD) which is also a co-
enzyme sometime used instead of NAD. It
accepts two electrons (reduced) and two protons to become FADH,.

Polynucleotides:
DNA andRNA are examples of polynucleotides.

Deoxyribonucleic acid (DNA): &
Deoxyribonucleic acid is a polymer of deoxyribonucleotides found mostly in

nucleus, few traces in mitochondrion and chloroplast. It contains instructions, an

organism needs to develop, live and reproduce. |
Discovery: Nucleic acid was first observed by a Swiss biochemist named Friedrich
Meischer in 1869. But for long time researchers did not find its exact structure and f
function. It was until 1953 that James Watson, Francis Crick, Maurice Wilkins and :

0692 1

hrough the cell.
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- ible helix).
Rosalind Franklin figured out the structure of DNA ( dou

Watson. Crick and Wilkins were awarded nog’finpntfa:;erg??)'g;e in 1962 for
givinge (»;11.prci\cnsi\'0 information for the structu :‘LDJ[: A')- po :
DNAstructure incmig s;nd ?ri:ltswigl(ll:cll odcox)/rib.onucleolides. Each nucleotide

DNA is made up of molec and a nitrogen containing base

TR OXVIibOR ar, phosphate group and a , i
conslat.\T (I:E: :: g;;:zﬂr:ﬁolbyepsc};g;; l?ascs‘. two purine bases (Adenine and guanine) and

e . ine and cytosine). : o : L
pyrnmn(%}:z 21:;:- (;}m;lse ni[rogcynous bases determines DNAlSo Lnstsrtl:gggs“sth?: tl‘);mm
synthesis. The nucleotides are attached together to r?lmc]ctt?(,:l)l ant?parallel and winlst. o
create a double helix structure, running in opposite lz ugarmolecules make the g
about each other like a circular ladder. The phosphate and sug S

two

air with the
(upright) while the bases make rungs. The bases on one strand pair with the bages on
another strand in a s

with guanine,

sttt it
O8O GOUDIE ey

pecific manner. Adenine always pairs with thymine and Cytosine

s Sy antiparallel
made of Each strand 15 2 chain of antip:
nucleotides

Sugar-phosphate “handrul

"l'tztrtdr:!nts" v
misde of AURATS =
und phosphates

Nucleotides within

strand are connected  The two strands
by covalent bonds.  #re connocted by
hydrogen honds

tween the nucleotides
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“Rungs made
of nitrogenous
bases

Fig. 223 Structure of DNA

helix is 2nm and makes a full spiral turn at every 3.4nm.
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Struct;;“erf Ribonucleic Acid (RNA):
is a long . <y
S knt;:ba':"r‘;g;ﬂup‘;l’yn}enc molecule formed by interlinkage of four
Basésl cleotides of adenine, guanine, cytosine and uracil

RNA molecules are single stranded, except Reo

virus. However, some RNA molecules hav ions i

: € regions in $
which hydrogen bond - s m ,.
formed {)thgccn (;)ll;fesl‘eb:ttwl’:g)ﬁs Olg lahn: S(z;lf moleczfe About 97% of transcriptional
: . s € (s o WNein cox
i coiled sl ook ke double raded it pinoop. |1 1

oA s in cytoplasm but synthesized within |ca//ed non coding RNA

the nucleu§ by‘usmg only one strand of DNA as template ((ncRNA).
(3—S) direction. Thus it is true copy of the genetic
'“?"l'l"“;” c‘?“‘a"“’dk;q“ DNA. RNA helps DNA in protein synthesis. In some animal
and all plant viruses, RNA functions as hereditary material. The amount of RNA varies

from cell to cell.

Whatisa Gene?
A gene is a region of DNA which is made up of specific sequence of nucleotides,

which codes a specific polypeptide chain. A nucleotide sequence of gene in DNA
specifies, the amino acid sequence of proteins through the genetic code. A set of three
nucleotides known as codon each correspond to a specific amino acid e.g., if a
polypeptide chain has 100 amino acids then the number of nucleotide in a gene will be

300.
Types of RNA:

There are three main types of RNA which are synthesized from different parts of
DNA in a process called transcription and then are moved out in the cytoplasm to perform

specific functions.
Main three types are mRNA, tRNA and rRNA.

Messenger RNA:

The mRNA is a type of RNA that carries information from DNA to the ribosomes,
the site of protein synthesis in a cell. The coding sequence of mRNA determines the
aminoacidsequenceinproteinthatistobeproduced.'mercaremnytypesof mRNA
because for the translation of every polypeptide chain a specific mRNA is required.

(mRNA is about 3—5% of total RNA of cell).
Transfer RNA:

The tRNA is a small RNA chain of about 80 nucleotides that transfers a specific
amino acid to the growing polypeptide chain at ribosomal site of protein synthesis. There
are at least 20 types of tRNA in each cell because for each amino acid a separate transfer
RNA is required. About 60 types of tRNA have been identified so far. Transfer RNA are

about 15% of total RNA of cell.
w7154
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Ribosomal RNA: _ . 3
The rRNA is the catalytic componcmrof ncllaosg)tlhn.e. :;113 synthesize 1, :
omes found within the regi 4By the o

gion of pygj®

: " seve hromos |
present on DNA of several € ) : o
nuclear organize of rRNA of all organisms is similar o * Ca

r. The base sequence A oE ’
only one typeofT bundant about 80% oftotal RNASO&heeem ,L
2.7 Conjugate

RNA. Itis mosta

d Molecules
< of molecules that are formed by the

Conjugated molecules are type
of two different classes of molecules €& when carbohydrate molecyje .
covalently with protein, 8 more complex molecule is formed called glycop, 0
other examples of conjugated molecules areas under. te;
Lipoproteins: The lipoprotein forms when lipid combines with protein, The.
of molecules are frequently found in cell membranes and other types Ofmen; 156 typg
cell like mitochondria, endoplasmic reticulum, nuclear membrane etc. NS in
Nucleoproteins: Itis formed by the combination of nucleic acid With prapeie
Ribosome and chromosomes of eukaryotes are basically nucleoproteins incd“’ Cin gy
Glycolipids: Thescare lipids with & carbohydrate attached with glucosidic : 4
molecules are part of cell membrane. I bor

Table 2.3  Differences between DNA and RNA.

WL 4 1

P G B TE T L e
T N
1. Itis mainly located in the cyt

1. Tt is mainly located in the nucleus. A
i small quantity is foun

small quantity occurs in
mitochondria and chloroplast. nucleus. | )
2. Its quantity is constant ineachcellof 2. Its quantity varies ind Frarsatanie
a species. -
3. Itcontains deoxyribose sugar. 3. Itcontainsribosesugar.
BasesareA,G,CandT. BasesareA, G, Cand U.
4. Tt consists of a single poly

4. It consists of 2 polynucleotide chains
hg!d-tdgetbu‘by’ hydrogen bonds, and chain. It may fold on
coiled intoa double helix. hydrogen bonds and

e pseudohelix.

e Itlxsontypes:hnearin}uanuclearand 5. Itis of 3 types: mRNA, tR}
circular extranuclear( such as in Each type has many subtypes.
6. It is the genetic material in all 6. It is the genetic material only
T ltmfasxtsmfonnauonmmRNA 7. mRNA transfers its ini ‘mation

(Transcription): polypeptide (Translation).




Cytosine
NH,

Cytosine

*

_ DNA
Ribonucleic Acid Deoxyribonucleic Acid
Fig, 2.24 Difference between DNA and RNA

e chtica Thmkdng Ty
Why reducing sugar gets red when tested with Benedict's solution? The Bcnednct s soluuon
contains copper II salt (blue) that can be converted to copper I oxide (red). We say it has been
reduced. Some sugars are able to cause this change, and thus called reducing sugars. Benedict's
test can, therefore, be used to test for the presence of reducing sugars such as glucose, fructose
\and maltose. J

”»~

+  Hydrogen, oxygen, carbon, and nitrogen constitute more than 97% of the atoms in
the human body.

«  Water is an important compound for the life and its proper functioning is due to its
polarity, low density in ice form, high heat of vaporization, high heat capacity,
cohesive and adhesive properties.




Chemically, the carbohydrates may be defined as optically active polyhydroxy
aldehydes or ketones or the compounds which produce such units on hydrolysis.
Carbohydrates are classified into three subtypes: monosaccharides,
oligosaccharides, and polysaccharides.

Many of the large sugar units (> C5) tend to form ring structures in solution. The
ring is formed by the reaction of the aldehyde or keto group with one of the OH-
Zroups.

The joining of two to ten monosaccharides forms an oligosaccharide, One or more
glycoside linkages hold the monosaccharides together. The simplest, and most
common, oligosaccharides are the disaccharides.

A covalent bond formed between a carbohydrate molecule and another molecule is
known as a glycosidic bond.

Amylose is a water soluble component which constitutes about 15-20% of starch.
Amylopectin is insoluble in water and constitutes about 80-85% of starch.
Cellulose occurs exclusively in plants and it 1s the most abundant organic substance
in plant kingdom.

The word protein is derived from Greek word, “proteios’ which means primary or
of prime importance. All proteins are polymers of a-amino acids.

Anamino acid is a molecule containing an amino group (—NH,), a carboxyl group
(—COOH), and a hydrogen atom, all bonded to a central carbon atom.

The structure of proteins is traditionally discussed in terms of four levels of
structure, as primary, secondary, tertiary, and quaternary.

Fatty acids are long-chain hydrocarbon molecules containing a carboxylic acid
moiety at one end. They are called as the building blocks of lipids.

The unpleasant odour and taste developed by most natural fats upon ageing is

referred to as rancidity.
Waxes are a type of long chain nonpolar lipids. Natural waxes are typically esters of

fatty acids and long chain alcohols.
Paraffin wax is a type of synthetic wax derived from petroleum and refined by

vacuum distillation.
Nucleic acids are long polymers of repeating subunits called nucleotides.
Evidence that DNA is a helical molecule was provided by an X-ray diffraction
photograph of DNA fiber taken by Rosalind Franklin.
There are four types of conjugated molecules; glycolipids, glycoproteins,
nucleoproteins, and lipoproteins.

seioe



Seeﬂonhom, ——
Multiple Choice me-n _. |

(poose the best correct answer.
. Thesux elements that make up 99% of all elements found in human beings

are

(a) g.g,gz&l;dsandl’ (b) C,N,0,SZn,andP

(c) a,PandN (d) C.H,0,Ca,Cuand$.
2 What are the most diverse molecules in the cell?

(a) Lipids (b) Mineralsalts

() Proteins (d) Carbohydrates.

3, One of the following groups contains all polysaccharides?
(1) Sucrose, glucoseand fructose () Maltose, lactose and fructose
‘) Glycogen, sucrose and maltose (d) Glycogen, cellulose and starch
,  Lactoseiscomposed of |

‘41 Glucose + galactose (b) Fructose + galactose

-1 Glucose + fructose (d) Glucose+glucose.
s AnATPmoleculeisconsisting of

‘41 Mono nucleotide (b) Nucleoside

‘o) Polynucleotide (d) Vitamin
& Lipids are insoluble in water because lipid molecules are

‘41 Hydrophilic (b) Hydrophobic

(¢c) Neutral (d) POlar

5 Indoublehelix of DNA, the two DNA strands are
(2, Coiledaround acommonaxis (b) Coiled around each other

(o) Coiled differently (d) coiled over protein sheath.
¢ InDNA thenitrogenous base that takes place of uracil is:
(4) Thymine (b) Adenine
(¢) Guanine (d) Cytosine
9, Protemsaresynthesmedﬁ'mn
! (a) Glucose (b) Fattyacids
| (¢) Aminoacids (d) A-ketoglutaric acid.

B.  Fillin the Blanks.
I, The branch of biology which deals with the chemical compounds and

chemical processes is called




Animal fats are atroom temperature.
Peptide bond is present between
Any compound composed of an alcoho! and an organic acid is called

Thebasic unit of nucleic acid is

The saturated fatty acids have bond between carbon atoms.
Glycogen is also known as animal :

When two different types of organic molecules join together, make a
complex molecule called

The addition of inorganic phosphate with an organic molecules is called

10). The bond between water molecules is known as

© SectionIl: Write Short Answers
What are monosaccharides?

What are reducing sugars?

Write two main functions of carbohydrates in plants.

What do you understand by the term glycosidic linkage?
What is glycogen? How is it different from starch?

What are the hydrolysis products of (i) sucrose (ii)lactose?
What is the basic structural difference between starch and cellulose?

Differentiate between globular and fibrous proteins.

9. What are nucleic acids? Mention their two important functions.

10.  Whatisthe difference between a nucleoside and a nucleotide?

11. Thetwostrands in DNA are not identical but are complementary. Give reason.

12.  Write the important structural and functional differences between DNA and RNA.
13. Whatare the different types of RNA found in the cell?

AT

® N o

.

1. How are amino acxds lmked to form proteins?

2. What are the three components of a nucleotide? How are nucleotides linked to
form nucleic acids?

3. Which of the purines and pyrimidines are capable of forming base-pairs with each
other? Also draw their structure.

4. What are the two kinds of subunits that makeup a natural fat molecule, and how
are they arranged in the molecule?
5. Describe the differences between a saturated and an unsaturated fat.

seroe



ENZYMES

‘Major Concepts )

3.1 Structure of Enzymes

3.2 Mechanism of Enzyme Action

3.3 Factors Affecting the Rate of Enzymatic Action
3.4 Enzyme Inhibition

3.5 Classification of Enzymes

Substrate

Cofactor Catalytic site Substrate

AcCtive Sies

(1) Enzyme Enzyme-substrale
complex

Apoenzyme

—_

Holoenzyme

Enzyme



Students Learning Outcomes

On complletion of this unit students will be able to:
e Describe the structure of enzyme.

a E{(plam t!le role and component parts of the active site of an enzyme.

o Differentiate among three types of co-factors i.e. inorganic ions, prosthetic group
and co-enzymes by giving examples.

° .Exp'lam the mechanism of enzyme action through Induced Fit Model, comparing
it with Lock and Key Model.

« Explain how an €nzyme catalyzes specific reactions.

. Deﬁne.energy of activation and explain through graph how an enzyme speeds up
a reaction by lowering the energy of activation.

» Describe the effect of temperature on the rate of enzyme action.

Compare the optimum lemperature of enzymes of human and thermophilic

bacteria.

Describe the range of pH at which human enzymes function.

Compare the optimum pH of different enzymes like trypsin, pepsin., papain.

Describe how the concentration of enzyme affects the rate of enzyme action.

Explain the effect of substrate concentration on the rate of enzyme action,

Construct and interpret graphs based on data about the effect of temperature,

enzyme concentration and substrate concentration on the of enzyme action.

Describe enzymatic inhibition, its types and its significance.

Name the molecules which act as inhibitors.

Categorize inhibitors into competitive and non-competitive inhibitors.

Explain feedback inhibition.

Classify enzymes on the basis of the reactions catalyzed (oxido-reductases,

transferases, hydrolases, isomerases and ligases).

Classify enzymes on the basis of substrates they use (lipases, diastases, amylase,

proteases etc).

Introduction
There are thousands of chemical reactions taking place in the body of a living

organism. The sum of all these chemical reactions is called metabolism. These reactions
must take place with a high speed to sustain life. A special group of chemicals responsible
for facilitating and speeding up these reactions are called enzymes. Enzymes are mostly
protein in nature and coded by genes. They are large group of chemicals which catal).'ze
almost all metabolic reactions in the cell and other parts of the organisms e.g., in digestive
tract. ,
The term enzyme was coined from a Greek word “levened” or “in yeas!”. First
enzyme was discovered by Payen and Persoz from germinating barley seeds in 1833
‘andnamed it diastase. The term enzyme was introduced by Wilhelm kuhne in 1877.

B<785e



Enzymes can be defined as “ the thermolabile biocatalyst’’ protein in nature, specific in
function and coded by DNA.

They work inside or outside of the cell. The substance on which enzyme acts is
called substrate which is usually very smaller than enzyme. When enzyme combines
with substrate it forms an enzyme-substrate complex. After enzyme substrate reaction
product is formed and enzyme itself remains unchanged which can be used again for
another substrate. Most enzymes are protein in nature, although a few are catalytic RNA
molecules called ribozymes, that can catalyze specific substarte in a similar way as
proteinaceous enzymes.

: Producis
Substrat Enzyvme makes conformational changes
uic ‘o . . =
MENATS in shape slightly as substrate binds
Aclive site r

= =

=

Substrate entenng Enzyme-substrate Enzyme-products Products leaving
active site of enzyme complex complex active site of enzyme

Mechantim of Enzvmce Action

3.1 Structureof Enzymes

Enzymes are generally globular proteins. The
sequence of amino acids specifies the structure of active ibosomes Nl Cosiols
site which determines the catalytic acti\:ity of enzyme. An Solien ide oo
enzyme may.have one or more active sites. Active site of during protein synthesis
enzyme consists oftwo parts 1.c.. such as peptidyl transferase.
a. Binding site where substrate attaches.
b. Catalytic site where catalysis of substrate takes place.

The catalytic site is very small portion comprises of (2to 12) amino acids.

Ribozyme is found in

Chemical Nature of Enzymes:
Most enzymes are proteins, so each has its own specific structure, which is

required for its proper functioning. A complete functional enzyme is called holoenzyme.
The holoenzyme consists of two parts
a. Apoenzyme: It is the proteinaceous part of an enzyme.
b. Cofactor: Itis non-proteinaceous part of an enzyme.
Apoenzyme + Cofactor = Holoenzyme.

Some enzymes are only composed of protein i.e., no cofactors are attached with

theme.g. lipase.



Physical Nature of

molecular weight e.g., the molecular weight
of peroxidase is 40,000 Daltons or 40 KDa
and catalase 250 KDa approximately.
Enzymes due to proteinaceous nature may

- -
L RZVINesS.

Enzymes have relatively high ‘

Apocnzyme

denature in high temperature. The enzymes
form colloidal suspension in the cytosol, therefore, at low temperature their activity may ®

decrease or stop. High fever is harmful for the body

high temperature.

ﬁ

Cofactor Holoenzyme

because enzymes may denature in

L] Activity

)

If an enzyme breaks three lac moles of substrate in a second. What will be its turnover
mimbers?

) -

Catalytic Characteristics of Enzymes:

Being catalysts, enzymes show following =

characteristics.

i)

Vi)

vii)
viit)

They are very efficient in function e.g., one enzyme
may catlyze 100000 substrate in one second. (The
unitis called as one turnover number).

Enzymes need specific temperature for their
proper functioning. So drinking cold water during
meal is medically wrong.

Enzymes need specific pH for their proper
functioning.

Enzymes are highly specific i.e., one enzyme acts
only a specific substrate e.g., amylase acts only on
amylose.

Enzymes remain constant after the reaction so they
can be used again and again.

Enzyme may be studied in living cell (in vivo) or
outside living celli.e., in glassware (in vitro).

Most of enzymes need co-factor for their functioning.

Uf you turn something over,
orif it turn over, it is moved
S0 that the top part is now
[facing downward or change
or reversal of position.

Dalton

A very small unified atomic
mass unit (symbol Da) in
biology, one hydrogen atom
has mass of one Da. The
molecular weight of proteins
and other macromolecules
are usually measured in
kilodaltons (KDa). )

Enzymes need aqueous environment for their functioning, that's why we feel

thirst after taking meal.

Three dimensional structure of enzyme: :
The enzymes are globular proteins. The specificity of enzymes comes from their

x
-

unique three dimensional structure. Tertiary structure of a protein or any other
macromolecule, play important role in their proper functioning. : .

- The simple protein consists of only one long polypeptide chain e.g., ribonuclease
consists of 124 amino acids. The kind of amino acids and the sequence in which they are

w800



arranged determines the three dimensional structure ofan enzyme.
Knzyme Cofactors:

Some enzymes do not need additional components to show full activity. However,
most of the enzymes require non-protem molecule called cofactors to be bound for
activity. Cofactor can be either inorganic metal ions or organic compounds like flavin or
haeme. These cofactors serve many purposes ¢.g., metal ions help in making enzyme-
substrate complex either by moulding active site or shape of substrate. The organic
substances may be co-enzyme which are released from the enzyme active site during the
reaction. They are loosely attached with enzyme. Prosthetic groups are tightly bound
with enzyme hence the permanent part of enzyme. Most vitamins are co-enzymes or
components of co-enzymes. That is why vitamins are needed in our daily life.

3.2 Mechanism of Enzyme Action
Enzymes must bind their substrate before they can catalyze any chemical

Amvc site

Fig.3.3  Emil Fischer Model

Lock and Key Model: Qub:strme
enzyme with a single substrate l

the lock is the enzyme and the m ‘
substrate fits into the key hole Somipiek
enzymes work on this mechanism are called non regulatory enzymes e.g., lipase,

reaction.
To understand the mechanism of enzyme action two models have been proposed.
This model was Lok (ERYRIC)
developed by a Germen chemist
Emil Fischer in 1894. (@
The specific action of Kc\ (Substrate ,l
can be explained using a lock
and key analogy. In this analogy |
key is the substrate. Only the Pockokey Conoler
correctly sized key that is Erizyme-substrate
which is active site of lock that
is enzyme. The same enzyme can be used to catalyze hundreds of same substrates. The
amylase etc. This model explains the specificity of enzymes but does not say anything
aboutthe change inactive site.

Studyt the lock and key enzyme action and htduced it model of enzyme action by anima:ed
Videos through internet.

Induced-Fit Hypothesis (Model):
In 1958 Daniel Koshland suggested a modification to the lock and key model.
According to induced-fit model the active site of enzyme is a flexible structure. Enzyme

e




‘ 'Lucy'emse is an enzvme in

‘ .
f ireflies responsible for light

E EA S(omplct E+P Complex E P gmducuon.

Fig. 3.4 Induced-fit Hypothesis

—

molcculcs are In an inactivc form. To become active,
enzymes must undergo slight conformational changes in
the structure to accommodate the substrate, A suitable Enzymes are denatured by
analogy would be that of hand and gloves. The hand |kheat but not by cold tlms
corresponds to the substrate and glove as enzyme is shaped |enzymes stored in below 0°C
by insertion of the hand. Enzymes which follow the |are able o Sfunction after
induced-fit mechanism are called regulatory or allosteric (thawing. )
enzymes e¢.g hexokinase. -

3.3 Factors Affecting The Rate of Enzyme Action
The activity of enzymes isaffected by the following factors,

Temperature:
Heat increases molecular motion. As the
temperature rises from “zero” reacting molecules of | 7he food like meat, fruits may

substrate and enzyme will get more and more kinetic |rurn bad because of the
energy. This increases the chance of a successful collision |enzyme activity. Therefore, it
and so the rate of reaction increases. For every 10°C rise in |is advised 10 keep such food|
temperature the rate of enzyme activity doubles (i refrigerator y
approximately.

There is a specific temperature at which an enzyme catalytic activity is fastest and
this is known as optimum temperature. The optimum temperature for enzymes found i in
human is 37 C. After this point the rate of enzyme activity will decrease and at 45-50 Xe

Optimum level

2 hble 3 | Optlmum pll of dnﬂ'cnnl cnzymes
E e Tk
> » .
g Pancreatic Lipase 7.4-7.8
3 Pepsin 2.0
S Trypsin 7.8-8.7
Maltase 6.1-6.8
 Arginase 9.7
S Sucrase 4.5
Temperature ('C)
Fig3.3 Effect of Temperature on ¢nzyme action -
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the enzyme activity will be stopped, as enzyme binding site will denature at this
temperature. Some bacteria live in hot springs so optimum temperature for their enzymes

is more than 37 C. Such enzymes have been used in biological washing powders and
detergents. Thatis why cloth washing need lukewarm water, not too hot.
pH:

Every enzyme needs a specific pH for its proper functioning. The pH at which an
enzyme works maximum is called its optimum pH. Some enzymes work best in acidic
medium e.g., pepsin, some in neutral medium e.g., amylase and other in alkaline medium

g., lipase. :
Y Salivary

However, most of Pepsin amylase
enzymes in our body work in ©
the range of pH 6-8. Some |
enzymes may work on both
acidic and alkaline media e.g.,
papain enzyme in green papaya. m

Change in pH alters the

Alkaline
phosphatase

ion.ic. charge of acidic.an'd 1 2 3 4 S0 06 7n 80 90
basidic groups as a result ionic pH
bOﬂding IS diSl‘UPth- This ion‘ic Fig. 3.6 Eftect of pH on enzyme action
bonding is needed to maintain = -
the specific shape of enzyme. ( Activity )
Thus the change in pH may Find the pH of different food
change the shape of enzyme as substances by scarching
well as denature active site. LG

= = Max rate {c)

2 2

5 :

5 s

2 =

o
& o ()

Fig: 3.7 Enzyme Concentration Fig, 3.8 Concentration of Substrate




Enzyme Concentration:

Enzyme concentration is directly proportional to enzyme activity. If substrate
concentration is maintained at high level , and other conditions such as pH and
temperature is kept constant then with the increase of enzyme concentration the activity
of enzyme will also increase and with the decrease of enzyme concentration the activity
of enzyme will also decrease.

Usually in natural conditions the substrate concentration is always high than
enzymes. However, when the enzyme concentration become saturated as compared to
substrate, then the rate of reaction will not increase further, this maximum rate (Vmax
value) is never obtained.

Substrate Concentration:

Like enzymes the substrate concentration is also directly proportional to enzyme
activity up to optimum level. If we keep the other conditions such as temperature, pH and
€nzyme concentration at constant state and change the amount of substrate then we find
that with increase in substrate concentration the reaction rate will increase only up to
optimum level. This is because more substrate molecules will be colliding with enzyme
molecules so more product will be formed. However, at certain concentration substrate
become saturated then any further increase will have no effect on the rate of reaction
because at this point all the active sites of enzyme will be occupied, maximum rate (V-
max).

Energy of Activation(EA):

The minimal amount of energy required to start a chemical reaction is
called activation energy. Itis denoted by EA and measured in units of kilo joules per mole
(KJ/Mol) orkilocalories per mole (Kcal/Mol).

In non-living system,
heat is used as energy of 4 |
activationftonerease thesl o o e =
movement of molecules. without enzyme
However, in living system heat

energy cannot be used because sctivation
this heat may denature enzymes | g N D Zili;%%;“"“““‘
and proteins of the cell. \h enzym aﬁ“,v‘“i on_
: 2
There are hundreds of energy wi L

reac}xons contm;ousl)]/l gtgmg R actahts
on in the cell. For all these |, co, +H,0
reactions large amount of

overall ene
released during
reaction

activation energy is required. iz
Such ahuge amount of energy is : H,CO,

not present in living organisms.

However, living organisms .
possess enzymes which lower Reaction coordinate

the activation energy. Inthe " Fig. 3.9 Effect of enzyme on activation energy



_enzymes.

presence of enzymes less activation energy is required but in the absence of enzymes
more activation energy is required to convert a substrate into product.

3.4 Enzyme Inhibition

The term enzyme inhibition means to stop enzyme from its expression
(functioning), usually by enzyme inhibitors or due to change in temperature or pH. Such
molecules or substances which stop enzyme activity are called enzyme inhibitors, such
as drugs, toxins, products of enzymes etc. Some of the poisons are enzyme inhibitors,
that's why a person exposed to poison may die. On the other hand, there are enzyme
activators which bind to enzyme to increase enzyme activity.

Types of Inhibitors: 'C?midesf&;epgverﬁd
- Generally there are two main types of enzyme |poisons of organisms
inhibitors that is irreversible and reversible inhibitors. because they can kill them
Irreversible Inhibitors: by inhibiting cytochrome
These inhibitors stop enzyme activity permanently ox:dqse & ssential for
Lresp:ranon. )

either by destroying (denaturing) the active site of enzyme
or occupying active site by making covalent bond with
active site. The irreversible inhibitors often contain
reactive functional groups e.g., aldehydes, alkenes. These
electrophilic groups make covalent bonds with amino acid
side chains.

The irreversible inhibitors may be natural or artificial e.g., poisons, venom of
snakes, drugs etc.

Reversible Inhibitors:

Such inhibitors which
attach to enzymes with non-
covalent interactions such as =
hydrogen bond, hydrophobic C?;“h‘,’ﬁ’,'.‘,‘,“
interactions and ionic bond. These
inhibitors generally do not undergo
chemical reactions when bonded to Active
enzyme and easily removed from oL

Scientific Knowledye
The enzymes which catalyze
chemical reaction again and
again are called regulatory
enzymes.

.
Sut:tmnc

Agtercd
activesie

-

Reversible inhibitors are of
two types.
Competitive Inhibitors: .
Such inhibitors which have \
similar shape to the substrate \ AN o
molecule hence compete with “ostc  Enzyme Dpeompetitive
substrate to occupy active site. The  Fig. 3,10 Competitive and Non-comﬁéﬁlivé inhibitors
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process of inhibition depends on the concentration of substrate and inhibitors. With high
concentration of inhibitors the chances of inhibition are also high.

Non Competitive Inhibitors:

These inhibitors do not possess structural similarities with the substrate molecule,
therefore, attach to allosteric site of enzyme than active site. The attachment of |
inhibitors changes the shape of active site. Thus substrate cannot bind with active site.
Such type ofinhibitors are not affected by substrate concentration.

FFeed Back Inhibitons:

The production of enzymes, hormones and other products should be in limits to
maintain homeostatic conditions. The over production of any product in the body, may
prove fatal.

The mechanism through which the production of different products controlled in
the body is known as feedback mechanism.

Many enzyme catalyzed reactions are carried out through the biochemical
pathways. In these pathways the product of first reaction becomes the substrate for the
next reaction. At the end of the pathway a desired product is synthesized. In order to
regulate the concentration of that product the biochemical pathway needs to be shut
down. This is done through feedback mechanism (automatic system) ¢.g., the amino acid
aspartate changes into threonine through a sequence of five enzymatic reactions. When
threonine production become sufficient, it starts accumulating on the allosteric site of
enzyme. Thus changes the shape of active site as a result threonine production stops.

Feedback inhibition

t Allosteric

Active site | :
| site

Fig. 3,11 Feedback Inhibition

3.5 Nomenclature of Enzymes (classification of enzymes)
The name of an enzyme is often formed by adding “‘ase” to the name of substrate.

They are named for the action they perform e.g., hydrogenase is an enzyme that removes
hydrogen atom from its substrate and cellulase which breaks down cellulose.

.  Classification on the basis of reaction types or functions
The international union of Biochemistry in 1961 has given a nomenclature
system for enzymes. According to this system the enzymes are classified into following

SiX groups. :
i) Oxidoreductases ii) Transferases ii1) Hydrolases
iv) Lyases v) Isomerases vi)_ Ligases

s<6pe '



Oxidoreductases:

These enzymes catalyse different types of oxidation-reduction reactions 1.e.
removing oradding electrons or hydrogen ions from or to the substrate. The sub classes of
these enzymes are oxidases, oxygenases and peroxidases.

Transferases:
These enzymes cause transfer of group from one molecule to another molecule

called transferases. Examples of such groups are amino group, carboxyl group, methyl
and carbonyl group. Example of transferases enzymes are hexokinases which transfer
phosphate group from ATP to glucose.

Hydrolases:

These enzymes break down proteins, fats and carbohydrates by adding water so
are called hydrolases e.g., lipase, sucrase, maltase, cellulase, proteinase etc.
Lyases:

These enzymes catalyse the breakdown of specific covalent bond and removal of
functional group without hydrolysis e.g., decarboxylase, add or remove carboxyl group,
deaminases, add or remove amino group etc.

Isomerases:
[somers are molecules having similar molecular formula but different structural

formula e.g., glucose, fructose and galactose are isomers having same molecular formula
C,H,,O, but have different structures. Isomerase enzymes bring about intramolecular
rearrangement within a molecule e.g., phospho-hexose isomerase change glucose 6-
phosphate to fructose 6-phosphate. :

Ligases:
These enzymes are responsible for formation of bond between two substrates e.g..

polymerase joins monomers into polymers, such as joining of mononucleotide into
dinucleotide or polynucleotide by DNA polymerase or RNA polymerase.

2. Classification on the basis of name of substrate

Enzymes can also be classified on the basis of name of substrate on which they use
e.g., protease breaks protein into amino acids, lipase hydrolyses lipid, amylase breaks
downamylose, nuclease acts on nucleic acid, diastase acts on starch etc.

¢ inhibition

1- Binds vianon covalentinteractions, | 1- Binds vale
2- Donotperform any chemical changes. |2- Inhibitor binds

viacovalentinteractions.
Suosicaierand

Se‘canbe‘tﬁ.v - «, 93,{1‘3‘9"53@9 el \' y _prev-ents\,,,‘,._ i [ A L e A A A Wk 2 ‘I
between the inhibitorand substrate. |3~ Irreversibility is due to strong covalent
- | bonding. .
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Table: 3.3 Comparison between Competitive and non-competitive enzyme inhibition

Competitive inhibition Non-competitive inhibition
I- Example: succinate dehydrogenase is| 1- Example: pyruvate kinase is inhibited
inhibited by malonate. by alanine.
2- Inhibitor binds to active sites. 2- Inhibitor binds away from the active
3- Inhibitor does not change the shape of| site i.c., at allosteric site.
the activessite. 3- Inhibitor changes the shape of the
4- Increase in substrate concentration active site.
reduces the effect, 4- Increase in substrate concentration
does not affect.

Germinating seeds have enzymes which convert insoluble stored food into simpler soluble
substances for example the enzyme amylase digests starch and converts it into maltose.

Table 3.4 A Bird’s eye view of Enzymes

=

are proteins which function Provestics action can be
as biological catalysts P explained by

&,ock and key hypothavis] [ Induced-fit hypothesis }

| |

W v A
Remain required rate is
unchanged ’ only affected by
at the end in minute pH and
of reaction l amount temperature
Highly specific | [ Denature at high Lower activation
in function temperature energy

rrrrr

Relate enzyme activity with antibiotics by sear..chi-ng internet and try to
Jfind out the reason why antibiotics are not effective against viruses.

Papain enzyme also known as papaya proteinase -1. It is a ‘cystein prolease present in papaya
and mountain papaya. Active both in acidic and basic medium.

==
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Industrial Enzymes

The commercial use of enzymes is increasing day by day due to the advancements
of biological knowledge ofenzymes.

The enzymes are used in ariety of industries such a pharmaceuticals; chemical
productions. Bio fuels, food and beverages industry and consumer products like

Laundary detergents, products of cosmetics. meattenderizers ete.

The ability to do work is called energy.

Work is the transfer of energy.

The study of energy is called thermodynamics.

AKkilocalorie (kcal) is the amount of heat necessary to raise the temperature of 1 kg of
water by 1 centigrade and is equal to 1,000 calories.

A calorie (¢) is the amount of heat it takes to raise the temperature of 1 g (1 cc) of water
1 centigrade thatis from 14.5to 15.5 centigrade.

An enzyme is a biological catalyst that can accelerate a specific chemical reaction by
lowering the activation energy but remains unaltered in the process.

The minimum amount of free energy to carry out a reaction is called energy of
activation.

The amount of excess energy is called free energy.

The lowering of the activation of energy a reaction is called catalysis.

Any substance that performs catalysis is called a catalyst.

The metal ions which are loosely attached with the enzymes are called metallic
cofactors.

The synthesis of ATP during reactions of glycolysis and Krebs cycle is called
substrate level phosphorylation

The coupling reactnon in whlch synthesis of ATP molecule takes place during
movementof H acrossanH’ gradient is called chemiosmosis.

The molecule which reacts with enzymes but is converted into desired products is -
called an inhibitor.

Reversible inhibitors temporarily prevent the formation of enzymes product
complex.

Irreversible inhibitors destroy enzymes by altering active site so that the substrate
cannot bind to the active site.

Competitive inhibitor closely resembles the chemical structure and molecular
geometry of the substrate thus compete with substrate for the same active site.

Non competitive inhibitor molecule binds to an enzyme other than active site.
Cofactor is the non protem part of an enzyme responsnble for attachment of substrate
to active site and also participate in the catalytic reaction.

Enzymes are named by adding “ase” to the end of the name of substrate they act, e.g.,

proteases, lipases etc.



I

« Enzymes are named by taking into consideration both the substrate acted upon and the

type of reaction catalysed, e.g., DNA-polmerase.

» Enzymes are named according to the types of reaction they catalyse, e.g., oxidases,

reductases etc.

 Some enzymes are named as per substance synthesized e.g., thodonase catalyses

synthesis of thodonate from hydrochloric acid and sodium thiosulphate.
» Lockandkey model was first postulated in 1894 by Emil Fischer.
« Theinduced-fit theory was given by Koshland in 1959.
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A. Choose the best correct answer.

I A biochemical reaction would proceed at a very slow speed making life

N

6.

B exercise
‘Section I: Objective Questions

T —

Multiple Choice Questions

impossible in the absence of

(a) Enzyme
(¢c) Coenzyme

(b) Cofactor
(d) Substrate

An enzyme with its coenzyme or prosthetic group is called as

(a) Holoenzyme
(c) Activator

Generally a single enzyme catalyzes only a single substrate or a group of

(b) Apoenzyme
(d) Inhibitor

related substrates, therefore, the enzymes are

(a) Specific
(¢c) Activator

(b) Reactive
(d) Inhibitor

The enzymes involved in cellular respiration are found in

(a) Golgibodies
(¢) Chloroplast

Every enzyme functions most effectively over a narrow range of pH

known as
(a) Maximum
(c) Optimum

(b) Mitochondria
(d) Ribosomes

(b) Minimum
(d) Bothaandb

Enzymes are sensitive to minor changes in

(a) pH
(¢) Temperature

The chemical substance with which an enzyme reacts is called its

(a) Substrate
(¢) Inhibitor

(b) Substrate concentration
(d) All ofthese

(b) Activesite
(d) Cofactor

Enzymes require which medium for its activity.

(a) Solid
(¢) Aqueous

O

(b) Semi-solid
(d) Jelly-like

—

——————
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9, The optimum temperature for enzymes in human body 1s

(a) 4°C (b) 37°C
(c) 41°C (d) 50°C
10,  The catalyticactivity of an enzyme is restricted to its small portion called
l (a) Activesite (b) Passivesite
: 2 (c) Intermediate (d) Allostericsite
. il The reversible inhibitors usually constitute
: . (a) Stronglinkage withenzyme (b) Weak linkage withenzyme

(c) Nolinkage with enzyme (d) Medium linkage with enzyme
B.  Fillintheblanks.

! The detachable cofactor of enzymeis called................ :
2. Reversible inhibitors may be competitive or ...............
3

'\ . The minimal amount of energy required to carry out a chcmlcal reaction is
3 called............... .

4. Enzymes become denatured dueto ............... temperature .
h 5. The optimum pH of pepsinis ......c..coeuwe '

6. Induced fit hypothcsm was proposcd by ............... in 1958.

A. Differentiate betwecn following.

| Hydrolases and Lyases

2 Reversible and irreversible inhibitor.

3 Apoenzyme and coenzyme

4 Active site and allosteric site _

5 Competitive and non-competative enzyme inhibition.
B.  Shortquestions.

I How does temperature affect enzyme activity?

2 How does pH affect enzyme activity?

3 What is meant by energy of activation?

-+ Hoyw feed back inhibition is important?

) What is meant by optimum temperature and optimum pH?
. Write the names of six classes of enzymes on the basis of reaonon they
perform.
! Describe the structure ofan enzyme.
. Describe the two models about the mechanism ofenzyme action.

TR ERSSEESSEEEEEEETE T - -
»
o

1
1 2
) 3. Explain different factors which affect enzyme activity.
| 4 Define enzyme inhibition and describe different types of enzyme
| inhibitors in detail.
5.  Write a detailed note on classification of enzyme on the basis of their
reaction type.
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4.1 Photosynthesis
4.2 Cellular Respiration
4.3 Photorespiration

Chloroplast

Photosynthesis

Carbon dioxide Glucose
and and
water oxygen

Animal cell

Cellular
Respiration
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Students Learning Outcomes

On completion of this unit students will be able to:

Explain the role of light in photosynthesis. :
Identify the two general types of photosynthetic pigments (carotenoids and
Chlorophylls). .
The role of photosynthetic pigments in the absorption and conversion of light
energy into chemical energy.

Differentiate between the absorption spectra of chlorophylla andb.

Describe the arrangement of photosynthetic pigments in the form of photosystem
and I1.

State the role of CO, as one of the raw materials of photosynthesis.

Explain the role of water in photosynthesis.

Describe the events of non-cyclic photophosphorylation and outline the cyclic
photophosphorylation.

Explain the Calvin cycle.

Explain the process of anaerobic respiration in terms of glycolysis and conversion
of pyruvate into lactic acid or ethanol.

Outline the events of glycolysis.

Describe the conversion of pyruvate to acetyl-CoA.

Outline the steps of Krebs cycle.

Explain the passage of electrons through electron transport chain.

Describe chemiosmosis and relate it with electron transport chain.

Explain the substrate-level Phosphorylation during which exergonic reactions are
coupled with the synthesis of ATP.

Comprehend the importance of PGAL in photosynthesis and respiration.

Outline the cellular respiration of proteins and fats and correlate these with that of
glucose.

Define photorespiration and outline the events occurring through it.

Rationalize how the disadvantageous process of photorespiration evolved.

Explain the effect of temperature on the oxidative activity of RuBP carboxylase.
Qutline the process of C4 photosynthesis as an adaptation evolved in some plants to

deal with the problem of photorespiration.

Bioenergetics

Bioenergetics is the field of biochemistry and cell biology which deals with the

study of the processes by which cells use, store and release energy. The quantitative study
of energy relationships in biological system is called bioenergetics.

A central component of bioenergetics is energy transformation, the conversion of

energy from one form to another. The biological energy transformations obey the laws of
thermodynamics. Energy is necessary for growth and reproduction. We cannot exhibit

o3
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‘:ﬂ,\' of characteristios of life without a ready supply o)
:.mriz_\. In this chapter we will discuss the M7 An exergont
undame stabolic hich are |72= = .

damental metabolic processes which @ \.I;unlunf-"

photosynthesis and respiration, reaction

4.1 Photosynthesis It is cald
Photosynthesis is the bi ict 3¢ . i i
captures light (—solal'?’S ;chyth;ndbéz:&iﬁ: :l ipnrl(:)&:hcmicnl “"“".‘"";,,f;ﬁfi-"z;‘;[ ’f"""wn
energy (i.e. organic molecules, e.g., glucose). 1t takes place W—’E—\‘
in plants, algae, cyanobacteria and many bacteria. iving world to the liviy
Photosynthesis is a “redox™ process whic : d the oxidation of Waus.
world. It involves the reduction of carbon dioxide in ; 4n be summarized g
into molecular oxygen. The overall reactions of phot

¢ reaction iy 4
us chemicq|
that releases energy
holic reaction. Ay

¢ reaction iy
gs thal endergonic re o

 links non-I
to sugars al
osynthesis ©

follows:
| Reduction =
6CO, + 12H:0 salight_ CHy206 * 6H,0 + 60;
.l Chlorophyll ]
Oxidatnon
4.1.1 Roleof Lightin Photosynthesis - tic energy or radiation. Sol

~Light is a form of energy called Electromagnetit = 1 dise
radiation is consist of photons. Photons (Gk. “Phos™=Light) ar separate and distinet

packets of energy which come from solar radiation. Photons travel in waves, these waveg

contain energy. Short waves contain more energy than long wave. _ _
The full range of electromagnetic radiation In the universe is called

electromagnetic spectrum while visible light (380-750 nm) is only a small part of the
spectrum.

Visible light:
Visible light is the part of the spectrum that the human eye can see which is white

light. Photons of visible light have just the right amount of energy to promote electrons o
higher electron shell in atoms. Leaves absorb only | % of total light, which falls on them,
rest is reflected or transmitted. The synthesis of ATP from ADP or AMP is called

phosphorylation which is endergonic process.
AD?P + Pi+energy === ATP

In photosynthetic organisms the energy comes from

light thus the process of formation of ATP during
photosynthesis is referred to as photophosphorylation.
Light falls on green tissues thereby water molecules are
broken down (photolysis) into H' ions, OH™ radicals and
electrons. The OH- radicals are collected and reassembled
as water and molecular oxygen, both are released into

Excessive light energy.




shere. The H '
'.'l']?;i:gl;;n:cn. H' aﬁﬁﬁz" 's(:::ls (protons) are pumped across the thylakoid membrane
il used toconvert NADPto NADPH, in photosystem L.

1.2 Role of Photosynthetic Pigments
A pl,\(?tOlS))’mhe.llC pigment is a pigment that is present
1howsynlhfllc acteria and captures the light energy ncfessary
pifferent pigments absorb light of different wavelengths. The li ht appe
colours when passed through a prism. ' :

carotenoids:
These are a group of yellow, orange, red or brown

pigments that absorb blue, violet and green light. They are Carotenoids in flowers @l
sssociated Wl.th Phc chlorophyll inside the chloroplast or fruits attract insects, birds
pecur alone inside the chloroplast. Carotenoids absorb and other animzls for
ferent wavelengths than pollination anc see

: ctrum of light tghat o dchlorophy Il, so broaden tl.w dispersal mvpct.'tively. They
spec provides energy for photosynthesis. |alsa profect chlorophyll from
The chlorophyll b and carotenoids together are called oxidation by pxygen
accessory pigments because they absorb light and transfer producedin pholosymhesi;s'._d

the energy 1O chlorophyll a which then starts the light

reaction.

-

in chloroplasts or

for photosymhesis. |
ar in different

Carotenoids —— Chlorophyll & — Chlorophyll @

Chlorophylls:
Chlorophy
blue, orange and red wave
reflected (therefore, leaves look preen). There are
and f) out of these only two types oceurin chloroplasts of higher pl

aand b, Chlorophyll ¢ and d are found only in algae while chlorophy

only in bacteria.

IIs are green and main photosynthetic pigments which absorb violet,
Jengths, while green and yellow are least absorbed and are
six types of chlorophylls (a. b. ¢, d, e,
ants. i.e. chlorophyll

Il e and fare found

Do you know?

Thete are twao types of carotenoids, i.e. Carotenes and Xanthophylls.

Carotenes (Red to Orange):
Carotenes are hydrocarbons With & general formula of CyH,,. Red colour of tomato and chilli

are due to carotenes. The most common carotene is beta-carotene which is converted to vitamin

"‘hby animals and human beings.

' “x‘:;l)&hylls (Yellow to Orange): n

L anthophylls are yellow atare oxygen containing derivati

Ulein and zeaxanthin (Cf ., 0.) are the two primary xathpngy"s l'oun‘:f s‘:'? g::erz‘fnc: )
ik Yellow colourofleayes in autumn is due to lutein. g

V°3T“‘hﬂehlesandotberfoods ceggs.
xanthophvlls of brown algae is called fucoxanthin (C,, H, O,). Both carotenes and

Xan L : :
K‘hﬂphylls are lipid compounds, soluble in organic solvents like other lipids.
~95m -




Chlorophyll a:

g thus termed

~ ® - ~ - 3 - . cri '
It occurs in all photosynthetic organisms except plgmenud bact N pngmcnl

as universal photosynthetic pigment. It is also known as primary photos
because it involves in primary reaction during photosynthesis,
into chemical energy. Molecular formula of chlorophyll @ i5(C Hn -

Chlorophyll b:

Chlorophyll b occurs in all pholosynlhctic
organisms except brown, red and blue green algac.

Molecular formula of chlorophyll bis (C. H,,O, N, Mg).

Structure of Chlorophyll:

Each chlorophyll molecule has two main parts,
one flat square part which absorbs light and hydrophilic
head. The other part is long anchoring hydrophobic
carbon tail.

The head of chlorophyll is composed of four
pyrrole rings (pyrrole is five sided unsaturated nitrogen
containing compound) having Mg ™ in the center, thus it1s
Mg porphyrin with two side chains.

Chiorophyll molecules
embedded in 2
pralein complex

i the thylakoid
membrane

""""""

Porphyrin head

Thylakowd
m(‘ﬂ\hram_-

...........

synt

i e. convert light energy
0N, Mg).

R

¥

ferivative o/

Porphyrin is ¢ ve ¢
g, CONSISIS of Jout

Imr[wlnl ke FINGS 1jnf\m'd by

pyrrole
four CH groups inan

i m ’l M 1] u”(/.\”l\’[t
L l’ C
1’ ‘

honds. If Mg++ o Fe+
adkled 1o parphin then
known as Mg+~ porphyrin
in chiorophyll o Fet+*
porphyrin in Heme anc

L‘)'ln('hnmlf.

iy

Ohliseophyll @ G
CHO

e
Chlovophy inaco

HO=CH H

-

r O
CHy
CH
Thylskoiwd gs:&

CH,

CHy
Hydrocarbon gf"a

tm! CHa

CH,
CHCH,

CHy

CHy

Gmonum o
L CHy ,

o3z
X

;

Fig. 4.1 Structure of chloroplast and ¢ T
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a. Acid chain: Itis amethyl (CH,) ester (H,C-0-C=0).
b. Hydrocarbon chain: It is a long hydrocarbon tail which is attac

pyrrole rings and is an alcohol phytol (C,, Hy,) (it is an ester linkage wit

anchor the molecule in
H;=C-CH,-CH=CH,)

(CH,-CH,-COOH).

Phytol consists of four isoprene units. Itis insoluble and serves to
the membrane of the granum (molecular formula of isoprene is (C

(CH,).

Differences Between Chlorophyll @ And b:
There is only one difference between chlorophyl

group bonded to the porphyrin. In chlorophyll a methyl gro

chlorophyll & aldehyde group (-C HO) is present.

Role of Pigments in Photosynthesis
The clusters of photosynthetic pigments are called photosyste
Il @ and b molecules with accessory

complex is composed of chlorophy

these pigments absorb light they are sai
electrons to a higher energy level which is transferred into chemical energy.

and molecules will tend to return to its unexcited state.
can be passed from one

t which is uscd to
bsorb different wavelength of light is

state is unstable

The energy which is released during this process
chlorophy!l molecule to another chlorophyll mole
measure relative abilities of different pigments to a

called Spectrophotometer.

4.1.3 Absorption Spectrum

It is a measure which exhibits
the absorbed amount of the light of
different wavelengths (different
colours) from the visible spectrum of
light. The main photoreceptors are
chlorophyll a and chlorophyll &
which absorb violet blue (430 nm)
and red light (670 nm). The green
light (550 nm) is least absorbed. The
carotenoids absorb light between
430-470 nm of light spectrum and
transfer it to chlorophyll & then to
chlorophyll a. The chlorophyll a and
b show different absorption spectra as
shown figure 4.2 (a). Chlorophyl! a
shows absorption peaks at about 680
and 700 nm while chlorophyll &
absorption peaks range between 450-
475 nm.

d to be excited. The light energy is u

cule. The instrumen

Chiarophyll b

Absorption

Violet Blue ¥ Green ™ Yello J
<00 o0 e

Wavelength (nm)
Fig. 4.2 (a) Absorption Spectra
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pigments. When
sed to boost
The excited




passed from one pigment to the Fig. 4.2 (b) Absorption and Action spectrn

4.1.4 Action Spectrum

y A graph showing the measure of effectiveness of
light of various wavelengths in driving photosynthesis is
called action spectrum. Some of absorbed light is released | TR
as heat and rest of light is stored in organic compound as I,l“nm,\',rmlwm.!ugm;n,u / u:;

f o oot M€ ran wann. 1
chemical energy. Action spectrum of a particular pigment :'I"i:,h‘f ',',',,,',',,,;5:\-/; “a” the :
can be calculated by measuring the rate of photosynthesis primary pigment which
at each type of wavelength of light. A plant is illuminated [;,;/jares the reaction o

with light of different wavelengths. During photosynthesis |phorosyuthesis. decessony
plgmants are carolenoids, ‘

plant gives off oxygen. As photosynthesis produces e comeé Drofein
oxygen and consumes CO,, the rate of production of i"’."".”"“' ";J ‘\,',',,t ‘,',,‘;‘1 I
oxygen or consumption of CO, can be used as a measure of niono :
the rate of photosynthesis.

4.1.5 Arrangement of Photosynthetic Pigments in the
Photosystem I and I1
Light reaction takes place in 00 ‘
the grana of chloroplast. It is | —
initiated when photosynthetic = %
pigments capture light energy. The _ CHLOROPHYLL &
clusters of photosynthetic pigment £ * TNE 1 S, cARGT
complex are composed of - s
chlorophyll @ and b molecules and ’ .
accessory pigments (carotenoid w0’ _‘o
pigments). There are two ¥ : =
photosystems, namely photosystem >
I (PSI) and photosystem II (PSII)  yo8,
named so in order of their discovery.
Each photosystem contains several & 80
hundred pigment molecules. !
There are two parts of each
photosystem i.c. antenna complex
and reaction center. The antenna

complex possesses many molecules
of chlorophyll a, b and carotenoids. § 20— " etiom Speetrog
All these pigment molecules in the \ |
photosystem serve as an antenna for e —

gathering solar energy, which is Wavelength (nm)

form of

” - -

other and finally transferred to the of different pigments
»98 =
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reaction center. Reaction center contains one more
molecule of chlorophyll @ alongwith primary
electron acceptor and electron carriers of electron
transport system. Electron transport system plays a
role in the generation of ATP by chemiosmosis. The
PSI absorbs light of 700 nm and is called P700 while
the PSII absorbs light of P680 nm and is called P680.
The primary electron acceptor traps the electrons
from the reaction center and then passes them on to
the series of electron carriers. Electrons have two
pathways in the light reaction of photosynthesis; The
non-cyclic electron pathway (flow) and cyclic
clectron pathway. The cyclic is less common and
generates only ATP while non-cyclic is predominant

and generates both ATP and NADPH, .

Reaction
genier

Photon chlorophyll

Electron
n donor

. ’
molecules

Fig. 4.3 Structure of Photosystem

4.1.6 Role of CO,in Photosynthesis

The action spectrum is :
different from absorption spectrum
of chiorophyll. It is mare some
wavelengths, such as in 500-600
nm is more than the absorption

chlarophyll. This is

green light by
because the carotenolds absorb

light in this region and pass on
some of this absorbed light to
chlorapliyll, which converis light
energy into chemical energy.
Similarly when equal intensities o
light are given, there is more
photosynthesis in red than in blue

(part of the spectrum. ‘

The stomata cover only I to
2% of the leaf surface but
they allow proportionally
much more gas to diffuse,

why?

il

Antena complex

Air contains about 0.03 to 0.04 % of CO, . This CO, is used by terrestrial plants for
photosynthesis while aquatic plants use dissolved CO, and carbonates present in water as
source of carbon. The chloroplasts of guard cells of stomata absorb CO,, some of which

react with water to form carbonic acid.

CO, + H,0 —— H,CO,
In the presence of solar energy carbonic acid in the guard cells is décomposed

again into water and CO,.



ey

b
[\
N

H,CO, » H,0 +CO, . :
Water and carbondioxide are rapidly used in photosynthesis to s;;_mhes.ze organic
substances. The entry of CO, into the leaves depends upon the opening of stomata.

4.1.7 RoleofWaterin Photosynthesg’s .
Water is one of the raw materials used In

photosynthesis. A film of water present around mesophyll

Eaie : . lecule is |Photolysis is the splitting of
cells of leaf helps to absorb CO,. The water mo chemical compound by

means of light energy je,
photons e.g., photolysis o
water in photosynthesfy

produces H and O,

broken down into hydrogen and oxygen by the Py, during
photolysis. The hydrogen combines with CO, to fprm
organic food and molecular oxygen is relcascq into
atmosphere during photolysis of H,O. Earlier it was

thought that the oxygen released in the process of —
. e ho observed that water splitg

photosynthesis comes from CO,. Van Neil 1903, was ﬁrst W : .
during photosynthesis, hydrogen released from water is used to synthesize glucose while

0. is removed as byproduct. The idea of Van Neil was also supported by another scientigy

named Hill. In first experiment water was made of O and algae were grown in it. The |

oxvgen evolved during photosynthesis was found to be radioactive (O ).
Light » CH,,0, + M);ﬁ_f 6H,0

6C0,+12H,0"

In second experiment CO, was made by 0" the oxygen evolved was without
isotope.

6CO."+12H.0 &, CH 0!+ 6H.0" + 60,

Thus above experiments proved that source of oxygen evolved during

photosynthesis was water.

4.1.8 Light Reaction

It occurs in the presence of light in the thyllakoids of granum of chloroplast. The
light reaction involves absorption of light by photosystems, flow of electron through
¢lectron transport chain i.e. chemiosmosis and reduction of NADP.
Photophesphorylation: In light reaction addition of phosphate to ADP in the
presence of light is called photophosphorylation. There are two pathways:
(1) Cyclic photophosphorylation (i) Non Cyclic photophosphorylation

Cyclic Photophosphorylation: The cyclic photophosphorylation is less common and
generates only ATP while non-cyclic photophosphorylation is predominant and

gencrates both ATPand NADPH,,
Non-Cyclic Photophosphorylation: Duri ng non-cyclic photophosphorylation
electrons move from water through PS-I1to PS-I then to NADP.

Photosystem II:

When light strikes the chlorophyll molecules in PSII (p680) its energy causes the:
#1004
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chlorophyll molecule to be activated. The activated chlorophyll loses its two electrons
and the positively charged chlorophyll molecule is left in the photosystem with a gap of
two clectrons. ’!‘he high energy electrons instead of falling back into the photosystem are
captured by primary electrons acceptor of first electron transport chain. The primary
electron acceptor is pheophytin which then passes the electrons to a plastoguinone
(PQ). Now from primary electrons acceptor, the electrons pass along a series of electron
acceptor molecules from one to another in oxidation process. These electron acceptors
are two cytochromes (cytochrome b and /) and plastocyanin (PC) (a copper containing

protein).

Production of ATP:

When electrons are passed through electron transport chain, they lose energy.
Some of the energy lost by electrons between cytochrome b and cytochrome fis used to
make ATP from ADP and Pi. This ATP, which is generated by PS-IT will provide energy

for Calvin cycle where CO, is fixed to synthesize sugar.

/i
3
i

Photolysis
28 + HiO-+2H + 1/2 O3

Fig. 4.4 Non- cyclic photophosphorylation (Z-scheme)

! Whydowe consider the leaves inplants as food factories?
2. Trace out the environmental factors that affect the rate of photosynthesis?
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Photosystem |I:

Fhe electrons from PS 1l pass to PS | The electrons from plastocyanin are
received by another photosystem called photosystem I (Py,), where these electrons ape
boosted 1o high energy state by absorbing a photon of light.

he photoexcited electron of PS 1 enters in the second electron transport chaip,
Here clectrons are accepted by ferredoxin (FD), which is also an iron containing protein.
he enzyme NADP reductase (flavo protein enzyme) by a redox reaction transfers the
electrons from ferredoxin to NADP. The NADP combines with electrons and hydrogen
to form NADPH,,

ATPand NADPH are used in Calvin cycle to produce sugar.

NADP + 2¢" +2H' > NADPH + H'

When photosystem 11 absorbs light water molecule splits into OH and H'. The
OH ions react to form some water and release oxygen and electrons.

H.O —— 4H +4(OH) + 4¢”

4OH) — 2H,0 + O,

The electrons from water molecule are accepted by positively charged
chlorophyll molecule of photosystem 11, thus the emptied hole is filled by the two
energized electrons while PS I receives electrons from PSI1.

Z-Scheme:

The light reaction of the PS 1l and PS | follows zigzag path, therefore, non-cyclic
electron transport is also called Z-scheme of light reaction.

Cyclic Wﬂﬂnu (Cyclic Electron Transport)

It consists of only PS I and occurs in rare condition i.e. when PS 11 is blocked. The
electrons released by P, of PS I in the presence of light are taken up by primary electron
acceptor of PS I. The electron acceptors consist of ferredoxin (FD), cytochrome b,
Cytochrome /, plstocyanin (PC) and finally back to P, i.e. electrons come back to the

same place after cyclic movement.
The cyclic photophosphorylation also result in the formation of ATP molecules

Jjust like in non-cyclic photophosphorylation. As the electrons move downhill in the
electron transport chain, they lose potential energy and ATP molecules are formed (jusi
like in mitochondrion during respiration). Electrons of PS I do not pass to NADP instead

_come back to P, It is important to note that oxygen and NADPH, are not formed during
cyclic photophosphorylation.

Which conditions lead to cyclic electron pathway?

L When production of ATP is low thus Calvin cycle does not begin.

2. Duetoslow rate of Calvin cycle, NADPH, do not oxidize into NADP.
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3 There are many other enzymatic
reactions which use ATP in stroma, thus

Calvin cycle becomes slow,
4. Limited supply of CO, also affects
carbohydrate synthesis .
summary of Light Reactions:
Ru‘ulrcments
1. Light

5. Enzymes needed for different reactions
in the chloroplast
NADP
ADPand Pi (inorganic phosphate)

3

4

3
Produclts:
] Oxygen
2 ATP

3

NADPH,

Fig 4.5 Cyclic pbowphos""
POl | = T=T AT ST = 11 = el S
b = _ el _ acdviey W g __Eﬁlél_.-_ JL.-!_.LA_— —
|1 Draw the Z-scheme for explaining the events of light dependent reactions.
|2 Draw the labelled structure of chloraplast.

Table 4.1 Comparison between cyclic and non-cyclic photophosphorylation

Non-cyclic photophosphorylation Cyclic photophosphorylation
Elections do not come back to the same | Electrons come back to the same
molecule. molecule.

First electron donor is waler. First electron donor is Py, (PS 1).
Involves both PS [ and PS 11 Involves PS I only.

Last electron acceptor 18 NADP. Last electron acceptor 18 (Py,)-

e net products are ATP, NADPH, and O,.| The Product is ATP only.

4.1.9 Light Independent Reaction or Dark Reaction
The light independent reaction was discovered by Melvin Calvin and coworkers

(1950) at the University of California. He was awarded Noble prize in 1961 for his work.
Therefore, this cycle is also called Calvin cycle. They used radioactive isotope of c"in
CO,.Light independent reactions do not need direct energy of sunlight. It may

103
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as 1o differentiate it frop, the ‘ight

aetion, SO

alled dark reachiorf
Occur during day tune but 1tis called dat

reaction, Fchloroplast by a .
shlorop Do vou kn )
. ~ . stroma of ¢h ey . WIOW.
Calvin L'_\'L'IC(,CC"“'\ m the 3":: | - C;lrl“~,hyd““L
0, 18 fixec

Ruchisco is the mosy op
profein on earth,

series of reuctions in which €
(CH,O)n inthe absence of light.
The Calvin cycle is complete

d in three S1ages:

1) Carbon fixation
i)  Reduction ‘ Oxidation is the Jogy
i)  Regenerationofribulose bi-phosphate: electron from an qqop,
e L molecule while %
arbon Fixation: e ir |the gain of el g ok
R, Ty from air |#Ae ga eclrons
It is first step of dark reaction 10 W hich CO, \atom or molecules. b

combines with pre-existing five carbon phosph(fr')’i‘zts'::ﬁ

sugar known as ribulose biphosphate (RuBP). f.\h a =

an unstable 6-carbon intermediate comPO}‘“d 'segolr:xBI;

The enzyme that speeds up this reaction 15 call light reaction are ygey
-alsok ubisco. : vin ¢ Odluce -

Carbox}'ll']ha:c;i:::sgaerl];;:ni::fel:mediale molecule exists for gg AL ‘:g:h’zal’?"% bew

such a brief time that it cannot be isolated and thus named (omglucose.ﬁuaaéeg&

as an intermediate compound. — |
Formation of PGA: " R
The unstable intermediate compound splits into two molecules of three carpy,

9 ATP and 6 NADPH,..} .

containing phoshoglyceric acid (PGA). It is first identifiable product in dark ‘W
Therefore, Calvin cycleis also called C, Cycle.
CO, + RuBP(C,) — C, (intermediate compound) —— 2 PGA(C,)
The carbon that was part of CO, molecule is now a part of organic molec\ng;'mfg
is called CO, fixation.

Reduction (Formation of PGAL or G3P):
In this step the product of light reaction that is ATP and NADPH, are used.

molecule of phosphoglyceric acid (PGA) receives energy from ATP and H' fron :
NADPH, forming 3 carbon phosphoglyceraldehyde (PGAL). In this step water is also
formed. In reduction process fixed carbon is reduced into a 3-carbon sugar molecul cof
PGAL.
PGA + ATP + NADPH, —— PGAL + ADP + Pi + NADP+ H.0
ADP and Piand NADP return back to light reaction where ADP is cl:z erted inld
ATPand NADPis reduced into NADPH,, o

o,
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stroma of Chloroplast

3 molecules of 6 molecules of

r;ibulosc 1,5-bisphosphate (RuBP) (5C)

§ molecules of B
Glyceraldehyde 3-phosphate (3C) |

1 molecule of
Glyceraldehyde 3-phosphate (3C) (G3P)

Glucose and
other sugars

Fig. 4.6 Calvincycle

Regeneration of RuBP (Formation of glucose and other organic compounds):
e five molecules of PGAL are used to reform three

For every turn of Calvin cycl
molecules of RuBP, so that eycle can continue. Italso uses ATP of light reaction.

5 PGAL +ATP — ADP + Pi + 3 RuBP
Thus out of every six molecules of PGAL formed in the reduction stage, only one
molecule leaves the cycle, which is to be used by plant for making glucose and other

organic compounds.

Use of PGAL
" From PGAL 3C, 4C, 5C, 6C and 7C compounds are produced, all are




i

as

be

i“‘mon\'cniblc. Two PGAL molecules from Calvin cycle are con;’:;“cd g glu% 1
Phosphate within chloroplast. Glucose phosphate i then com;:m hatto Sll)&tcll. Fixey
carbons leave the chloroplast in the form of dihydroxyacetone p :;ISP iz:t; HAP) ltiﬁ
formed from PGAL. In the cytoplasm DHAP can be Used_w~ sy‘; o fi e
Sugars, glucose and fructose, which are then JRY re;:il o:om Sucroge

Glucose is also used to synthesize cellulose. Glucosc"ﬁk 3 nv. Qing
amino acids (with the addition of nitrogen). Other compounds like °'3°“u'l° acids tharj
fatty acids and glycerols appear quite rapidly in the cell during photosyn :;'s' G
accumulates more than other compounds, so it Was observed more readily iy
investigators in chemical analysis. Other compounds can be seen by more sens

methods.

4.2 Cellular Respiration : jonsin livi

Respiration is f series of complex oxidation reduction r.eactlons m.lnvm8 1) '=s_;
In this process cells get energy through the break down of various organic subs inces,
There are two types of respiration aerobic and anaerobic. -
Aero : % = " '

Aerobic respiration takes place in the presence 0 -
high energy molecule and its breakdown product is CO, and H,O, which are low energy
molecules thus the stored energy is released. The electrons are remﬁwed ff.om Substrate
(e.g., glucose) and eventually received by oxygen atom which combines with H'to for
water. The overall equation of aerobic respiration for breakdown of glucose can e
written as follows:

C.H,.0, + 60, + 36ADP+36Pi 2= 6CO,+6H,0 + 36ATP

Anaerobic Respiration: .
Anaerobic respiration takes place in the absence of molecular oxygen, it is also.

known as fermentation. It is incomplete oxidation reduction reaction. The en
released from the substrate (glucose) is a result of its molecular rearrangement ané some.
of this energy is available to the cell. The NADH is oxidized to NAD, it is called
fermentation because glycolysis is foliowed by the reduction of pyruvate by NADH to

eitheralcohol and CO, or lactate.

Alcoholic Fermentation: N
Inprimitive cells and cells of some eukaryotic organisms such as yeast and plants
pyruvate is further broken down by alcoholic fermentation into alcohol and CO,.
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2ADP42 (B) ?1\?\’{'5‘*
1
lycolys =0

Y Ethanol

(a) Alcohol Fermentation . (b) Lactic Acid Fermentation
Fig. 4.7 Fermentation

Lactic Acid Fermentation:
It takes place in many bacteria, animals and muscles of human. Each pyruvate
molecule is converted into lactic acid in the absence of molecular oxygen.

Process of cellular respiration:
It takes place in four steps.
1. Glycolysis 2. Oxidation of pyruvic acid
3. Krebscycle 4. Electron transport chain

Elcctrons
carmed
vin NADH

Flectron
'l L.!‘\‘)Iil |
Chain and
Oxidative
Phosphorviation

y . . ==
o - = A W’L
Substrate-level Subatrate-level Oxidutive
phosphorylation phosphorylation phosphorylation

Fig. 4.8 Process of cellular respiration
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2.

f
two pyruvate molecules. Lis {0 lasn
wsol of tY P
and ETC. This oceurs :‘"“;Zm erobic bactend

(thus probably first life nto (WO stages, pre
bedivided! 2 x Glyceraddehyde 3 phosphate

Glycolysis can
Glucose 2pi+ 2NA
ATP ' u[ ;prmm
Hexokinase Mn 2 NADHA ]| dehvdrogenase
g 241-3, Diphosphoglycerate
Glucase 6 phosphate ij[mb e
phasphohexose || yaze
Jsomerase lmz 2ATP | acid kinase Mg
Fructose 6 phosphate 2x3, Phosphoglycerate
ATP ]
hoftruct- Phosphoglycero
R ngm CApp J[ mutase 4
Fructose 1, 6 diphosphate fo.@ :;mmm ‘
I aldolase J,\Max
Spll/t \ H0
~/P,,W 2x Phosphoenol mr
Diydrow —_— Glyoemlddwde 24D Mgb =
-phosphate  lsomerase 3.phosphate ’j[F
Net 2ATPare produced. uﬂgx

Fig. 4.9 - Glycolysis

aratory Phase (ene

Phosphorylation of glucose takes
glucose 6- phosphatemolecule
Glucose 6- phosphate 15 converted
phosphate.
Another ATP mo
biphosphate fructose.
The 1, 6 biphosphate

isomers and readily interconvertible.
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oxidative Phase (Energy yielding phase): \
L clpctrq? or two hydrogen atoms are removed from the molecule of PGAL
?Vh'Ch . 0: : l;zed and these electrons are transferred to a molecule of NAD which
5 e, bk i B e o D i
gr 2 PG). molecule forming 1,3 bi or dipho«.spbogl}'‘“‘mte (BPG
DPG is converted to 3 phosphoglycerate (3- : hate bond
 ansferred from DPG 1o ADggil‘gm ! ; 1(\?11’ PGA). Meanwhile 2 phosp

. pGA is converted to 2 phosphoglycerate (2PGA).

l;romcz.l PGA a molecule of water is removed and phosphoenol pyruvate (PEP) is
ormed.

pEP then gives up its high energy phosphate which converts ADP to ATP. The
product is pyruvate or pyruvic acid (C;H,0;). It is equivalent to half glucose
molecule that has been oxidized to the extent of losing two electrons as hydrogen
atoms.

423 The Oxidation of Pyruvic Acid

[t takes place into two stages.

Oxidation of pyruvic acid to form Acetyl Coenzyme A.

: Oxidation of Acetyl Coenzyme A.

Oxidation of PyruvicAcid:

[t is a transition reaction during which CO, is released. The oxidation of pyruvic
acid is called transition reaction because it connects glycolysis and krebs cycle. In _‘h‘s |
reaction pyruvate is converted to 2-carbon acetyl Co Aby attaching coenzyme A. Itgives
offcarbon dioxide. This isan oxidation reaction in which electrons are removed from
pyruvate by dehydrogenase that uses NAD as a coenzyme. This reaction occurs twice for

each original glucose molecule.

\_J

D v

2 NAD* pl|
Wi
C (lloA |
9 C=0 +2CA—* 2 ¢=0 +2C0;,
clzn3 c':u3 Batbot
Pyruvate Acetyl CoA  dioxide

2 Pyruvate + 2 CoA » 2Acctyl CoA <3 2 Carbon dioxide
Fig. 4.10 Oxidation of Pyruvic Acid

Oxidation of Acetyl Co enzymeA:
It takes place through krebs cycle. As a first step 4-C compound oxaloacetate

binds with 2-carbon acetyl CoA to become 6-carbon compound. This 6-carbon

»d09




on reactions. Two carbe
compound which is frea

4 dioxide moa:es through a series of electron yiclding oxidati
to bind another ::"f given off. Finally regencrating ::i::fb""
cycle orkrebs cyclefy Co A. This cycle is called citric

4.2.4 Citric Acid Cycle or Krebs Cycle
ed in the

This is cyclic metabolic pathway locat
amed

itin 1930.

Do vou know?

Krebs cyele is also cajl,
Tricarboxylic acid cy
pecause each of s first thy i
revction has three moleculad
of carho.tylic acid. . = |

A:‘v.;

matrix of mitochondria. The krebs
’ cycle was n
Sir Hans krebs a British scientist who discovered

!Steps of the Krebscycle:

- Atthe start of this cycle the (2-C) acetyle group

‘ = Joins witha (4-C) oxaloacetate molecule, forming

' . Citrate is converted to an isomer called isocitrate.
Acetyl-CoA (from transition reaction)

(produced by transition reactic |
6-carbon citrate molecule, -

- -~

Fumarate

%D—’FADH,
@@ C
CoA GDP + (P)—> GTP— ATP

Fig. 4.11 Krebs cycle
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3. [socitrate is oxidized b <
NADH, and CO, is re| Yy NAD 10 5-C alpha-ketoglutarate, NAD is reduced into

4. :‘:; lgial-)k;toglutarate is converted into 4-carbon succinyl CoA and NAD is reduced

o ez another molecule of carbon dioxide i removed.

% : cinyl CoA is oxidized to 4-C molecule, Succinate, GTP is formed
which reacts with ADP o form ATP, :

6. Now Succinate j ' 3 .
FADH,. © 15 converted to 4-carbon Fumarate and FAD is reduced into

7 Fun Arate CO_m.bines with water 1o produce 4 -carbon Malate.

8. ga'*l“e 's oxidized by NAD to Oxaloacetate and NADH, is formed.

9. Dxaloacelate1s again ready to combine with Acetyl CoA to start a new citric acid

cycle.

4.2.5 Electron Transport Chain (ETC)

The ETC is located in cristae of mitochondria. It consists of series of carriers that
pass electrons from one to the other. The electrons that enter the ETC are carried by
NADH and FADH, formed during krebs cycle and glycolysis.

Whenever hydrogen is removed from a substrate
there are seven intermediate hydrogen acceptors to catch
the atom. They are NADH reductase complex (FMN and
Fe-S), FADH reductase or co-enzymie Q or Ubiquinone
(UQ) and four cytochromes that is b, ¢, a and a,
(cytochromes become pink in color when they are reduced.
They are protein plus pigment molecules containing iron.
They have ability to gain or lose electron. While
ubiquinone is not protein it is lipid soluble and water

Do vou know/?

In krebs cycle the extracted
electrons are temporavily
housed within NADH and,
FADH, molecules. These
enter in electron transport
system where H are
removed, ATP and H.O are
Jormed. = 4l

insoluble). Electrons are passed to ubiquinone, at this step
an clectron is split off the hydrogen atom. The proton
becomes free and electron is passed successively from

coenzyme Q to cytochrome b, ¢, aand a.

Each NADH + H' gives 3
ATP in electron transport
chain, while each FADH,

gives 2ATP. Can you guess

Steps of Electron Transport Chain:

why?

. Thesubstances in the chain event are alternately oxidized and reduced.

2

N

b,c,aanda,.

Oxidation is accomplished by the loss of hydrogen in case of NAD, FAD and the
coenzyme while oxidation is accomplished by loss of electrons from cytochrome

Since two hydrogen atoms are released at a time and cytochrome b through a, can

accept only one electron at a time so there are two cytochrome systems to capture
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after the final transfer from

the electrons. cther
4. An electron and proton are brought 108

cytochrome a,, It produces hydrogen:
(FMN and Fe-S)
1

Substrate NADH. H" . potein
oxidation : ’D Fia} App+ P
NAD (
ATP |

co,
cweime : : Flavin H; : i o |
), v - o 1
- . CHHIOE |+ i
| |
cy(ochmmc c
140s Cotochrome oxidase ADP +Pi -
- ) (Cytochromes 8 and a5) ATP o
Fig. 4 12 Electron Transport Chan y
5. Molecularoxygen is the hydrogen acceptor and water is the final product.
0, +4H +4e —— 2H,0
6.  Energyis released at three Stps, flavoprotein t0 ubiquinone cyt.btoc,ato a‘f %
released energy IS captured by ADPto form ATP.
7. Electron transport chain is the main producer of ATP.
4.26 C hemiosmosis .
Chemiosmosis is the synthesis of ATP from ADP
and Pi in the electron transport chain through the joint
cvent of chemical and osmotic processes. The
chemiosmotic theory was proposed by peter Mitchell
who got Nobel prize in 1978 for his chemiosmotic theory
of ATP production in mitochondriaand chloroplasts.
The chemiosmosis can also be defined as the
thesis of ATP molecule

coupling reaction in which syn
occurs during the movement of H' across a proton
erates more ATP as

gradient. Chemiosmosis gen
compared to substrate level ATP phospho:ylation.

Mechanism of Chemiosmsis: : .
es have transmembrane channels. These char

I The mitochordrial membran
pump protons. The flow of electron induce a change in the shape of p
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proton move out of the inner compartment of mitochondria. As a result the
(H" conc.) in the outer of mitochondria. proton
that of inner comm‘::fnmm' of the mitochondrion becomes greater than

<

L L N "HEE R R R

|
' !

. e ‘ ‘( : | '

oL B

syt

Fig. 4.13  Chemiosmosis

7. Electrical-chemical proton gradient is established between outer and inner
membrane. This gradient drives the outer proton across the membrane. Thus the
proton move down this gradient between the inner and outer mitochondrial
compartments. Their movement induce the formation of ATP from ADP and
inorganic phosphate. This process is controlled by an enzyme ATP synthase.

3. The electrons are obtained from the chemical bonds of food molecules in all
organisms. This electron removing process needs free oxygen, so it is called

acrobic respiration.
L T e .Q ity ]I:_%‘l'—
1. Make a list of differences between pholosynthesis, respiration and photorespiration.
|2 Draw different steps of ETC. '
4.2.7 Substrate level phosphorylation j'

Substrate level phosphorylation occurs in the cytoplasm of the cell during .
glycolysis and in mitochondrion during the krebs cycle under both aerobic and anaerobic :

conditions.
ATP formation from ADP and Pi needs input of energy. The energy comes from

breakdown of organic molecules in the cells. This type of reaction which releases energy

—
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substrate, so ATP molecule is formed. The energy from exergonic reaction is greater th n
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mitially organisms used carbohydrate as an energy source. Morcover first organismg.
were anaerobic.
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Fixed carbons leave the chloroplast in the form of dihydroxyacetone phosphate. It
is formed from PGAL. The DHAP can be used to make the six carbon sugars, glucose and
fructose which become a disaccharide, called sucrose. Now sucrose is transported to
other parts of the plants.

4.2.9 Cellular Respiration of Proteins and Fats

Animals and humans
besides glucose also consume fats
and proteins to harvest energy.

Fats are broken down into glycerol
and three fatty acids. First the
glycerol is phosphorylated then
enters the glycolytic pathway at
the level of glyceraldehyde 3-
Phosphate (PGAL) while fatty
acids (2-C), enter in the
mitochondrion where their
carbons are removed. They form
acetyl CoA (2-C) which is entry
point forkrebs cycle (an 18-carbon A
fatty acid results in nine acetyl
CoA molecules). One gram fat
provides about 2.5 times more
energy than carbohydrates or

proteins.
Animals digest proteins

into amino acids, if it is in
excessive quantity or body is
starved then amino acids can be
used as fuel. The size of R-group
determines whether the carbon
chain is oxidizing in glycolysis
(Pyruvate) or in the Krebs cycle or
cetyl CoA.

Anuno acids are degraded,
the amine group is removed to
yield ammonia this process is Fig. 4.15 Cellular Respiration of Proteins and Fats

called deamination reaction.

Exidativy
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4.3 Photorespiration

This process occurs only in photosynthesizing cells of the plants. It is opposite to

photosynthesis, because in it oxygen is used instead of CO, and instead of oxygen, carbon
dioxide is released (like respiration). It differs from ordinary respira

occurs in mitochondria at night and in non-green tissues of plant
and only in photosyntheti

takes place in the presence of light
absorbed but unlike respiration do not produce encrgy (ATP).

4.3.1 How RuBP reacts with oxygenin photorespiration?
Photorespiration is related to the functioning of the enzyme

(RuBP) carboxylase which also acts as oxygenase
The RuBP carboxylase is also known as Rubisco.

adds CO, to RuBP (an acceptor o 0, Ox ]
molecule) to produce two (RUBISCO)
molecules of PGA while during
RuBP Phosphoglycolate
oxygenase, it adds oxygen to RuBP E C ';yc;c + s
and produces one molecule of PGA E PGA PGA
~ and one phosphoglycolate. The O ADP
phosphoglycolate loses its ATP P,
phosphate to become glycolate. = Glycerate Glycolate
‘are some algae which can * !
e glycolate but higher plants fic Glycerate Glycolate |
exc u_mhaefore. plants NAD ?ﬁ%
te in the Calvin cycle. ; Hydroxy  Glyoxylate+
sion of glycolate into pyruvate 0,
akes Glutamate
s a- KGA
) L Serine Glycine
1 N
Serine Glycine |
(2 molecules)

tion of cell which
while photorespiration
¢ cell. The oxygen is

ribulose biphosphate

(combines with 0, instead of CO,).
When rubisco acts as carboxylase it
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This entire pathway is called photorespiration in which RuBP 1s converted into
serine and CO, which uses ATP and NADPH, produced during light reaction like Calvin
cycle.

4.3.2 Disadvantages of photorespiration

It is reverse (o Calvin eycle (here CO, is released instead of being fixed into

carbohydrates). Photorespiration reduces the amount of carbon fixation into
is not thoroughly

the assimilation of

carbohydrates by 25%. The role of photorespiration in plants
understood. It is presumed that photorespiration may be necessary for
nitrates from the soil.
4.3.3 Photosynthesisin C4 plants

In normal process of
photosynthesis a 3-C compound
called PGA is formed as a first
detectable product of photosynthesis.
Therefore, these plants are called C,
plants. However, there are some
plants growing in dry and hot
conditions which produce a four
carbon compound (C4) called
oxaloacetate as the first product of
photosynthesis in dark reaction.
These plants are called C4 plants and
this type of photosynthesis is called

(4 photosynthesis.
(3 plants use rubisco to react

€0, with RuBP, on the other hand C4
plants use a different enzyme called
phosphoenol pyruvate carboxylase
(PEPCO) to fix CO, toa compound
known as phosphoenol pyruvate
(PEP). The PEP is reduced into
another molecule called malate. The
malate carry CO, to a special type of
cells called bundle sheath cells
where Calvin cycle proceeds.

Fig. 4.17 C4 pathway
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In C, chloroplasts are located only In C, chloroplasts are present both in mesophy

mn mesophyll cells of leaf, cells as well as in bundle sheath cells.
In these plants all the mesophyll In these plants only mesophyll cells fix CO, |
cells carry out Calvin cycle. using PEPCO while the bundle sheath cells car

0 | out Calvincycle. | Lol
h'!“sh temperature photosynthesis In high temperature the rate of photosynthesis
1S 1Iow. hi

igh. : 2 A
Example: Most of the plants are C, Example: They are fogmd only in angiosperr
plants such as pea, wheat, rice and suchas sugar cane, maize and mostly grasses.
all woody trees.

e Photosynthesis is the only biological process that captures energy of sunlight .
converts it into organic compounds (carbohydrates).

e The internal membranes of chloroplasts are organized into sac-like thylakoids wk
are stacked on one another in columns called grana.

e Photosynthesis takes place in two steps: they are light reaction and dark reaction.
e Each photosystem consists of a light-harvesting complex and a core complex. E
core complex contains a reaction center with the pigment (either P700 or P680).
® To build organic molecules, cells use raw materials provided by the light reactis

ATP provided by cyclic and noncyclic photophosphorylation while NAD!
provided by photosystem .
ellular respiration is the process in which cells acquire energy by breaking dowr

respiration involves four phases: glycolysis, the preparatory reaction,
r \d the electron transport chain.
‘breakdown of (6-carbon) glucose into two (3-carbon) pyru

cle is a cyclic metabolic pathway located in the matri



Multiple Choice Questions

(I_-hmm the best correct answer from the following io. for cyclic

Which among the following conditions is fa
phosphorylation:

(a) Aerobic

() Aerobic and low light intensity

{(c) Acrobic “mm

(d) Anaerobic and low light intensity

2, During the dark reaction of photosynthesis:
(2) Water is split off
(b) €O, is reduced to organic compounds
() Chlorophyll is activated
() Glucose is broken down .
3. Tbemymetlmﬁxnamoaphaiccoziutcl’lplamsmz
(a) PEPcarboxylase (b) Rubisco
.1 RuBP carboxylase {d) Hydrogenase :
4, l‘l'l-:emnnbel'ofcntbmamminltnBPwhichaeoeptscozaremC3pimtﬁ
is:
(a) 2 by 3
c) 5 (d) & ‘
5. Wammcmmophyﬂbmuvmgn.
(a) ~CHO group (h) -COOH group
(¢) -CHygroup (d) -NH,group
6.  NADPis: |
(a) Anenzyme (b) AynnafoNA
" (¢) Acoenzyme (d) prtofm. .
() Citricacid (b) Oxaloacetate
(¢) Pyruvicacid (d) AcetylcoenzymeA
I e DR, of water molecule during PS 11 of light reaction is

called .

s<hi%a
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2. ATP production during light reaction is called as

3. In peroxisomes glycolate is converted into :

4, The addition of inorganic phosphate to any organic molecule is known
as :

5. Citrate is converted into in Krebs cycle.

6. Anaerobic respiration is also known as

7. Calvin cycle isalso called pathway.

8. Plastocyaninis a copper containing in nature.

9. Hydrocarbon chain of chlorophyll is a long chain ofalcohol

Section II: Werite short answers.

Write few lines about absorption spectrum.

Briefly describerole of CO, in photosynthesis.

Write the names ofelectron acceptorsof PSIland PSI.
Draw the Z-scheme of light reaction.

Explain the reduction phase of Calvin cycle.

Define aerobic and anaerobic respiration.

Write first three steps of Krebs cycle.

What is the importance of PGAL?

-0 - Section III; Extensive Questions. . k]
Explain the mechanism of photosynthesis.

Briefly describe the four phases of cellular respiration.

Whatare the main events of glycolysis? HowATP is formed?

Whatis fermentation, and how does it differ from glycolysis?

What are the main events of the citric acid cycle?

Describe different steps of Electron Transport Chain.

w1200
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ACELLULAR LIFE

Major Conceptﬂ

5.1 Viruses: Discovery and Structure

5.2 Life Cycle of Bacteriophage

5.3  Life Cycle of Human Immunodeficiency Virus (HIV)
5.4  Parasitic nature of Viruses

5.5 Viral Diseases

5.6  Viroids and Prions

Hepatitis B Ebola Virus

Adenovirus Influenza Bacteriophage
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Students Learning Outcomes

On completion of this unit students will be able to:

® & 5 o o o e & & L) e & @ 0

Justify the status of viruses among living and non-living things.

Trace the history of viruses since their discovery.

Classify viruses on the basis of their hosts and structure.

Explain the structure of a model bacteriophage. flu virus and HIV.

J ustify why a vinusneeds a host cell to parasitize in order to complete its life cycle.
.Ex plain how a virus survives inside a host cell and protect itself from the host
immune system.

Determine the method a virus employs to survive/pass over un favourable
conditions when it does not have a host to complete the life cycle.

Describe the Lytic and Lysogenic life cycles of a virus.

Outline the usage of bacteriophage in genetic engineering.

Explain the life cycle of HIV.

Justify the name of virus, i.e.. “Human Immunodeficiency Virus™ by establishing T-
helper cells as the basis of the immune system.

Reason out the specificity of HIV on host cells.

List the symptoms of AIDS.

Explain the opportunistic diseases that may attack an AIDS victim.

Describe the treatments available forAIDS.

List some common control measures against the transmission of HIV.

Describe the causative agent, symptoms, treatment and prevention of the following
viral diseases: hepatitis, herpes, polio and leafeurl disease of cotton.

List the sources of transmission for each of the above-mentioned diseases.

Assess from the given data the economic loss from viral infections (cotton leaf curl
v_irus' disease and bird flu virus) in Pakistan. Describe the structure of prions and

viroids.

Introduction

The life form which exists without a cellular structure is known as acellular or

non-cellular life. The primary candidates for non-cellular life are viruses. Majority of
biologists consider viruses are non living because they are not capable of autopoiesis
(ability of reproduction) without host. The other examples of acellular life are viroids
which are smallest infectious agents consisting solely of short strands of circular single
stranded RNA without protein coat. The prions are infectious agents composed entirely

‘of protein, capable of multiplying itself and transferable from one host to another,

5.1 Viruses Discovery and Structure

A virus is a biological agent that reproduces only inside the cells of living host.

Viruses can infect all type of life forms i.¢., from animals and plants to microorganisms
including bacteria.

iZ3e



perland made a filter paper for

In 1884 the French microbiologist Charles Cham this filter to determine

filtration of bacteria. In 1892, Russian biologist Jvanovsky used d that tobacco mosaic

the cause of tobacco mosaic disease. In his experiment he P_To":a ot which can pass
disease was not caused by bacteria but caused by other infectious ag

o Mis Vi ; confirmed b
through filter paper. He called these filterable viruses. His vncwo\;::co BT vim);
American virologist W.M. Stanley in

1935, when he observed t

under Electron Microscope. )

In the early 20" century (191 5. 1917) Twort tmccil erl;e“iici‘(s)‘t:‘?/‘ilri::i

bacteriophages (viruses that infect bacteria). Since then thousands O ‘ll’g;s R acciovet
have been discovered and microbiologists speculate that there are milli

viruses still to be discovered.

5.1.1 Viruses Living or Non Living
Viruses show the characteristics of bo

characteristics of viruses include:
They have their own genetic material.

They undergo mutation. .
Can reproduce inside host cell by using host metabolic machinery.
Get destroyed by ultraviolet radiations and chemicals.

Oceur in different varieties or strains.
The non-living characteristics of viruses include:

They are non-cellular particles.

Generally lack enzymes and co-enzymes and depend upon host enzymes and
coenzymes for their metabolic activities.

- Can be crystallized and stored in laboratory.

Do not respire and use the encrgy of host for their activities.
t(fluctuating) nature of characteristics

: Therefore, depending upon the ambivalen
nsidered on boundary line between living

th living and non-living things. The living

by the Viruses; they are co
and non living things.
5.1.2 Classification of Viruses
basis of morphology, type of host they infect,

Viruses may be classified on the
presence or absence of outer covering and types of nucleic acid.

Classification of viruses based upon structure ( morphology):
1.  Onthe basisof capsid:
as tobacco mosaic virus (TMV).

o Some viruses have helical capsid such
Many have polyhedral capsid, contain a glycoprotein spike at each vertex, suchas

adenovirus,
Viruses possess an outer envelope studded with glycoprotein spike, such

Influenza viruses,
. Viruses like bacteriophage possess complex capsid consisting of polyhedral

head and tail apparatus.
w29



e.8 Paroviruses (small
and invertebrates) cause rash
pouble stranded RNA virusés
e.g- Reoviruses, cause diarrhoea
Single stranded RNA reverse :
viruses), €.g., HIV (retrovirus),

(dsRNA viruses),

Bacteriophages are ubiquitous
viruses found wherever
bacteria exist. It is estimate

that number of Bacteriophages
is more than any other
Lorgam‘sm on earth.

transcribing viruses template for DNA ( ssSRNA-RT

classification of viruses on the basis of host they infect:

Bacterophages attack bacteria,

Potato yellow dwarf'virus.

. Plant viruses which cause more than 2,000 types of plant diseases such as TMV,

Animals viruses cause many diseases to animals and human such as mouth and

foot disease in livestock, papovavirus causes mumps and measles. Rous sarcoma

virus causes cancer.
513 Structure of Model Viruses

A virus particle (virion) consists of nucleic acid core surrounded by a protective
coatof protein called capsid. The nucleic acid found in viruses is either DNA or RNAbut

Fig. 5.1

Helical

Polyhedral

Enveloped

Shape of somé Viruses
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viruses have an envelope of lipid outst

host cell and such viruses whichhave envelope8re® lex shaped, PO
haye different shapes like enveloped, tadpole O € =
helical etc.
Structure and life cycle of som

(Bacteriophages, flu virus and HIV):
Colhr/

5.1.4 Structureof Bacteriophage

A Bacteriophage is a virus that infects and
replicates within a bacterium. They vary in size from  sheath
24 to 200 nm in length. A bacteriophage consists of tW0
main parts, i.e., head and tail.
Head: The head (nucleocapsid) is further divided int0 il fiber
two parts, inner core of nucleic acid and outer cg]l\: ({

Ny

protein. The nucleic acid may be mostly
OV | nes 1mn a
however, some have RNA . The number of ge Fig. 5.2 Bacteriophigs

bacteriophage genome vary from few 10 over 100. : ‘ .
The protein coat or ¢d id of bacteriophage 13 gsually hexagonal like prisy
de up of protein sub units called capsomeres. The number of

e.g., herpes virus 162, adenovirus 25

shaped. The capsid is ma
different bacteriophages,
leic acid passes inhos,

capsomeres vary in
ambidensovirus 60 etc.
Tail: The tail is rod shaped and hollow tube through which nucie \

me phages do not have tail. The tail consists '

The size of tail is different and even SO

following parts.
area of the tail without sheat

Neck: Itis the narrow
Sheath: The contractile protein covering on tai
nucleic acid into the host cell.

sheath a flat structure is present calledend

Base Plate: Atthelower end of’
plate. It contains lysozyme to dissolve the cell wall of host.
nd base pla.

Tail Fibers: The end plate has one to many tail fibers. The tail fibers a
involve inthe attachment of phage with host cell.
5.2 LifeCycleof Bacteriophage
There are two types of life cycle of bacteriophages.
i) Lyticcycle (Master-slave relationship)
i) Lysogenic cycle (Host-guest relationship)

5.2.1 LyticCycle (Master-slave relationship)
le of bacteriophage consists of following steps

The lyticcyc
6m

¢ viruses

o

i and attached with head.
1is called sheath, which pushes e

plate or bast



Attachment: , _
In first step, bacteriophage attaches to the cell wall of host that is bacterium at a

specific site known as receptor site. The attachment occurs by tail fibers.

Penetration:

The tail of virion releases an enzyme known as lysozyme which dissolves a small
portion of bacterial cell wall. Now the tail sheath contracts and injects DNA into the host
cell. The protein coat of virus remains out side of the cell.

Multiplication of virion: ‘

After entering host cell the virion DNA takes over the control of biosynthetic
machinery of host cell and forces the host cell to synthesize necessary viral components,
i.e., DNA and protein. In this way virus starts multiplying. After 25 minutes of initial
infection about 200 new bacteriophages are found in bacterial cell.

Lysis:

In this final step the new daughter phages exert pressure on the bacterial cell wall
and enzyme lysozyme also attacks the cell wall from the inner side. Eventually cell wall
bursts and progeny of viruses are released. This process is called lysis of bacterium.
Newly formed phages are now ready to attack new hosttostart the lytic cycle again.

@ Attnchment

@ Entry of phage DNA

ssembly
Etsgesssembl) and degradation of host DNA

© Assembly @ Synthesis of viral
genomes and protein

Fig. 5.3 Lyfic cyele

5.2.2 Lysogenic Cycle: (Host-Guest Relationship)
All bacteriophages do not cause lysis of bacterium. In lysogenic cycle the phage

iz
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DNA
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55 Pmphagc l’L]ﬂIC]IL’\ with host Fig. 5.4 Lysogenic cycle

does not destroy the host cell. In fact both phage and host cell live together in a peaceful
co-existence. Therefore, such relationship is called host-guest relationship and phage is

called temperate.
In lysogenic cycle first two steps i.e., attachment

and penetration are similar to lytic cycle. After penetration

into host instead of taking over the control of biosynthetic %
machinery of the host, DNA of phage is incorporated into bacteriophages to treat
the bacterial chromosome. Now the DNA of phage iscalled |pathogenic bacterial

prophage and this process is known as lysogeny. In this |infections. Bacteriophages

condition bacterium does not lyse but live and reproduce  [47¢ Much more specific
than antibiotics. They are

normally. The viral DN{% remains attached to bacteriur.n opicallyharmless for host
and replicates as bacterial chromosome replicates. This  |,¢ well as for useful
may continue for many generations until the process of bacteria.

induction takes place. In this process viral DNA detaches

from bacterial chromosome and starts lytic cycle again.

Usage of Bacteriophages in Genetic Englneerlng
Bactenophages are used in genetic engineering as vectors alongwith plasmlds In

genetics a vector is a DNA molecule use as a vehicle to artificially carrying foreign
genetic material into another cell where it can be replicated and expressed.
The bacteriophage vector is called lambda and they are more efficient than
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bacterial plasmid. The phage vector can carry larger fragments of DNA usually 15-50
base pairs. .
The enzymes of viruses like holins and lysins are used to degrade the bacterial

cel! wall so bacteriophages have been proposed as alternative to antibiotics for many
antibiotic resistant bacterial strains.

5.2.3 Influenzaor Flu Virus

It is an RNA enveloped virus, belongs to family T
orthomyxoviruses. It includes seven genera but out of LRGN I 0 B
seven three genera usually cause influenza in humans and The fotal genome length of
some other vertebrates. These three genera are influenza flue virus ig, 12000-15000
virus A, influenza virus B and influenza virus C. Each mu*levlidﬂ"i&ﬁd the genome
genus include only one species, i.e., influenza A, B and C |contaige\B-8 segmenis or
virus. plecesfvarying lengths. )

The influenza A and C cause infection in different
vertebrates including humans but influenza B almost
exclusively infects human.

Vaccines and drugs are available for the treatment
of influenza virus infection but flu viruses develop
resistance against these vaccines and drugs.<Pherefore,
vaccines and drugs have to be reformulated regularly.

Human Immunodeficiency Virus (HIV):

Human immunodeficiency viruS(HTV) is an RNA enveloped virus. It is spherical
in shape. It is a retrovirus, i.e., it cageonvert its RNA into DNA in host cell, It causes
aquired immunodeficiency syndrome (AIDS) in humans. It belongs to family
retroviridae and genus lentivirus. Glycoprotein receptor

Structureof HIV:

Itis roughly sphérieal in shape,
about 120 nm in.diameter. HIV
consists of twgo strands of RNA
enclosed by g{f@énigal capsic]l. The
capsid issurté\%h‘ unded by an envelope.

The'éwelope is formed when
the capsid buds off from host cell,
taking some of the host cell membrane
with it. The envelope contains
glycoprotein receptors responsible for
binding to and entering the host cell. .
Several enzymes like reverse Transcriptase
transcriptase, protease and integrase

include fever, shivering, dry
cough, chill, loss of appetite,
body-ache, nausea, irritation
in throat and nose ete.

are also present. Fig. 5.5 Structure of HIV



5.3 g A The HIV R
. :':l‘:’cé;:lsc“s§:[lr)s' '(!\\cquilcd immunodcﬁcicncy sy n:?:rst)m?:leﬁcicn:yazf Nt
identified in 1984 in France and USA, The name HIV ( !um?al type of white blood ::;l
was given to this virus in 1986. HIV attacks o0 goct™ ;‘4 cells and are meprimaryh@‘_
(macmphagcs’ lymphocy‘cs) These cellsare known 85 %
of HIV,

5.3.1 Lifecycleof HIV (How does HIVreed
The HIV has glycoprotein receptors on 1 ion)

while T4 cells have CDA(Cluster of dnfferentli:o i

receptor, during travelling in blood HIV glycoP

receptors stick with T4 cells on CD4 protein receptors:

Once HIV binds to a host cell, the vira! envcfor;'ﬁf ed
fuses with the cell membrane, the RNA and enzymes £ which is more authentic.
virus enter into the host cell. Three types of e =
HIV which come into host cell along with RNAare S riptase converts viral RNA into
ttanSCl i i g‘ase d mse- i » ' \ ' L
DNA. &m inte:rnuzrtzcn' facilitates the delivery of this viral DNAinto thehog

Fig. 5.0 Lifecycleof HIV R



———

The integrated DNA'is now called Provirus, Virys

. qranscribted in host cell by host cell polymerase.
mR :\l'.N"\ is translated into proteins. These proteins are
phis M which are then cleaved by the protease
|~u‘L’“”'>m- tructural proteins. Thus immature yirion i | 705 common pathe
e virion St <5 TEVINONis |srrain while HIV-II is not
10100 d which is budded off from cell membrane, As it \widely recognized outside
produc? it takes the covering of host cell membrane and |Africa. ' !
buds @7 ature infectious virion. A cell infected with
’ does not necessarily lyse the ‘
uumrn 14 cells are destroyed thus immunity is decreased and patient beco
infectio ble to other diseases. As it causes immune system deficiency so it was called HIV
nunodeficiency virus). :

Yhereamhvospacluq’ HIY,
i.e. HIV-I and HIV-II, Hiv-

qscept!
: llj'iuma“ Imt
. (omSOfA,lDS: o algl oeas :
Symp The infection of HIV may be divided into three stages. The first stage is known as
. arvinfection. In this stage symptoms like fever, swollen lymph nodes, inflammation
.mu at. night sweating occur. However, these symptoms disappear after some days and
:;:;::r Oar;- no symptoms for about nine months, therefore, this first stage is called
tic carrier.
aS)'msp::::: stage known as AIDS related complex. In this stage some of early
Thc toms of acute infection reappear like swollen lymph nodes under the armpit, neck
Symp groin region, fever, aches etc. Some other symptoms like persistent cough,
rc&'{‘i‘;:'c,;, diarrhoea, flu, night sweating, loss of memory, loss of judgment and
§° rsrcssion. weakness etc. This stage may continue from few months to many years.
i The last stage of HIV infection is called full blown AIDS. Thls stage i1s
characterized by severe weight loss, weakness and opportunistic infections such as
kaposi's sarcoma (skin cancer), cgrvica.l cancer and cancer of lymphatic system.
Opportunistic infections are such infections which are
caused by very weak pathogens which usually never cause

ifection as our immune system can easily destroy them. 67)7"; b’:ff a':z:;’" ida?-i ;
Transmission of AIDS: with AIDS patients.

The HIV is transmitted by three main routes i.e..
sexual contact, body fluids and mother to child.

The sexual contact is most frequent cause of HIV TS0 D ez emik s i
finsmission. The second most common mode of HIV world AIDS Day, it is
*smission is body fluid, it includes blood transfusion, being observedevery
Eical instruments, contaminated syringes, razors, year since 1988, It is

S €IC. The mother to child transmission may oceur dedicated to raising
"€ pregnancy, during delivery or breast feeding. awareness about AIDS

“Te1s currently no cure or vaccine to prevent or cure HIV infection. A treatment

w3l




known as ; :

; m:i“giisly acﬁv;. antiretroviral the(ap}_' (HAART) is given but no significant

mprov e observed. Therefore, prevention is the only cure for AIDS. The following

P'i) ““An:oidm’ a:WwavoM HIV infection.

) mdlgcalmmthy =5 xual contacts and follow Islamic teachings in order to live clean

::) %\gxg:cal imstruments must be sterilized before use.

B isposable syringes should be used. Blood must be screened before transfusion
Donmsl?gm razor blades and tooth brushes. ‘ '

v)  HIV positive mothers should avoid breast feeding.

5.4 Parasitic Nature of Viruses -

. ‘:fr;m are obligate parasites i.c., they cannot reproduce and live outside living
. becausc. viruses lack metabolic enzymes, ribosomes, mitochondria etc for

making protein and energy. Therefore, viruses must need a host cell for their life cycle.

Viruses are highly specific with respect to their hosts, e.g., HIV attacks on T4 cells
of hm. Polio virus infects spinal nerve cells. Hepatitis virus attacks on liver cells.
Bact_cnqphagcs attack only bacteria ctc. However, some viruses have a broad range of
specificity e.g., rabies virus can infect all mammalian cells.

When any foreign agent enters inside the body it is destroyed or killed by
macrophages and neutrophils or antibodies produced by Bursa lymphocytes. Butin some
capsule, protein and fibrin do not bind by geg (swing) like substances secreted by Bursa
lymphocytes which are used by macrophages and neutrophils. That is why viruses are
saved from being phagocytized. Some viruses cover with host proteins, therefore, body
immune system is unable to detect them as foreign body and they remain protected. Many
viruses continuously change their shape and appearance as a result body immune system
and vaccine becomes ineffective against new types, €.g., influenza and HIV viruses also
remain safe in the body when immune system gets weak as in AIDS.

How viruses tolerate unfavorable conditions outside host cell?
Outside the host cell viruses arc changed into crys

seen dead and show no activities. Upon reaching the host cell, i.e., i
they become active again and start reproducing by using
crystals of viruses may be presentin saliva, respiratory droplets, feces etc. a4

i
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5.5 Viral Diseases

A disease caused wn as viral disease. Viruses cause numbcr‘ ¢ -

by virus is kno
A brief introduction o7 some viral diseases) ™

diseases in plants, animals and human beings. I
is given below. dpe
Hepatitis: e s

Hepatitis is the inflammation of liver (Gk. Hepa = Liver, itis = inflammationy Itis
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There are different causes of hepatitis such as alcohol, drugs and toxins. However,
hepatitis s mostly caused by viral infections. There are several types of viral bepatitis
likeA,B.C,DandE.

Hepatitis A: It is caused by RNA virus called HAV. The HAV is non-enveloped

jcosahedral shaped virus which cause a mild. short term disease. It is transmitied by

contact with feces from infected person and drinking sewage contaminated water.
Vaccine is available for the prevention of HAV but no antiviral therapy is

_available.

Hepatitis B: Serum Hepatitis: it is caused by DNA enveloped virus called HBV. It is
| ransmitted by blood, sexual contact, contaminated blood transfiasion and by infected
_mothers to their babies, saliva etc. It may cause liver cirthosis and death if not treated
timely. The vaccine for HBV is available. Alpha interferon and some nucleoside
_analogues are effective treatment for HBV.

Hepatitis C: Itis caused by RNA enveloped virus called HCV. It is a chronic and fatal
disease, may cause cirrhosis, hepatocellular carcinoma and death if left untreated. The
mode of transmission is via blood, sexual contact, breast feeding, sharing needles, tooth
brushes etc. No vaccine is available for HCV, however, antiviral therapy is available
usually a combination of interferon and ribavirin is given to the patients.

Hepatitis D: Itis caused by HDV also called delta virus. This vinss is only active in the
presence of HBV, 5o it can be treated or prevented by treating HBV. Its mode of
transmission s also same as HBV. It is small spherical enveloped viroid.

Hepatitis E: It is caused by HEV. It is non-enveloped
single stranded RNA virus. The symptoms of HEV are
similar to HAV. But it can be more fulminant in some cases
| suchas pregnancy. No vaccine or antiviral drugs available.
I} Herpes: There are two types of herpes vinuses which
cause herpes, i.e, herpes simplex virus | and 11. These are
double stranded DNA viruses having large genome
s | covered with protein coat and envelope. Herpes simplex-1
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cted fecal material but may also b
different symptoms of Polio, The h%it’q

transmitted by contaminated water of infe
by sneezing and coughing. There are many
may be divided in two types.

i) Non-paralytic polio symptoms: Th

headaches, vomiting, fatigue, muscle tendermness ete. )
These include loss ol

ese include flu, weakness, feye,
*

S0re

i) Paralytic polio symptoms:
muscle reflexes, severe muscle pain spasm and damage to
motor nerve etc, _

ever, it can be

There is no cure for polio, hOWE) .
f polio vaceines are

prevented b vaccination. Two types 0
: o (IPV) and oral

available, i.e., inactivated polio vaceing
polio vaccine (OPV).
Leaf Curl Virus Disease
Leaf curl is a plant disease characterized by curling of leaves, darkey
veins swellings. The disease mainly affects the cotton plant which is ope '0{‘-'&“"
important crop of Pakistan, wccounting for over 60% of foreign exchange eamj the
In Pakistan this discase Was first O = Mings
reported in Punjab region near the city of |
Multan in 1985. Now it is spread in other
parts of Pakistan and the neighbouring
countries. It is a main threat to cotton crop. It
is caused by a cotton Jeaf germinivirus
(CLCuV). The vector of this virus is whitefly .'
Bemisia tabaci. Therefore, this disease can
be prevented by protecting the cotton
seedlings from the attack of whiteflies. The
infected plants should be burnt and healthy

seeds should be used for sowing.

Bird Flu in Pakistan

Bird flu is also called avian influenza. v
It is a viral infection that can infect not only
birds but also humans and other animals. ¢
However, most forms of virus are restricted
to birds.

H.,N, is the most common form of Bt s
bird flu. It is deadly discase of birds and it S5
can also easily affect humans and other
animals that come in contact with infected
birds. H,N, are capable to survive for long
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period of time. The infected birds continuously release the virus in their facces and saliva,
so touching the contaminated surfaces may spread the infection.

The symptoms of bird flu include cough, diarrhea, fever, headache, runny nose,
sore throat etc. :

Multiple poultry outbreaks of H.N, influenza have been reported in Pakistan,
majority of outbreaks have been reported in poultry belt of Khyber Pakhtunkhwa
province, particularly in Abbottabad and Mansehra. Some cases of bird flu have also
been reported in Islamabad.

In Pakistan poultry sector is playing an important role in bridging the gap between
the demand and supply of dietary protein. Pakistan to some extent, has remained
successful in controlling infections of avian influenza. However, further steps are needed
to prevent the outbreaks ofbird flu in Pakistan.

Relate enzyme activity with antibiotics by searching internet and]
Jfind outthe reason why antibiotics are not effective against viruses. J

5.6 Prions

Prions are proteinaceous infectious particles which
cause transmissible neurodegenerative disease. Stanely in
1982 discovered these particles. The prions affect the
nervous system of human and other mammals.

The transmission of prion is mainly by unhygienic
way of feeding, contaminated food. Some prions diseases
of human are creutzfeld Jacob disease (CJD), kKuru, fatal Protein
familial insomnia (FFI). These diseases are caused by
eating beef products obtained from cattle with prions
diseases. Scrapie is acommon disease of bovine caused by
prion. It is also known as mad cow disease. Loss of
memory, paralysis, destruction of nerve tissues are
symptoms of prion disease. No effective treatment is
available and illness is progressive and always fatal.
Viroids

Viroids are single molecules of circular RNA
without a protein coat or envelope so they are called simple Conformation
RNA. These are smaller in size than virus, ranging from  Fig 59 Structure of Prion
246-270 nucleotides.

Viroid was first discovered by T. O. Diener in 1971. Viroids cause diseases in
plants such as potato spindle tuber disease, cucumber pale fruit.

The mechanism of viroids replication is unclear so far,
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Viruses are sub-microscopic, obligate intracellular parasites.

All viruses have a protein capsid or shell. that surrounds the nucleic acid in the central
core.and collectively known as the nucleocapsid.

The capsid of any virus is constructed from a number of identical protein subunits
called capsomeres.

Some proteins form a binding layer between the envelope and capsid of the virus, and
glycoproteins (proteins bound to a carbohydrate) remain exposed on the outside of
the envelope. These protruding molecules, called spikes or peplomers, are essential
for the attachment of viruses to the next host cell.

Bacteriophage means to eat bacteria, and are called so because virulent bacteriophage
¢an cause the complete lysis ofa susceptible bacterial culture.

Lytic or virulent phages are phages, which multiply in bacteria and kill the cell by
lysis at the end of the life cycle.

Lysogenic or temperate phages are those that can either multiply via the lytic cycle or
enter a dormant state in the cell.

HIV'is amember of the group of viruses known as retroviruses.

Hepatitis means inflammation of the liver.

Ahighly contagious disease is caused by the herpes simplex virus, either type L or I1.

Multiple Choice Questions

Choose the best correct answer.
1 The protein coat of a virus is called the:
(a) Capsid (b) Capsomere
(¢) Envelope (d) Viral membrane
2. What is the second step of bacteriophage infection
-~ (a) Lysis (b) Attachment
(c) Biosynthesis (d) Penetration
3. The viral DNA incorporated into a lysogenic cycle is called.
(a) Prophage (b) Latent phage
(¢) Bacteriophage (d) Oncogenic virus
4. Prions cause disease by
(a) Altering normal proteins (b) Altering genes

(¢) Activity of a reverse transcriptase  (d) Produce poison

oS



=} What type of infectious agent causes potato spindle tuber disease?

(a) Prion (b) Virino
(¢) Viroid (d) Virus
6. Prion diseases can be acquired in all of the following ways except by
(2) Transplantation (b) Inherited
(¢) Direct contact (d) Ingestion
7 Carbohydrate-protein complexes that project fromthe  surface of some
viruses are
(a) Caspid (b) Capsomeres
(¢) Envelope (d) Spikes
Fill in the blanks.
l, Prions are infectious particles which are composed of only .
2. Viroids consist of only a single molecule of circular without
protein coat.
3. Polio virus is transmited by the :
4. Master-slave relationship of bacteriophage is called cycle.
5. Host-guest relationship of bacteriophage is called cycle.
6. The tail of phage secretes an enzyme named
7§ HEYV is non enveloped single stranded virus.

Writeshort answers.

l. What is meant by an obligate intracellular parasite?

2, What is the capsid?

3. What is an enveloped virus, and how does the envelope arise?

4. Write short note on prion.

5. Define bacteriophages and explain their structure.

6. What is necessary foradsorption?

7. What is a prophage or temperate phage?

8. What is the principal effect of the agent of Creutzfeldt-Jakob disease?

9. Whatare viroids?

10.  Why the viral diseases are more difficult to treat than bacterial diseases?

I,
2.

‘1
. - —

Explain the lytic phase of life cycle of bacteriophage.
What is HIV? Which disease it causes and how it is transmitted?
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‘Write anote on different infectious diseases caused by viruses.
Describe several types of hepatitis.

Write note on prions and viroids. b
Explain parasitic nature of viruses. e g
Explain differences between lytic and lysogenic cycle. P
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PROKARYOTES

6.1  Taxonomy of Prokaryotes

6.2  Archaea

6.3  Bacteria (Ecology and Diversity)
6.4  Bactena (Structure, Shape and Size)
6.5 Bacteria (Mode of Nutrition)

6.6  Bacteria (Growth and Reproduction)
6.7  Importance of Bacteria

6.8  The Bacterial Flora of Humans

6.9 Control of Harmful Bacteria

6.10 Cyanobacteria
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Students Learning Outcomes

On completion of this unit students will be able to:

Outline taxonomic position of prokaryotes in terms of domains archaea and bacteria and in
terms of kingdom monera,

Explain the phylogenetic position of prokaryotes.

List the unifying archaeal features that distinguish them from bacteria.

Explain that most Archaea inhabit extreme environment.

Justify the occurrence of bacteria in the widest range of habitats.

List the diagnostic features of the major groups of bacteria.

Justify why cyanobacteria are considered as the most prominent of the photosynthetic
bacteria.

Dcscr_ibe detailed structure and chemical composition of bacterial cell wall and other
coverings.

Compare cell wall differences in Gram-positive and Gram-negative bacteria.

Explain the great diversity of shapes and sizes found in bacteria.

Justify the endospore formation in bacteria to withstand unfavourable conditions.

Explain motility in bacteria,

Describe structure of bacterial flagellum.

Describe genomic organization of bacteria.

Classify bacteria on the basis of methods of obtaining energy and carbon.

Describe autotrophic and heterotrophic nutrition in bacteria.

Explain the pigment composition in cyanobacteria.

Differentiate between the photosynthesis mechanisms in cyanobacteria and other
photosynthetic bacteria.

List the phases in the growth of bacteria.

Describe different methods of reproduction in bacteria.

Explain how mutations and genetic recombinations lend variability to bacterial
reproduction.

Describe bacteria as recyclers of nature.

Outline the ecological and economic importance of bacteria.

Explain the use of bacteria in research and technology.

Describe important bacterial diseases in man, e.g. cholera, typhoid, tuberculosis, and
pneumonia; emphasizing their symptoms, causative bacteria, treatments, and preventive
measures.

Describe important bacterial diseases in plants in terms of spots, blights, soft rots, wilts
and galls; emphasizing their symptoms, causative bacteria, and preventive measures.
Define the term normal flora.

List the important bacteria that make the normal bacterial flora residing in the oral cavity,
respiratory and urinogenital tracts and large intestine of man,

Describe the benefits of the bacterial flora of humans.

Listthe chemical and physical methods used to control harmful bacteria.
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Introduction : i
\

A prokaryote ( Gk. Pro = before, Karyons = nucleus) is a unic
. ) » aryon. , ellular ' {
having simple structure th_at lacks a membrane-bound nucleus and other m:)nr%l‘;?a‘:\:‘ |
bound (_)rgancllcs. like mitochondria, Golgi complex etc. Prokaryotes have great
economic and environmental importance. They also greatly affect on human health and |

Jargely used in research and biotechnology.

6.1 Taxonomy of Prokaryotes

The A. V. Leeuwenhoek (Dutch scientist) first discovered bacteria in 1674 and
called them animalcules. Ehrenberg introduced the name bacterium in 1828 (Gk:
bacterion means small staff or rod). The taxonomic position of bacteria and other
prokaryotes have witnessed continuous changes since their discovery.

6.1.1 Taxonomic position of Prokaryotes as kingdom( Monera)

According to two kingdom system of classification all microorganisms were
included in kingdom Plantae. In 1861 John Hog proposed a separate kingdom Profista
for all microorganisms including bacteria. In 1866 Ernst Haeckel made a scparate
group the Monera for Prokaryotes within same kingdom Protista. In 1938 Herbert
Copeland separated group Monera from Protista and formed the kingdom Monera in
which he had placed only prokaryotic organisms. Robert H. Whittaker an Amenican
biologist in 1969 proposed five kingdom system of classification for living things. Lynn
Margulis and Karlene Shwartz in 1988 modified five kingdom classification. They
distinguished between kingdoms according to cellular organization and mode of
nutrition. They had placed all prokaryotes in kingdom monera, whereas eukaryotes were
classified into four kingdoms viz. Protista, Plantae, Fungi and Animalia.

6.1.2 Taxonomic position of prokaryotes as “Domain Bacteria™ and
“Domain Archaea”

Earlier the term bacteria was used for all microscopic unicellular prokaryotes but
later molecular systematics studies exhibit that prokaryotic life consists of two separate
domains. Thus, both these domains have superceded the kingdom as a broadest
taxonomic group. Bacteria and Archaca evolved independently from an ancient
common ancestor. These two domains, along with Eularya, are the basis of the three
domain system, which is currently the most widely used classification system in
bacteriology.

6.1.3 Phylogenic position of prokaryotes

Phylogeny is the evolutionary relationship among various groups of organisms
(e.g., Species or populations). The study of phylogenic evolutionary history of a species
or group of related species is called systematics. The bacterial phylogeny was |
reconstructed in 1977. The new phylogenetic taxonomy is based on the discovery of
genes encoding ribosomal RNA because there is little or no change in ribosomal RNA
generation after generation. Thus ribosomal RNA are commonly recommended as

|
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d; ided into two

k,,yowsa“’ a and
molecular clock for reconstructing phylogenies. Now pro Archaed En‘ﬁ”,:: eﬁ'r(:m the
evolutionary domains as part of the three domain ”lmwﬁa diverged
Eukaryotes. The genes sequence studies indicate that evolved from

archaeal/ eukaryotic lineage. probably
Most scientists hold view that bacteria and arehé™

hyperthermophile that lived about 2.5 to 3. Zbdhony"“ 2

Fig.6.1 Phylogenic Position of Prokaryotes

6.2 Archaea
The microorganisms belon to domain : :

previously knownasmbaeobtcte%'lt Archaea exhxbn smulﬂl‘iﬂes both with bacteria

as well as eukaryotes. T, :
They also differ from bacteria and possess unifying features thus placed in

separate domain. Theunifyingarchnell featuresare: | . .

1. Their plasma membrane contains different kinds of Bpﬁsthan bacteria which
allows them to function at high temperature.. |

2. The cell wall in bacteria is made up of carbohydrate-protei oomplexcalkd
peptidoglycan but the cell wall of archaca lacks this eomplex Their cell wall is
largely composed of polysaccharides or pure protein.

3. TherRNAofamhaeansumque,ne different from that of bacteria.

4. Lipid of bacteria contain glycerol with mty acgés while lipid of archaea contain
glycerol linked to branched chain of hyc

5.  Auniqueability of methanogenic ar on of methane

6. Archaeaare mostly autotrophs. TS e

6.2.1 Habitatof Archaea

Most live in extreme environments, There
(i) Methanogenicarchaea (i) Hﬂm SYPeR St
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(iii) Thermoacidophilies.
The meth.ane (.Biogas) producing archaea are known as methano -
! inhs i anaerobic 'cnvuonments‘like marshes, swamps, digestive tract of agnex:; \lw-hmh
- Thesearchaca produce biogas (methane) from hydrogen gas and CO coua T ”
xample of methanogen is Methanobacwriumformico;n). PR

!. the formation of ATP (e
: The halophiles, inhabit salty environment where other organisms can not live

~ suchassalty meat, example of halophiles is Halobacterium halobium.
| The thermoacidophiles inhabit extreme hot and acidic environments. Their

" exampleis Pyrolobus fumarii, recorded in hot springs, geysers, volcanoes etc.

6.3 Bacteria Ecology and Diversity
‘ Bacteria have a wide range of habitat. They exhibit diversity in their size, shape

and mode of nutrition.
6.3.1 Occurrence
Bacteria are found everywhere in this planet where life exists such as body of
living aqddead~organisrns, water, soil, milk, skin, humid forests etc.
6.3.2 Major Groups of Bacteria |
) has divided bacteria into two major groups by

Dr. Hans Christian Gram (1884
ini itive and Gram negative. His grouping depends

technique, i.e. Gram pos
permeability, metabolism, presence of endospores,

wthand nutrition in bacteria.
parison between Archaea and Bactenia
. L SR R 1
aoteria

Table 6.1 Com

e

Unusual environment like hot Everywhere like soil, water,
'-spﬁngS,oceandepth.saltbrine. living and non living
organisms.
Psuedopeptidoglycan, largely Peptidoglyean with muramic
COmpose of_polysacchande or acid or lipopolysaccharide.
pure protein. . -
‘Branched carbon chain. Unbranched carbon chain. il

quophilcs. Gram positive and Gram

QECH,

acidophiles hagetive.

nine in tRNA. Introns are Thymine in the tRNA. Introns
are absent. Some are
pathogens. RNA polymerase

e is complex similar 10 A
m ;mon-ophnc but simple andl small, it
i Mostly heterotrophic.
: Smreptococelis prieumonid,
E.coli. Ce ¥




0.4  Structure, Shape and Size of Bacteria

A typical bacterium consists of cell wall, cell
membrane, nuclear region, cytoplasm and also other
structures outside cell wall.

6.4.1 Structure and Chemical Composition of |
Bacterial Cell Wall .
All bacteria possess cell wall except Mycoplasma. The cell wall protects the cell
and also gives it a definite shape. It is made up of peptidoglycan (sugar-protein complex
found in Prokaryotes) and is rigid. ‘ ‘
6.4.2 The cell wall of Gram positive and Gram negative bacteria
Based on the variations in the chemical components of cell wall, Danjg}
physician, Hans Christian Gram, developed a staining technique m 1884 and divideq
bacteria into two groups i.e., Gram positive and Gram negative bacteria. .
Gram Positive: These bacteria are stained blue purple with crystal violet dye. They
have thick wall of peptidoglycan. They retain dye when the cells are washed with ap

organic solvent like alcohol. b | m
Gram negative: These bacteria have thinner layer of In many bacteria cel|

peptidoglycan. They lose the dye ea‘sil): whennnsedwx@ membrane invaginates into|
alcohol and stain pink. The thin peptidoglycan laygr 15 \evtoplasm to form folds
externally covered with a layer of lipopolysaccharides, |called mesosome which helps
lipoproteins and phospholipid. Thus they are more |in cell division and
resistant than gram-positive against antibiotics \replication of DNA.
(lipopolysaccharide impedes the entry of antibiotics).

'GRAM-NEGATIVE B GRAM-POSITIVE

murein, It has long chains o
sugars with short chains ofl

Peptidoglycan is also callccjj

UAARAANAAAAAARRARARARARRARRREA R R
OO BAONENINEANNAANAANAA
BRI
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! OOONANRRAAVRAAAAN
| IERRTINRY

&.Q‘Z'-ﬂlm?osiﬁve and Gram Negative Bacterial Cell Wall
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2. Differences between Gmm—wsilivc and (imm negative coll waygy

Gram Pos .---A:l;"f.;i»‘.i'];.:‘:»:i':;; i
20 to 80 nm 810 10 nm

One Two
_ | Absent in all Present in al|
ins
Pori{lﬂx p‘:’w More Less
i f”:dm | Less More |
Lipi . -~
Yuter membrane Absent in all o Pmt in all | |
Chemical composition Peptidoglycan, Teichoic Lipopolysisccharide, |
‘ acid, Lipoteichoic acids Lipoproteins and Peptidoglycan |
—y = _ ] 3 ey
~ Slimy Capsule:

Some bacteria contain additional protective outer envelope, secreted by the cell

known as slimy capsule. It is made of polysaccharide which helps in defence and
adhering to host tissues. The encapsulated bacteria cause disease while the same bacteria
without capsule do not cause disease, e.g., Diplococus prieumoniae causes pneumonia.

6.4.3 Shape and Size of bacteria

There are three main shapes of bacteria: Spherical, Straight and Spiral shape.

Spherical or Coeel (Singular Coccus): Cocei are s
non-motile because they lack flagella, may be single or co
diplococei (group of two cells) tetrad (group of four cells), octet (packet of eight cells),
Streptococci (long chain of cells), Staphylococei (bunch of cells like grapes). Examples
of Cocci are Streptococceus pneumoniae, Neisseria meningitidis etc.

Straight Shape or Bacilli (Singular Bacillus): Bacil
bacteria. They posses flagella and are motile. Most of them occur either singly or
colonial. They are found in pairs (diplobacillus), very short and oval shaped
(coccobacilli), curved and coma shaped (Vibrio), stack (.P'al'lisade). Examples of bacilli
are Bacillus subtilis, Escherichia colietc,

Spiral Shaped or Spirochetes: These are corkscrew shaped bacteria, flexible,
motile and flagellated. Th

ey usually occur singly and seldom form colonies 6.8,
Hé”WbGCIe'rponﬁ and Treponema pallidum.

Most bacteria range insize about 0.1 to 600 micrometer over a single dimension.

i

pherical in shape. They are
lonial. The colonial may be

li are straight or rod shaped
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Fig. 6.3 Types of bacteria on the basis of shapes

6.4.4 Endospores ‘
Some Gram-positive bacteria produce highly resistant structure known as

endospore which during unfaverable conditions serves for the survival of the bacteria. It
develops within vegetative cell, so named endospore. The original cell forms a copy of its
chromosome and covers it with hard wall, water is removed and metabolism stops.

Outeggont Outer membrane
T “)
Pili are small hollow appendages

mostly preseat all around the
body. Their role is attachment o]
bacteria to host tisswe, mating

Core Cell Wall G iom) and e
{contains the (conjugation) and chemotaxis. )
bacterial DNA) Inner membrane

Fig. 6.4 Endospore in Bacteria
Endospores remain dormant but viable for centuries. The parent body disintegrates. Al
the return of favorable conditions endospores are reactivated to normal form and restart
division cycle.
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motion in Bacteria

i teria pOSSEss flagella as locomotary appendages, which

Most ba‘i’ty or change of buoyancy. The spirochetes haye helic

¢ gbout as they move. During twitching motility pili

them 10 t“"mmmonly found in‘bacilli and spirilla while most cocc

Flagew:llaaiﬂ; richous. There are two types of arrangement of flag
kno

ritrichous. . 452
polar flagella are situated at one end or both ends of bacteria and divided into following
olar f

help i glid'\ng.
al body which help
help in anchoring
are without flagella

ella, ie., polar and

Mom..u-ichous: single flagellum atone end, e.g., vibrio.
Lopuotrichous: acluster of flagellaatone, end e.g., spirillum.
Amphitrichous: flagella at both poles.

Amphilophotrichous: tuftof flagella at both ends.

peritrichous: flagellaare arranged all around the body e.g ., Salmonella typhi.

Chromosomal
DNA

Polar / Moootrichous -
W Single Mlagellum a1 one-pole

Lophotrichous -
Tult of flagella at one pole

Amphitrichous -
Flagella at both poles

Amphilopbotnchous
Tuft of flagella at both ends

Pertnichous -
Flagellas all over the surface

Fig. 6.5 Generalized structure of bacterium and types
of Magellar arrangement

6.4.6 Structure of Flagella

A flagellum is made of three parts, i.¢., basal body, a short curved .hook anlq a
helical filament, consists of several protein chains. Protein of flagella is flagellin.
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Fig. 6.6 Structure of flagellum
6.4.7 Genomic Organization of Bacteria o -
The genome of most bacteria consists of a single circular chromosome, containing
1,60,000 to 1,22,00,000 base pairs. It is located in a specific region of cytoplasm called
nucleoid or nuclear region (no membrane bounded nucleus). In addition to its single
chromosome, the bacteria also possess extra chromosomal DNA rings of small size

known as plasmids, The plasmids are self-replicating, contain genes for drug resistance,
heavy metals and insect resistant genes.

6.5 Nutrition in Bacteria

Bacteria like other organisms, need nutrients for their growth, reproduction and
other vital activities. They are divided into two groups that is autotrophic and
heterotrophic bacteria.
6.5.1 Autotrophicbacteria

These bacteria synthesize their own food from simple inorganic substances.
They obtain all the carbon from inorganic carbon compounds such as carbon dioxide.
The autotrophic bacteria are further divided into two groups namely photoautotrophic
and chemoautotrophic.

Photoautotrophic or Photosynthetic Bacteria:
ot SR by Possess Fhlotophyll, located cither in the membrane of their
esosomes or freely dispersed in cytoplasm. Bacteria have unique type of chlorophyll
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] eand fare known as bactcriochlorophylls. Ph

that 18 chlorophy otoautouoph-lc bac

of sun light, H.,S as “H" source (instead of i

10) and libergge wam - 2Cteria
use th,-:::: carbohydrate (organic food) from CO,, crate s Nstead of
0,10 . Sunlight .

2H,S + CO, Chilorophyll éfg;f!jﬁg?{,: lL() + 28
thetic bacteria are ;
Exampllezoolf-glll‘l(;;l?:rygacteria. Purple sulphur bacteria, greep Sulphur
bacteria, purpi€

hic or Chemosynthetic Bacteria:
Cmmg;ml:eﬁa do not have thoroghyll thps do not use sunlight as source of
energy. They derive energy by oxidation of inorganic substances such as H.S,NH, NoO.,
NO, and iron compounds. The energy of above inorganic substances is used to synthesize
carbohydrates.

The energy released is utilized to make carbohydrates,

» (CH,0), + H.O 428
fying bacteria, sulphur bacteria.

2H,S + CO, + energy from oxidation
The example of chemosynthetic bacteria are denitri

Heterotrophic Bacteria:

Many bacteria are heterotrophic, these
bacteria cannot prepare their own food. They
depend on organic compounds prepared by other
organisms. There are two types of heterotrophic
bacteria that is saprotrophic and parasitic bacteria.
Saprotrophic Bacteria or Saprobs (Gk. Sapro = rotten)

These bacteria get their food from dead and decaying organic matter (Humus).
They have a powerful enzyme system which helps in the breakdown of complex organic

compounds into simple substances and use the energy released in the process. Examples:
Pseudomonas, Azobacter.

(Note: The chemicals released during break down of organic substances become
available to other organisms, therefore, saprobes are called recyclers of nature. They
clean the earth by their action, thus also called the scavengers of the earth).
Parasitic Bacteria: These bacteria get their food from the host and depend on host
enzymes to make food. Parasitic bacteria include pathogenic bacteria (disease causing)
examples are Mycobacterium, Streptococcus pneumoniae.
Respiration in Bacteria:
Respiration in bacteria may be aerobic and anaerobic.

Aerobic bacteria need oxygen to breakdown food , e.g., Pseudomonas.

bacteria breakdown food without oxygen, e.g., Spirochetes.
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depend on photosynthetic arganisms.




Facultative bacteria grow either in the presence OF absence of oxygen, ¢
E.coli.

Microaerophilic bacteria need a low concentration of oxygen for their growty,
¢.g., Campylobacter.

6.6 Growth and Reproduction in Bacteria

Growth in bacteria means the increase in the total population r.atlll;r lthan ncrease
in the size of organism. Their growth is very fast and depcnd on suita :avi:_’;)‘:lrm”“"
availability of nutrients, pH and ionic concentration; If cgndmops are e e then
most bacteria divide after every 20 minutes, ¢.8.. E.coli. The interva veen two

successive divisions is known as generation time. Itis different in different species.
6.6.1 The Growth Phases of Bacteria ‘
There are following four phases of growth in bacteria.

- i for coming division i.c
Lag phase (no growth):; Bacteria prepare themselves fc ! '
adapting tg i‘t)s new environment and growth has not yet achieved its maximum rate.

T

Fig. 6.7 Growth Curve of Bacterial Population

Log phase (rapid growth period): Fast growth occurs at this phase. In human the

disease symptoms develop during the log phase because the bacterial production atluin:
such a high level which damage the tissues.

Stationary phase (equal birth and death rate): After log phase, the growth slows
down because of shortage of nutrients. Thus rate of reproduction and death of bacteria
becomes equal.

Death phase (decline phase): In this

g phase death rate increases and duction
rate decreases. Itis due to exhaustion of nutrients and accumulation of toxic \ms -
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A roduction in Bacteria
6.6.2 Rep duce both asexually and sexually. 1

“ Bacteria repro ; :
iﬁexﬂﬂ' Reproduction (Binary fission): All bacteria reproduce asexually 1,
xually by

s of binary fission. There is a single chromosome, having a circular DN A molecule
First DNA is replicated and attached to the plasma membrane. After duplication the 1y,
chromosomes move towards their respective sndes.. The plasma membrane pushes
inward at the center of the cell. The cell wall grows inwards to separate both daughter
cells from each other thus two daughter bacteria are formed. In most bacteria, it takes 20

minutes, if conditions are favourable.

mean

Cell wall

1. Cell elongates DNA is
replicated

2. CC“ Wllll and P‘asm l)‘\ .‘\ | ‘\ 1)\."*.‘17[(1 )

membrane begin to constrict

-

3. Cross-wall falls comletely
separating the two DNA

copies

' A

Fig. 6.8 Binary Fission in Bacteria

Sexual Reproduction in Bacteria:

_ Bacteria lack traditional sexual reproduction (gametogenesis). However, bacteria
exhibit genetic recombination that is cells do not fuse, only piece of DNA or plasmid of
donor cell is inserted in the recipient cell. This process occurs by conjugation,
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transduction a nd transformation.
Congagstine

tis the process by which one bacterium transfers
genetic material to another bacterium through a tube

oS possess F plasm;

formcfl by pili Cifllcd conjugating tube or bridge. The ‘[‘Ffea ale)can::gnt:econft:;;:zz
bacter!um that gives the DNA is called donor and ﬁ!e bridge to cell lacking the
bacterium that receives DNA is called the recipient. This |plasmid (F-, Female) througy,
process was. first studied experimentally by Lederberg and | which genetic material may pas,

‘ : : g . It ther. N !
Tatum in 1946 in £ coli, | ater studies made with the help |rer one ce 0 ?‘::tmg plg:nij

?;::;c&‘;“ l}licrqsco;)e Conflrmed the close contact.and the land itbecomesan F+ cell

otconjugatory bridge between the bacterial cells.
The: process of conjugation may be explained in following steps.

Sap &Thie donor cell produces the pilus, which is a structure that projects out of the c¢||

and begir.s contact with an recipient cell.

Sep 21 he pilus enables direct contact between the donor and recipient cell.

W 3 The donor plasmid consists of a double stranded DNA molecule forming 5

circular structure, it is attached at the both ends, an enzyme picks one of the two DN A

strands; of donor plasmid and this strand is transferred to the recipient cell.

Sugp4d: In t‘he last step the donor cell and the recipient cell both containing single stranded

DNA, replicate this DNA and thus end of forming a double stranded DNA..

F* Transformed

F* (Female)




. _page. The process of transduction was discovered
pacteriop a%in der and Joshua Lederberg in 1952 while
by NQﬂO&e pst etic recombination in Salmonella.

studying ral transduction, any of the genes from the

ne : : :
oelfl g:my be involved in the process, in special |fresp 4
t

ically 4() Million

hos duction, however, only a few specific genes are \bacteriaon earth,
tran
Muc“'
) bll.lc'
Host bcter
cell (donor el \
Bacterisl . l
: ° Phage injects
its DNA Transducing
phage
Recipient \
host cell ]
Phage DN ‘ ° Transducing
o Phage enzymus phage injects
~ degrade host dopor DNA
DNA
gj&‘
Transduced cell l
Phage with donor Donor DNA ix
DNA (transducing phage) e ncorporited
° Cell synthesizes into recipient’s
new phages that chramosome by
l incorporale recombination
phage DNA, und,
mistakenly, some
I ’ host DNA
Fig. 6.10 Transduction in Bacteria
Transformation:

Itis the absorption of DNA from a solution into a bacterium (cell). These cells are
called transformed cells. The fragments of DNA are released after the death of a donor
bacterium to its surrounding environment. Now if one of the relcased DNA fragment
contacts a species of bacterium that is capable of transformation, The DNA fragment may
bebound to recipient and is taken inside.

Griffith (1928) proved the process of transformation while experimenting on

mococcus, the bacteria which causes pneumonia.

Receptivity for transmission is present for a brief period when the cell have
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reached the end period
the wall. Normally E. coli does notp
calcium chloride.

(a) Transformation with D

——— _—

me they develop specific receptor site in
so in the presence of

of active growth. At this ti
DNA but it can do

ickup foreign

(b) Transformation with a plasmid

NA fragments
DNA plasmid

, \ , DNA fragments
ey \ Racterial

& O

Uptake
of plasmid

Uptake
of DNA

o

nonreciprocal
reoomha!wion

@ ©

Integration by / oR \I ”

Stable transformation Unsuccessful transformation
Fig. 6.11 Transformation in Bacteria
/
6.7 Importance of Bacteria
have ability to survive in all conditions.

Bacteria live everywhere because they
ing to environment, thus exhibit great

They can adjust themselves accordi
ecological and economic importance, they are useful as recyelers of nature.

Many bacteria involve in the steps of nutrient cycles e.g., carbon cycle are
controlled by bacteria because of decomposition of remains of dead organisms.

Denitrifying bacteria play role in denitrification .
The genus Rhizobium, live in root nodules of legume plants converts nitrogen gas

into nitrates.
If bacteria were not present in universe, the CO, from the atmosphere would have

diminished. Thus there would have been no photosynthesis and no possibility of

life on earth.
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ance of Bacteria

7.1 Ecological !‘?;,?:;;ead organisms and wastes is carried out mostly by bacteriy
a1 danmpos"cn organic matter into humus. It contains nutrients and increases
nd fungi whic CO“‘:O wth of plants. Humus also retains water, thus increases water
and S ity for the tﬁc coil, The leguminous plants have mutualistic association with
holding @P‘?c"y,h odules) which transform nitrogen into nitrates.

pacteria (ROO

the of Bacteria:
.‘por(lm
Ecol";;:ﬁa are both beneficial and harmful to human.
gacﬂd'lorlhefll Bacteria: o Bioremediition i R s

ediation and DecompoSers: Bioremediation is removal of environmental
B by using living organisms. Most bacteria act as decomposing agents,
P""‘mmts the wastes of animals to be reused by the plants and

dead organisms and .
wmposga inia sg;gmpose sewage, garbage, dungs, stool and during this process

md"ocmcthanegasorbiogas, which is used as tfuf.:l. .
. Some intestinal bacteria help to divide fats into small droplets in cattle,

m produce cellulase, (in the gut of termites and cattle) which digest cellulose and

starch. 2 R o a
Synthesis of Vitamins: Many intestinal bacteria produce vitamins, B and K. Bacteria
are cultured to produce vitamin B,, on commercial scale.
Bacteria and Biogeochemical Cycles: Bacteria help in cycles of carbon, nitrogen,
sulphur, phosphorus and other nutrients through the biosphere.
Bacteria in industry: Bacteria are used in the synthesis of vinegar (acetic acid),
m l?cmxd,a::tan;l:glc:hol). several vitamins and flavoring tobacco. They are
alsoused in leather and coffee industries.
!l;::::d industry: Used in the production of dairy products such as yogurt, cheese and
Bacteria as Food: Provide most amino acids and vitamins to ani i

; | v : animals wh |
slineniary canal through partially digested plant material i
obtained from the large scale growth of mi o S. A single cell protein is
Astibioties: Soverat st ofmicroorganisms suchagbacteria.

: eral antibiotics are obtained from actinomycet
Mmycm,mmycmmdmmycm | ycetes group, e.g.,
Harmful fmusedforstudymgme principles of genetics, such as £. coli.
Bacterial Diseages |
M”""gwﬁmmigh?in?h;m dpml!l_c bacteria infect plants and cause various
g'ﬂ;erhl in app ;an pear, mzdlseflsem potato and crown galls.

b““‘{losis..diphmeﬁ ‘Man: Many human diseases are caused by bacteria; like
Whooping 4, tetanus, cholera, | : i
VOPIng cough ey eprosy, typhoid fever, meningitis, sore throat,

»
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6.7.3 Role of Bacteria in Research and Technology

- Nowadays bacteria are greatly used by human beings, for their beneficial role in
research and technology. Bacteria play important role in biological research, medicines,
mining, production of biodegradable plastic . food processing, sewage treatments etc.

1) Bacteria are used in study of genetics and genetic engineering. These were used in
the discovery of DNA as hereditary material, semi conservative replication to
produce clone of DNA of different genes of organisms.

2) Bacteria are used in mining industry to extract metal from low grade to hi gh grade,
1.e., a bacterium Thiobacillus ferrooxidans . help in leaching of rock through the
metal sulphides (copper sulphate become soluble in water, i.e., to 2Cu++ and
SO; ™). This bacteria and Leptospirillum ferrooxidans also help in leaching of
gold and uranium .

3) Antibiotics, vitamins and many enzymes are commercially synthesized by
recombinant bacteria. Moreover many dairy products are also synthesized by
bacteria.

4) Biodegradable plastic. (Poly B hydroxybutyrate) are also produced by

transgenic bacteria. Thus prevent from pollution because ordinary plastic are
not decomposed by microorganisms.

5) Bacteria help in degrading harmful chemicals and pollutants (especially synthetic
chemicals).

6.7.4 Bacterial diseasesin Human
Several diseases are caused by bacteria. Some of these are as under:

Cholera:

Symptoms: Cholera is the classical example of severe watery diarrhea, Vomiting also
occurs in most people.

Causative agent: Itis caused by Vibrio cholerae. The fecally contaminated water, food.
vegetablesis the most common source of this disease.

Treatment of cholera: It depends on the rapid replacement of electrolytes, either orally
or intravenous. The vaccine is also available.

Prevention: It depends largely on adequate sanitation and the availability of safe, clean,
watersupplies. rat

‘Symptoms: Itis generally characterized by diarrhea, abdominal pain, nausea, vomiting,

insome cases intestinal rupture, internal bleeding, shock and even death.
Causative agents: It is caused by Salmonella typhi, can be contracted by animal

Treatment: Antibiotics can be used. Vaccine is also available, which is 50 to 70%

effective.
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Prevention: Adequate cooking effectively kills this bacterium.

Pulmonary Tuberculosis: _
Symptoms: It is lungs disease in which alveoli burst and replaced by inelastic
connective tissues. The patient has cough, fever, pale face and sweating at night. Chest
pain, breathlessness and weakness is also felt.

Causative agent: It is caused by bacillis BatrerteRmown as Mycobacteriunt
tuberculosis.

Treatment: Use of antibiotics and vaccination against the bacteria for long time (six to
nine months) or DOTS (Directly Observed Treatment Short Course) of only two months
duration.

Prevention: Itis contagious disease so patient should be kept in isolated environment.
Vaceine is available which helps in partial resistance to tuberculosis.

Pneumonia:

Symptoms: The typical symptoms of pneumonia are cough, fever, chest pain and
sputum isted brown or rusty color.

Causative agent: It is caused by Streptococcus pneumonia which is a Gram-positive
diplococcus.

Treatment: Usc of antibiotics, e.g., penicillin or erythromycin. Vaceine is also
available. -

6.7.5 Bacterial diseases in plants

Bacteria cause many diseases in plants;
Here we will discuss few of these. e.g., leaf spots,
blights, soft rots; wilts and galls.

Leafspots:

Symptoms: It is most destructive plant disease of
rice, tomato, potato, mustard and many other
plants. The leaf blades of these plants are infected § ..

by bacterial spots, spreading a type of leision which Fig. 612 Spots

turns brown and dry out.

Causative agent: The causative agent is the bacterium of the genus Xanthomonas in
tomato and pepper.

Prevention: Avoid working in fields when plants are wet. Pathogens can spread
mechanically through working hands and farms machinery, use disease free seeds.
Treatment: Spray the crops with copper fungicides at recommended rate.

Blights: ;
Symptoms: It is also known as bacterial blossom blight (pear), apical bud necrosis
(mango), bacterial canker (stone fruit) and bacterial brown spot (bean). It is mostly
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termed as blight in maize, rice and oat etc. e
Causative agent: Blights are caused by the !E" e
bacterium Xanthosomonas oryzae to rice, &9
Pseudomonas syringae and many other species to
pear, apple, mango, etc.

Prevention: Use disease free seeds and avoid
very susceptible varieties, remove the infected
plants.

Soft Rots:

Symptoms: It is very common disease in
vegetables and fruits that can occur in field but
more common during their storage and transport.
In most plants rot type symptoms appear, their
necrotized tissue become wet and soft  hence
termed soft rot. |

Causative agent: Erwinia group cause this
disease such as Amylovora to potato,
Corynebacterium earrot to wheat.

Prevention: Discard infected roots and damaged
fruit.

Wilting:

Symptoms: The young leaves may rapidly dry
and wiltand decline with severe leaf drop.
Causative agent: Pseudomonas solanacearum
and some other bacteria.

Prevention: Use disease free seeds, do not plant
in poorly drained sites. Ensure proper spacing TR
between the plants. - 2. 0. 13 Wilting
Make a list of human bacrerial diseases common in

our society and their causes. Share your irg?ormafion
with yawr class fellows and friends.

Galls:

Symptoms: bacteria like Agrobacterium
tumefaciens and Pseudomonas savastanoi are
responsible for producing galls in plants. Also
commonly called crown galls, are local small Fig. 6. 16 Gall
abnormal out growth on infected plants, thus called
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alls.
gCausativc agent: Rhizobium leguminosarum CaUses galls in root nodules in legumes
and Agrobacterium tumefaciens inroot, twigs and branches of many shrubs.
Prevention: Remove galls in infected plants, practice crop rotation, or sterilize the soil
using chemical, heatetc,

6.8 TheBacterial floraof human

Flora: Itis the plantlife occurring ina particular region ata particular time.
The normal flora is the population of micro-organisms routinely found growing on the
body of healthy persons.

Resident flora: live for extended period in the body of infected person.
Transient flora: temporarily live.

Many microorganisms make up normal flora, which occur in large number. In

fact, there are more bacteria in just one person's mouth than there are people in the
world. |

Table 6.3 Some Members of Normal Bacterial Flora

" Membersof NormalFlora | Anatomic Location
Clostridium species Colon
Escherichia coli, Lactobacillus | Colon, vaginaj outer urethra
Lactobacillus species ' Mouth. colon, vagina, uterus

Staphylococcus aureus, Corynebacterium Nose, skin, respiratory tract, ton-gue
Enlemwccusfaecahs E. coli - Colon, (Predominantly intestinal bacteria)
Viridans streptococci Mouth, nasopharynx.

Benefits of normal bacterial flora to Human

(1) Normal floraprotectsus against potentially harmful microorganisms.

(2)  The normal flora also plays an important role in the development of immune
TesSponses.

(3) Produces some nutritional substances. Many intestinal bacteria produce vitamin
Band K.

6.9 Control of Harmful Bacteria
Microorganisms canbe controlled by physical or chemical methods.

Physical methods

Sterilization: This method is useful to kill all life forms, in which physical agents like

steam, dry heat, gas filtration and radiations are used. It is the destruction of all life

forms. Itis used to sterilize e surgical instruments. Itis also used to preserve milk and meat

onlarge scale.



High temperature: This method is used in microbiological laboratories in which by,
jon of proteins and kills (,

dry and moist heat are effective. Moist heat helps in coagulat
microbes. Dry heat causes oxidation of chemical constituents of microbes and kil them,
below 300 nm. Gammy

Radlation: Microbes are killed by electromagnetic radiation

rays are generally used for this purpose.

Membrane filter: Heat sensitive materials like antibiotics, serd, hormones, growtj

media, enzymes, vitamins can be sterilized by using membrane filters. In hospitals some
lower the number of air borne

Opcrau'on theaters and burn wards receive filtered air to
microbes,

y Louis Pasteurto kill non-spore forming

for 15 seconds and at 62 C for 32

Pasteurization: This process was developed b
171°C
bacteria in milk. Pasteurization does not

chteria, e.g., milk is pasteurized by heating a
minutes to destroy Tuberculosis and Typhoid
change the taste of milk.

temperature (10.15°C) can preserve food for several days,

Low temperature: Low
such as milk, egg, meat, cheese and vegetables.
ed from microbial destruction by

Freezing: Meat and some vegetables can be prevent
freezing at below 0°C (-10 to-18°C) for several weeks to several months.
Drying: In this method water is removed from food like meat, milk, vegetables etc, thus

bacteria can not grow because their enzymes need water for action.
op the growth of microbes, e.&., Acid lowers the

Preservatives: Many preservatives st
food, the reduced water checks the growth of

pH, salts and sugar decrease water in
phate stops bacterial growth when added

bacteria.
Certaln chemicals: Like potassium metabisul
in pickles, candies, jams, bread and biscuits.

Chemical methods to control bacteria:
ed to control microbes.

Following chemical methods are us
Antisepties: There are certain chemical substances (such as iodine, Dettol) that stop the
owth of microbes called antiseptics.
Disinfectants: Certain chemicals like halogens and phenols, H,0,, potassium
permanganate, alcohol and formaldehyde etc., are oxidizing and reducing agents that
inhibit the growth of vegetative cells and are used on non-living materials,
hemicals and antibiotics destroy and stop the

Chemotherapeutic agents: Certain ¢
growth of microbes incells, ¢.8., penicillin, tetracycline etc.

6.10 Cyanobacteria
idered as the most prominent of the

Why cyanobacteria are cons
photosynthetic bacteria?

Cyanobacteria played major role in the evolution of life. _
oxvgen producing organisms. Their photosynthetic activity gradually oxygenat

They were the first
ed the



bout two billion years ago. The level of oxygen Increased by

the oceans ‘:‘z 1%. The amount of 0zone also increased in the upper layerg
bou:)bactéria. Ozone acted as a screen to protect the nucleic acids
cye atmosp ym:ion by ultra violet radiations from the sun.
of meins from destruc ther autotrophs to appear and survive on earth. Many of
andp It encouraged Omird) are involved in the fixation of atmospheric nitrogen to

pacterid AR mbacna and Nostoc are purposely cultivated to increase the soil
P::d:;c:;::,i: :fg:;.itrogen fixation ability of these organisms.
fertilitys

banc(eristics of Cyanobacteria

e
am"”pmmia. je tod
osphere by ©

C t; These are found in damp places, salt water, fresh water, in moist soil. hot
itat:
sp;:SS (with temperature up to 85°C).
“@ s
u.
o
¥
aa
ia Vegetative
g cel
L]
|
' s Heterocyst
G
ol
(=
s
.E“Y Akwmete
Spirulina Oscillatoria Nostoc

Fig.6.17 Examples of Cyanobacteria
Mode of life: May be epiphytic and symbiotic. h , :
O VOU Know
Form of life: May be unicellular and solitary, exist as

colqniw of many shapes, or form filaments consisting
m of cells (trichomes) surrounded by mucilaginous

Bacterial cell membran
lacks cholesterol.

~ Cell wall is Gram negative type (contains lipopolysaccharides, lipoproteins,
Peptidoglycan),

Photosynthetic System closely resembles to eukaryotes because cyanobacteria
l;:ve °hl°f°P.h Il a and photosystem I, use water as an electron donor and generate
H;m d‘fm‘g photosynthesis. They have phycobilins as accessory pigments.
<%Yanin is their predominant pigment. The photosynthesis takes place in the

Vesystem of membrane, which isplaced in the periphery of the cytoplasm.
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6.10.1 Pigment Composition in Cyanobacteria

Cyanobacteria possess two accessory pigments, i.e., phycocyanin (blue pigment)
and phycoerythrin (red pigment). In some species the mixture of chlorophyll and blue
pigment, produces the blue green color, thus sometime known as blue green algae. But
the other species contain red pigments, appear red, purple brown or even black.

6.10.2 Difference between the photosynthetic mechanisms in
cyanobacteria and photosynthetic bacteria.

The photosynthetic bacteria release sulphur whereas cyanobacteria release
oxygen during photosynthesis. The source of hydrogen in bacteria is hydrogen sulphide
whereas cyanobacteria like plants obtain hydrogen from water.

The photosynthetic bacteria have photosystem I but lack photosystem 11, thus
only eyclic electrons flow is the sole means of generating ATP while cyanobacteria have
chlorophyll @ and photosystem I1.

In cyanobacteria, the photosynthetic pigment and electron transport chain
components are placed in thylakoid membrane linked with particles called
phycobilisomes. Phycocyanin is their predominant phycobilins (Pigments) and CO, in
them is assimilated through Calvin cycle.

Make a list of characteristics of Cyanobacteria and write some advantages of Cvanobacteria
withrespect to soil fertility.

1. Life is not possible without bacteria. Why? Give arguments to support this statement.
2. Why bacteria are widely used in biotechnological processes?

e Bacteria are the oldest and simplest organisms, but they are metabolically much more
diverse than all other life-forms combined.

~ » Bacteria differ from eukaryotes in many ways, the most important of which is the
degree of internal organization within the cell.

e Most bacteria have cell walls that consist of a network of polysaccharide molecules
connected by polypeptide cross-links.

® A bacterial cell does not possess specialized compartments or a membrane bounded

nucleus, but it may exhibit a nucleoid region where the bacterial DNA is located.

The two bacterial kingdoms, Archaebacteria and Eubacteria, are made up of

prokaryotes, with about 30,000 species have formally been named so far.
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The Archaebacteria differ markedly from Eubacteria and from eukaryotes in their
ribosomal sequences and in other respects.

Mutation and genetic recombination are important sources of variability in bacteria.

Many bacteria are autotrophic and make major contributions to the world in
maintaining carbon balance. Others are heterotrophic and play a key role in
ecosystem by breaking down organic compounds.

Some heterotrophic bacteria cause major diseases in plants and animals.

Human diseases caused by pathogenic bacteria include many fatal diseases that have
had major impacts on human history, including tuberculosis, cholera, plague, and

typhus.

Multiple Choice Questions
- Choose the best correct answer.

1. Which of the following term describes most of the bacteria?
(a) Anaerobic (¢) Many-celled
(b) Pathogens (d) Beneficial

2. What is the name for spherical-shaped bacteria?
(a) Bacilli (c) Spirilla
(b) Cocci (d) Colonies

3. What structure allows bacteria to stick to surfaces?
(a) Pili (¢) Chromosome
(b) Flagella (d) Cellwall

4. Which of these organisms are recyclers in the environment?
(a) Producers (c) Saprophytes
(b) Camnivores (d) Pathogens

5. Which of the following is caused by a pathogenic bacterium?
(a) AIDS (c) Nitrogen fixation
(b) Cheese (d) Tetanus

6. Which of the following cannot be found in a bacterial cell?
(a) Ribosomes (¢c) Chromosome
(b) Nucleus (d) Cytoplasm

7. Which organism of the following can grow as blooms inponds?
(a) Archaebacteria (¢) Cocci
(b) Cyanobacteria (d) Viruses
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5 A bacterium with a tuft of flagella at one side of the body.

(2) Lophotrichous (¢) Peritrichous

(b) Amphiptrichous (d) Nonoftheabove
9. Asexual reproduction in bacteria is called.

(a) Budding (¢) Multiple fission

(b) Binary fission (d) BothAandB

Fillin the blanks.
I, Piliare made of protein called

2 Flagella are made of a protein called

3. The cell wall of bacteria is made of

3 are straight or rod shape bacteria.

2. Bacterium having single flagellum is called as

0. The bacterium that gives the DNA during conjugation is called
1 Typhoid is caused by

8. Tuberculosis is caused by

1.
2.

T A O
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How chemosynthetic bacteria differ from photosynthetic bacteria.
Explain one difference between photosynthesis of bacteria and cynobacteria with
the help of equation.
Name any three bacteria which cause diseases in plants.
Differences between Bacteria and Archaea.
Write short note on peptidoglycan and slimy capsule.
How Gram positive bacteria differ from Gram negative bacteria.
Write harmful and useful effects of bacteria (three for each).
Write a brief note on cholera.
Describe briefly physical methods of control of bacteria.
Differentiate between following terms.
Lytic and lysogenic cycle, lysosome and mesosome, autotrophic and
heterotrophic, plasmid and bacterial DNA, spherical and spiral bacteria, lag phase
and log phase.

What characteristics can be used in naming eubacteria?

Most of the dairy products that you buy are pasteurized. What is pasteurization?
How is it different from sterilization?

Describe mode of nutrition in bacteria.

Describe transduction and transformation in bacteria.

*ng an essay on control of bacteria.



7.1  Protists: The Evolutionary Relationships
7.2  Major Groups of Protists

7.3  General Characteristics of Fungi
74  Diversity Among Fungi

7.5  Importance of Fungi

Cilia

Mouth pore

Micronucleus

r

v

‘;'l: s_I.*=.— L

PROTISTS AND FUNGIH

- .

el

—— A

Contractile
vacuole

/—Bludc

~

/(ias bladder




Students Learning Outcomes

On completion of this unit students will be able to:

« Explain protists as a diverse group of eukaryotes that have polyphyletic origin and defined
only by exclusion from other groups.

« Describe the salient features with examples of protozoa, algae, Myxomycota and
oomycota as the major groups of protists.
Justify how protists are important to humans.
List the characteristics that distinguish fungi from other groups and give reasons why fungi
are classified in a separate kingdom.

« Classify fungi into Zygomycota, Ascomycota and Basidiomycota and give diagnostic
features of each group.

+ Explain yeast as unicellular fungi that are used for baking and brewing and are also

becoming very important for genetic research.

Name a few fungi from which antibiotics are obtained.

Explain the mutualism established in mycorrhiza and lichen associations.
Give examples of edible fungi.

Describe the ecological impact of fungi causing decomposition and recycling of materials.
Explain the pathogenic role of fungi.

Introduction

The word protist is derived from Greek word “protistos” which means “very
first”. The protists are very first eukaryotes, much more complex than prokaryotes,
There is a vast variety of aquatic eukaryotes which have different morphology,
reproductive system, types of nutrition, life styles and have evolved from prokaryotes.
Fungi are non-motile, achlorophyllous , spore bearing organisms with chitin containing
cell wall, live either parasitic, saprophytic or symbiotic mode of life.

7.1 Protists: The Evolutionary Relationship

Protists were very first eukaryotes to evolve. They include all unicellular
eukaryotes and some simple multicellular organisms of diverse groups. They can not be
considered as fungi, animals or plants. They are polyphyletic group, belong to many
tribes. They exhibit similarities and differences with plants (such as autotrophic
unicellular and multicellular algae), with fungi (heterotrophic slime molds and water
molds) and heterotrophic animals like (protozoans). Thus they do not share a single
common ancestor. Margulis and Schwartz have listed 27 phyla, to place this diverse
assemblage of organisms. Their size varies from
microscopic protozoans and unicellular algae to very large
brown algae 'Kelps' more than 60 meters in length. Most
protists are unicellular, some simple multicellular (without
specialized tissues) and few are colonial (i.c., Ioos.e of different kinds. especially
aggregation of cells). Some protists are coenocytes that is ;4070 one lives in or on
multinucleated cell but not multicellular. another organism.

wG6
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How do protists get their nutrients?

Some protists are plant-like autotrophic (photosynthetic algae), some are
ingestive heterotrophs like animals (protozoans and slime molds) and some are fungi-
like absorptive heterotrophs (water molds).

i Different modes of life:

.

-

S.omc protists are free living (Amoeba, Paramecium), many are symbiotic either
mutualist (Trichonympha and Colonympha) or parasitic (Plasmodium). Most are
aquatic (either fresh water or marine algae). They also make up a part of the plankton,

(can not resist water current, 1.¢., floating) none of these are nekton (which can resist
water current, 1.e, can swim against water current),

How do protists reproduce?

‘ 'All protists exhibit asexual reproduction, many also reproduce sexually (exhibit
meiosis and syngamy, i.e., the fusion of gametes). Most don't contain multicellular sex
organs. There isno embryo or blastula stages in protists.
Types of locomotion: | @& Eukaryots

Few are sessile while most are ’
motile at some stage of their life,
locomote either by pseudopodia
(Amoeba) or flagella (Euglena) or
cilia (Paramecium). Some have two
or more means of locomotion (i.c.
both flagella and pseudopodia).

Many protists (especially
algae) are palatable thus they are
most abundant source of food for(pge
animals and human.

Evolution of Protists:

All protists have evolved from
prokaryotes (Monera) while fungi,
plants and animals have evolved from
protists, Some protists like euglena ;
and slime mold exhibit characters of Prokaryota
plants, animals and fungi.

7.2 Major Groups of Protists
The Protists are placed into following major groups |The term protozoa was
protozoans, algae, myxomycota and oomycota. The |introduced in 1818 by
salient features of these groups are given below. Germen Zoologist George
7.2.1 Protozoa: The Animal-like protists dugust Goldfuss.
Protozoans are animal-like unicellular protists which ingest food and have no cell

P
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ARCHAEBACTERIA™
(Unicellular, prokaryotic)

Fig. 7.1 Evolutionary Tree




wall. The word protozoan is derived from two Latin words “Proto” means first “Zoan”
means animal.,

They are polyphyletic group with following salient features.

Habitat: Mostly aquatic (either fresh water or m
Intestinal parasite causes

marine such as actinopods, foraminifera). Many are
amoebic zggenterv in human

para.sitic. e.8., Trypanosoma, Plasmodium, Entamoeba ete.
Their body is single mass of protoplasm fvit.h almost all |,spile Naegleria brain
cellular structures of a typical cell, within which it eafing parasite causes
performs all features of life such as nutrition, locomotion, |meningoencephalitis,

reproduction, respiration, excretion, homeostasis etc. (phabit iaWarmyreskiwater: )

The vacuoles in protozoans are either for ingestion, digestion and egestion (such
as food vacuole) or in fresh water species contractile vacuole for excretion (removal of
water and nitrogenous wastes).

Reproduction:

Both asexual and sexual reproduction takes place in protists.

Locomotion:

Either by cilia (Paramecium), flagella (7Trypanosoma), or pseudopodia (Amoeba)
while most parasitic forms have no locomotary organelles (Plasmodium).

Many protozoans can regenerate and form cystto f Tir}
overcome unfavourable conditions.

It is believed that probably animals have evolved
from protozoans because both groups are motile, ingestive

Joraminifera, together with
red algae and corals created

heterotrophs and do not possess cell wall. vast lime stone in the ocean,
S =2

Contractile
vacuole

Amoeba proteus Paramecium
Fig. 7.2 ‘Some protozoins
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Common groups of protozoans: m
| ivi A plant or plant like body

. Amoebas are mostl).' free living, locomote and feed K r A, S S I  ARL
with the help of pseudopodia, possess many food vacuoles root. stem.or. leaves, and no
and contractile vacuoles. e.g., Amoeba proteus, |vascular tissues, e.g., algae,
Entamoeba histolytica and Naegleria fowleri. fungi and bryophytes. -/
7 Zooflagellates (flagellum: whip) locomote by flagella, their body is covered with
a proteinous pellicle, e.g. Trichonympha, a complex mutualist flagellate, live in the gut
of termites and other wood or cellulose eating insects, help in digestion of wood, it
contains bacterium that produces cellulase.

Trypanosoma, human flagellated parasite, causes a disease known as sleeping
sickness. Choanoflagellates; (choano: collar) sessile stalk flagellate found both in

marine and fresh water. Their flagellum is surrounded by delicate collar (like choanocyte
cells in sponges).

3. Ciliates (cilium; eyelashes) are completely or partially surrounded by hair-like
extensions known as cilia, e.g., Paramecium.
4. Foraminifera and Actinopods are marine protozoans, foraminifera (foramin;

pore; ferrous: bearing) produce calcareous and porous shell, e.g., Forams while
actinopods (actines: rays; podus: legs) produce siliceous shell.

T Apicomplexans are a large group of parasitic protozoa. They are mostly
pathogenic e.g., Plasmodium causes malaria, they are called apicomplexan because of
unique arrangement of fibrils, microtubules, vacuoles and other cell organelles at one end
of the cells. They have no locomotary organs and they move by flexing. They need two
hosts to complete their life cycle.

7.2.2 Algae: The Plant-like Profists

Algae are mostly aquatic found in marine and fresh water ponds, lakes, moist soil,
streams, hot springs, polar ice, moist rocks and trees. Their plant body may be unicellular
or multicellular, some are filamentous. The filaments are either unicellular or
multicellular.The multinucleated filaments lack cross walls (i.e. coenocytic) or distinct
cells. Many multicellular algae possess leaf-like or branched body called thallus. The
chlorophyll a, carotenoids, xanthophylls and phycoerythrin are their photosynthetic
pigments. The life cycle of algae is extremely varied, many have isomorphic alternation
of generation. All algae except red algae exhibit flagella in some stage of their life cycle.
How do algae differ from plants?

Their sex organs are mostly unicellular. There is no embryo formation in algae and
having simple unorganized body.
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Major groups of algae:

1. Euglenoids are unicellular fresh water organisms. Their body is covered by

proteinous pellicle e.g., Euglena.
2, Dinoflagellates are also unicellular, vary in colour from yellow, green to brown.

Apex

location Starch inclusions
Oil inclusions
Nucleus

Chloroplast
{used in food
production)

Cingulum

Transverse

undulipodium
Nucleus

Flagellum

Pellicle
(folded outer

membranc)  Chromatophore Sulcus
-~ Undulipodium
(flagellum)
Fig. 7.3 Euglena and Dinoflageliate
3. Diatoms: Usually unicellular, found in fresh water and marine, and are most

numerous algae found in oceans. They are called pastures of sea because they are
important source of food in marine food webs. The body shape is like a box, because cell
wall possess two halves, the larger halfacts as lid for smaller half.

4. Brown algae: Multicellular plant-like algae live in colder marine water. They are
largest of all algae, range from small form with simple filaments to giant “kelps” (upto 75

meters in length).

4

Frond<

Fig. 74 Diatoms and Kelp
5. Red algae: Mostly multicellular some unicellular prefer warm sea water. In size
they may be up to one meter long and attached to the rock or other submerged objects by a
root-like basal hold fast.
e
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6.  Green algae: May be unicellular (such as Chlorella
and chlamydomonas), Colonial (Volvex) or multicellular
and filamentous (Spirogyra and Ulva). Mostly marine, some
fresh water and few terrestrial. Mostly green, some may be

orange, red orrust colour.

7.2.3

Oomycota
Myxomycota: Slime Molds:
The slime molds take many forms, during their life
cyclq and resemble other types of protists. They have
mobile amoeba like feeding stage and stationary
filamentous, saprotrophic fungi like reproductive stage
produces spores. The acellular slime mold consists of a
mass of cytoplasm (Plasmodium) containing thousands of
diploid nuclei that is multinucleated and covered by slime
sheath. Therefore, also called plasmodial slime mold.
Sporangia are their reproductive structures which during
unfavourable conditions produce spores by meiosis. In
plasmodial slime mold, spores release a haploid flagellated
cell or an amoeboid cell. Eventually two cells fuse to form a
diploid zygote that feeds and grows, producing a
multinucleated Plasmodium once again by mitosis. Slime
molds differ from fungi due to the presence of motile stage
in their life cycle e.g., Physarum polycephalum is an
example of plasmodial slime molds.
Meiosis

Fungi-like protists: Myxomycota and

Flagella

Papilla

Contractile
vacuoles
Ocellus =
Eyespot
Cytoplasm
Nucleus
Chloroplast

Pyrenoid

ell wall

Fig. 7.5 Chlamydomonas
Tit bits .
Hyphae are filamentous
thread like structures in
fungi, which give the
mycelium quite a large

surface area per volume of
cyvtoplasm. This facilitates

absorption of nutrients. )

- Germinating
spore

ygote
Fig. 7.6 Life cycle of Myxomycete (Plasmodial slime mold)




Oomycota: (The water molds):
Oomycetes are either parasites or saprotrophs which feed on humus. Their cell

wall unlike fungi contains cellulose instead of chitin while like fungi possess
filamentous structure called hyphae. The hyphae are aseptate (coenocyte) that is
without intercellular septum or cell wall between nuclei. They asexually produce -
zoospores in their sporangium, which are biflagellates and motile. All comycotes also
exhibit sexual reproduction. There are two types of gametangia. The female gametangia >
is called oogonium while male gametangia is called an antheridium. The gametangia
produce gametes by meiosis. thus show gametic meiosis. The male gametes flow from
antheridium to oogonium lead to the fusion of one or more pairs of male nuclei with eggs
to form zygotes (resulting in a diploid phase). The zygotes soon covered by a thick cell
wall known as oospores. Due to this special kind of thick cell wall on oospores their
phylum is named oomycota, .., water molds, white rust and downy mildews.

Spore %
- \ Myxamocba

Germination

Meiosis in fruiting
body or spores

Fruiting body

Myxamoebae

\ Fruiting body
formation

<=

AT

~ Older plasmodium ~ Young plasmodium
g, 7.7 Lile Cyele of Qomycota

- . 7
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Protists are both useful and harmful to human.
Useful protists:
Dinoflagellates: They are great source of food for small
. marine and fresh water animals which are used as
- palatable food by humans.
- Diatoms are also source of oxygen for aquatic
* animals. Brown algae is used as food and fertilizer in

Do you know?

Decomposers are mostly
microbial heterotrophs. that
refurn constituents of organic
substances to ecological
cycles by feeding on and
breaking down dead orga-

nisms and excrela.
\

many countries, from it we also get vitamin A,C,D and E.

Red algae is used as source of agar (algine) which
is produced from the mucilaginous cell wall. Agaris used
to make capsules for vitamins and drugs, dental impressions, base for cosmetics and also
used in laboratory as culture media for bacterial growth.

Antiseptic role: Algae is used in medicines, Chlorella is used for the synthesis of
antibiotics, its agar is also used for stomach diseases. Chlorella has been used as an
experimental organism in research for photosynthesis.

Green algae are important producers and is used as experimental organisms for
photosynthesis in research laboratories (Such as Chlorella).

Algae are used as new food source; single cell protein (SCP) is derived from
algae. Chlorella is sold as “health food” especially in Taiwan and Japan. Protists are used
forstudy of genetics and other physiological processes.

In aquatic ecosystems zooplanktons (protozoans) feed on phytoplanktons are the most
important primary consumers ina food chain.

Harmful effects of protists:

In some places protists act as pollutants.
Sometimes they become the reason of closing of pipes.
Phytophthora causes late blight disease in potatoes. Many
protozoans cause diseases in human beings, such as

J

A=
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Phytophlora in is an,
oomycote which is a plant

malaria is caused by Plasmodium. According to World
Health Organization about one to two million people die
each year from this infectious disease. Entamoeba
histolytica causes amoebic dysentery while Trypanosoma

. causes African sleeping sickness. Many protozoans also

cause diarrhea. Acanthamoeba, a protozoan causes eye
infectionsin contact lense users.

7.3 Kingdom Fungi
Fungi are eukaryotic spore-bearing thallophytes
which lack chlorophyll. They are either saprotrophic or
parasitic and possess chitinous cell wall. They live both in
dark and light environment. The study of fungi is called
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pathogen. It causes late
blight disease of potatoes.
Plants show individual
leaflets, with small brown
dead and blighted areas. |




' mycology and the person who studies fungi is called mycologist.

7.3.1 General characteristics of fungi

Fungi have wide range of habitat, may be aquatic or
terrestrial, many are parasites of plants and animals. Fungi
range in size from microscopic (such as yeast) to very large
up to two meters (such as toadstool) .

Modes of life in fungi:

They live as saprotrophs, parasites or mutualists,
few are predatory.

Fungl morphologically differ from other organisms:

;-
Do vou know

In meiosis: diploid (2n) cell is
reduced into four haploid (n)
daughter cells while in
mitosis (2n) diploid parent
cell divides into two diploid|

(2n) daughter cells. J

Their plant body is thallus which is mostly multicellular structure known as

mycelium (Gk. Filaments). The mycelium is an interwoven mass of thread-like
filaments called hyphae (Gk. Web). There are two types of hyphae, Non septate or
aseptate (coenocytic hyphae) are made of one cell with many nuclei that is no cross wall
or septum between nuclei, e.g Rhizopus. Septate hyphae are made up of many cells
separated by porous partition called septum, e.g., in Penicillium.

'\:\ Cell wall
: .\-—-L

“dl S Nucled

(b) Coenocytic Hypha

Cell wall

Pore

Septum

(a) Septate Hypha
Fig. 7.8 Septate and Aseptate hyphae

Their cell wall contains chitin, which has high tensile strength and prevents
osmotic bursting of cells. It has also more resistance to decay than cellulose and lignin

(found in plants cell wall).
Karyogamy is the fusion o! :

All fungi being nutritionally absorptive
heterotrophs, digest organic food outside the body then
nucleus while plasmogamy is

absorb the digested food to body cells. Many are
decomposers. They store carbohydrates in the form of

glycogen. Fungi are non motile in all stages of their life i.e.,
lack flagella, move towards a food source by growing
towards it. Flagella are also absent both in fungi and in red
algae, thus most mycologists believe that fungi probably
evolved from red algae. A fungus reproduces both

asexually and sexually.”

fusion of cytoplasm. In some
fungi karyogamy does not,
take place immediately after
plasmogamy, e.g., Basidio-

\mycota.




Taxonomic status of fungi as a separate kingdom:

Fungi differ both from plants and animals in many

| In nuclear mitosis, nuclea
characters. membrane remains an

Differences from plants; Fungi lack chlorophyll, they are |mitofic spindles form within
absorptive heterotrophs rather than autotrophs, cell wall |?¥cleus then nuclear

contains chitin instead of cellulose, glycogen is formed as ;}‘,‘Z’",,’{,,,’“’;}’,,s’}z;‘;"j} d’;’;,’;,,",‘;;'}

stored form of carbohydrates instead of starch (in plants).  |chromosome. In some fungi it
Fungi differ from animals having cell wall, absorptive \dismantles later.
heterotrophs rather than ingestive heterotrophs, non-
motile, produce spores, no centrioles. Unlike plants and
animals fungi show “nuclear mitosis”.

Thus fungi are distinct from all other eukaryotes, therefore, they are placed in a
separate kingdom that is kingdom fungi.
Diversity among Fungi:

The kingdom fungi contains more than 100.000 known species. Most of which are
terrestrial, few are aquatic. Fungi are mostly multicellular, some are unicellular, varied in
structure.

7.4 Classification of fungi

Classification of fungi is based on types of rcproductlon (either sexual or asexual),
and types of hyphae. They are classified into three major groups i.e., Zygomycota,
Ascomycota and Basidiomycota.

Make a list of common fungal diseases and their causes in our country by searching internet
sources. Also share your knowledge with your class fellows.

Table 7.1 Phyla ( Groups) of Fungi

Zyigmycola rzygom' omycetes ‘Pilobolus i
7 sac lug_“m“’ Penicillium,
Ascomycota molds pow mfg,‘;g;’,f,””c s 32,000
: mﬂd‘g{l ;hhtesmut  Aspergillus
) . | basidiomycetes,
- A ushrooms, rusts, Agaricus, Puccinia, !
Basidiomycota ':muts pnﬁballs, U.mlago. Poljpoms, 22,300
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Phylum Zygomycota includes fungi in which

diploid zygospores are formed examples; Rhizopus (black |Yeast is used to synthesize
bread mold) and Mucor. These are saprobs generally grow |vitamin B complex on comm-|
on remains of plants, bakery products. fruits and ercial scale. It is also utilized|
vegetables, some are parasites of land protists. Their | medicine as a souwrce of
hyphae are aseptate, possess branching mycelium. The \E#=ymes. |

hyphae are of three types, rhizoid hyphae, stolon hyphae and sporangiophore hyphae.
Asexual reproduction: Ittakesplace by conidiaor spores.

Sexual reproduction:

In zygomycetes it takes place by conjugation. The haploid (n) cells from hyphae
of different mating types fuse sexually to produce zygote, which develops into
zygospore. The plus (+) and minus (-) strains hyphae produce hormones that stimulate
the tip of hyphae to come together forming gametes producing structure called
gametangia. The plus and minus nuclei fuse to form a diploid nucleus that is zygote. The
zygote develops into a zygospore. The zygospore is thick walled and resistant t
unfavourable conditions. AT | T
Germination: Lichens act as original

At the return of favourable conditions, zygospore «colonizers of new terrestrial
divides by meiosis. The wall of zygospore splits and environment.

hyphae grows upward. The tip of the hyphae develops into a sporangium_ which have
many nuclei. The wall of the sporangium bursts and the spores are released. Each spore
grows into new plus and minus strain of mycelium.

“Due to presence of conjugation and zygospore formation, they are called
conjugating Fungior Zygomycota”.

Ascxual Spomngia

‘

1 ‘ Sporangium
. ',.. /‘\ v Spores with spores
‘s e

| \

g v \ \ :
Sexual : | Gametangia Zygote Thick-walled zygospore \Gcrmmauon\\

' \!
b — o —

Fig, 79 Life cycle of Zygomyceota (Rhizopus)
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74.2 Ascomycota(Sac Fungi)

The name Ascomycota or Sac fungi is given [Now mast mycologists think
because their spores are produced within sacs called asci |that lichen &s not @ mitualist
(ascus means sac), association rather than @

Ascomycota is the largest group of fungi, [control parasitism of algal
containing about 30,000 species. Some examples are wlis by the fungus. J
morels, truffles, yeasts and neurospora. Their hyphae are usually septate. The septa are
porous so that cytoplasm can move between compartments. The sac fungi may be
unicellular (Yeast) or multicellular (Truffles).

L2,
SO O
SPO

: Mitosis
Germination Spores
Asexual
Plasmogamy 3
and mitosis:
The ascogonium and
antheridium fuse. Mitosis
and cell division result in
:ih;.mf:)ym\au'?n (;lt; man :
i olic hyphae, w I
form a fruiting body
called the asc
Asci form at the nps
of these hyphae.

Conidiophore

Dispersal and
germination

Ascospores (n)

Ascus Mitosis and

cell division:

Sexual Eight haploid
Reproduction ascospores
are formed
S
b -
%iosis:
An ascus with four
Koot ~ l;aplc::ig nuclei is
The nucle in the Ggote o
asci fuse to form =
a diploid zygote
Fig. 7010 | Lafe-cyele of Ascomyeete
Reproduction:
Ascomycetes reproduce both asexually and sexually.
Asexual reproduction:

It takes place either by conidia or budding The conidium; (Gk: dust) may be
unicellular or multicellular, vary in shape and size, develop on the tips of erected
modified hyphae called comdnophorcs There are no sporangia in sac fungi. The colours
of conidia vary in different species and it gives characteristic brown, blue, pink or other
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!im to many of thgse fungi. Bud is an outgrowth, separates from parent body and Zrows as
independent fungi e.g. unicellular yeast (yeast also reproduces asexually by fission).
Sexual reproduction in Ascomycota:

_ Sexual reproduction occurs by ascospores in both multicellular and unicellular
sac fungi.

~ In sac fungi sexual activities begin when plus and minus strains produce
multinucleated sexual bodies. The sexual bodies meet forming a connecting bridge. The
nuclei migrate from one body to the next, but do not fuse, forming a new dikaryotic
hyphae. The haploid plus and minus nuclei hyphae form a fruiting body known as
ascocarp, which develops ascus where spores are produced and released. In ascus, the
dikaryotic hyphae fuse and form diploid (2n) nucleus, i.e., karyogamy takes place, the
(2n) zygote undergoes meiosis to form four haploid (n) nuclei, each nucleus then
followed by one mitotic division, resulting in eight haploid nuclei later become
ascospores. The asci after maturation become swollen, then burst and release the
ascospores.

_ The ascospores are dispersed by wind, if they fall in a suitable location (host),
germinate to form new mycelium. e.g., in Neurospora and Saccharomyces (yeast).

Morels, Truffles and Penicillium.
Humus in the soil is forme!

7.4.3 Basidiomycota (club fungi)
Basidiomycetes are also known as club fungi

because they produce club shaped reproductive structures
known as basidia. It is a hyphal cell at the tip of which
develops sexual spores (basidiospores). Basidiomycota
not only include mushrooms, puffballs and shelf fungi but
also important pathogens like rusts and smuts.

The mycelium (fruiting body) in club fungi exists
in three forms that is primary, secondary and tertiary
mycelium. Primary mycelium is monokaryotic while
secondary mycelium is formed by an interaction with
primary mycelium which now become dikaryotic cell.
When the mycelium becomes more complex and gives rise
to fruiting bodies (Basidiocarp), it is called tertiary
mycelium.

Mushroom (Agaricus) consists of mass of white
branched, thread-like separate hyphae that occurs mostly
below the ground.

Reproduction in club fungi (Basidiomycota):

through the activities of both
fungi and bacteria. Humus is
essential for the proper

\growth of plants.

J

Do you know?

Rusts and smuts: Rusts are
involved in many rusty and)|
orange coloured diseases,
Spots on stem, leaves elc.
Smuts are black. dusty spore
masses similar to soot in
wheat, corn elc.

Rust is caused: by Puccinia
while smut by Ustilago

species.

y

Club fungi usually reproduce sexually, occasionally asexually by conidiophores.

The mushroom itself is called fruiting body, consists of stalk and a cap. It is known as
basidiocarp. The lower surface of the cap usually consists of many thin perpendicular
plates called gills. They radiate from the stalk to the edges of cap. In the gills the haploid
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nuclei of dikaryotic cells fuse to form diploid zygote. . ’

Zygote is only diploid structure in their life cycle. Each zygote.xmmedlately
undergoes meiosis to produce four (+) and (—) haploid basidiospores in the gills. _

The gills burst and spores are released from the fruiting body and carried by wind
or animals to a suitable moist land. Each * +ve and —ve” mycelia grow towards each other
and cytoplasms fuse (plasmogamy) but nuclei do not fuse. Thus each cell of secondary
mycelium contains two haploid nuclei, grows and forms compact mass called buttons,
along the mycelia. Each button grows into a fruiting body (tertiary mycelium). The
dikaryotic stage ends and a new diploid stage begins when (n + n) cells fuse to form
zygote in the basidium.

L\
J ; Pair of B2
»
! 1 ® nuclei ®  Diploid nucleus

Basidium \¥¥ fuse undergoes meiosis »

Zygote (2n) : 1
Basiditm —esr
Portion of

Basidium
Primary
£ mycelium

Basidiospores (n)

gill

Secondary
mycelium

& Spore
Button

S &~ :
P —
_'Alll"x;‘t_\\ll

Fig

— Primary
mycelium

of Basidiomycota

Table 7.2 Comparison between Algae and Fungi

—_

~ Alge  Fungls vo 000 e
They are autotrophic. They are heterotrophic.

They are mostly aquatic . They are mostly terrestrial.

Cell wall contains cellulose . Cell wall is made up of chitin.

Their stored food is starch. Their stored food is glycogen and oil.

7.5 Importance of Fungi

Fungi are both useful and harmful to human beings and other organisms. Many
fungi are palatable, used as food, some help in making various chemicals. It also causes
diseases in human beings and other living things. They spoil and decay our food and
many other articles.
7.5.1 Importance of yeast

The Saccharomyces cerevisiae (yeast) have many benefits to mankind, such as
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bread making.

For manufacturing bread yeast is mixed with white flour. The CO, produced by
yeast become trapped in dough as bubbles, causing the dough to rise, this is what gives
leax.'en bread its light texture. The CO, and alcohol produced by yeast is evaporated
during baking. The flavour and quality of bread is attained by selecting different strains of
yeast.

Brewing (Production of Alcohol) Ethyl alcohol (wine, beer) is prepared by the
fermentation of cereals, potatoes, fruit, sugars etc.

CeH,,0; + yeast =27 2C,H,OH + 2CO,

In gepe(ic research: yeasts have been used in biological research; especially study of
mutation, genetic recombination and to test the effects of many chemicals and medicines.
Yeasts possess plasmids in their genome, thus like bacteria can be used as gene vector.
Yeast is the only organism which is used for the formation of hepatitis B vaccine.

Table 7.3 Some important antibiotics obtained from different species of fungi

. No. Name of antibiotic Species of fungus
| Griseofulvin | Penicillium nigricans
2 Penicillin Penicillium chrysogenum
3 Cyclosporins Tolypocladium inflatum
4 Cephalosporin Cephalosporin acremonium

Drugs like lovastatin is used for lowering blood cholesterol, ergotine for
migraine.
7.5.2 Mutualist Role of Fungi (Lichens and Mycorrhizae)

Many fungi live in mutually beneficial relationship (Mutualism) with other
organisms, in which both partners get benefit from each other. There are two types of
mutualistic association in fungi, i.e., Lichens and Mycorrhizae.

Lichens and their types:
Lichens are associations of fungi (mostly sac fungi) with algae (often green algae

and cyanobacteria), therefore, known as compound or composite organisms. The
fungus provides support and prevent from desiccation, i.e., absorb water from air while in
response, the algae partner provides food. ,

The body of lichen has three layers: the upper thin and tough layer which consists
of fungal hyphae, the middle fungal hyphae interwoven with photosynthetic green algae
and cyanobacteria while bottom layer consists of loosely packed fungal hyphae. There
are three types of lichens.

1. Crusticose Lichens: Grow on damp rocks, bark of trees, these are compact
lichens.

2 Foliose Lichens: These are leaf-like in shape.

3. Fruticose Lichens: These are shrub-like and branched, vary in colour, shape,
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overall appearance and growth form.
Lichens prefer to grow in areas with low moisture and low temperature. They

have great ability to absorb moisture and to get nutrients, therefore, they can survive in
area with poor or no soil. Fruticose lichens absorb pollutants from air thus cannot grow
where air is polluted. Thus their presence is a bioindicator that the air is healthy for
humans to breath.

Mycorrhizae:
A mutualistic association between fungus and roots of the vascular plants (about

80%) in a mutual beneficial relationship is called mycorrhizae. The fungus gets sugar
from plants and in response gives greater surface area for absorption of water and
inorganic salts (P, Zn, Cu, etc.). Mycorrhizae help in better growth of plants, (95% of
plants families have this relationship). There are two types of mycorrhizae.

1. Endomycorrhizae: In this type hyphae enters into the cell wall of outer cells of
plant root forming coils, swelling and minute branches also extend out into surrounding
soil.

2. Ectomycorrhizae: In this type of association, hyphae surround and extend
between the cell wall (do not enter) of roots. They occur mostly with pines, firs etc.

3 : . . bet :
{omycorrinae Endomycorrinzac

Fig. 712 Lichen Fig. 7:43+ Mycorrhizic

7.5.3 Edible Fungi e .
Mushrooms are considered popular food throughout world. Mushroom pizzas are
-famous for their taste. It also gives peculiar flavour and taste to certain types of cheese.

About more than 200 species of mushrooms are edible.
Aspergillus tamarii is an example of edible mushrooms. The ascocarp of
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Morchella esculenta (a morel) and Tuber melanosporum (a truffle) are commercially

cultivated and highly prized for their complex flavour.

Yeast is also used as nutritional supplement because
it contains high level of vitamin B and about 50% of yeast
is comprising of protein.

There are about 70 species of poisonous
mushrooms called toadstools. The most poisonous
mushrooms belong to the genus Amanita such as Amanita
virosa (destroying angel) and Amanita phalloides can be
fatal. Jack-o-lantern is also a poisonous mushroom.
Ingestion of some species of mushrooms cause
intoxication and hallucinations.

TT

A pathogenic fungi named)
“Armillaria " may be
considered as the largest
organism. A single mycelium
may produce one kilometer
hyphae per day. It has been
measured up to 15 hectares
which belongs to group

\basidiomycota. J

Livid entoloma Fly agaric Destroying angel

’ ‘:\;‘ f' s

Cortinar Death cap Sulphur tuft
Fig. 7.15 Common Poisenous Mushrooms



7.5.4 Ecologicalimpacts of Fungi
Decomposition and recycling of materials -
Fungi and bacteria are the basic decomposers in biosphere. Both make significant
contribution to the ecological balance of our world. They decompose organic matter and
release the substances locked in dead bodies of animals and plants for circulation in the
ecosystem. .

Fungi possess potent enzyme system which helps in splitting tough organic
compounds that can not be digested by most other living things, €.g.. lignin (in wood).
The released substances become available to the next generation of organisms. They also
release large amount of CO, in the air by decomposition, which is used for the synthesis
of organic food by green living things (plants, algae and cyanobacteria).

Thus fungi recycle nutrients in nature and are called recyclers. The fungi clean the
earth by removing the organic matter and because of this characteristic they have earned
the name “scavengers”.

7.5.5 Pathogenic Role of Fungi

The pathogens are disease causing organisms. Many fungi are also pathogenic
and cause diseases in plants, animals and human beings.
Plant diseases:

Fungi cause many plant diseases, some of which are very important. All plants are
susceptible to many fungal infections. Most common fungal diseases of cereals are rusts
and smuts caused by Puccinia and Ustilago respectively which belong to group
basidiomycota. Sac fungi cause diseases like powdery mildews, apple scab, chest-nut
blight, Dutch elm disease, red rot of sugar cane and brown rot which attack plums,
peaches, apricots and cherries.

Fungal diseases of animals:

Fungi cause many diseases in animals, some of which are: Ring worms in dogs
and horses are caused by the species of Trichophyton rubrum and Microsporum
audouinii. Aspergillus sp. causes abortion in many animals. Saprolegnia parasitica is the
parasite of carp and salmon fish.

Fungal diseases of human:

Fungi infect all parts of human body especially the skin. Rhizopus and Mucor
species cause the infection of lungs (Histoplasmosis), brain and digestive tract. The
cause of dandruff is Microsporum furfur. Candida species causes candidiasis (causes
infection in the mucus membrane of the throat, mouth, vagina etc.). Neurospora and
Fusarium cause infection of corneal tissues of eyes. Aspergillus fumigatus causes
aspergillosis which like AIDS destroys immune system. Aspergillus flavus produces
aflatoxin, a cancer causing mycotoxin in improperly stored grains of peanut, corn etc.
Purple ergot rye causes ergotism, which causes nervous spasm, convulsion, psychotic
delusion and even gangrene. Athlete's foot is caused by Tinea pedis.
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Protists are ancestors of plants, animals and fumgi. what evidences you can provide to support

| Phis bedief?

o

& Thekingdom protista is a polyphyletic group of organisims that do not share a single
*  common ancestor.

e Kingdom Protista includes organisms that are animal-like, plant-like, and fungus-
like.

e Protists may be unicellular or multicellular, and may be microscopic or very large.

® Mostplantlike protists can make their own food through photosynthesis.

» Protozoa, animal-like protists have various structures that help them to move, such as
flagella, pseudopodia, or cilia.

e Someanimal-like protists can cause disease such as malaria.

e Fungus-like protists decompose organic matter. These protists have an important role
in recycling nutrients through ecosystems. Unlike fungi, fungus-like protists can
move during part of their life cycle. Fungus-like protists include slime molds and
water molds.

e Fungi are eukaryotic organisms that appeared on land over 450 million years ago.
They are heterotrophs and contain neither photosynthetic pigments such as
chlorophylls nor organelles such as chloroplasts. Since they feed on decaying and
dead matter, they are saprobes. }

e Fungi are important decomposers and release essential elements into the
environment. External enzymes digest nutrients that are absorbed by the body of the
fungus called thallus.

o Athick cell wall made of chitin surrounds the fungal cell.

e Fungi can be unicellular as yeasts or develop a network of filaments called a
mycelium, often described as mold. :

e Mostspecies of fungi multiply by asexual and sexual reproductive cycles, and display
an alternation of generations.
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» Fungi establish parasitic relationships with plants and animals. Fungal diseases can
decimate crops and spoil food during storage. '
: e Fungi have colonized all environments on Earth but are most often found in cool,
f dark, moist places with a supply of decaying material. .
i ' e Many successful mutualistic relationships involve a fungus and another organism.
D
]

|
: e Thedivisions of fungi are the Zygomycota, Ascomycotaand Basidiomycota.
F

They establish complex mycorrhizal associations with the roots of plants. Lichens are

A a symbiotic relationship between a fungus and a photosynthetic organism, usually an
alga or cyanobacterium.
- BN pxrcsE G
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' - .\lulli)l Choice Questions
4 A.  Choose the best correct answer.

f L. All members of which of the following group are single-celled.
(a) Algae (b) Protozoa

[ (c) Fungi (d) Helminths
2. Protists which absorb nutrients from dead organisms are called.
(a) Photoautotrophs (b) Autotrophs
(c) Saprobes (d) Heterotrophs
i 3. Phycoerythrin is found in which of the following algae.
(a) Red (b) Green
3 (¢) Brown (d) All
4. Parasitic Protozoans that form spores at some stage in their life belong
to:
(a) Apicomplexans (b) Ciliates
(c) Actinopods (d) Diatoms
; Ss Oomycetes show close relation with fungi and their cell wall contains:
(a) Chitin (b) Muramic acid
. (c) Silica (d) Cellulose
6, Algae in which the body is differentiated into blade, stipe and hold fast
belong to:
‘ (a) Kelps (b) Euglenoids
(c) Goldenalgae (d) Greenalgae
7- [n basidomycetes, fruiting body is made up of mycelium which is:
(a) Polykaryotic (b) Monokaryotic
(c) Trikaryotic (d) Dikaryotic
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D, Zygomycetes have
(a) Septate hyphae (b) Imperfect fungi
(c) Coenocytichyphae  (d) Perfectfungi
9. Lichens are ecologically important as?
(a) Decomposers (b) Bioindicators
(c) Oxidizers (d) Pollutants

B.  Fillintheblanks.
. The feeding stage of a slime moldis called ;

2. Both Fungi and animals mode of nutrition resemble because both are
3. Spore bearing structures are called

4, The basidiomycetes are also called

3.

Histoplasmosis is a serious infection of human

The largest algae is called giant

Plasmodium causes a disease called - ‘

Give one characteristic of each type of protist that explains why it is animal-like,
plant-like, or fungus-like.

What are three types of structures that help some protists move?

Name two animal-like protists that cause disease.

Explain how do hyphae help a fungus to absorb food?

Why are yeasts useful to scientific research?

Explain how does the decomposing activity of fungi carry both beneficial and
harmful effects ?
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Describe how algae differs from all the other eukaryotic organisms.

Describe the economic importance of yeast.
Explain the structure and reproduction of Ascomycota.

Explain the structure and reproduction of Zygomycota.
Write note on mycorhizae and lichens.
Describe Asexual and Sexual reproduction in Rhizopus.

N



. DIVERSITY AMONG
PLANTS

Iy Major Concepts |
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8.4 Seeded Plants

Nonvascular Seedless Gymnosperms Angiosperms
plant vascular plant

First seeded plant
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Students Learning Outcomes

On completion of this unit students will be able to:

« Outline the evolutionary origin of plants.

o List the diagnostic features shared by all plants, with emphasis on the alternation of
generations.

o Describe the general characteristics of bryophytes.

o Outline the life cycle of a moss.

» Explainthe land adaptations of bryophytes.

« Listtheadvantages/uses of bryophytes.

« Describe the general characteristics of vascular plants.

« List the characters of seedless vascular plants with examples of whisk ferns, club mosses,
horsetails and ferns.

» Explainthe evolution ofleafin vascular plants.

« Outlinethelife cycle of ferns.

« Describe vascular plants as successful land plants.

» Summarize the importance of seedless vascular plants.

« Describe the evolution of seed.

Describe the general characteristics and uses of gymnosperms.

Define angiosperms and explain the difference between monocots and dicots.

Explain the life cycle of a flowering plant.

Explain how this life cycle demonstrates an adaptation of angiosperms on land.

Define inflorescence and describe its major types.

o Describe the significance/benefits of angiosperms for humans.

Introduction

Plants are multicellular, predominantly photosynthetic and eukaryotic
organisms. They have well defined body parts and their cell wall is composed of
cellulose. They develop from embryo. Their stored carbohydrate is starch and they are
non-motile. It is second largest kingdom of living organisms comprises over 3,60,000
species.

The major groups of plants are bryophytes, seedless
vascular plants, seeded plants (gymnosperms and Do vou know? [
angiosperms). The angiosperms are very diverse and 2
largest group. Plants live in almost all sorts of habitats. i.e., ;L‘:;";mi?’;:; "hf msﬁ ell:::
deserts, mountains, tundra, tropical and subtropical

. R S E stress with the antifreeze
regions as well as in water. The outline of classification of |proteins, heat shock proteins

kingdom Plantae is given below. and sugar. =
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8.1 Theevolutionary origin of plants
The evolution of plants has resulted in widely varying levels of complexny,
started from green algae through bryophytes, lycopods and femns to the complex

gymnosperms and angiosperms

- First seed plants
Esyvasoular plants

Origin of plants

" Fig. 8.1 Phylogenetic relationships among the miajor groups in‘Kingdom plantae



Evidence of appearance of first land plants is traced back in the ordovician
period about 450 million years ago. Land plants began to diversify in the late Silurian
period about 430 million years ago. By the middle of Devonian many of the features
recognized in plants today were present, including roots and leaves. Evolutionary
innovation continued from carboniferous era and is still an
ongoing process. Researchers have identiﬁedalincag.c of [r, plant science is called
green algae called charophyceans as the closest relatives botany. (Botany, Gk. botane
of land plants. Both groups i.e., land plants and

means pasture or plant.
charophyceans share some common features like: |
L The high percentage of cellulose in their cell wall.
2 The presence of peroxisome enzymes to minimize the loss of organic productsasa
result of photorespiration.
3. Similar structure of flagellated sperms.
4. Formation of phragmoplast during cell division etc.

8.1.1 Diagnostic features of plants A
Some of the diagnostic features of plants are as follows.

. Majority of plants are stationary and remain fixed to one place.

. Most plants are differentiated into roots, leaves, stems and mostly have vascular
tissues, ( except bryophytes).

- Plants possess chlorophyll hence have the ability of photosynthesis.

. Plants possess cuticle to prevent water loss by transpiration.

. The plant cells have cell wall chiefly composed of cellulose.

. The phenomenon of alternation of generation exists in plants.

8.2 Bryophytes (Non-Vascular plants)

The bryophytes are non-vascular plants having dominant gametophyte and

dependent sporophyte attached to gametophyte. They are homosporous. Bryophytes
possess following characteristics.

. They are first land plants evolved from green algae.

. They are poorly adapted for life on land so they are present mostly on damp shady
places near water and need water for their fertilization so called amphibious

lants. '

. 'll)'hey have no vascular tissues thus transport of minerals and food substances takes
place by diffusion.

. The gametophyte generation is dominant, green and photosynthetic while
sporophyte is non-photosynthetic and dependant on

gametophyte. Bi)phtes: e’ inporing
8.2.1 Lifecycle of Moss bqr_ soil 'cond:t;oqzzg as
Like other plants bryophytes (Mosses) also show |2i0indicators, pesticides, fuel

; : e d as ing material
alternation of generation. Alternation of generation is a s packaging
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phenomenon in which gametophyte and sporophyte generations regularly alternate with
each other.

The bryophytes differ from other groups of plants in their life cycle. In bryophytes
gametophyte generation is dominant, photosynthetic and independent while sporophyte
is dependant and non-photosynthetic.

Gametophyte Generation:

The gamete producing generation is called gametophyte generation. It is haploid
generation. The gametes are produced by mitosis. The male and female gametophyte
generations are usually separated in case of mosses. The male gametophyte produces
sperms while female gametophyte produces eggs. The gamete producing organs (sex
organs) are antheridium and archegonium. The sex organs are intermixed with some
multicellular hair-like structures called paraphyses. The sperm is motile and needs water
for reaching to egg in archegonium. Thus fertilization occurs in archegonium. The egg is
large and non-motile, containing large amount of food for nourishment of early stage of
embryo.

Calyptra

Young
sporophyte =4 Seta .
porangium

)
fissue
0O |
cuium
N 3

o

Sporophyte
Sporogenous

Melosis

Antheridium
Male

Bud

Fig. 8.2 Life Cycle of Moss
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Sporophyte Generation:

It produces spores so called sporophyte. The fertilized egg in archegonium
develops into sporophyte. The sporophyte remains attached on gametophyte. The
sporophyte consists of three parts, i.e., a foot which is
embedded in the tissue of gametophyte, a stalk (seta) and a Do you know? @n
EATaRIE ORIpoEInEIL Bryophytes are known s'

The‘sporophytg generation is diploid and spores are un}p){ib}'ous plants because
produced in sporangium by meiosis. These spores on |they need water for their
availability of suitable conditions give rise to reprodhuction.
gametophytes.

8.2.2 Adaptationof Bryophytes for Life on Land
The bryqphytes are called the first invaders of the land among the plants. They
show the following adaptations for life on land.

1.  Muliticellular plantbody and conservation of water

A multicellular compact plant body of bryophytes conserves water and reduce
surface exposed to dry conditions. Moreover, a layer of cuticle develops to further reduce
transpiration of water from surface.

2.  Absorption of CO,

Bryophytes like Marchantia have evolved elaborate structure to absorb CO,. In
epidermis many pores are present which help in diffusion of CO, and O,. This CO, is
absorbed by the wet surface of photosynthetic cells.

3. Absorption of water

The structures for absorption
of water are rhizoids. The rhizoids
are root-like structures lacking
vascular tissues. They increase the
surface area for absorption. They
are unicellular extensions of the
cells of lower epidermis. Rhizoids
also help in anchorage.

4. Heterogamy

The development of two
types of gametes, i.e., motile sperm
and non motile large egg with large
amount of stored food is called
heterogamy. This stored food 1s
used in early stages of development Fig: 8.3 TS of Marchantia Thallus
of embryo.
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5. Protection of Reproductive Cells Classification of
The male gametes, (sperms) are produced in Bryophytes

antheridium and female gametes (eggs) are produced in | Bryophytes are divided into

archegonium. The sex organs are prevented from drying | three classes or phylum. |

by leaf-like structures and sterile hairs. Spores are |/ Hepaticae (liver-worts).
2. Musci (mosses)

protected by sporangium. S fare |
6. Embrys forimation 3. Anthocerotae (horn-worts). |
The developing zygote is called embryo. In bryophytes embryo remain protected

in female sex organ, i.e., archegonium. Thus the embryo is protected from drying and
mechanical injury, and it increases the chances of survival.

Archegoniophore

Antheridiophore

Rhizoids

Rhizoids

Fig. 84 Malc and female thalluS'of Marchantia

7. Alternation of Generation

In all land plants there are two-types of generations, i.e. sporophyte and
gametophyte which alternate with each other. This phenomenon is called alternation of
generation. This ensures the diversity and variation in characters and increases the
chances of survival of plants on land.
8.2.3 Importance or Advantages of Bryophytes

Some of the uses of bryophytes are as under.
i)  They prevent soil erosion by holding soil in place.
ii)  The rocks are broken down into soil by their physical and chemical action.
iii)  They increase soil fertility as they decay into soil.
iv)  They also provide food for herbivores.
v)  They retain soil moisture.
vi)  Some bryophytes have medicinal value as well.
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8.3 Seedless Vascular Plants
The seedless vascular plants are a sub group of tracheophytes. The
tracheophytes have vascular tissue, i.e., xylem for conduction of water and minerals
phloem for conduction of organic food. All vascular plants have tracheids in their xylem
and thus called tracheophytes. They are successful land plants with dominant sporophyte
and reduced gametophyte generation. The tracheophytes can be sub divided into
following groups.
(1) Sub division Psilopsida
(if)  Subdivision Lycopsida
(i)  Subdivision Sphenopsida
(iv)  Subdivision Pteropsida

Bryophytes do not have true
roots and leaves. Guess how do
they absorb water and
nutrients?

8.3.1 Sub division Psilopsida: (whisk ferns)

They are the earliest primitive seedless vascular plants. Most of them have been
extinet, e.g., Rhynia, Cooksonia. There are only two living genera Psilotum and
Tmesipteris. Psilopsida have following characters.

o These plants are rootless, leafless and seedless.
3 Under ground stem, rhizome is present to anchor the plant body.
s The rhizome is horizontally placed and bear rhizoids for absorption of water and

minerals.
° Aerial stem is green, photosynthetic and having forked branches.
° The reproductive organs are sporangia which are borne on the tip of branch and

contain Spores. Strm Sporangium

Miture /
\pur:\ng‘.um
Immature &
Spur Mg mm
Spores | Forked

branch

Rhizome Rhizome

Rhizaids Psllotum

Rhynia

Fig. 8.5 Primitive Vascular Plants

8.3.2 Lycopsida (Club mosses)
It includes plants like Lycopodium and Selaginella. These plants are also called
club mosses or spike mosses due to their club/spike shaped cones or strobilli and small
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moss like leaves. These plants have
following characteristics.

The plant body is sporophyte which is
differentiated into roots, stems and
leayes. Their leaves are called
microphylls.

Leaves may be spirally arranged or
opposite.

Sporangia develop singly on upper side
of leaf such leafis called sporophyll.
Sporophylls may be grouped together to
form cone or strobilus,

These plants may be homosporous
(Lycopodium) or heterosporus
(Selaginella).

Gametophyte of lycopsida 1s
underground and has fungal association
called mycorrhiza.

8.3.3 Sphenopsida(Horsetail)

The plants of this group are called

arthrophytes because whole plant consists of
large number of joints. These plants are found
in humus and wet places round the world. There
is only one surviving genus Equisetum. They
have following characteristics.

The plant body is sporophyte differentiated into root,

stem and leaves.

Leaves may be broad or scale-like and are always

arranged in whorls.

Main stem is jointed and have ridges and furrows.
From each node there is given out whorls of

branches.

The sporangia develop on sporangiophore. The
sporangiophores group together to form cones.
The gametophyte is thalloid and grows on clay soil or

mud.

8.3.4 Pteropsida

The Pteropsida is a heterogenous group of seedless
vascular plants which consist of sub group or class

Aerial stem

Microphylis>”

Rhizome

Fio. 8.6 1 \‘L'(ll‘\!'\!”lrn

Lycopodium herb has been used in the
{mdmonul Austrian medicine internally
as tea or externally to treat, skin, liver,
bile, kidney and urinary tract infections.

Filicinae. These are found in moist and warm tropical areas. Fig. §.7° Horsetail
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Class Filicinae:
This class includes ferns which are the largest group of seedless vascular plants.

These plants possess following important characteristics.

3 These plants are usually found in moistand shady places.

. An important character of this group is that sporangia are attached on underside of
leaves. Such leaves are called fronds. The immature or young frond has coiled
pattern of development like watch spring and it is called circinate Vernation.

° Some ferns are epiphytes. i.c., grow on the bark of trees.

° Plant body is differentiated into leaves, stems and roots. Plantq range in size from
lem—24m.

e  Leavesare megaphyllous and may grow upto 5 meters (in a tree fern).

e Sex organs are antheridia and archegonia, forexample: Adiantum, Pteris etc.

Life eycle of Fern (Adiantum):

- Adiantum involves both asexual and sexual reproduction, i.e., morphologically
two different generations (sporophyte and gametophyte) exist.
Sporophyte: The plant body is diploid sporophyte bearing groups of sporangia or sori
on underside of margins of leaflets, Mature sori become black. The leaves bearing
sporangia are called sporophylls. The sporangium is flattened, biconvex capsule born on
the multicellular stalk. These capsules contain spores. Each spore is a simple cell
consisting of cytoplasm and nucleus surrounded by two layers of cell wall. When the
spores fall on suitable soil, it is germinated into a haploid gametophyte called prothallus.

Mitosis and % Sperm (n)
. ‘dc::gfcl:sp::“em b ~ \»
.;,——-"— = oy ‘ l
-y ‘
3 = :
spores (n) 885 -

3

@ Gamctoph{u: (n)

[ : (underside

Sporangia | loid
' | ‘vicmsls l S - ga’t];l:i'd
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Gametophyte: The gametophyte generation is called prothallus which is a heart shaped
structure and underground. From it's posterior, under surface rhizoids are given out
which fix the prothallus and absorb water. The prothallus is moneecious, i.¢., both male
and female sex organs develop on the same prothallus.

Antheridium: It is male sex organ in which large number of coiled multiciliated
spermatozoids are produced.

Archegonium: These are flask shaped having broader part ventre and clongated part
neck. Ventre contains egg or oospore.

Fertilization: The spermatozoids (sperms) reach the neck of archegonium by water
pass through neck and unite with egg to form zygote or oospore.

Formation of sporophyte: The diploid zygote divides by mitosis to form the embryo

and develops into sporophyte which is attached to gametophyte but later on becomes
independent.

8.3.5 Evolution of Leaf
Lycopsida were the first group of plants that formed true leaves. There arc two
typesofleaves.
1. Microphylls: These are small single veined leaves found in lycopods.
2. Megaphylls: These leaves have large blade or lamina, with large number of
parallel or divided veins. These leaves are found in ferns and spermatophytes.

Evolution of one veined leaf (Microphyll):
There is no fossil record

showing the evolution of one
veined leaf. However, two
hypothesis have been proposed to
explain the evolution of one
veined leaf.

a. Outgrowth hypothesis

b. Reduction hypothesis

Vasculm
LISHUS

Out
growth

Microphyll
with.one vein
Out growth hypothesis: -

This hypothesxs states that Fige89  Outgrowth Hypothesis
one veined leaf originated as a
result of outgrowth from the naked
branches of primitive vascular
plants. Due to increase in size of
these outgrowth vascular tissues
were needed for transport of
food and water. Thus vascular

Evolution of leaf was a slow
rocess and it took about
15-20 million years.
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bundles extended to these
outgrowths which gave rise to one
veined leaf.

Reduction Process

Reduction hypothesis:

This hypothesis states that
one veined leaf originated as a
result of reduction in size and

flattening of leafless branches. 2o e
‘ : ' Leat
Evolution of many veined leaf:

The evolution of many Fig. 8.10 Reduction Process of One Vein Leat

veined (Megaphylls) leaf took

place in following steps.

a. Overtopping: Itisunequal development of various branches. In primitive Rhynia
and fern like plants the aerial portions of stem showed unequal branching, i.e.,
some branches were small while others were long.

b. Plannation and flattening: The unequal branches become arranged in one plane
and became flat called plannation.

C. Fusion or webbing: The space between overtopped branches were filled by
photosynthetic tissues that connected these branches. Thus a flat leaf blade was
formed which superficially resembles to the webbed foot of duck and thus many

veined leaf evolved.

Megapbyll

Overtopping Growth

|4

Fig. 8.11 Evolutaion of many vemed leaf

Plannation

— —_— -
Other stems Webbing
become reduced develops

and flattened

8.4 Evolution of seed
Seed forming plants are called spermatophytes among vascular plants seeded

plants are more successful land plants. . .

The development of seed habit occurred app_roxnmate!y, 390 million years ago but
complete seed forming plants appeared in late Devonian period about 3§5 rpllhoq years
ago. Seed can be defined as fertilized ovule, integumented in indehiscent
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megasporangium. Integument is a specialized protective covering around

megasporangium.
Following steps were involved in the evolution of seed:

Evolution of heterospory.
Retention and germination of megaspore within megasporangium.

Development of integument, a protective layer around megasporangium.
Reduction to a single functional megaspore per megasporangium.
Development of embryo sac within megasporangium.

Modification of distal end for megasporangium to capture pollen.

Spermatophyta (Seeded plants):
There are two groups of seeded plants, gymnosperms and angiosperms.

8.4.1 Gymnosperms: (Latin, Gymno: naked, Greek, Sperma: seed)

These plants produce naked seeds, i.e. seed is not enclosed in fruit. It is wide
spread group of plants and consists of one third of world forests. The gymnosperms are
woody plants either shrubs, trees or rarely vines (in some gnetophytes). They differ from

DU B L

Microsporanglum
Mlcrosporocyteo

Fig. 8:12 Life cycle of Pinus



flowering plants in that the seeds are not enclosed in an ovary but are exposed within any
of the variety of structure, the most familiar being cones. The plants show heteromorphic
alternation of generation with independent dominant sporophyte and dependent reduced
gametophyte. The female gametophyte is retained in the ovule permanently. The
microspore develops on microsporophyll and megaspores develop on megasporophyll.
There are two types of leaves, i.c. FNE— O,
foliage and scale. The lcaves arc 3@
evergreen and exhibit xerophytic
features like thick and tough cuticle,
sunken stomata etc. The xylem
consists of tracheids and Xylem &8
parenchyma. Polyembryony is &
common but usually single embryo
gets mature.

The important genera of §
Zymnosperms are:

1. Cycas (Cycad)

2. Pinus (pines)

3. Picea (hemlock)

4, Cedrus (deodar) L, ‘

5. Ginkgo Ginkgo Cyecad

6. Ephedra i, 8o 13 ¢ IVININOSPEETS

(N _ Acivity T

Search the pictures of gymnosperms like Ephedra, Cedrus(deodar) and Piceat hemlock) from
nternet sources.

Table 8.1 Differences between male and female cones

. Femalecone  Malecone [

It 1s herbaceous.

® It is woody. ©

e [t is large in size. e Itissmallin size.

e [t grows singly. ® It grows in groups.

e Borne on higher branches. e Borne in lower branches.
® Itislong lasting. e It isshort lived.

Importance of Gwa

The gymnosperms are used by man for following purposes.
Their seeds may be used as food, e.g. pine, chilghoza.
Toobtaindrugs, .g., ephedrine which is obtained from Ephedra,
Wood is used for making paper, construction, packing etc.
Grown as ornamental plants like cycads.
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Many commercial products, ¢.g., resins, turpentine's, tar and many oils, soap,
varnish, nail polish, gum, perfumes etc., are obtained from gymnosperms.

8.4.2 Angiosperms (Greek: Angio means enclosed, sperm means seed)

All flowering plants belong to angiosperms. Like gymnosperms, anglosperms are
seed producing plants. It is most diverse group of plants. They are distinguished from
gymnosperms by characteristics including, flower, endosperm within seeds, and
production of fruits that contain seeds. It is believed that angiosperms diverged from
gymnosperms in Triassic period about 245 million years ago. There are 3.60,000 known
species of plants out of these 2,35,000 species are angiosperms. All angiosperms are
divided into two sub classes, i.e. monocot ahd dicot.

Life cycle of the flowering plants (Angiosperms):
Like other plant groups. angiosperms also show alternation of generation, i.c. both

sporophyte and gametophyte generations are present which alternate with each other.
Sporophyte generation:

The adult flowering plant is diploid sporophyte consisting of root, stem, leaves
and flowers. Flower is the reproductive part and is modified shoot. Each flower consists
of pedicel, thalamus and floral leaves, i.e. sepals, petals, stamens and carpel. The
thalamus is a modified stem while floral leaves are essential parts of flower. The sepals
and petals are not essential for reproduction, however, sepals and petals are protective
parts of flower and also attract insects for pollination. Stamen is the male reproductive
part of flower and consisting of long filament having bilobed anther at its tip. In anther
haploid microspores are produced by meiosis inside the pollen sacs. Carpel is a female
reproductive part of flower. The basal broader part of the carpel is ovary, elongated part is
style and terminal broad part of carpel is stigma. Inside ovary one or maore ovules are
present which are covered by integument. The embryo sac is surrounded by a tissue
called nucellus.

Pollination:

The transfer of pollen grains from anther of stamen to the stigma of carpel is called

pollination. The pollination may takes place either by insects, wind or water.
Generation:

The gametophyte generation is inconspicuous and haploid (n). There are separate

male and female gametophytes. e

20D




Anther

ilmer l

Stamen

Oviary

Ovule - Pollen sis
1%\ g o
e )
4 | :
Megasporocyie (2n) Receptagle
l Megasparnngium :

Surviving

Endospetmm Crencrative mud ivos
I 3¢ -
N 9 Tube nucleus

megaspore (n)

- Pollen grin NS
Integumnctits W ‘ (microgametophyte, n)
Antipodal A \',u e (20)
sells (3)
Pollen tube
1IRY Palar nuclel Spert cells
s __" 2) Tube'cell
. : nuclous
- Mepagumetophyic 4 N
) ‘ 1

Fuiculis — . Egy J Stigma

Mic
Synergids (2) i

Tube cell” O
nucleus

Sperm (6] Pullen tube

Fig. 8.14 Life Cycle of Angiosperm

Male gametophyte: After pollination, the pollen grain is tmnsferred to stigma. Here it
germinates to form pollen tube. The nucleus of the pollen grain divides by mitosis into
two nuclei, one generative and other tube nucleus. The generative nucleus again divides
into two sperm nuclei. The part of pollen tube with tube nucleus and two sperm nuclei is
called male gametophyte.
Female gametophyte: Inside the ovule a single functional megaspore divides by
mitosis to form female gametophyte or embryo sac. Embryo sac contains eight cells out
of which one cell is egg or oospore.
Double fertilization: The pollen tube brings two sperms into ovule. One sperm fuses
with egg to form zygote, while other sperm fuses with diploid nucleus to form
endosperm. So it is called double fertilization which is unique characteristic of
angiosperms.
Slgnlﬂcance of double fertilization:

It is an important evolutionary advancement. The stored food is made after
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fertilization. This stored food is utilized at the
time of germination.

Seed and fruit formation:
After formation of endosperm and

embryo the ovule increases in size to form
seed. Its integument becomes hard and dry to
form seed coat or testa and tegmen. The wall
of the embryo grows rapidly around the seed
and matures to form fruits.

8.4.3 Inflorescence
An inflorescence is a group of flowers

arranged on a stem that is composed of a main
branch or a complicated arrangement of
branches on stem. There are three main types

of inflorescence.
I. Racemose
2. Cymose

3. Compound

Racemose Inflorescence:
In this type of inflorescence, the main

axis does not end in a flower but it continues to
grow and flowers arise laterally.

Cymose inflorescence:
The determinate simple inflorescence

is generally called cymose. In cymose the
primary axis terminates in a flower but the
growth continues through the lateral buds.
These buds give rise to lateral branches which
bear flowers. The outer flowers are younger
and upper flowers are older.

Com%wmwnce, the main
axis branches once or twice repeatedly in
racemose or cymose manner and these
repeated branches bear flowers. The oldest
flower are at the tip while the younger ones are
away fromite.g., amaltas, wheat, rice etc.

saips

What are unisexual an
bisexual flowers? Why are
the stamens and carpels
called the reproductive parts
lofflowers?

Raceme Panicle

Fig. 8.15 Racemose

Fig. 8.16 Cymose

Rice
(Panicle) (Compound leaf)

% aa

Fig. 817 _ompound inflorescence




Table 8.2 Differences Between \lu_nwul and Dicot
Dicot Monocot

1. Embryo has two cotyledons. |. Embryo has one cotyledon.
2. Petals inmultiple of4 or 5. 2. Petals in multiple of three.
3. Leaf venation is reticulate, i.e. veins 3. Leaf venation run parallel in the
form network in lamina. lamina.
4. Secondary growth often present. 4. Secondary growth absent.
5. Taprootsystem is found mn them. 5. Fibrousrootsystemis found in them.
6. Examples: peas; beans, roses, lilies, 6. Examples: corn, wheat, rice, banana,
mints, tomatoes etc. bamboo, sugar cane, onion, grasses
elc.
% ’ TR
> - .
One Veins usually Vaseu l i blindles Fibrous root floral parts
cotyledon parallel complexly svstem in multiples
uritnged of three

Embrsos Feal Nemtion Stems Flowers

Dicots
./’ "
Two Veins usually Vascular bundles taproatusually  Floral parts usually
cotyledons netlike usually arranged present i multiples of
i ring four orfive
Fig, 8,18 Comparison between monocot and dicot plants

The earth has more than 80,000 species of edible plants. 90%% uf Inuman food comes from just 30
plants. 70,000 plant spenec are utilized for medicine. Only 1% of rain forest planty have been

Table 8.3 Comparison of Mujor Plant Groups
| Fertilization occurs in water, haploid generation is dominant.

: dlploxd generanon isreduced, cuticle, stomata present in some, They
| are found in moist habitats.

L Fertilization occurs in water, diploid generation is dominant in them.

Seed is present, fertilization mostly does not need Water.
| Vascular plants with naked seeds, no fruit or flower.
Vascular plants with flowers and protected seeds.
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Significance of angiosperms to humans: Angiosperms virtually provide all plant based
food, 1.e., Wheat, rice, sugar cane, maize, barley, rye, oats, etc. They provide a significant
amount of livestock feed, provide all important vegetables like potato, tomato, peppers,
cabbage, carrot, raddish, turnip, mustard. Great deal of fleshy fruits like cherries,
mangoes, oranges, apples, water melon, peach, apricot, grapes, pears, plums and host of
others. They are source of oils, like soybean, sunflower, mustard, coconut and olive. They
are g_ood source of dry fruits like almond, walnut, pistachio. Flowering plants also
provide economic resources in the form of wood, paper. fiber (cotton, flex and hemp),
medicines (digitalis, camphor) ornamental landscaping plants and many other uses.

Do you know?

A sunflower looks

like one large In one year,
flower, but e the average tree
each head is b gives off

composed of
hundreds of tiny
flowers called florets,
which ripen to
become the seeds.

enough oxygen
to allow four
people to breathe
for a year.

o

SUMMARY |

° The kingdom Plantae contains land plants, which manufacture their own food
through photosynthesis and retain a multicellular embryo within the female
gametangium. All plants have an alternation of generations.

> Plant kingdom includes bryophytes, pteridophytes, gymnosperms and

angiosperms.

“ Bryophytes are plants which can live in soil but are dependent on water for sexual
reproduction. They possess root-like, leaf-like and stem-like structures.

° The bryophytes are divided into liverworts and mosses.

e The main plant body of a bryophyte is gamete-producing and is called a
gametophyte. It bears the male sex organs called antheridia and female sex organs

called archegonia.

o In pteridophytes the main plant is a sporophyte which is differentiated into true
root. stem and leaves. These organs possess well-differentiated vascular tissues.

. The gymnosperms are the plants in which ovules are not enclosed by any ovary

wall. After fertilization the seeds remain exposed and, therefore, these plants are
called naked-seeded plants.
El In angiosperms, the male sex organs (stamen) and female sex organs (pisul) are

borne in a flower.
._l'
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A,

The angiosperms are divided into two classes — the dicotyledons and the
monocotyledons.

During the life cycle of any sexually reproducing plant, there is alternation of
generations between gamete producing haploid gametophyte and spore

producing diploid sporop

hyte.

fq"' N
A

i s Sl

s

Multiple Choice Questions

Choose the best correct answer.

S\J

£
.

Which of the following is the amphibian of the plant kingdom?

(a2) Pteridophytes (b) Bryophytes

(¢) Gymnosperms (d) Angiosperms
Liverworts are closely related to

(a) Algae (b) Fungi

(¢) Lichens (d) Mosses

The only positive evidence of aquatic ancestry of bryophytes is
(a) Thread like protonema (b) Greencolour

(c) Someformsarestillaquatic (d) Ciliated sperms

If the chromosome number in the leaf of Funaria is 20, what will be the
chromosome number in the spores

(a) 20 (b) 40

(c) 10 d) 5

Most primitive living vascular plants are

(a) Brownalgae (b) Sphagnum
(¢c) Ferns (d) Cycads

A fern differs from moss in having
(a) Anindependentgametophyte (b) Anindependent sporophyte

(¢) Presenceofarchegonia (d) Swimming antherozoids
Spore baring leafis called

(a) Sorus (b) Indusium

(c) Ramentum (d) Sporophyll

Circinate vernation is found in

(a) Cycas (b) Fern

(¢) Bothaandb (d) None ofthese



9. Megasporophyll is the term used in gymnosperm to denote

(a) Carpels (b) Stamens
(c) Leaves (d) Femalecone
10, Inwhich of the following feature angiosperm resemble gymnosperm.
(a) Presenceofovules (b) Presenceof vessels
(¢) Nature of endosperm (d) Mode of fertilization

A, Fillin the blanks.
The gametophytes of bryophytes possess number of chrmosomes.

..

2 The highly developed plants group is

3. Liver worts are placed in the class

4. The female sex organs of amphibious plants are ca]led

5 Double Fertilization is the unique characteristics of

6. Xylem tissues of angiosperms contain xylem vessels and also
7. Adiantum belongs to group

8, Gametophyte generation is dominant in plants.

What are sporangia and what do they do"

Define antheridia and archegonia and also write their functions.

Define alternation of generation.

Define sporangium, sporophyte and gametophyte.

Briefly discuss the economic and ecological value of the gymnosperms.

What changes have taken place to the gametophyte generations in seed plants?
How would you distinguish between following?

monocots and dicots, microphyllous and megaphyllous leaves, xylem and
phloem, male gametophyte and female gametophyte.

NV B

Explain life cycle of Moss.

How Sphenopsida differ from Lycopsida? Discuss.
Explain evolution of both one vein and many vein leaves.
Describe life cycle of fern. "
Explain life cycle of angiosperm.

What is inflorescence? Explain its types.

Explain land adaptation of bryophytes.

NOoOWnAW —
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DIVERSITY AMONG
ANIMALS

L
9.1 Characteristics of Animals. .

9.2 Criteria for Animals Classification.
93 Invertebrates.

9.4 Vertebrates.(Chordates).

Arthropods

Chordates £ ? -

Annclids
plluscs
Lophophorate
Anmimals ¢ \
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Students Learning Outcomes

On completion of this unit students will be able to:

Describe the general characteristics of animals.

Classify animals on the basis of presence or absence of tissues.

Differentiate the diploblastic and triploblastic levels of organization.

Describe the types of symmetry found in animals.

Differentiate pseudocoelomates. acoelomates and coelomates.

Classify coelomates into protostomes and deuterostomes.

Describe the general characteristics, importance and examples of sponges, cnidarians,
platyhelminthes, aschelminthes (nematodes), molluscs, annelids, arthropods and
echinodermates.

» Describe the evolutionary adaptations in the concerned phyla for digestion. gas exchange,
transport, excretion and coordination.

Describe the charactenistics of invertebrate chordates and vertebrates.

List the diagnostic characteristics of jawless fishes, cartilaginous fishes and bony fishes.
Describe the general characteristics ofamphibians, reptiles, birds and mammals.
Differentiate among monotremes, marsupials and placentals.

Deseribe the evolutionary adaptations in concerned groups for gas exchange, transport and
coordination.

Introduction - .
The kingdom Animalia includes all animals. The word animal is derived from

Latin word anima which means breath or soul. Animals are multicellular ingestive
heterotrophic organisms which are developed by fusion of haploid “n"non motile eggs
and haploid “n” motile sperms. They were originated from animal-like protists. The
branch of biology which deals with the study ofanimals is called Zoology.

9.1 CharacteristicsofAnimals . - |
All animals are eukaryotic multicellular heterotrophic organisms, found almost in

all types of habitat (such as terrestrial, aquatic, aerial, arboreal etc). Most animals are
motile, some are sessile but their larval stage is motile, few are parasite and size ranges
from microscopic (worms) to very large in size (Blue whale) almost 150 tons.
Locomotion, mostly by means of muscle fibers. Most animals contain two sets of
chromosomes in their body cell. They respire both aerobically and anaerobically. The
body of animals may be from soft to hard, diploblastic or triploblastic, either radially
symmetrical or bilaterally symmetrical, few are asymmetrical. Their body is mostly

covered with shell, chitin, bony plates, scales, furs, feathers etc. Bilateral symmetrical
‘animals may be either acoelomates (Platyhelminthes) or pseudocoelomates
(Nematodes) or coelomates (from Annelida to chordate). They possess only ingestive

“heterotrophic nutrition.. Animals have either incomplete dngesuve system (single
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= .
opening) or complete digestive system 1., tube like digestive system with mouth

anus at i :
izppo;;te ends. Excretory system is well developed in most animals w
poriferans and coelenterates. Nervous system in

poriferans is absent while in coelenterates neuron net is [ L0401

I t. Itis well developed in most animals, sensory cells Currently there are 66 thous
Or sense organs are also present. Respiratory system is tvpes of vertebrates, ghy,

any
14 53n

. of total 1.3 milli ;
:nostly present Le., from arthropods to chordates, while |species. 1On anim,
ower non chordates respire only by diffusion from N
surrounding water.

s Skeletal system is recorded in all animals, which is spicules or spongin fibers |j,
n poriferans. In most invertebrates hydrostatic skeleton is present. While endoskeleto, ie
recorded in few molluscs (cuttlefish), echinoderms and in all vertebrates. Exoskeleon i:
also present in many invertebrates (Arthropods, molluscs). It is also present in mg,
chordates. The circulatory or blood vascular system is well developed from Annelidy
Chordata, while in other invertebrates transportation occurs by diffusion.
All animals reproduce either asexually or sexually. Asexual by mitosis ang|
sexual by meiosis and syngamy, embryo is present in all animals, they give birth to thej
young ones, or lay eggs.
Regeneration is present in poriferans, coelenterates, Platyhelminthes etc.
All animals lack cell wall, no plastids in their cells but centrioles are present.

9.2 Criteria for animal classification
Kingdom Animalia is divided into two 7
- subkingdoms i.e., parazoa and eumetazoa. (Table 9.1). The |The geometrical view of @
two subkingdoms are formed on the basis of presence or ‘;;ﬁfmmmmml g
z:nfem ;)r::nﬁt;:n. _The sl:l;rm dg:r:i' not exhibit symmetry,
animals. They are simplest multicellular animals believed to be evolved from
protozoans, their body is just collection of cells which are not differentiated into tissues
or organs, there is some division of labour among cells but are not strongly associated (0
perform a specific collective function.

~ The only surviving parazoans are sponges belong to phylum porifera. Mo
asymm | animals, however, few are radially symmetrical. : ,

N kingdom eumetazoa includes animals, in which body cells are arranged into
he tissues organized into organs and organs into organ systems . The cells

Do you know? ';,7“

A
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proad classihcation of Kingdom Animalia based on common fundamental features

Levels of Symmetry and » ol
Organisation  Germinal Layers B;dzo%‘l’;’:y Phylum

¢ (Cellular Level Porifera
(Parnzoa)
1 [ Radial Coelentrata
(Diploblustic)
- inthes
 Tissue / Organ/ | ’(“"A‘g::lm body)Cavity _Platyhelmm
Organ Sysiem omates,
(Eumetazoa) With files conlom = e
(s (mlomam)
Bilateral — _ v
(Triploblastic) — Annelids
— Arthropoda
— Mollusca
N

— Echinodrmata

— Hemichordata
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Gude latera
|. This grade includes bxlawmuy
ymmcmcal animals e.g., ﬁom
phylum platyhelminthes to C}
2. Their body can be cut into two
halves from a single longitudin
down the middle line,

3. Right and left side,
poswl'lor ends, dorsal amd

ﬁwonwthemhofamn ement of tissuc layers. Eithe
Diploblnsﬁcor‘rnp Sw te layees. Bitict




Vv fanimals accordi
'ﬁcano.n 0 : aing to coe ;
g IS5 fluid filled cavity between outer b;:;;l:";l( Body Savity).
Coe 3 by mesodermal membranes, + and the alimentary capq
mn grade Bilatera is divided into three gro

Tb;codomate 2. Psuedocoelomate e basis of kind Of coelom,
I.

3. Coelomate
l'w-!'_:?\'..un DI WA 4

&,,::gult.‘l”'

outer Parietal i

Inner visceral Jtyers

’ 92.“0‘/"”’””, Pseudocoelomate

-hw Table 94 Differences between Acocloma

Coelomate

s, Ps1

(Aschelminthes).

2. Coelom is present 2. | The mesoderm splits
between mesoderm and into outer parietal layer
covered by coelomic and filled with
epithelium and is the coclomic fluid.
remnant of blastocoel. |

5
et 9.2.3 Coelomates
by Coelomates can be classified into two groups on the
ose  Dasisofearly development.
aw *  Deuterostomes |
The differences between Protostomes and
deuterostomes are explained in table 9.5.
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Deunterostomes
(Echinoderms, chordates)

Protostomes
( Mollusks. annelids, arthropods)
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Fig. 9.3 Comparison between Protostomes

and-Deuterostomes

9.3 Invertebrates
Most biologists have divided the animals into two groups on the basis of presence

orabsence of vertebral column (back bone).
The group invertebrates lack vertebral colizmn while group vertebrate possess

vertebral column, Invertebrates account for 95% of known animal species, invertebrates
are divided into eight major phyla, which are Porifera, Coelenterata, Platyhelminthes
nematodes, annelids, Mollusca, Arthropoda and Echinodermata.
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2.3.1 Phylum Porifera

' - > s mesenchyvma of Sponges
(Greek: Poros means channels, Latin: Ferre means | The '"-“e"‘hr‘ qu fl nges
bea) contain amoeboid cell, !

i ve color while

The name Porifera was given by Robert E. Grant in ’:?1“:"1]) 5 a’;,; w‘,f.!;,i‘."/es and|
1836. Phylum Porifera is also known as sponges and |spongin fibers forming cell.
possess following characteristics. S oh
Habitat: Their lfrval stage is motile while adult is sessile (attached to submerged rock),
about 10,000 species have been recorded.

Their size range from a few millimeter wide to more than a meter long (e.g.,
scolymastra joubini from Antarctica).
Body: Poriferans are simplest multicellular animals having no tissues an-d organ
organization. Asymmetrical or radially symmetrical. The body wall is formed of an outer
dermal layer known as pinacoderm, contains pinacocytes and an inner layer, the
choanoderm, contains flagellated collar cells known as choanocytes. In between these
two derms is a gelatinous matrix, the mesenchyma containing many kinds of wondering
cells. ACtiVig’ B

They have single body cavity, the spongocoel, Deaio the olnioolines
divided into canals. The body contains numerous incoming diagram of coelomates. You
or incurrent pores, the ostia and a single large outgoing or |may take help from the figure
excurrent pore, the osculum. on title pagee of this chapter:

A

Water out

Osculum Central Sponge

CAVity wial

Wiater
througl
pores

Amaoeboid cell

Pore

Epidermul cell

Spicule

Flagellum Collar

Nucleus

Collar cell
(choanocyte)

Flagellar fibeils Amoeboid cell
Fig-3.4 Anatomy of sponges
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Nutrition: Sponges are heterotrophic depend on food coming to their body with water
current through ostia and moved in by flagella of choanocytes. where intracellular
digestion takes place, the digested foods are transported by mesenchymal cells. The
waste material either diffuse out of the sponges directly through the body wall or through
osculum.

Nervous system is absent, but neuron and neurosensory cells help to coordinate
water flow. The skeleton is formed of needle like structures the spicules (either
calcareous or silicious) while some sponges, like bath sponge possess sponging fibers,
osculum and ostia also contain spicules. The sponges possess both asexual and sexual
reproduction. Asexual, either by external budding or internal budding (gemmule
formation), regeneration is also common. Sponges are mostly hermaphrodite
(Bisexual) and protandrous (male gametes develop before the female). Fertilization is
internal, occur in mesenchyma. The sponges have probably evolved from flagellated
protists known as choanoflagellates. Examples: sycon (marine sponge), Leucosolenia
(erect tube shaped), Euplectella(glassy frame work), Spongilla (fresh water sponge).

Osculum Oscular fringe

Spongocoel

Canal
== Dermal ostia

= Cylinder

Spicules

4sc

Substratum

Fig.9.5 Scypha and Leugosolenia o
Tit bits
Evolutionary adaptation in Porifera: The food of sponges.is 20%
Sponges having intracellular digestion, which is |77 1umkion and
facilitated by flagellated collar cells. The respiration |phytoplankion, 80%

oceurs by diffusion, because almost each body cell is in detritus. Detritus is dead

contact with water. and decaying organic
Transportation of substances (food, excretory @at@-.-

products) either by diffusion or by water current through canal systems. “Water enters

/

‘through ostia into spongocoel and goes out of body through the osculum.” 'I'hey have
‘weak coordination, only some neurosensory cells and neurons coordinate water flow.



Importance of sponges:

The bath sponges are used for W
greatly absorb wate
large buildings, spor
used as decorative p

ashing and bathing by human. Sponges can
r thus are used in surgical operation for absorbing fluid and blood. In

1ges are used for sound absorption, to prevent echo. They are also
urpose and used in shoe or vehicle polishing.

9-3.2 Phylum Cnidaria (Gk. Kindle, nettle, + L. aria connected with)

The name Cnidaria is given to this phylum due to the presence of specialized
stinging cells called cnidocytes all over the body which give rise to nematocysts. The
nematocyst is a capsule with paralizing venom which acts as offensive and defensive
organ. Phylum Cnidaria exhibit fol lowing characteristics.

Habit and Habitat: Cnidarian are either sessile
e.g., jellyfish). Many are colonial (e.g., R
Obelia). Most of them are camivores. All e S et
cnidarians are aquatic (both marine and fresh '
water).

Size: may be from microscopic
(Hydra) to very large (e.g., Brachioceranthus.
up to two meter (in length.)

Body: Cnidarian are radially
symmetrical, most are diploblastic i.e., have \ 1/ _
outer ectoderm and inner endoderm between == ===

e.g., hydra or free living motile

Cindocyie

1 ; a) Ncﬁﬁtoc stwith (b) Nematocyst
these two layers, there is gelatinous A8):Dicinmocyst Wit v
cementing substance, called mesogolea. A P Simshiredee s
single hollow internal cavity known as 1558 (OEHEOLY -

enteron or gastrovascular cavity with a single opening called mouth (act both as mouth

and anus). The mouth is surrounded by tentacles.
Tentades Tentacles

Epidermis
Mesoglea

Gastrodermis

Gastrovasculs o el
Sea Anemone
Foot -
Hydra Fig9.7 The Cnidarians
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Nervous system consists of irregularly placed net
work of neurons with few ganglia. Some colonial
cnidarians exhibit Polymorphism.

They can reproduce both asexually and sexually. Asexual
by means of budding and regeneration (such as in hydra),
in sexual reproduction gametes are formed.

Evolutionary Adaptation in Cnidarians:

In enidarian colonial forms exhibit polymorphism
and alternation of generation, both polyp and medusa are
diploid and diploblastic. Some colonies (like corals) grow
to a great size, living in their own secreted skeleton, made
of Calcium carbonate (lime) which they get from sea water
by ectodermal cells. These skeletons form coral reef
(under water ridge or rock) and even an island. Mostly
found in Florida, West Indies, Austria, east coast of Africa.
In enidarian most systems are still not appeared such as
transport, excretory, respiratory, thus only diffusion help in
respiration and excretion. Although a sac like
gastrovascular cavity is present.

Importance of Cnidarians:
Cnidarians are both [
beneficial and harmful such i
as coral reefs protect the
shores from erosion by tidal
waves. Many jewellery ?3?;:
items are made by corals.
Used as decoration in
aquarium and rock garden.
Some Cnidarians sting

human (Jelly fish and sea

Mouth/anus -
Tentacle

} Zcavity

Polyp

Do vou know?

Class anthozoa of cnidarians
is triploblastic.

Polymarphism is a condition,
in which a species has two or
mare very different structural
forms there is division of
labour. among different group
of cells, which are formed in
units known as zooids, mainly
they are of twa types. polyps
or hydrozoids; cylindrical
feeding zooids, mouth is up
wards and Medusa are
umbrella shaped,
reproductive zooid. Their

> / Gastrovascular
Gastrodermis
Mesoglea
Epidenmis

Tentacle

\mouth is down ward. )

Mouth/anus
Medusa

Fig9.8 Polypand Medusa

anemone). In Pakistan, they are common at sea shores of Mekran and Karachi. Many
people are affected by poisonous cnidarians while they swim.

9.3.3 Phylum Platyhelminthes (Gk.Platy: flat, helminth: worm)

Platyhelminthes are also called flat worms or acoelomate worms. The
characteristics of phylum Platyhelminthes are:
Habit and Habitat: Platyhelminthes are either free living (e.g., planaria) or parasitic
(e.g., tapeworm). These worms are recorded both in fresh water and marine, while
parasitic worms are also found in the liverand gutofhumans beings,
Body: Flat worms are triploblastic, bilaterally symmetrical and soft bodied animals.
Their body is dorsoventrally flattened and acoelomate. Free living forms possess

2ipe



incomplete digestive system i.c.. with a single opening known as mouth while less
developed or absent in parasitic forms. Excretory system is well developed
protonephiridial system containing flame cells. Nervous system consists of network of
nerves, with two longitudinal nerves and anterior cerebral ganglion. Locomotion occurs
by means of underside cilia.

Brain

Intestine

Planaria

Head @

Liverfluke Tapeworm

Hu ! 1.:‘Aj,f"_i.'.1|l':: 108

Reproductive system: Asexual by fission (regeneration) sexual reproduction is also
present. These worms are bisexual with well developed gonads, ducts and accessory
organs, fertilization is internal, development may be direct or indirect.
Examples: Planaria (Dugesia). liver fluke (Fasciolla) and Tapeworm (Tuenia),
Evelutionary Adaptation in Platvhelminthes:

There is simple gastrovascular type of incomplete digestive system. Respiratory
and transport systems are still not appeared, it occurs by diffusion. Excretory organs
appeared, called protonephridial system. The initiation of centralized nervous system
with two longitudinal nerves and cerebral ganglion. The parasitic form developed many
parasitic adaptations to adjust themselves in parasitic life.

Importance of Platyhelminthes:
The parasitic flat worms cause many serious diseases. In human, such as liver
fluke infect liver, tape worm to human intestine, and the blood fluke to cattle etc.

9.3.4 Phylum Aschelminthes (Greek: Askos means Sac. Helminths means

worms) Nematodes or The round worms

Habit: Mostly parasitic, some are free living.

Habitat: Muscular and intestinal parasites of human and other animals, some are free
living (in soil, roots of plants). -
Body: Triploblastic and bilaterally symmetrical. Segmentation absent, body cylindrical
and pointed at both ends. The body cavity is psuedocoel, which is remnant of blastocoel
(not formed by mesoderm).



Digestive system: :
Itis complete, consists of asingle tube with a mouth at the antenior end and anus at
the posteriorend.

Muscular layer: It is not

=

continuous: divided into * ; |
four longitudinal quadrants, ‘\.\\ Pharynx |
(two dorsolateral and two Sperm duct " ‘ s\- Netve ring
vent . , s

ntrolateral). nervous Male y. il

system consist of nerve ring

system
from which nerve cord and

N

i Rl

fibers extend in various B Copulatory N . eSS
directions. \y Spiitile Y. o
Senses: Sensory papillae A :

are present in front part of ‘ Nty Ovary

the body, especially on lips. .

) _ Uterus ;
Sexes are mostly separated. \ R, V011V e “ v
. A Intestinge NN D i N -
Di oecious some are [ntsting M;"fl’f Female
monoecious, fertilization is R—
internal. Circulatory and
respiratory systems are absent.
Size: varies from microscopic to large such as Ascaris, more than one feet in length,
Examples: among parasites are Ascaris, pinworm and guinea worm, Gaenorhabditis
(freeliving) etc. r Activity )
Evolutionary adaptation in Aschelminthes: What are endangered
These worms have adopted lhemsglvcs in almost all |species? Make a list of)
types of habitat. This is the first phylum in which complete|endangered animal species
digestive system appeared, begin from mouth‘and end at anus. (?f Pakistan by searching
The circulatory and respiratory organs are still not appeared, |internet and other reliable
however, excretory system consists of canals and @w‘ce& : 3
protonephridia. Nervous system is also better developed than Platyhelminthes, possesses

pharyngeal ring and many nerves.

Fig 910" Ascans

Importance of Nematodes: : _
Aschelminthes (nematodes) are cause of many serious parasitic diseases, such as:

1. Ascaris lumbricoides is a human intestinal parasite which causes anemia,
abdominal pain, fever, it also migrates to the lungs and causes cough and other
complications. : o . : 2

2: Rhabditis: many species of this genus live in soil, organic matter, water and feces
of many animals. : . . -

3 Enterobius vermicularis (pinworm): It is found all over the world especially in

Europe, America live in caccum, appendix and colon of man, causes itching of
anus, inflammation of colon and appendix, resulting insomnia and loss of
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appetite.
4. Hook worms: (4cyclostoma duodenale) it is also parasite
cause bleeding,
Free round worm: in soil, causes disease to potato, onion, cotton. ap

9.3.5 Phylum Mollusca (Soft Bodied Animals) (L. Mollis, soft). _

The term mollusk was introduced by Kontson in 1650 (about 50,000 species are
recorded).
Habitat and habits: mostly free living, some are attached (sessile) found in fresh
water, marine, moist soil and mountain rocks. '
BOQ)‘: Triploblastic, soft bodied animals. They are mostly haemocoelomate, coelom is
divided into blood spaces. Body contains head, visceral region and muscular foot.
Found:all over the world.
Mantle: the whole body is covered in an envelope of glandular epithelial tissues known
as mantle.
Shell: the mantle in many cases secretes a calcareous shell,
which may be internal (cuttle fish) or external (snail), some
without shell (octopus).
Systems: most systems are well developed (such as
digestive, circulatory, respiratory, nervous and
reproductive systems). Respire through gills or mantle. Blood circulatory system is of
an open type (except, class cephalopods).
Radula: Tongue like structure provided with horny
teeth. Nephridia are their excretory organs (may be Mantle St
one, two or six). Nervous system consists of a LD 5 T
collection of ganglia in the head region forming a
ganglionic mass, which is connected with the
ganglia of foot and visceral mass. Mostly Unisexual
few are bisexual. Indirect development
(trochophore larva). First invertebrate in which
both endo and exoskeletons were originated.

of human intestine and

3. pleetc.

Squid is largest invertebrate
15 meters long, including
tentacles.

Intestine

a ™ .
e

AR
Land Snail

Mussel (Unio) Octopus

—

Chiton

Fig.9:.11 Molluscs
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Evolutionary Adaptations in Molluscs:

Molluscs have complete digestive system, in the mouth cavity of many molluscs
has rasping tongue (Radula) having many horny teeth, help in scraping flesh of animals
and wood of ship.(e.g., Toredo)

Respiration occurs through gills, in many snails the mantle cavity is converted by
a lung. Most molluscs possess open blood cirulatory system, consist of heart and blood
spaces (sinuses). Excretion takes place through metanephridia, which open into the
pericardial cavity, nervous system consists of three pairs of interconnected ganglia in the
head, foot and viscera. The brain of octopus is large and complex enclosed in a shell and
has got great ability to learn.

Economic importance of Molluscs:
They are both useful and harmful.
Useful Mollusks:
1. Some oysters make precious pearls e.g., pearl oyster.
2 Used in button industry (such as shell of fresh water mussel).
3 Used in road building (oyster shells are mixed with tar).
4. Used for the making ornaments.
5 Source of food in many countries (such as oyster, mussel, clam).
6. Oysters are used as for decoration.
Harmful Molluscs:
1 They cause injuries while working in garden e.g., slugs.
2 They destroy woods of ships e.g. Toredo a ship worm.
2 They destroy plants by cutting up their roots and stems.
9

3.6 Phylum Annelida (Segmented Worms)
(Latin, annulus; a little ring, Greek: eidos means form).

Habit and habitat: Free living, found on soil (earthworm) fresh water and marine
(Nereis), some are ectoparasites (leech). "

Body: Triploblastic, metamerically segmented
(Metamerism: body is divided into segments both
internally and externally by a transverse partition
called septa (septum is a membrane) between
segments. Possess true coelom, divided into
compartments by septa contain coelomic fluid also -
acts as hydrostatic skeleton (i.e., become hard by Uy
fluid pressure). Fig.9.12 Nereis
Digestive system: It is simple in free living annelids while less developed in parasitic
forms, consist of straight alimentary canal with mouth and anus at opposite ends.

Circulatory system: It consists of closed blood circulatory system.
(Note: first animal group, in which Closed Blood vascular system originated).

v
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Excretory system segmentally arranged nephridia are their excretory organs.

Nervous system: Central nervous system is present having a dorsal pair of cerebral
ganglia (a ventral double ganglionated nerve cord from which nerves arise.

Respiration is through skin.

Locomotion: The body wall is muscular in which there is an outer circular and inner
longitudinal muscles. Muscles with hydrostatic skeleton help in locomotion. Chitinous
chaetae or setae are locomotary organs in earth worm (embedded in sacs) while in
Nereis parapodia are present. Leech is without locomotory organs.

Jaws

Pharynx
Segmented body
Chtellum
Position of mouth
Crop
© W
VIR
.\\ . Jnhn
= Crop cecum
- Intestinum Position of nm'xs
Earthworm
— Posterior
sucker
pecesh Fig.9.13 Leech and Earthworm

Repmductlon; Most animals are bisexual or monoecious (e.g., leeches, earthworm),
some are unisexual or dioecious (nereis).
Development: Either direct orindirect through trochophore larva.

Regeneration is present.
Evolutionary adaptation in Annelida:

There is great evolutionary adaptation in terms of feeding, that s from the sucking
pharynx of the class oligochaeta and the chitinous jaws of carnivorous in class polychaeta
to specialized tentacles and cirri of the ciliary feeders. The organs of locomotion are
chitinous chetae or setae (in earth worm) and parapodia (in Nereis), in circulatory system
formation of specialized blood vessels is another evolutionary adaptation.

Economic importance of Annelida: ' ; B .
Earthworms burrow itselfin the soil thus permits great penetration of air into soil

and improve drainage capacity of the soil and make the soil soft. It eases the penetration
of roots. The earth worms are also known as the nature’s plough. Many worms are used

as food by fishes.



Table 9.6 Comparing Flatworms, Roundworms and Annelids

;Characteristic Flatworms Roundworms ]_ Annelids

Shape Flattened Cylindrical with ' Less cylindrical
tapering ends |

Segmentation No No Yes

Body cavity Acoelomate Pseudocoelomate | Coelomate

Digestion and Gastrovascular Tube-within-a-tube Tﬁbe—\ﬁthin-.a_—mbe

respiratory organs

respiratory organs

excretion cavity with one digestive tract; * | digestive tract;
opening only; flame |opening at each end; | opening at each.end;
cells remove metabolic wastes ‘nephridia remove .
metabolic wastes excreted through metabolic wastes
, body wall
Respiration Through skin; no Through skin; no | Through skin;

aquatic annelids

breathe through gills

9.3.7 Phylum Arthropoda
(Gk. Arthron; jointed, pous; foot). Joint footed animals.

(The name was given by Emst Von
Siebold 1845).

- Antenna

: Head and
Habit and Habitat:- May be free living or Compgkng
parasitic, found almost in all habitats. QS
Number: The biggest phylum comprised
about 75% of the animal kingdom.
Body: (i) Segmented body (which are
attached with one another by thin, flexible Abdomen
cuticle). .
(11) Possess several pairs of jointed limbs +—Lcg

v Fig.9.14 Was
(appendages), ® =R

. (1i1) Body is usually divided into head, thorax
and abdomen.

_ (iv) Body is covered with chitinous cuticle.
Coelom: Reduced haemocoel (connected
with open blood vascular system).

Digestive system: Well developed with
mouth and anus or cloaca.

Nervous system: Consists of paired ganglia

"2258
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which is simple brain and a central ganglionated nerve cord.

Sensory receptors especially eyes are present and also cuticular hairs. The
mechanoreceptors e.g antenna.

Ex.cretory system: Uric acid and guanine is their nitrogenous waste, removed through
Umquf: excretory organs called Malpighian tubules or green glands.

Respiration: Through trachea or gills.

’ .J‘...'..‘
' L “
"~ b

Millipede Crab Centipede

| Insects are most diverse and successful group of animals Find out the secrets of their success
through internet or any other saurce available to vou and muake a list of their

.adaptive characiers. : .

Blood circulatory system is of open type, blood is colorless without haemoglobin but

haemocyanin (copper containing protein) is present.

Chitinous exoskeleton is present forattachment of muscles.

Reproduces: sexuallyand all are unisexual.

Fertilization is internal and external.

Development; Mostly indirect, accompanied by metamorphosis, which is of two types:

a) Incomplete (larval stage) is present which is similar to adult and known asnymphe.g.,

cockroach, b) Complete metamorphosis through egg, larva, pupa and adult e.g.,

buttertly.
Ecdysis or moulting: The periodic shedding of exoskeleton occurs during
metamorphosis.

Why Arthropods are successful among Animals?
They possess jointed feet, segmented body, which provides them great mobility.

Chitinous exoskeleton protects the body, and makes it light. Internal fertilization and
development within egg case (coccoon). Appendages perform various functions such as
quick movement, defense and offense and help them to live in variety of habitat.

Origin of Arthropods: It seems that both annelids and arthropods have some common
#2264




ancestors because both groups possess segmented body, presence of cuticle, appendages
but arthropods evolved several new advanced characters which made them most
successtul phylum in the animal kingdom.

Evolutionary Adaptation in Arthropods:

° There is great variation in the respiratory system of arthropods. e.g, marine
‘arthropods respire through gills (prawn), terrestrial form have tracheae
gcockroaches), book lungs (spiders) their blood circulation system is open type,
1.e., no capillaries but possess dorsal contractile heart, arteries and blood sinuses
which are formed by reduced haemocoel.

° Well developed complete digestive system with mouth and anus (cloaca). Mouth
parts have modified forms of appendanges which are adapted for different
methods of feeding.

° Excretory organs are paired with excretory glands known as coxal, antennae or
maxillary glands. In many forms Malpighian tubules act as excretory organs.

° Central nervous system has dorsal brain connected by ring around the oesophagus

with double ganglionated ventral nerve cord. Compound eyes and some other
receptors (ocelli) are also recorded.

9.3.8 Economicimportance of Arthropods

They are both useful as well as harmful to mankind.
Crustaceans: Provide food directly and indirectly to human (such as prawn, crab,
lobster etc. Some are harmful because act as intermediate host for human parasite
(larvae of nematodes) is carried by Cyclops.
Beneficial insects: Helpinpollination (such as ants, butterfly, bees).

Used as food in some parts of world (such as grasshopper, cricket).
Scavengers; Eatdead and decaying plants and animals.

Commercial substances such as honey, bee's wax, silk and shellac are produced
by the honey bees, silkworms, and lac insects respectively.

Destroy useless weeds by feeding upon them.

Eat other harmful insects such as dragon fly feed on mosquitoes.
Scientific use: Several insects are being used for scientific studies, such as cockroach,

fruit fly, grasshopper etc.
Harmful insects:

Destroy stored foods, grains.(ants and WCCV_"S)- : —
Carrier of many parasitic diseases (mosquito; malaria), (Tse tse fly; sleeping sickness).

Damage crops, fruit trees and timber tree: For example grass hopper, bugs, locusts,

beetles, caterpillars, weevils, aphids etc. .
Damage books (silver fish), house hold articles (suqh as white ants destroy furniture).
They irritate human in various ways, such as bees sting, causes many eye diseases. There
are certain blood sucking insects e.g., Louse.

Arachnida: Poisonous arachnids like scorpion, certain spiders sting human. Ticks and

s



mites are parasitic disease carriers. Mites destroy crops.
Beneficial arachnids like scorpion and spiders feed on injurious insects.

9.3.9 Phylum Echinodermata (Spiny skinned animals)
(Greek: Echinos means spine, derma means skin)

Habit: Mostly free living, some are attached to substratum.

Phylum name was given by Leuckertin 1847.

Habitat: Exclusively marine.

Numbers: More than 5,000 known species are so far recorded.

Body: a) Triploblastic, b) Coelomate. ¢) Adult is radially symmetrical, d) A delicate
epidermis covers the body, under which there is a firm mesodermal calcareous

exoskeleton. €) The mouth is on lower surface (oral) and anus is on upper surface
(aboral). f) Froma central disc arms are radiated.

Sea urchin Sea. cucumber

Fig.9.17(a) Sea Urchin and Sea Cucumber

Anus Stomach

3
-

-
-

Gills
Central disk

== Madreporite
Digestive glands

Radial

nerye

.
.
.
.
.
.
.
A
.
.
L
.
.
.
.
.
L}
.
L
’

Rin g,l Gonads b
cina
Ampully Bilaterally symmetricl
Radial canal Podium

Brachiolaria Larva
Tube feet

Fig.9.17(b) Sea Star
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Shape: Biscuit shape, (such as cake urchin), star shaped with short arms (star fish),
globular (sea urchin ), star shaped with long arms (brittle star) or elongated (sea
cucumber).

Water vascular systems: It is a system of complex tubes and spaces surrounding the
mouth and passing into the arms and tube feet. In echinoderms water circulates through
these coelomic channels, which enter through a sieve like plate called madreporite
(present in the aboral body surface).

Locomotion occurs through tube feet.

Digestive and reproductive systems are well developed.

No specialized organs for respiration or excretion.

Poorly developed nervous system, consist of only a pharyngeal nerve ring.

Circulatory system is also less developed.

Fertilization is external and these are unisexual.

Development is indirect (complex and bilaterally symmetrical larva named as
Bipinnaria and Brachiolaria.

Regeneration is common.

Examples: star fish, sea cucumber, sea Lilly, brittle star and sea urchin.

Evolutionary Adaptations in Echinoderms:

Echinoderm are first and only invertebrates which are deuterostomes, therefore,
these are placed at the top of invertebrates, near to chordates.

Their body structure is simple, exclusively marine, (either benthic or pelagic).
Digestive System usually complete, axial or coiled anus, absent in group ophiuroids.
Nervous system become reduced due to marine nature, no brain, only nerve ring and
radial nerve cord is present. Breath by dermal gills, tube feet and respiratory tree. No
excretory organs.

Econoemic importance of echinoderms:

Many are used as food, starfish act as scavenger and thus clean sea water. Many
echinoderms are used as fertilizer, because their dried skeleton contain large amount of
calcium and nitrogenous compounds. Many echinoderms are poisonous such as sea
urchin, sting human and other animals. They also damage oyster beds.

9.4 (a) Phylum Hemichordata (affinities)

Hemichordates closely resemble with both echinoderms and chordates
because only these three groups are deuterostomes. So far only 70 species of them are
recorded. |
Hemichordates were earlier placed in chordates as a group, but now they are placed in a
separate phylum. Although these animals have some chordate like characters such as
deuterostome, pharyngeal gill slits, a dorsal nerve cord (some time may be hollow).
However lack a complete chordate like notochord, Blood vascular system is non
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-chordates characters.

chordate like 1.e., dorsal heart, epidermal nervous system like non ;
data. and placed at the

Thus givcn an independent phylum of its own and named hemichor
top of invertebrate phyla.

9.4 (b) General characteristics of Hemichordates (Tongue worms)
® Theirbodyis softand unsegmented and mostly worm like in shape.
Body can be distinguished into proboscis, collar and trunk.
Epldcrmis contains mucus secreting cells.
Bilaterally symmetrical and triploblastic.
Coelom consists of three portions.
Gills are their respiratory organs.
Blood is colorless and without cells.
A dorsal heart having invertebrate
like blood vessel.
® Well developed excretory system
(glomerulus is present).
e Epidermal nervous system.
® These are either unisexual or
bisexual.
Fertilization is external, indirect
development.
Habits: Marine, either solitary or
colonial, free living or fixed.
Nutrition: Feed on micro living
things. Examples: Balanoglossus,
Saccoglossus.
Phylum Chordata: The most successful, well known and widely distributed animals

are chordates. Chordates exhibit great diversity of form, habitat and habit.

This phylum is divided mainly into two groups, invertebrate chordates (acrania)
and vertebrate chordates (Craniata). '
9.4.1 Fundamental or Basic Characteristics of Chordates

All chordates possess three basic or fundamental characteristics, during some
stages or in whole life that is notochord, dorsal hollow nervous system, gill slits and as a

fourth character and some times tail is also present.
Notochord is unjointed solid skeleton, placed above the alimentary canal and

below the dorsal body wall and central nervous system appeared in the embryo of all
chordates. In invertebrate chordates, it is present as such throughout life but in the
vertebrates replaced into vertebral column, which is segmented. Serves as axial
endoskeleton and give support to the body,

*Z30n

Proboscis

Stalk

Collar
Trunk

External gill slits

Branchial groove

Fig. 9.18 Balanoglossus
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Dorsal hollow nervous system: ederap e

The central nervous system in Notochord
chordates is dorsally placed, located
above the notochord. It is hollow and
fluid filled and non ganglionated nerve

cord, /

Pharyngeal Gill slits and gill |

3 ) 3 Pharyngeal slits

pouches are panred sets of openings 1n Fig. 9.19 Basic charactenstics of chordates

the pharyngeal region, in aquatic

chordates it persists and functions as respiratory organ but in terrestrial vertebrates 1t 1s
replaced into Eustachian or auditory tube, Parathyroid, tonsils and thymus.

Table 9.7 Classification of Chordata

Post-anal tail

T

>0/ kA

—
Phylum Chordata i
l 1
Group Acrania Group Craniata
(witholut skull) (with skull)
r 1
Subphylum Subphylum Subphylum
Urochordata Cephalochordata Vertebrata
I
Supcrqass Super' class
Agnatha Gnathostomata
Class Cyclostomata
I I | |
Class Class Class Class Class Class
Chondrichthyes Osteichthyes Amphibia  Reptilia  Aves Mammalia

\

9.4.2 Invertebrate Chordates (Acrania)

The term Acrania means “without skull”
This division includes animals with following characteristics:

These are without brain and cranium (brain box).

Jaws, RBC and paired appendages are absent.
Notochord never changed into vertebral column.

This group consists of two subphyla.

Subphylum Urochordata (Uro; tail): o . :
° In this sub phylum notochord is present only in tail region of larva while

disappeares in adult.

231



Nerve cord also disappeares in adult, only dorsal ganglion is present.

o The larvae are free swi mming while adult are non motile.
Body is covered with tunic (test). therefore also called tunicata e.g., ascidia,
herdmania, molgula.

Subphylum Cephalochordata (Cephalo; head):

S Notochord runs mid dorsally throughout the body:.
° Notochord and nerve cord persist throughout life.
° Example Amphioxus ( Branchiostoma).

Dorsal hollow
nerve cord

Pharyngeal slits ‘ ‘ Notochord

; ;v Mouth  Anus |
nDc(:.?: lcg?élo“ Post-anal tail

Tunic Plhm'yng

Digestive tract

Heant

Post-anal tail Pharyngeal

: Notocord S *h
. siits tomac
Osti-ana - -
P I tail Stomach Gonad

Amphioxus Larval stage of ascidia Adult ascidia
Fig. 920 Some Invertebrate Chordates

9.4.3 Vertebrate Chordates (Craniata)

It has only one subphylum known as vertebrates.

Vertebrates possess following characteristics:-

Notochord replaced into vertebral column.

Brain and cranium or brain box is present.

Paired appendages are present. Teethand jaws are present. RBC are present.
Kidneys are their excretory organs. Tail is also present.

Either aquatic or terrestrial. Many are aerial and arboreal.

The vertebrate chordates are divided into two super classes, Agnatha and

Gnathostomata. |

The Agnatha are without true jaws and no paired appendages while
Gnathostomata with true jaws and paired appendages.
Agnatha: Ithas only one living class Cyclostomata.

9.4.4 Class Cyclostomata
(Cyclo; circular, stoma; mouth, because their mouth is circular). | .
These fishes are without true jaws and the most primitive group of living
vertebrate. Their body is eel shaped and scales are absent. The skin is smooth and soft.
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Cartilaginous skeleton and suctorial mouth. No paired appendages. Two chambered
venous heartand many aortic arches. Digestive system without stomach. These animals
contains 6-14 pairs of gills for respiration. Either unisexual (such as lamprey) or bisexual
(suc_h.as pag fish). Cyclostomes have single testis or single ovary and without ducts.
Fertilization is external, both direct and indirect development is present. In Lamprey
prolonged laryal period. Example; Myxini and Lamprey.
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(b) Lamprey Gill openings (Seven pairs)
Fig. 921 Hagfish and Lamprey
9.4.5 Gnathostomata
This superclassis diyvided into six classes,

(Chondrichthyes, Osteichthyes, Amphibia, Reptilia, Aves, Mammalia)., The
gnathostomata have true jaws and paired appendages.

Class Chondricthyes (Cartilaginous fishes):

o These have spindle shaped body.
° The mouth is ventral and semi circular and nasal (5,5 classes of fishes that

sacs do notopen to the oral cavity. is C