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To keep the students abreast of the fundament

very enlightened manner, this latest edition of T
class XI is being unveiled

al knowledge of Biology in a

: he Textbook of Biology for
and is expected to serve for the cause. ,

This Textbook is the result of countless endeavors put in by the authors that
funda_menta.lly emphasm.es on improving the learning skills of students. The
book is designed according to the national curriculum and precisely focuses

.on the concepts of Biology in a student-friendly language and a well-organized
manner. ' | '

At the beginning of each chapter, students and teachers both will found the
objectives of learning about all concepts discussed in the chapter. The text is
presented with numerous illustrations and information tables. Also, at the

end of each chapter there are several multiple choice and reasoning questions
provided to test the learned concepts.

The study material presented in this book covers the subject in accordance
with the revised curriculum prepared by the Ministry of Education, Govt of
Sindh and is reviewed by independent team of Dirctorate of Curriculum
Assessment and Research Jamshoro Sindh. Every topic is covered in the
same level of detail that is considered prerequisites for the professional
studies at undergraduate level.

Last but not the least, I am grateful to the learned authors, reviewers and
editors of this Textbook ‘especgiglly Prof. Dr. Nasi?uddin Shailgh (Flrst_ V.C of
GCU Hyd.) who played major role as author, reviewer and editor to give this
shape of book by his untiring efforts. I also admire Director Technical and
subject specialists of Sindh Textbook board for his day and night effort for the

nation cause to develop future nation.

: Cliiu“f:'r.:'-;-.ﬁ'v-\
Sindh Textbook Board, Jamshoro
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Biochemistry: ch explains the biochemical basis of life 4

tion of )
Introduc P of biology i

The branc . e
called Biochemistry. It 1S one O

iven below: : .
some reasons gi bout all the processes carried-out in the livip

It provides information a ‘
. organismé from construction of body structures to flow of mfomlation

from nucleus, especially DNA for enzyme/ protein synthesis and contry|

of all the mechanisms.
e It provides informatio

he most important branch of biOIng dk

n about abnormal mechanisms which leaq o
diseases. It ultimately open doors to the develol.ar.nent of medicines i
medical equipment to elucidate these abnormalities.
The recent concept and technologies of biochemistry enabled us to
investigate and understand most challenging and fundaments]
£ ~ problems of biology and medicine e.g. how does cells find each other to
 form a complex organ? How does the growth of cells controlled? What
are the causes of cancer? What is the mechanism of memory?

S 4 Biochemistry is the only branch of science which answer these

ERAN questions properly. _
' i | As we know, that organisms are made up to tissues and cells while
| cells are made up of molecules, molecules are chemically bonded atoms. It
. means that fundamentally living things or organisms are made up to
Fi chemicals which explains the second postulate of cell theory i.e. structure
o and fupction of cell are dependent upon their chemical composition.
v Therefore it is necessary to study the chemical composition of cell and
~ reactions which carry down in these cells to understand the different
? structures and metabolisms of an organism. ‘
’ ,5 1.1 CHEMICAL COMPOSITION OF CELL:
o It is already est.al.)lished that all living organisms are structurally
P8 composed of cell§ and living cell contains a living matter called Protoplasm:
_ E{}};:Ct_ual CHerical composition of protoplasm is still not known perfectly-
3 ev(: O\;:j:', dcl';:lmlcally_. 1’5 contains 70% to 90% of H,O. If the water i
e in e ol ol D Wt of e 15
g long chain molecules called Biomolecules which

are the types of organic mole .
: cules. S i
organisms are called biomolecules. 0, the compounds produced by liviP8




The form approximately 98% of the biomolecules.
1.1.2 Fundamental types of Biomolecules:

Biomolecx}les can be divided into following groups according to
variability in their structures and functions in cells and organisms i.e.
2. Proteins

1. Carbohydrates
3. Lipids

4. Nucleic Acids

5. Conjugated Molecules
Table 1.1 Biomolecules their units and linkages

Biomolecules Units Linkages
Carbohydrates (oligo &|Monosaccharides Glycoside linkage
Polysaccharide)

Proteins ' Amino Acids Peptide linkage
Lipids . ' .
Fats & Oils Glycerol & Fatty Acids . Ester linkages
Phospholipids |Glycerol, Fatty acids, Phosphate & Choline. |Ester & c-c linkages
Terpenoids Isoprenoids units ; c-c linkages
Nucleic Acids - _
DNA Deoxyribonucleotides Phosphoester linkages
: RNA Ribonucleotides Phosphoester linkages
Conjugated molecules |Different biomolecules - Different linkages

There is a variation found in literature about

the percentage of

biomolecules present in the cell. It is because, different cells within the same
body have different amount of biomolecules. Therefore, these values are
always taken as average values. Approximate percentage of chemical

composition of a typical

bacterial and a typical mammalian cell is given in

table 1.2. S \ _ 1
Table 1.2 Chemical compositions of cells (in %)
Molecules = Bacterial Cell Mammalian Cell
Water 70 70
Protein 15 18
Carbohydrates 3 - 4
" Lipids 2 3
DNA ) 1 0.25
'‘RNA . . 6 1.10
Other Organic Compounds 2 2
Inorganic Ions 1 i

1.1.3 Synthesis and Breakdown of macromolecules (Polymers):

(a) Synthesis of macromolecules (polymers) by Condensation:

Molecules which form the structure and carry out activities of the cells
are large in size and highly organized molecules called macromolecules
which are made up of large numbers of low molecular weight, small
molecules the subunits called monomers or building block. Therefore the
macromolecules are also called polymers (poly = miany, mers = parts).
Biomolecules which are mentioned above are all macromolecules or

polymers.
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~ beings. In this proc

- molecule breaks into H* and OH"

. whereas OH group to one monomer - breakingabond.

ules are conSthted

from monomers by 2 'process m’:cé'laatl
resembles coupling of rail cars ho .-
train. The basic structure oi: eac group
of macromolecule is Very similar 1n

organisms from bacteria to human
ess mMoONomers are  Monomer #1  Monomer #2

joined together by removing -OH from one

monomer and *H from another monomer
so both monomers form a new covalent
bond between them, this process of -
joinihg two monomers by removing water
molecule is called condensation or
dehydration synthesis. Condensation
always takes place by proper enzymes
and energy expense.

'(b) Break down of macromolecule by hydrolysis: ;

Process where macromolecule (polymer) are broken down into their

Macromolec

4

Dimer
#1 and #2

Fig 1.1 Condensation reaction

“subunits (monomers) by addition of

. H,0 molecule is called hydrolysis. | _._._._._ r
It is just revers of condensation, i H'O g e @ H

during this process a water

ions with the ‘help of enzyme, I a water molecule,

Hydrolysis adds /‘i’i@

and H attaches to the other by
breaking linkage bond between two

monomers. During this  bond HO‘:?-{..-"THQ

breaking energy is released and. | '
made available for other metabolic Fig 1.2 Hydrolysis: breaking down a poly™

processes. ¢ : | '
During metabolism, macromolecules are either formed or brok®
gam n“ldiﬂ:e:. t(fel.l: when cell rebuild many of its structures. In heteroterPI.ls’
the hglpi %f hmc;rl Ta?romqlecu.;es broken into monomers by hydrolysis ¥
form macro yim ytic enzymes, these monomers when reach to cell 262
molecules by the process of condensation. In autotroph® o

‘produce monomers fr i : a - & L
, s from inorganic molecules like CO,, H,0, NOs %, S9¢ ¢ [

These monomers latter on as e

sembled to form macromolecules in SO .
().n‘{lensation, while the other cell when rec{qese

sink tissues by the process of ¢




1.2 IMPORTANCE OF WATER:

_ Water is the most abundant component in living cell. Its amount
varies apprommately from 70% to 90%. It is the medium of life. Almost all
reactlons.of a cell occur in the presence of water. It also takes part in many
biochemical reactions such as hydrolysis, also provides raw material for
photosynthesis. '
~ s The ab11i_ty o_f water to play its wide variety of roles and the reasons for
its importance in biological systems is due to the chemistry of H20 molecule.
The chemical .fc)_rmula of water is H,O, which means that the two atoms of
hydrogen are joined to one atom of oxygen.

Water is a polar molecule. It means that it has partial negative charge

(87) on oxygen and partial positive charge (§") on hydrogen atoms due to
difference in electronegativities of hydrogen and oxygen atoms. This
separation of electrical charges is called Dipole, which give the water
molecule very important properties i.e. high polarity, formation of hydrogen
bond, cohesion, adhesion, high specific heat, high heat of vaporization,
hydrophobic: exclusion, ionization and low density of ice. These properties
make it best solvent and cradle of life.

e Fig 1.3 Hydrogen bonding

1.2.1 Hydrogen bond: _
It is an intermolecular force of attraction formed between two molecule
one of which contain partially charge H*’ and other contain partialO™
charge as present in water. These charges attract two molecules, this force
of attraction due to H*™ and O is called Hydrogen bond. Due to this
Hydrogen bonding two molecules have following two types of characters.

(a) Cohesion or Cohesive force of attraction:
The attractive force between similar molecules is called cohesive force

“of attraction. Due to polar nature water molecules attract each other and
form H-bonds between them to form a long chain of water molecule, which
help it in flowing freely. It flows as protoplasm in cell, as blood in blood
vessels, as'transporting fluid in the conducting tissues of plants. :



Cohesion ang adheg;
create tension ;!

xylem that helps
m
Cohesion water upwarq. Ove

' \T;Adhesion
o

| charged
| attached with the}_n in the
 the water molecules from

~ yessels and prevent the Fig 1.4 Adhesion and cohesion

122 giggggiggco?:ast&bstance is the amount of heflt energy roequired to

- o | A thg temperature of 1gm of that substa_nce by 1C (e_.g. 15((31 to 16C)

e 1 The‘“'sp‘éé'wlc heat of water is high due to its p glar nfqture an ydrogen

4 bonding between their molecules. It means water required high amount of
heat to make changes in its temperature or warimn up. It works as temperature
stabilizer for organism and hence protect protoplasm against sudden thermal

~ charges. ' S ‘
| led 1.2.3 High heat of vaporization;

I The amount of heat required to .
;':.-'3'.-‘. change quuid state of water to vapor state :
is called heat of vaporization. Greater the

heat of vaporization higher will . be the |

| chances of stability in state or vice versa.

:)Vatcser7 has very high heat of vaporization
¢ 974 keal/kg, therefore water requires

*'N onpolar :
solute
. molecule,.

l.& e
< . »
; - ‘

.n...hti >
A G,

L]
.
v
"
L)
*
L]

'mportant role i, thermc L. 1t Plays an K % £
PrOVides COOhng ei;:nfregu ation_ It alSo . e o ) o :
during t : ¢ hen ev
' a

1.2.4 gy p:at:; Persplratio:: AT %
Wate b8 the tendi:xclusioﬁ? ‘ : Fig 1.5 Vaporization

T mo ecul f Wat ) ; _

the presenc. Varoee: 9 Coalesce b ¢ The
then fonniff;“ of hYdrophgﬁ?n bondin b € oil drop into large droplet.oye f
clump t°gethre Ydrogen 1, 1C oj] €en them which are destr .
er. This exclu:l)nds- ST, S Iilew bonds. The water molecules‘
€s Tlse c
Bydr Ophobje s&is and the nonpolar mole

Stance (oil) from water-




~_ Biological Molecules

B L

1.2.5 Ionization of water:

The water molecules ionize into H+
and also maintain equilibrium. Due to jo
as acid or base i.e. Amphoteric in natu
this nature. It maintains pH for enzyma
1.2.6 Anomalous behavior of water:

| Water shows different behavior below 4°
low temperature but due to hydrégen bond bel
decreases its density so at 0°
low density water in ice be
density water of liquid. It m

and OH". This reaction is reversible | :
nization property water may behave . -

tic activities in cells and organs.

C. Usually matter contract at
ow 4°C, water expands which
C water expands maximally in ice condition. The
come lighter, comes above the surface of high
akes the life possible under frozen water.

Hydrogen 'bond‘

: Ice Liquid water
Hydrogen bonds are stable Hydrogen bonds break and reform

Fig 1.6 Behavior of water

1.3 CARBOHYDRATE (CARBO = CARBON, HYDRATE = WATER):
The literal meaning of word carbohydrate is hydrated carbon i.e. water
containing carbon. Thus biomolecule contain C, H and O as element where
the hydrogen and oxygen are present in the simple ration of 2:1 as present
in water. The general formula of carbohydrate molecules is CnH2nOn, whereas
N’ is the whole number. According to I.U.P.A.C carbohydrates are defined as
“the polyhydroxy carbonyl compounds”, carbonyls are aldehydes or Ketones.
Main source of carbohydrates are plants because they synthesize
carbohydrate molecules as primary product during photosynthesis, othc?r
bio-molecules are produced from carbohydrate during different metabolic
pathways. : | .
They are sweet in taste if feels therefore called sacchrum or
Saccharide. They are also called sugars. _ _ - _
Carbohydrate found abundantly in all organism, like cellulose in cell
wall of plant, paper, starch is stored in cereal grains, tubers, sugar cane, etc. -
It plays both structural and functional role. :
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1.3.1 Classification of Carbohydrates .

As we have discussed earlier that carbohydrate molecules are g,
called ‘Saccharides’ these Saccharides are classified into three group.

(i) Monosaccharide (ii) Oligosaccharide (iii) Polysaccharide

(i) Monosaccharide: (Mono = one; Saccharide = Sugar)

The group of carbohydrate molecules which contain only one sugar
molecule. They cannot hydrolyses due to this reason. T he empirical formula
of their molecules is CnH2nOn €.g. Ribose (CsH100s). Fructose CeH120s, etc; all
are found in white crystalline solid with sweet taste and soluble in water,
Monosaccharide can further classified on the basis of C atoms present in
them, the suffix ‘Ose’ use with no: of C atoms present in them as given in

following table. .
Table 1.3 Classification of monosaccharides

Class Formula Example
Triose C3HeO3 Glycerose (Glyceraldehyde) Dihydroxy acetone etc.
- Tetrose CsHsOs4 Erythrose, Erythrulose etc.
_Pentose CsH100s Ribose, Ribulose etc
Hexose CsH1206 Glucose, Fructose, Galactose etc
Heptose - C7H1407 Glucoheptose.

) Glycerose and Dihydroxy acetone are important triose, produced
during respiration. Tetrose are rare in nature, it occurs in some bacteria,
‘pentose sugar form basic skeleton of nucleic acid. Hexose are most important
sugars from biological point of view. Glucose found in ripe fruit, sweet corn
‘and honey. It is also found in all known polysaccharide in combined state.
Fructose another hexose present in fruit so called fruit sugar usually they
are found in ring structures but we can also draw their structure in open

chain form:

CHO CHO
| |
HCOH CH,OH H—C—OH
I ' | )
H—C—OH I} 2 OH-Cw=H

| I
H—C—OH g oy H—C—OH

H-—-('J—OH HH OH H= Q=
| I
H H~C~0
| .
. H .
Ribose -~ Glucose Glucose

‘ ‘The hexose‘are further divided into aldohexose isomers (having same
molecular formula but different structural formula) like glucose, galactos®




rs like fructose, sorbose, psicose etc.

l CHO CHO
H-'clz—OH Ho—(I:—H o H-(IZ-OH

HO—(I:-H HO-(I:—_H HO—(Il;H
H—CI:—OH | H-—(!i—OH - HO—('D—H
H-(]:—QH | _'H—(ID-OH | H-(I:-OH"
CH.OH  CHion I CHiOH

D_-I Gllucose - D- Ma!nnbse _ | D- Gallactose

(ii) Oligosaccharides:

The type of carbohydrate which are made up to 2 to 10
monosaccharides. These are comparatively less sweet in taste and less
soluble in water. They can hydrolyze. The most common type is disaccharide,
on hydrolysis yield two monosaccharides. The covalent bond between these
two monosaccharides is Glycosidic bond or linkage. A glycoside is simply a
ring shaped sugar molecule that is attach to another molecule, the sugar ring
may be either 5 membered ring or a six membered ring. For example sucrose

is a disaccharide, composed of two sugar units a glucose and a fructose.
CH,OH " CH,OH

Glocose @ Glucose _ Maltose
- The disaccharide may be reducing or non-reducing sugar. The
reducing sugar is any carbohydrate which is capable of being oxidized and
causes the reduction of other substances without hydrolysis. It is due to the
presence of free aldehyde or free ketone group. Examph.es are maltose, lactose
etc. The non-reducing sugars are carbohydrate which are unable to be
oxidized and do not reduce other substance. It is due to absence of free
aldehyde or ketone groups, e.g: sucrose or refinose ete. _

Livirig organisms especially plants transport their sugar from source
. (leaf) to sink (fruit) tissues in the form of non-reducing sugar where g1y0931d1c
bonds are formed between ‘carbonyl’ groups of both sugars. Sucrose is .the
| sugar which is noh-reducihg. It contains more energy i.e, .1t is energy efﬁcu.znt
in transport and storage. During transport it is not oxidized and react with

other substance so no intermediate reaction with other molecules occur.




(idd) Polyéaccharide:

These are bi 1 molecular weight carbohydrates vy,
ar .

‘These are f
9rmed by the B on hydro

. saccharides.
yield many mMOR° of Monosaccharide uni n

cellulose and chitin. | ot
cngﬁn

tarch:
1.3.2 iis.the most important and abundant reserve food
plants, found in cereals, legumes, tubers and other Vegetableateri 0
- of many glucose molecules joined 'gogether in straight chain o ltis dghe
is soluble in hot water and a branched chain amylopectin, w l-lail;lyh‘e wfu- u}
’ iS e, U

in hot and cold water. It gives blue color to iodine. ms°]11b|

1.3.3 Glycogen:
It is also a polymer of

glucose. Its molecular structure ;
S Sim

starch but found in animal therefore it is commonly call .
. . ' . . . - . y Ed anlmal a].tl
is mainly found in bacteria, fungi; in animals abundantly found i sltarch,]
uscles. It gives red color with Iodine. 0 liver
/ al-4 glycdsidic linkage
SCH20H CcH,0H
OH .
‘al-dglycosidic linkage al-6 glycosidic linkage
. 2, T at branch point
3 .
5 O ; -
H .
on H
i
Hy - OH gy O

Amylopectin
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1.3.4 Cellulose: :

It is also a polymer of glucose, most abundant carbohydrate found in
nature. It is highly insoluble in water. It is not digested in human body. In
cellulose the glucose units are joined in straight chain and no branch chain
present in it. This straight chain become spirally coiled and condensed to

form tubes. These tubes of cellulose form cell-wall of plant cells. Cellulose
give no colour to iodine.

&
-~
Y “ o -~ -
H -,_. OH CH;0H H . OH CH-OH o -
3 1 F -
CH,OH H S on cn,ono u: om Laal .
o= () 3
AR, o N 5 Ny "™ Glucose molecules
W N e e T -
0 * » 4 L o ”~

=

Lon  cwon W ow  cwon
‘-1'10-'1 n_.-"'. on CII10lI H oH ﬁ""
A, o . A, o A -
H OH g‘n‘onn H oH l’.'l-ﬂllo

" Fig 1.7 Structure of cellulose
1.3.5 Chitin (CsH;305N)n:

It is a long chain polymer of - A N-acety!
N-acetyl glucosamine, an amide % i_:)/l e
derivative =~ of glucose. The lucosamine  EE

structure of chitin is similar to e

cellulose, forming crystalline
Nano fibrils. Functionally, it is
comparable to Keratin protein.
- Chitin is modified polysaccharide
contains Nitrogen which allows
for increased hydrogen bonding

between adjacent polymers, giving . Fig 1.8 Structure of chitin
it more strength.

In its pure and unmodified form chitin is translucent, pliable, resilient
and quite tough in most arthropods but it is mostly found in modified form
such as proteineceous matrix form exoskeleton of insects, with CaCOgz in the
shells of mollusks and crustaceans, composite material is much harder and
stiffer than pure chitin. : |




mers in (_:arbohydrates and its role iy
' attiﬁe
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:z;;;t?:gsar molecules have stereoisomers i.e. the Moleqy,
e images of each other & g
mirrof o, M e
A -] 2%
| H- (:3_01..1 H—lC"OH
D-Glucose . o C-H HO-C-H L- Gluc
Right handed l e Left han 5
- sugar H_(P“OH . H (|: OH ' = SUgar
| H—Q‘j@ | HO-C-H
CH,OH ' - CH,OH

Most of the sugars in our body are right handed. The taste of righy
handed.and left handed sugars ar¢ same, protein (Enzymes) are algy tight
handed and left handed. The enzymes which are present in our body are g
‘right handed therefore right handed enzymes metabolize right handed Sugars
only. They are unable to digest or metabolize left handed sugars. The artifici]
sweetener which are used by diabetic patients usually are left handed sugars
these sugars have same mass and same sweetens but have zero calories,
These sugars are not digested in our body because all of our enzymes ar
right handed and they are specific to break down the right handed sugas
The left handed won't fit into catalytic site consequently there will be no
breakdown of these sugar, no metabolism and no calories.

1.4 PROTEIN: (GR: PROTEIOS MEANS ‘FIRST RANK’)
e Proteins can be defined as the polymers of specific amino acid arrangt
in‘a particular manner which perform definite function. Proteins are the most
, Important organic compounds of the cell which carry out virtually all of
qgll s a;tmtl_es. They constitute major part of the dry weight of 2 cell. i
eleméﬁt;()t:lns are the complex organic compounds having C, H, 0 " e
proportiog ‘:L‘ftunes they contains S also. Due to presence of N o e
Yy are .called nitrogenous compounds. Proteins & and

?eiltlﬁ::g :1}:21{:001‘ tiss}les' Many parts of the body such as hair, naé fnajﬂf
source of pmtein.Prote_m. Where?‘s meat, fish, milk and pulses are

- 1.4.1 Amino acid ag g

\



Amino acids are organic compounds which contain at least one amino
group (-NH2) which work as base and one carboxylic acid, work as acid, both
are chemically bonded to an asymmetric carbon, this carbon is also called o
Carbon. The general structure (empirical formula) of amino acid is

E;
H,N- (l.‘,-COOH

Amino gr'::oupR Carboxylic acid

All 20 amino acids have same formula except R group i.e. Radical

group, which is variable, the types of 20 amino acids based on the variability
of R as shown in following simple amino acids.

H H H
il | | I
H2N - C - COOH , HoN - C - COOH HaN - C - COOH
i s | : |
H . CH3; CH>OH
Glycine Alanine Serine

1.4.1.1 Formation and Breakdown of peptide linkage _
- The protein or polypeptide chain is formed by linking amino acids by
peptide bond. The peptide bonds are formed by linking amino group of one

amino acid with carboxylic acid of another amino acid by releasing one water
molecule as given below

HHO HHO HHOHH O
| [ - b _ s ol gl e ol b
H-N-C-C-OH + H-N-C-C-0OH —-)H—N—C——C—-C—OH
- H CH;
“Glycine, - _Alanine

The resultant dipeptide is glyclyalanine has two amino acid subunit
called dipeptide. A dipeptide has an amino group of one end and a carboxylic
acid group at the other end of the molecule. In this way both reactive parts
are again available for further peptide linkage to produce tri, tetra, penta
peptide, leading to poly peptide chains. ¥,

Amino acid - (Amino acid
1 D2 HL s

The polypeptide chain can be broken by breaking peptide bonds by
the process of hydrolysis with the help of hydrolytic enzymes. The protein
chain can be broken into small chain of more than 10 amino acids called
Peptone, whereas peptone can be hydrolysis further into small units of few
amino acid called peptide which are further hydrolysis into amino acids.
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1.4.2 Classification of Protein

Protein can be classified in many ways i.e. on the basis of structure or
on the basis of function etc. Proteins can also be classified on the basis of
shape in two following groups.

(i) Fibrous Protein (ii) Globular Proteins
(i) Fibrous Protein: :

These are long fibers of proteins. The secondary protein (spiral) chains
intertwine with each other’s they are consist of more polypeptide chains in
the form of fibrils these proteins are insoluble in water, non-crystalline and
elastic in nature. They perform structural role in cells and organism e.g. silk,
spider web, myosin in muscles, fibers and clothing, Keratin of nails and hairs
etc. ‘ '
(ii) Globular Proteins:

These are spherical or
ellipsoidal due to three dimensional
fold of secondary protein. These are
either tertiary or quaternary in
structure. They are soluble in salt,
acid or base containing aqueous
medium or alcohol. They can be
crystalized. ThCSF. proteins work as Collagen, a Myoglobin, a globular protein
enzyme, antibodies, hormones and fibrous protein

hemoglobin. . Fig 1.11 Structure of Proteins

(b)

Table 1.4 List of structural proteins

Actin Muscle forming protein
Amyloid Work as cell surface protein
Caddisfly (Fibroin) | Used to bind debris like rocks sticks twigs and shells for
net of prey.
Condrocalein - | Form extra cellular matrix
Collagen - Give strength, turned elasticity to skin main component of
. cartilage, ligaments, tendon, bone and teeth.
Elastin Provide resilience and elasticity to tissues and organs.
‘Fibrillin .| Glycoprotein provide force bearing structural support in
- | elastic and non-elastic connective tissues.
Gelatin | Nutritious protein derived from collagen of skin and bones.
Sclera protein Include Keratin, collage, elastin and fibrin ‘
Titin ‘ Provide elastic stabilization of myosin and action filament
Tubulin = Microtubules farming protein '
Keratin Nails and hairs farming protein
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X ple 1.5 List of Function m
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Glycerol is a trihydroxy alcohol, made of three carbon atom each
contain on OH- group, while a fatty acid is a type of organic acid containing
one carboxylic acid group with long hydrocarbon chain. When three fatty
acid combine with glycerol each at one -OH, they form three ester bonds. A
compound called Triglycerol (triglyceride) is formed. There triglycerol are
neutral in nature because all three OH group of glycerol become bonded with
fatty acids and no charge bearing OH is left. There are two types of
acylglycerol. :

~ (a) Saturated acylglycerol (Fats):

They contain saturated fatty acid i.e. do not contain any double bond

between carbon atoms of hydrocarbon chain e, g. stearin. |

Carboxylic acid
group

N o

i
HO=L=

L =) =T
L= =T
T === T
T =)= T
L=0)=T
T = =T
TT—0—T
ol o T o
T o= )T
—_— V=T
T =) ==
T =) =T
T—=O =T
T =0 =T
T—O——

|

(]

|

=

H
Structure of stearic acid

(b) Unsaturated acylglycerol (oils):

They contain unsaturated fatty acids i.e. contain one or more than
one double. bond between carbon atoms of hydrocarbon chain. They have
stable physical state, usually found at liquid state at ordinary temperature,
found in plants, also called oil e.g. linolin found in seed.

O H H H H H H H H H H H H H'

T I I I R R T T O T
HO=—C ~C—C —C¢—C-—C—E=C—-(C—C=C—C~-=C—C—C—C—C—C H

<1 L. 1T 111 1T F 1L 10790 [ 2

H H H H

H H H H H H HHHH H H H

' Structure of linoleic acid . g
Acylglycerol provide energy for different metabolic activities and are

very rich in chemical energy, twice in amount of energy content than
carbohydrate. It is estimated that a person of average size contains approx:

16 kg of fats which contain 144x103 KCal of energy.

1.5.2 Phospholipids:
Type of lipids which is condensation product of Glycerol, two fatty

‘acids one choline and one phosphate:. - e bt
Phospholipid is the most important group of lipids from biological
point of view. A phospholipid is similar to acylglycerol, ex.cept tha.t one fatty
acid is féplaced by phosphate which is atta}che:d with a mtrogenops _
compound choline. It contains two ends, one which is made up of fatty acid,
which form non-polar part therefore behave as water repell.ant so called
hydrophobic. The phosphate and choline form another end, which form polar
part, therefore attract water molecule so behave as water loving i.e.
hydrophilic. Phospholipids are present in all living cells and form membrane.
They are related to vital functions such as regulation of cell permeability and
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Fig 1.12 Phospholipid
1.5.3 Waxes:

They are esters of long chain mono-alcohol and long chain fatty acids.
These are simple lipid and found as protective coating on stem, stalks, leaves,
petals, fruits skin, animal skin, fur and feathers etc, these are water repellant
and non-reactive due to its non-polar nature ji.e. hydrophobic compounds.
These are chemically inert and r.esistant to atmospheric oxidation. There are

» like bee’s wax i : aves
and synthetic waxes . and cutin form cuticle of le

LC_H‘(CHQ)I %’_(Cng)”_cu.

Palmitic acid

Triac;umd

o




1.5.4 Terpenoids: CH,
Terpenoid is a large and important class of lipids, | .
made up of isoprenoid units (CsHs). Terpenes, steroids, /C\ CH,
carotenoids and prostaglandins are type of Terpenoids. H é C”"
These are found in cell membrane as cholesterol, as 2
pigment like chlorophyll, fragrance as menthol etc.
1.5.4.1 Terpenes: ‘
Terpens are the type of terpenoids which contain few isoprenoid units
like diterpens, Triterpens. These small size terpens are volatile in nature and
produce special fragrance. Some of these are used in perfume e.g. Myrcens
. from oil of bay, Geranoil from rose, Limonene from lemon oil, Menthol from
peppermint oil. Some component of vitamin Ai, and Az, chlorophyll molecules
as well as some other molecules which utilized in the synthesis of rubber and
latex. /
1.5.4.2 Steroids:

- Steroids is a type of Terpenoid which form steroid nucleus made up
isoprenoid units contain 17 Carbon atoms arranged in four attached rings,
three of them are hexagonal and one is pentagonal in shape. The radical
attached with them as side chains distinguish them from one another
cholesterol is one of the type of steroid. Cholesterol is the precursor for the
synthesis of a number of steroids i.e. testosterone, progesterone and
estrogens. ‘ ;

HaCy |
_ CH(CH);CH(CHy),
CH;

(a) Steroid skeleton (b) Chole;terol

1.5.3 Carotenoids: ' £ .
' It is polyterpenes, consist of = | : _
long chain of 1sopreno1d unit which -
contain isoprenoid rings at both or at P - _
one terminal. These compounds are : B

pigments producing red, orange,

yellow and brown color in plants. Some important carotenmds are plant
pigments, like chlorophyll, cytochromes, phytochromes, latex, rubber etc.
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Prostaglandins is a group of lipids

t are :
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.~ blood flow, and formation of
{ sensation of pain, aspirin to reduce
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1.6 NUCLEIC ACIDS: sician isolated a new compound from

Friedrich Miescher a Swiss phy ent from other biomolecule

i ite differ
f pus cells, which was quite ; b '
:;l:r:ftcl)ﬂc::r:edp“Nuclein” it was found that the nuclein had acidic properties

it was renamed nucleic acid.
= he'?}::: n::lleic acids are polymers of five sugar based compound called

nucleotide. These polymers have high molecular weight. These are present

. in all living things from virus to man. .
'l‘he%-e are two kinds of nucleic acids i.e. Deoxyribonucleic Acid (DNA)

and Ribonucleic Acid (RNA): Both nucleic acids are linex: unbranched
polymers. DNA is the polymer of Deoxyribonucleotide and RNA is the polymer

of Ribonucleotide.
1.6.1 Composition of Nucleotide:
Nucleotide are the
monomers of Nucleic acid,
which is Pentose sugar based
where a nitrogenous base
molecule is attached at its first
carbon and a phosphate is
attached at 5t carbon of
pentose sugar as shown below.
The nucleotide without
phosphate called Nucleoside.,
The DNA and RNA are
~made up four types of
nucleotides, which are variable
on the basis of nitrogenous
basis. There are two groups of




1.6.2 Mononucleotide:

Generally, nucleotides are found in the nucleic acids as polynucleotide
but sometime a single nucleotide also work independently as mono
nucleotide, these mononucleotide have extra phosphate group as ADP
' (Adenosine phosphate) or ATP as (Adenosine Tri Phosphate). ATP work as
energy storing, carrying and energy providing molecules to metabolic
reactions. This energy is utilized to derive energy demanding reactions such

as synthesis of proteins, lipids, carbohydrates, mechanical energy for
cyclosis, contractility, cell-divisions, movement of flagella, active transport
etc. During conversion of ATP into ADP 7.3 Kcal/ mole or 31.81 kj/ mole
energy is released.

| NH,
/N .One adenine
0_‘_ 0 v Ol < J (nitrogenous base)
Al N

N

“Three phosphate groups . gpe ribose sugar

Structure of ATP.

1.6.3 Dinucleotide: '
 Sometimes two nucleotides are
covalently bonded together to form a
compound called dinucleotide one of the well-
known -dinucleotide is NAD (Nicotineamide
Adenosine Dinucleotide). A vitamin Nicotine
is attached with these two nucleotides in N
It works as co-enzyme for Redox reaction. It
carries 2e- (electron), 2H* (proton) and energr
e.g. NADHg, FADH; etc.

Ribose

NAD " on ow

Fig 1.13 Dinucleotide




Formation of phosphodiester bond

The two nucleotides are linked together by a
bond in nucleic acid i.e. DNA or RNA, this linkage
or bond is called phosphodiester bond. It is
considered as the backbone of the nucleic acid
strands. It is a bond which is formed as a result of
the condensation reaction between phosphate

group (PQ;%) group of pentose sugar. So it is defined

as a chemical bond that forms when exactly two
hydroxyl group in a phosphoéric acid reacts with a
hydroxyl another molecules of sugar forming ester
bond. In this bond the 3’-carbon of pentose sugar is
linked with 5’ carbon in DNA or RNA via
phosphoester bond and thus it acts as backbone.
These are the bonds that hold the sugar phosphate
components of the DNA molecule together.

1.6.5 Structure of DNA:

| Structure of DNA was
explained by James Watson and
Francis Crick in 1953 by making
model. They proposed that.

e The DNA'is a double helical
. structure. Each helix is made
up of 4 types of Nucleotides.

Both helix are complementary
to each other i.e. if one helix
contain A (Adenine) the
opposite or complimentary
helix will contain thymine
whereas cytosine (C) is
complementary to Guanine

' (G). Each helix is consist of 2
parts (i) Upright: made up of

- deoxyribose  sugars and
phosphate (ii) Rung: made up
of Nitrogenous bases.

Fig 1.14

1.6.4 Polynucleotide: Formation of phosphodiester bonc
Earlier discussion made it clear that the Nucleotides are joined

together and form polymers like DNA and RNA. They have variety of role in

living organism. DNA performs function of transformation and heredity.

Genetic information is encoded in DNA in simple fashion in the form of codes.

Fig 1.15 Structure of DNA




. Botl:l 13e1ix are held- together by H-bond due to which zipping and
unzipping of both helix occur by making and breaking of there H bonds.
 Both helix are opposite in direction i.e. one chain run from 5' to 3' end

(downward) whereas the other chain runs from 3' to 5' end (upward)

direction.

e Distance between two helix remain same from one end to another end i.e.
20 Ao, .
e Each turn of the duplex consist of 10 base pairs.
1.6.6 What is Gene?
We know now that DNA is a heredity material it carries genetic
information from parent to offspring in the form of Genes. A gene is a part of
DNA which has information to synthesis a protein, which will work as

enzyme. It is a functional unit of heredity material. The gene gives
instructions for developing characters like eye and hair color by producing

enzymes.
Genetic 'information flow in a cell from DNA to m RNA than to

cytoplasm in two steps for protein synthesis.

1. Transcription 2. Translation

1. Transcription:

In this step the information of gene is copied into the form of RNA i.e.
mRNA, which carries information from nucleus to the ribosome in the form
of genetic code. :

2. Translation: _

In this step mRNA attach to ribosome. Two other types of RNAs i.e
tRNA (transfer) and rRNA (ribosomal) translate the information of mRNA into
specific sequence of amino acids which help to synthesize the protein.

1.6.7 Ribonucleic Acid (RNA): - : :

RNA is also a polymer of nucleotides. We have already discussed it
that it is a polymer of ribonucleotide i.e. the nucleotide contain ribose sugar
and one of the nitrogenous bases i.e. A, G; C and U. It means instead of
Thymine it contains the nucleotide of uracil.

DNA is a heredity material while RNA helps in protein synthesis. There
are three types of RNA. -

(i) Messenger RNA (mRNA) .
It consists of single strand. Its length depends on the size of gene. It

contains information in the form of Genetic codes, CODON. These codf)ns ax"e
basically triplets of Nucleotides of mRNA which encode one amino acid. It is

about 3 to 4 % of total RNA in the cell.




o RNA (tRNA) '- tor Acceptor
'(Il‘lll) Tra:lsl?sl; sized(RNA consists of only 7}2;2 Acsct?:no . stem
e sm
ides. Basically it is single stranded ?ggggzzg)
90 nucleotides. . .ons where 3
but it shows duplex at some IEEORS . @ T-loop
bases are present. It has antico D-loop 83 Variable
complementary base . it Tt = fa
of genetic codes as its complementary ol to @
lated amino acid from cytos 0
tranalers o : hile human ~ Anticodon
ribosome, they are sixty 1n numbers, W : : fip
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cell contains only 45 different type

about 10 to 20% of total RNA. Sugar phosphate backbone
(iii) Ribosomal RNA (rRNA) iy SN
Ribosomal RNA is present.in ribosome. It has - [P,

largest size among all three RNA‘i.e. 80% of total of Hydrogen¥

RNA in a cell is rRNA. It is involved in peptide Iinkages

during protein synthesis.
1.7 CONJUGATED MOLECULES:

Conjugated molecules are formed when
biomolecules of two different groups combine chemically with each other,
acting as one, unit. These are glycolipids, glycoproteins, lipoproteins and
Nucleoproteins. o g

(i) Glycolipids or Cerebrosides:

These are conjugates of lipids and carbohydrates. They are also called
cerebrosides because they are present in white matter of brain and myelin

S aii) Bases
Fig 1.17 rRNA

~ sheath of nerve fibér. They are also found in the inner membrane of
chloroplast. ' :

- (ii) Glycoproteins or Mucoids: -

as, transport proteins, receptors; anti
part of ege a:lbumin and gonadotropins.
(iii) Lipoprotein: .
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The bl'aI}Ch of biology which explains the biochemical basis of life is called
biochemistry. :

MOlEC_Ille.S which f.Orm the structure and carry out activities of the cells are
large in size and highly organized molecules called macromolecules.
Macromolecules are broken down into their subunits by addition of H2O
molecule is called hydrolysis _
Water is mc_)st abundant component in living cell. .
The attractive force between similar molecules is called cohesive forc
of attraction. _

Due to ionization property water may behave as acid and base.
Carbohydrates are polyhydroxy aldehyde or polyhydroxy ketones.
Carbohydrates which are made up to 2 to 10 monosaccharides are
called oligosaccharides. ‘

Cellulose is polymer of glucose, most abundant carbohydrate found in

nature.

Amino acids are organic compounds which contain at least one amino
group and one carboxylic acid both are chemically bonded to an
asymmetric carbon. _
The protein and polypeptide chain is formed by linking amino acids by
peptide bond.

Human body has more than 10,000 proteins. ,
Lipids are the important diverse group of biological molecules, widely

distributed among plants and animals. ;

A phospholipid is similar to acylglycerol except that one of fatty acid

is replaced with phosphate and choline.

Terpenoid is a large and important ¢
isoprenoid units (CsHa). _ . :
Prostaglandins is a group of lipids made by mammalian tissues at the

sites of tissue damage or infection. :
The nucleic acids are polymers of five carbon sugar based compound

called nucleotide. "
The DNA is a double helical structure. Each helix is made up of 4 types

of nucleotides. _ _ _
DNA is a heredity material while RNA helps in protein synthesis.

Conjugated molecules are formed when biomol‘ecules of two different
groups combine chemically with each other acting as one unit.

lass of lipids, made up of
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(iv)

(v)

(vi)

(vii)

(viii)

(ix)
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Encircle the correct choice

The slight negative charge at one end of one water molecuyle is
attracted to the slight positive charge of another water molecule, Whg,
is this attraction called?

(a) Covalent bond (b) Hydrogen bond

(c) lonic bond (d) Hydrophilic bond
Tendency of water to coalesce oil drop into large droplet f:alled
(a) Hydrophilic force | (b) Hydrophobic exclusion
(c) Hydrophilic exclusion (d) Hydrogen bonding

The covalent bond between two monosaccharides is called
(a) Peptide bond (b) Ester bond

(c) Phosphodiester bond (d) Glycosidic bond

Most abundant carbohydrate found in nature?

(a) Glucose (b) Maltose

(c) Cellulose

(d) Glycogen

Most important organic compound of the cell which carry out virtually

all of the cell’s activities.

(a) Protein

(c) Nucleic acid

All amino acids have same formu

(b) Carbohydrates
(d) Lipids

la except
(a) Alpha carbon (b) Hydroxyl group
(c) Radical group (d) Amino group
A trihydroxy alcohol, made of three carbon atoms called
(a) Glucose (b) Glycerol
(c) Maltose (d) Ribose

Large and important class of lipid made up of isoprenoid unit called
(a) Phospholipid (b) Terpenoids
SZ):VV ar:::;y molecul f wat e oy Elycert

ecules of water ar
polymer that is 21 monomers lon:‘?mmml PSRRI Iysiptyee &
(a) 10 (b) 20
(c) 21

_ ; (d) 2
Which of the following is true of both starch and cellulose?

(a) They are both polymers of glucose
(b) They are geometric isomers of each other,

(c) They can both be digested by humans

TEY storage in plants.

(d) They are both used for ene
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Write short answers of the following questions:

Why water molecules are called -amphoteric in nature?

Why amino acids are named so? -

How monosaccharides are classified?

Enlist bio-elements make 98 % of living system?

Why fats provide more energy than carbohydrates?

How many steps involve in nucleotide formation?

Distinguish between saturated acylglycerol and unsaturated
acylglycerols.

Write detailed answers of the following questions:

Describe the properties and roles of starch, glycogen, cellulose
and chitin.

What is nucleic acid? Describe structure of a mononucleotide
(ATP) and a dinucleotide (NAD).

What is amino acid? Explain peptide linkage formation.

Explain classification of protein and list structural and
functional protein.

What are lipids? Explain acylglycerol and waxes

Explain terpenoids and its types.

What are conjugated molecules? Explain types of conjugated
molecules.
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» Enzyme Structure

> Mechanism of Enzyme Action
» Factor effecting Enzyme Action
» Enzyme Inhibition

» Enzyme Classification




Introduction: ‘ ,

_i

Life would not be possible without metabolic activities of the cell. This |

in turn is dependent upon the catalytic molecules called the enzymes.
Withou:c enzymes, the dynamic, steady state of the cell would cease to exist.
Life is a mesh work involving a perfect co-ordination of a vast majority

of chemical relations. Some of these reactions result in synthesizing large

molecule others in cleaving large molecules and still others either utilize

energy or liberate energy. All these reactions would occur very slowly at low | 5

temperature and atmospheric pressure. The conditions under which living
cells carry on their life processes. In the living system these reactions proceed

at extremely high rates. This is due to the presence 'of some specialized | -

|
r

?

f
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g

i

|
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‘substances or biocatalysts which are synthesized inside the living cells. The |

biocatalysts are called enzymes (Gr: En; inside, zyme=yeast) the term enzyme
was coined by Friedrich Wilhelm Kuhn (1878). Enzymes may be defined as
organic substances capable of catalyzing specific chemical reactions in the
- living system. | | |

Just few years ago, it was considered that all enzyme were proteins.
During the 1980s Thomas Cech and Sidney Altman discovered that certain
molecules of ribonucleic acid also function as enzymes. These molecules are
called Ribozymes which catalyze reactions involved in processing genetic
information to be used by a cell but generally enzymes are proteineceous in

nature. Following are some characters of enzymes.
o Enzymes are biocatalyst produced in the protop

cell.

globular proteins with high molecular weight.
e They are either consist of protein e.g. amy.
along with protein, a non-protein part e.g. Acetyl CoA. .
e Enzyme act with in the cell where they have produced called endo-
enzyme and the enzyme which acts outside the cell called exo-enzymes.

e They are specific in nature and function. , .
‘o They are much greater is size than the substrate. . .
e They have particular sites to react with substrate, these sites are called
~ Active site. .
* Enzyme activity ¢

activators e.g. Mn, Mg, CI  etc. A ]
8 certain factor called inhibiters. e.g. substrate S8
tration, pH and temperature. i J
s

» Enzyme can be inhibited by

concentration, enzyme CONcen ‘
¢ They are sensitive i.e. they work at specific ‘pH. »
* They remain chemically unch_anged during and after the chemic

s reactions.

29

lasm,' synthesized in the |

B ———

T T —

" Most of the enzyme are proteinaceous.in nature, macromolecules of |

lase or pepsin or may contains, |

['.l
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¥

an be accelerated by certain ions or salts called
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2.1 STRUCTURE OF ENZYME:

. from active site come C

As we have discussed that the enzyme are three iilmgﬂzﬁrﬁcglogjlladr
protein. Every enzyme specifically reacts with specl e

substrate.
Active Site:

Each enzyme has 2 S
Active Site which is compleme

i bstrate called
al charged place to fit the su
pec:lltary is fhape to the shape of substrate. The

charge and shape of the active site is formed by some amino acids present in

; ; e ; i de which
de chain of the active site of the enzyme. The amino aci hic
e wiiois losed to arrange in specific way to coil and fold within

a globular symmetry. _
The active site of enzyme has two regions

(i) Binding site.
(i) Catalytic site. : _ _
f active site whose amino- acids make

Binding site is the region O _ :
he other hand some amino acids are

temporary bonds with substrate. On t ‘am
responsible for catalytic activity therefore it is called catalytic site.

Structural Part:
Beside active site some enzymes are completely made of protein only

while the other enzymes are made up of protein and non-protein part. These
enzymes are called conjugated enzyme. The non protein part of enzyme is
' called co-factor, it is responsible for attachment of substrate at active site
- and perform catalytic activity. The co-factors may be organic or inorganic
" molecules. Inorganic co-factors may be metallic ions. These are detachable
; cc_)-fa_ctors called activators because they get attached at the time of substrate
; binding. Other co-factors are organic molecules which may divide into two
'~ groups i.e. co-enzymes and prosthetic group. Co-enzym ivati
- of vitamin like Nicotine or Flavin in NAgI; alfd FAD rezpeztsi\i:li; tl’;‘ig eII;IZ;g\‘;:‘
like inorganic co-factor i.e. attach at the time of subst .b' a d
detachable. i _ strate binding an
The others type of organic co-factor is prosthetic group. It is bonded

' covalently and permanent part of s
containing porphyrin of Chlofophyu. enzyme i.e. do not detached e.g. M8

i ] The conjugated enzyme without co-factor called Apo-enzyme. It does

not work separately. In activated
i 3 enzym : . .
co-factor is collectively called Holoenzyxiiec: Hsists of, polypeptide chaln FH d

A ———
e . e

T

M  Popsin is an enzyme secreted by L -
| astri 0o, -
§/} y gastric gland of stomach in inactive form

pepsinogen. Pepsinogen is inactive due to presence of polypeptide chain at

its active site to block. When :
: . i Pepsinogen a; : -
“ ki POIypeptlde_: removed and bec%me :ézwxl %niclietg: izddmonal
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2.2 MECHANISM OF ENZYME ACTION:

As we have discussed that all metabolic reactions are catalyzed by
enzymes. During these reactions the substrate bind to active site of the
enzyme and form enzyme substrate complex (ES) that substrate convert into
product but remain attached with enzyme and form enzyme-product complex
(EP) and then product release from active site of enzyme. The quantity and
shape of enzyme remain same before and after chemical reaction.

E o S ES EP E 5 P
Enzyme e==3 substrate e Enzyme e Enzymee—m Enzyme s Product
Substrate Product
| complex complex

In order to explain the mode of action of enzyme two models were
presented.

(i) Lock and key model

Emil Fischer 1898 proposed this model, according to this model a
particular enzyme acts on a particular substrate like particular lock can be
unlocked by a particular key. This theory depend upon physical contact
between substrate and enzyme molecule.

The active site of each enzyme has a distinct shape (Rigid) and
distribution of charge which is complementary to its substrate like lock and
key, where a lock allows very few keys to fit in. Similarly enzymes allow a few
complementary molecules to fit in and react while rejecting even fairly similar
molecules. These enzymes work in absolute specefity i.e. catalyze only one
substrate.

Substrate g Product

oV

Enzyme + Substrate Enzyme / Substrate Enzyme / Product Enzyme + Product
entering active site complex complex leaving active site

Fig: 2.1 Lock and key model

(ii) Induced fit model ]
Koshland in 1959 proposed another model with the name of induced

fit model. He stated that when a substrate combine with an enzyme. It
induces change in the enzyme structure, this change enables the enzyme to
perform the catalytic activity more efficiently. It means according to his model
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I Active site

active site of enzyme complex

2.2.1 Energy of Activation.
The question arises her
effective catalysis and why th

'Chemical transformation
requires the breakdown of certain
covalent bond of substrate. For
this, reactantss must contain
sufficient energy to overcome a

activation or activation energy. It
can be defined as the minimum
- quantity of energy that is required
to activate atoms or molecules to a
condition in which they can
‘undergo chemical transformation.
In gonrliving,system, heat is used
to increase- the effective collision

provided because the biomolecul

le. Therefore, the ¢
nsible for the conv

Enzymes changes shape

— Subtrate slightly as substrate binds

Substrate entering  Enzyme / Subtrate

ve site occur during
strate into product.

‘ Products|

hange in acti
ersion of sub

Products leaving

nzyme / Products
. / active site of enzyme

complex

Fig: 2.2 Induced model

e, how enzyme are able to accomplish such
ermodynamically favourable reaction do not

proceed on their own at relatively rapid rates in the absence of enzyme?

\ -
Activation energy
without enzyme

: '
’ Activation energy
y/4 with enzyme
r v .

Energy of reactants
Change in

free energy

\J

e e

)
“barrier, this barrier is energy of E

Energy of products

and work as activation energy but in 1i

——_.._ Progress of reaction e———————p>
Fig: 2.3 Energy of activation

ving system this heat can not be




2.3 FACTORS AFFECTING ENZYME ACTIVITY

The rate of enzyme activity means the quantity of substrate transform
into product in a unit time (1 second). Greater the amount of product formed
per second greater will be the enzyme activity or vice versa. Some of.the
factors which affect the rate of enzyme activity are temperature, pH
concentration of enzyme and concentration of substrate etc.

When an inhibitor bind to an enzymes away from active site the shape
of enzyme become alter due to these allosteric inhibitor. As a result of this
change all active sites of the enzymes are changed slightly so that they
become unable to receive substrate. Some molecules also work as activator
~ when bind to the enzyme away from the active site these molecules are called
allosteric activators, these allosteric activators an increase in the function of
active site. These molecules do not bound covalently to the enzymes so their
interactions are reversible. These activators may influenced by thermal factor
and concentration of substrates.
2.3.1 Temperature _

The chemical reactions depend on the molecular motion, i.e. higher the
number of substrate molecules reach to enzyme higher will be the chances
of reaction or vice versa. It is estimated that increase in 10°C of temperature
double this rate of reaction. Enzymes are also sensitive to temperature due
to its proteinecous composition. The temperature where enzyme work
maximumly or rate of enzyme activity is maximum called optimum
temperature, below and .above this temperature the enzyme activity
decreases. The human enzyme are highly active at about 37°C and all are
completely denatured at 100°C, where at minimums i.e. 0°C, activity is
reduced to minimum but enzymes are not destroyed. Most of the enzymes in
higher organism have optimum temperature between 25°C to 420C.

Some bacteria which survive in hot spring are called thermophilic
because they have optimum temperature of 70°C or higher. Such enzymes
are also used in biological washing powder at high temperature washing.
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2.3.2 Effect of pH:.

The activity of enzyme varies considerably with pH and there is
- generally a marked optimum pH for each enzyme. Each enzyme has very

narrow range or it works as optimum pH.

The pH has marked effect on the

charges of an amino acid side chains which form tertiary anq quaternary
structure of protein (enzyme). Little change in pH causes ionization of amino

acids of enzyme and they becomes ina
Majority of the human
digestive enzyme works in the
range of 7 to 8. With few exception
like gastric enzyme secreted by
some cells of stomach i.e. pepsin.
The pepsin works at highly acidic
condition i.e. its optimum pH is 1.4
but works in the range of 1.5 to 2.5.
On the other side amylase is the
enzyme released from pancreas
work at highly alkaline i.e. 8.5 pH.
- 2.3.3 Enzyme Concentration:
: The enzyme activity depends upon
 the availability of substrate and enzyme
molecules. If the substrate to
concentration is very high the enzyme
concentration is directly proportional to
the concentration of enzyme but in real
condition the concentration of substrate is
always limited so the enzyme activity
increase with the increase in the enzyme
concentration initially but after some time
it remains constant.
2.3.4 Substrate Concentration:
The rate of reaction increases with
"an increase in the concentration of
substrate in a condition where enzyme
concentration remain constant. This
increase remain continue until the
available enzyme becomes saturated with
substrate. There will be no increase in the
. enzyme activity to a certain higher level of
substrate concentration. At very high
concentration the substrate exerts a

retarding effects upon enzyme action.

Rate of Reaction

Sallvary

SNURES  kaline

phosphatase

12 3 4 6 6 7 8 9 1
pH
Fig: 2.5 Effect of pH
'
4"‘

Observed Actvity

]
i
1
B
Concentration

Fig: 2.6 Enzyme concentration graph

X = point of saturation

Rate of reaction

Substrate concentration

Fig: 2.7 Substrate concentration graph




This may be due to two reasons:

(a) Higher quantity of substrate than enzyme.
(b) Accumulation of end product.

It. means the substrate and enzyme concentration are directly
proportlonal up to a certain maximum velocity after which further increase
in substrate concentration has no effect on the rate of reaction.

2.4 ENZYME INHIBITION:

Sometimes enzyme does not work properly or system wants to decrease =

this enzyme activity because the products are no more required this |

condition of decrease in enzymatic related processes, enzyme production or =

enzyme activity is called enzyme inhibition.

2.4.1 Types of Enzymes Inhibition:

There are three types of enzyme inhibition
i) Competitive inhibition ii) Non-competitive inhibition
iii) Un competitive inhibition

Substances which decrease the activity of an enzyme are called |
inhibitors. The inhibitor may act by combining directly with the enzymes or |

they may react with the activators therefore, activator does not remain
available to enzyme for activation. '
(i) Competitive Inhibition: :

The type of inhibition occurs by the molecules which are very similar |
to the substrate and bind to active site instead of original substrate. These =
molecules block active site for actual substrate e.g. Penicillin is a competitive |

inhibitor which block the enzyme which is responsible to construct bacterial

e

cell-wall. If this, inhibition is reversible it can overcomes by increasing =
concentration of substrate so that as active site become available more =
substrate molecule than inhibitor molecules are around to gain entry to these |

sites.
(iif Non-Competitive Inhibition:

The non-competitive inhibition is the type of inhibition when a ;

molecule binds with enzyme at any site except the active site. These |

molecules are called non-competitive inhibitors. These binding sites which =

are away_from active sites are called allosteric site (Allos=away). This |

interaction causes the enzyme molecule to change its shape, reading the
active site unrespective to the substrate or leaving the enzyme lesg -effeg:t.ive
at catalyzing for the conversion of substrate to produpt. F‘ge_dback inhibition
is the example of reversible non-competitive enzyme inhibition.

(ili) Un-Competitive Inhibition:

. It is also known as anticompetitive inhibition It takes place when an |

enzymes inhibitor bind only to the complex format between the enzyme and
the substrate (E-S-Complex) this type of inhibition typically occurs in

» reactions with two or more substrate or product.
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| but in these cases the end product of

They can be classified in

2.4.2 Significance of Enzyme Inhlbltim_l! k ; I
It gerves as a major cscr:;trol mechanism of ptologlcal systems especially
when inhibition occurs by small molecules. It is also used as strategy fo,

. drug discovery. 1t also gives knowledge into the metabolic path way e

identify substrate and condition critical for catHIXSiS- Enzyme inhibitors are
used to screen various levels of diseases which propel the growth of

_ inhibitors.
| 2.4.3Feed Back Inhibition:

The activity of almost every enzyme in a cell is regulated by feedback

| inhibition. It is a type of biological control mechanism where tl_me ‘fcfi‘_’ity of
| an enzyme is inhibited by its own product. It is called feedback inhibition, |t
| is reversible non-competitive inhibition and ta
| path way. It usually occurs, when the product

kes place during metabolic
is in high quantity, it binds

competatively with its enzymes active site or come in between. Substrate and

enzyme once the product is consumed the inh

ibition also reduced and form
more product.

Most enzymatic path ways are also re

Classification on the basis of types of reaction:

following group

1) Oxido Reductase:
Enzymes require to perform oxidation
and addition of H+ respectively e.g. Fe

2) Transferase:

and reduction reaction by removal
rredoxin reducing substance.

3) Hydrolase:
These are digestive enzym
convert oligomers into mo
4) Lyase:
These enzymes catalyze the breakdow

removal of group without hydrolysis.
5) Isomerase:

Enzyme catalyse intra molecular fe-arrangement of atoms in the

molecules to form another isomer €.8. glucose — g — onverted
into fructose —-6-phosphate during glyce] phosphate ¢

ysis by enzyme phosphohexos¢€:

€ responsible t

, 0 break the bond by H,0 and
nomers,




6) Ligase (Synthetase) _
Enzyme Catalyse the condensation reaction like DNA and RNA |
polymerase.

2.5.1 Classification based upon substrate.

i)
ii)
iii)

iv)

VVY VV VYV

\ 7

Protease — act on protein e.g. trypsin, pepsin e.t.c.

Lipase — perform hydrolysis of fats into glycerol and fatty ac1ds
Glycosidase — act on carbohydrate molecules like

Amylase - act on amylose to convert into maltose.

Cellulase — act on cellulose

Maltase — act on maltose.

Sucrase — act on sucrose.

Lactase — act on lactose.

Nuclease — act on different nucleic amds

e.g. RNAase, DNAase, ATPase etc.

Organic substance capable of catalyzmg speciﬁc chemical reactions in
the living system called enzyme.

Most of the enzymes are made up of protem and very few are of RNA
They are globular in nature.

The enzyme which act within a cell called endo enzyme and those Whlch
act outside the cell called exo enzyme. '
Enzyme are specific in nature and function.

Each enzyme has a particular site where substrate attach with it called | -

active site.

The active site has two sites (a) Bmdmg site (b) Catalytlc site.
The enzyme which are made up of protein and non-protein part called |
conjugated enzymes. This non-protein part is called co-factor.
For enzyme action two models are presented. -

(a) Key lock model (b) Induced fit model. ‘
Activation Energy is the minimum amount of energy that is require to |
activate atoms or molecule for a reaction. :
Enzyme activity is affected by temperature, pH, Enzyme,
concentration, substrate concentration etc. __
Decrease in enzyme activity or inactivation of enzyme is called enzyme |-
inhibition.

Three types of enzyme inhibition are there (i) competitive (11) non-
competitive (iii) uncompetitive inhabitation.

The type of biological control where enzyme act1v1ty is inhibited by its
own product called feedback inhibition.




(1)

rase, Hydrolase, Lysase, Isomerase, Ligase

the basis of reactions.
Nuclease are the types of enzyme on the

Oxido-reductase, Transfe

are the type of enzyme ol
Protease, Lipase, Glycomldase, X
basis of substrate on which enzyme act.

| EXERCISE
= s

Encircle the correct choice .
Which of the following statements 1s (are) true about enzyme catalyzed

reactions? o
(a) The reaction is faster than the same reaction in the absence of

the enzyme.
(b) The free energy change of the reaction is opposite from the
reaction in the absence of the enzyme.
(c) The reaction always goes in the direction toward chemical
equilibrium.
(d) Both aandb.
The active site of an enzyme is the region that
(@) Binds allosteric regulators of the enzyme
(b) Is involved in the catalytic reaction of the enzyme
(c) Binds the products of the catalytic reaction
(d)  Isinhibited by the presence of a coenzyme or a cofactor.
_Accordmg,_ to Fhe induced fit hypothesis of enzyme catalysis, which of
the following is correct?

(a) T_l:c;e binding of the substrate depends on the shape of the active
site. : _

(b) -~ Some enzymes chahge their structure when actjvatoré bind to

the enzyme.
(©) A competitive inhibitor can o i
~ active site. £ utcomepete the substrate for the
(d)  The binding of the s ,
s site.g ubstrate Achanges_, the shape of the enzyme's

Which curve represents the b

ehavior of g
bacterium  that lives in hot T omat e enzyme taken from &

-Springs.

I.Curvel 1L Curve?2 1. C T
G- Tenk SR L e S
(b) T only il I/ YV N\

(c) ~ Il only N gy

(d landII Wik 4 A

() IandII T .




(v)

(vi)

(vii)

(viii)

- (a) The ability of an en

R

e Bt
N /
N

[ncreasing the substrate concentration in an enzymatic reaction could

hich of the following?

overcomeé W .
() Denaturizatio.n_o.f the enzyme
(b) Allosteric inh1b1:c1ciri _

(c) Competitive inhibition o
(d) Saturation of the enzyme activity

Competitive inhibitors.

of an enzyme. On wh
this primarily depend? | S
zyme to form a template for holding and

joining molecules ' :

(b) The epzyme's ability to stretch rea
a transition state :

(c) = The enzyme providing an appro
conducive to a reaction'’s occurrence .

(d  The enzyme forming covalent bonds with the reactants

A series of enzymes catalyze the reac
binds to the enzyme that converts X to Y at a position remote from its

active site. This binding decreases th

substance X?

(a) ~ A coenzyme

() A substrate

If an enzyme is added to a soluti
in equilibrium, what would occur?

(a)  Additional product would be formed. .

(b)  Additional substrate would be formed.

(c) The free energy of the system would change..

(d)  Nothing; the reaction would stay at equilibrium.

priate microenvironment

(b)  An allosteric inhibitor
(d) An intermediate
on where its substrate and product are

(ix) - Which one of the following is the mechanism of action of enzymes?

. - molecules. : :
{c)) Ehey actually increase the amount of energy of activation.
- Enzymes dramatically decrease the amount of energy of
activation. :

d E |
mlolzylecnulm :sl'areak produg:t molecules to release new product

block the entry of substrate into the active site i :
ich of the following properties of an active site does |

i
L
hecss

ctants and move them toward | ’

tionX—»>Y—>2Z— A. Product A

e activity of the enzyme.What is

(@) They act upon substrate molecules to release new substrate ey
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r decrease the rate of an enzyp,

petitive inhibito

How does a noncom

ol ive si enzyme
reacuogy binding at the active site of tl;lentnzy
o B -changing the shape of a reacta
0 d ece energy change

i fr
By changing the -
:(c:l)) By acting as a coenzyme for the reactio

of the reaction

: stions:
Write short answers of the following questions

ific in nature? : -
&113 :2zziﬁnlzsa2:iiiﬁeiglgirecﬂy proportiona.l'to :nzyme concentration?
Why enzymes are called temperature s_ens.ltlvg. .
How enzyme reduces the energy of activation: e
How enzymes activity effect on substrate concentration:
What do you mean by prosthetic group?
Differentiate between the activator and inhibitors.

Write detailed answers of the following questions:
What is enzyme? explain characteristics of enzyme.
Describe the effect if temperature on the rate of enzyme action.
Describe mechanism of enzyme action.
Describe the classification of enzymes.
Describe enzymatic inhibition, its types and its significance.
Describe structure of enzyme.

Explain the effect of substrate and conce ior .
action. _ ntration on the rate_of enzyme
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/» Techniques used in Cell-Biology

| » Cell-Wall and Plasma membrane as
| boundary wall

» Cytoplasm and Organelles

| » Prokaryotic and Eukaryotic Cells
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- - and know that it is the

duction: ly classes d
Intro ;l\fe e studying cell from our Filrlyliving organisms. As a student of
nal unit 0 must know about the

ic structural and functi_o ; .« study We
tt:?flg:g; we must study cell in detail. Fcli: tilz:s as ml){: e eopic  structure. it
techniques of its studies becaus€ ods should un derstand clearly

i ic né
isolation, magnification and other basiC

before this study. OGY
SED IN CELL BIO. L )
- goE sctqurI?e'ﬁIEi?sgrganelleS and functions following procedure are.

required. .
(i) Cell fractionation — Centrifugat

(ii) Differential staining

(i)  Microdissection

(iv) Chromatography

(v) Electrophoresis

(vij  Spectrophotometry

(vii)  Tissue culture

(viiij Microscopy

N Measurement of cell and their organelles size.
i) - Cell fractionation
? Isolation of cellular components to determine their structure and
. chemical composition is called cell fractionation. It is a combination of
various procedures to separate cell organelles on the basis of size and
density. It consists of two steps: ‘

(a) Homogenization

- . (b) Sedimentation

(a) ;—Iomogenization: :

t is the first step of cell fractionation, w -

| type of cells breaks in an ice cold suitable medam with proper pH and
- f— °°“;p°S‘t1‘°n£ Tllllese cells are placed in homogenizer Iz)r I:EZrlt)ar and
- pestle. For plant cells an e : :

Bl separate cells by digesting midrmydlellll;i?f;?nase Is also used in medium to

ion and sedimentation.

s il e e ey i

L g
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Ny / %y o L
Tissue Homogenate Pellet rich in nuclej
cells and cellular debrig

: L]

LTy T
Sl a microsomes ribosomes
-1 Cell fractionation
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(b) gedimentation:

The procens of setting down cell organelles on the basis of density
and maoas by the process of centrifugation Is called sedimentation, Smaller
the particle (organelles or molecules) the higher will be the gravitationsl
force required for the separation, It requires ultra centrifuge instrument (its
rotation can be up to 60,000 cycles per minutes), Centrifugation method is
used for the isolation of cell organelles and components, It is very common
method in cell biology where separation is based on sedimentation rate, It
is stepwise process by increasing in the centrifugation speed, In the
beginning lower speed of centrifuge is used to separate the heavier and
bigger organelle from sample and then gradually the speed and size of
rotator increases stepwise until the target achieve. At low speed large
particles like cell nuclei, settle down as sediment. Smaller particle are still
in the supernatant (fluid) which can be poured into a fresh tube and
subjected to centrifugation at higher speed until the smallest particles have

been separated out. The various cell fractions arc now available for
cytological and biochemical analysis.

ii) Differential Staining
In cell or tissues some structures arc

by o3~ 270 il
transparent. To study the differences between A A'ﬁ':l"-;_‘gq !
these structures some dyes are used which ‘,"f:":“ '-.\.Q e Gram positive
are absorbed differentially due to their":;-“'- N ANk U %’:ﬁ*ca”
chemical composition for example, for Dt v, b

vy Ia ' s i
different types of WBCs we use different dyes. &7, 3! 'é % Abram siggsiive |

~ o Bacilli
This technique is called staining, and the :Jg;;it__ ' .,!f ::" .. (rod-shaped) |
process where different dyes are used at the Ve :au"::%.:i}r’-'-ﬁx‘) i
-same time to distinguish them from one " Jiffers

Fig 3.2 Differential staining
another called differential staining.

ilij Microdissections

Microdissection is a technique to isolate specific cells with the help of
microscope. It is used in. biological research to find out the role of
embryonic cells in development, role of different chemicals on cell
development and treatment of different discases. So it is a collection of
different techniques where a microscope is used during studies.

iv)  Tissue Culture ;

It is a technique of cloning where cell or tissues or an organ grow on
artificial medium in a test tube or Petri dish. It was first started from plant |
cell because plant cells are totipotent (totally potential) i.e. each cell has |
complete genetic potential to grow in a plant. In 1958 F.C Steward grew a
complete carrot plant from a tiny piece of phloem on a medium containing
sugar, minerals and vitamins. With these he also added coconut milk
(containing plant hormone) these cells began dividing, they produced a
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Fig 3.3 Tissue culture from seed to plant .

v)  Chromatography (Chroma = colour, graphic = lines or pictures)

It is a technique used for ;
separating different components of R AR
mixture. The speed of molecular | 0O . o v
movement is also depend on its i - o
molecular  size, so  different P T —® .
components * of mixture travel 48

pma—

l | | : ' , _ Water
tl}rough the stationary phase at = | '

different speed. There are four Paper- ok
different '

types of chromatograph | E [
techniques wused for et o

; ualitatj | =
analysis, : by \_re_ :;(l,{t'—:—'——h- !
¢ % ¥ Bl R Sl

a) Paper chromatdgraphy
b) Thin-layer chromatographyl J

¢) Gas chromatography :
d) High perform .
ance lj
_Paper chromatq g e

- 1he CEIIulose sheet i.e. filter paper W obile
Phase. The Component “ample mixtyre within a solvent work 2° © ,pef
accordji : of Samp], : : : on P
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vi) Electrophoresis:

A technique used to
separate charged molecule based
on their size and electrical
charge in an electrolytic cell is
called electrophoresis. It is
mainly used to separate DNA,
RNA or protein molecules.

This technique is familiar
with . the name of Gel
electrophoresis  because the
charged molecules of different
size move through a gel made up
of a compound i.e. Acrylamide,
this movement of charged
molecule occur when an electric
current is passed across it. The

Power Supply
Cathode 1

"‘y
Sampb\a"U Bt 0 #
' ., - \ .
¥ (e y Agarose
| Gel

Pow§ Supply
S e |

Cathode |

Py e s 7

= l'. L/
High Molecular ’
Weight Species ., : | “Anode

“Low Molecular
Weight Analytes

Fig 3.5 Electrophoresis

Gel consists of a permeable matrix, like sieve, through which molecules can
travel when an electric current is passed across it. The Gel is suspended in
an electrolytic solution and it is placed between two electrodes. At one end
the gel has positive electrode i.e. positively charged and the other end has a
negative electrode i.e. negatively charged. . ‘

The movement of charged molecules is called migration molecules.
They migrate towards opposite charge. A molecule of negative (-) charge will
migrate towards positive (+) end. Smaller molecule migrates more quickly
through the pores of gel and travel faster than large molecules. As a result

- different molecules are separated.
vii) Spectrophotometry

Each compound absorbs visible
light of a certain range and wave length.
We can recognize the compound from
this range of absorption septrum. This
method of measuring light absorption by

' called
spectrophotometry. The instrument used
is called spectrophotometer.
instrument uses a light beam which
passes through the sample where each
compound of sample solution abso
transmits light of a certain wave

a particular substance is

- This

rbs or Fig 3.6 Spectrophotometer
length. This ‘emitted or absorbed wave

length is measured by spectrophotometer.' It is used to determine growth of

bacteria, rate of photosynthesis and minute quantity of (DNA) etc.
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é viii) Microscopy g

| more powerful and better micros

| times better than human €ye, which is not

anisms is dependent upon the yge of

dv cell and its organelles Properj
study required. Three attributeg gf

e are magnification, resolutigp

The study of cell and micro-or

: i called microscope. To
an instrument oncH o

! microscope are of particular importance, s 7
j and co&‘t;;tiﬁcaﬁon is a means of increasing tile.aggifil; 611:2 i:f:g?liltf?é:i Os.iect,
R ; ; uld quite € ’ Y as
. with a light microscope a specimen CO ;la fiatascope s calculnteq by

much as 10,000 x. Magnification power O & | e :
| multiplying the power of its eye piece with its magnifying power of jfg

objective.

~ Best resolution

Better resolution
: Fig 3.7 Microscopy
When we magnify the object beyond a limit its image become blurred
i.e. loose its clarity. This clarity of image is generally known as resolution,
| we can say that it is the capacity of an instrument to separate adjacent ‘
| form or object i.e. minimum distance at which two distinct point of a
specimen can still be seen by observer. '
A very high magnification can be
obtained by light microscope, but their
resolution power is limited. It is about 500

Poor resolution

Retina. —

enough for viewing some of the smaller

| sub-cellular  structures, Electron Simple
microscope use electron beamsg which magnifying

| have shorter wavelength than visi i
visible ligh
therefore the electron microscope ar;:

capable of resolving objects ah
times better than hun:]lan eyeout e
most of the sub-cellular stru-c |
studied by electron microscope

Contrast refers to the ¢ .
| € dar
the background relative tq the SII:;?SIH'T % | &

. en. Y

~In order to See colorlesg or transp
, arent
type of nncroscope is

= | = Subject

Virtual
image

Fig 3.8 Magnification
th a simple thin lens
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microscope. It is important to distinguish

ired called phase contrast
s often’obtained

er. In light microscope contrast i

the material.

requ
one part of cell from anoth

by fixing and staining

3.1.2 Micrometry :
It is the science related to measurement of dimensions and size of an |
t observing under microscope. It requires special device of I
nt called micrometer, this instrument is attached or put into the |
There are two types of micrometer i.e. an ocular micrometer
ter. The ocular micrometer is a disc, made up of glass. It

ons with no absolute value. It is placed in the eye piece

of microscope. A stage micrometer is a calibrating device. It is a glass slide
the size of a given

with proper scale like ruler. To calibrate and.estimate
~ object, the image of ocular micrometer is super imposed on stage

micrometer.

objec
' measureme
microscope.
and stage microme
has 100 equal divisi

Overlaping Reticle
and micrometer scales Jlide -

.0 — 0.0
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Fig 3.9 Eyepiece reticles and stage micrometers
: Micrometer is a also called micron, so the unit of micrometer is
micron for length i.e.0.001 mm or about 0.000039 inches. It is symbolized

by pm.
3.2 CELL WALL AND PLASMA MEMBRANE

Cell Wall ‘

The outer surface of some cells is covered with non-living, stiff layer
called cell-wall. This cell wall is present at bacterial, fungal, algal and plant |
cells. Bacterial cell-wall is made up of peptidoglycan, and fungal g i |
made up of modified polysaccharide chitin, while plant and algal cell wall is
made up of (cellulose) already discussed in chapter of Biomolecules.




ST
Seiels

Middle lamella
Cell wall is composed of _

- mainly cellulose, pectin and other
polysaccharides. These materials
of cell-wall are always synthesized

- by protoplasm, secreted out of the
cell and deposited around outer
surface of plasma membrane. We
will discuss only plant cell wall
here.

A plant cell-wall is mainly
differentiated into three layers,

i) Middle lamella,

i)  Primary wall,

i)  Secondary wall.
i) Middle lamella

The first formed cell-plate
work as cementin
lamella. It is a ¢

: Primary wall
Secondary wall

— Plasma membrane

Fig 3.10 Cell wall

g layer between two daughter cells is called middle
ommon layer between two cells. These two cells will
separate when middle lamella will be dissolved. It is mainly made up of
calcium and magnesium pectates. This layer is formed during cytokinesis of
cell-division. ' : '

ii) Primary cell wall -

Primary layer of cell-wall is the first product of cell, the material of
primary layer is synthesized by :

°Wn as plasmodesmeta (singular,
_ content of neij lls remain 1n
- communication with each other. : Melghbar cells

iii)  Secondary cell wall

The layer of wall develo

'. omplete maturation of rimary cell-
- wall. It is very thick and rigid due to deposition of lignin 1n§rganic salts
" and some waxes. It plays important role

in support of plant i€

sclerenchyma fiber, scleroids, xyle tracheids, which contain

secondary cell-wall.

m vessels,




e
: cell. It actg like a skeleta]
e “f‘l).rk. of plant arly in vascular Plants. Secondly being &
hydrophilic in nature it IS capable of imbibing water and thus helps, in the
movement of water and soluteg toward Protoplast j.e cell-wall act g
permeable structure. " 8 Ea
3.2.2 Plasma membrane or cely Mmembrane g,vs
All cells either prokaryotic or eukaryotic o

? cells 2
membrane which Serves as their out ol oy, oosed in a

membranes have the Same basic molecular |
made up of double layer (Bilayer) of phospholipids
- interspersed with proteins. _
: - The phospholipids molecules in

in two parallel layer

the plasma membrane are arranged |
S. Their non

-polar hydrophobic ends face each other
whereas their polar hydrophilic ends are associated with carbohydrates

protein etc. Plasma membrane also contains several types of lipids like |

cholesterol sterol etc. In some animal cells cholesterol may contain 50% of

lipid molecules in plasma membrane. It is absent in the cell membrane of |
most plant cells.

Most of the plasma membrane consists of approx 50%
50% protein by weight, while the carbohy
glycoprotein constituting 5 to' 10% of the
(i)  Structure of Plasma membrane

Number of biologists presented different models of cell-membrane. |
One of the ;

lipids and :
drates portion of glycolipids and |
membrane mass. '

hnology has revealed _
that lipid bilayered is not sandwiched between t\yo protein layers.

Peripheral

Extracellular fluid

Carbohydrate

Filaments of
cytoskeleton

Cholestrol ' 1
Ipr;t:giil Phosphoglyceride molecules

Fig 3.11 The plasma membrane




d Mosaic Model _ d a workin d
s son propose€ g model of

In 1972 Smgeli‘l S;dmlilsc:jlc mogel' In the fluid mosaic model tﬁ}eaﬁm-f‘i

d as the core of the membrane. These lipid molecules I;;e

ate, translate and vibrate these molecyle

of me s

. Flui

resent in a :
P mbrane. Proteins are also present

. moving laterally within their layers
in bilayer of phostilzgllglfils-arrangement of membrane protein in the fluiq

like ice bergs in the sea. The prc_ttein occurs as a “mosaic”

~ of discontinuous particles that penetrate deeply into and even completely
through the lipid sheet. The components of_ plasn.la membrane are mobile
and capable of coming together to engage 11 various type of transient or
semipermanent interaction. '

The proteins associated with the lipid bilayer can be divided into two

groups.
a) Integral proteins
b) Peripheral proteins
(a)  Integral proteins (Intrinsic proteins):
A class of proteins that are directly incorporated within the lipid
bilayer. Some of these_proteins are believed to provide a channel through
which water-soluble substances, such as ions, can pass back and forth

between the extracellular and intracellular compartment. .
{b)  Peripheral proteins (Extrinsic proteins):

) A class of proteins located entirely outside the lipid bilayer on either
the extracellular or cytoplasmic surface, exhibit a loose association wi
membrane surface. ;
carbothc;esf' - proteins _which may possess lipid (HPO?
ydrates (glycoprotein) side chains are arranged as mosaic W!
' cell-membrane. i ¥ ;

| Functi’?;lx of Plasma membrane
e pla : .
. receptor, cl,lfans;ln;las meembrane performs several functions like platform for
. most important fuhcélzy'mes’ antigen fluidity etc, but the main &0¢
~ flow of solutions and on are protection of cell cytoplasm, to regulat® '
| These limitations are nf;fltenal in and out of the cell with certain Jimita™™
i J} which is necessary to :n:fxlf: d by in flow of materials across the me nt;;nne
I ;‘ acthltyT;nd Fxcl’ete toxic su]:;?éigt: b}:e PH, ionic concentration for €
e lipid bilaye; ete. | ure
" conditions by j yer controls the fluidity in vari epera™
Y Increasing or decreasing unf;zﬁlty ::ln Vmat?:fsiil:l ¢ 'Thi
. rated fatty acl Ltrols th

ﬂuldlty also i
Increases th .
move | € flexibili
ment of polar molecyleg ﬁcﬂty of cell-membrane. It also
; And ions.

mosaic model are

rotein)




The diﬁ“erentially or selective permeability is due to presence of g
specific channel protems_ w.hich permit only specific molecule to pass
through them. The protein is carrier protein embedded in phospholipid

layer. Some extrinsic proteins also work as enzymes e.g. ATPase complex to
synthesize ATP.

Some proteins are conjugated proteins work as receptor for different

hormones and other molecules. While other proteins work as antigen like
RH protein of RBCs. '

Role of plasma membrane in regulating cells interaction with its
environment ' _

For entry and exit there are two main process of transport. i). Passive
transport. ii). Active transport. They are discussed as follows.

(i) Passive transport: _

It is a transport of molecules by diffusion and osmosis without

consumption of ATP.
(ii) Active Transport:

“Movement of molecules against concentration
energy of ATP.

There are two other phenomena i.e. endocytosis and exocytosis.
Endocytosis is the process of intake of material in bulk by infolding cell
membrane. It may be intake of solid material i.e. phagocytosis or intake of
fluid or liquid i.e. pinocytosis, whereas exocytosis is the process of
membrane fusion and exfolding to exit the material from the cell.

Cholestrol helps to regulate membrane fluidity over the range of
temperature. It also prevents the passage of proton and sodium ions across |
the plasma membrane. ‘ ‘

Role of Glycolipids and Glycoproteins as cell surface markers .

The Glycolipids formed on the outer side of phospholipids bilayer of |
plasma membrane in eukaryotic cells. Its main function is to maintain
stability of the membrane and facilitate cell-cell interaction i.e. cell

gradient by using

adhesion to form a tissue. They also help
cellular identification during . immune
responses. It also acts as receptor for
viruses and other pathogens. :
Specific glycoproteins present on
the surface of red blood cells determine
blood group type A,B, AB, and absence
in O. :
3.3 CYTOPLASM e : ;
The term thoplasrﬁ was introduced by Rudolf Von Kolliker in 1868
for the material which is filled in between cell-membrane and nuclear
membrane of eukaryotic cell and whole material inside cell-membrane in




prokaryotic cell. In some cells the cytoplasm is d1§ﬁngUISh ngutwg regions,

the outer clear part near plasma-mem'brane is viscous le Cytogel

(previously called ectoplasm) and the inner part near lnuc €us 1s less
viscous like solution called cytosol (previously called endoplasm).

3.3.1 Chemical nature and metabolic role of .cytoplasx.n

Cytoplasm is a translucent granular liquid. It consists of anoaqueous

ground substance called cytosol. Chemically it contains about 90% .wat.er,

It forms a solution containing all the fundamental rx?olec?ules of life i.e,

salts, sugar, amino acids, fatty acids, nucleotides, _v?tamms, hormones,

- inorganic ions. The large molecule like proteins and lipids are also present

- in the form of colloidal semi-fluid.

Anima. Plant Cell
Anim IccuLysDSOme Ribosomes . Cytoplasm ¢

Centriole v Ribosomes
Centrosome \ . - \= -/ ; ¢ :

Rough

endoplasmic
Smooth reticulum
endoplasmic

reticulum

envelope

Nuclear
pore

Cell wall

Plasmodesma

envelope

Rough
endoplasmic
reticulum

. Mitochondria Cell membrane

Golgi
complex

Peroxisome
Vesicles

: Fig 3.12 Animal cell and Plant cell ,

- Observation under electron microscope revealed that the cytoplasm

B is not consists_,of liquid part only, it also contains granular part called

i cytoplasmic organelles, with this granular part a mesh of tiny filaments, the
. microfibrils which form a type of skeleton, giving rigidity to cell and help

| unicellular organism in movement, Most of the cytoplasmic organelles aré
. tough to be attached with this cytoskeleton,

Secretory vesicles Cytoplasm




3.3.2 Cytplasmic organelles

In living eukaryotic <_:e11, variety of organelles are present in
cytoplasm such as endoplasmic reticulum, mitochondria, nucleus, plastids,
ribosomes, lysosomes, centriole and vacuole. They perform their own

functions. On the basis of these organelles and their functions the cell is
considered as basic unit of life. :
3.3.3 Endoplasmic reticulum (Endo = inside,
substance, reticulum = network).
The elaborated, tube like
'system' of lipoprotein form a —
complex network of channels, Nuclear Nuclear envelope endoplasmic
extended from plasma membrane pore / retietilum,
to nuclear membrane called \ e
endoplasmic reticulum. This Ll
network is present throughout
the cytoplasm like network of \
roads of a country. There are two

plasma = formed

types of endoplasmic reticulum. X
a) Agranulated or smooth anans — )
endoplasmic reticulum e
(SER) . . , ok
b) E}ra.nzulated or rough it endl:g%?ﬁg:mic'
endoplasmic reticulum TN Ribosomes
(RER) : " Fig 3.13 Endoplasmic reticulum

Usually cell contains both
the type of endoplasmic reticulum
in different ratios according their function. Although, some cells have only
one type like fibrous cells of skeletal muscles, which have only smooth type
of endoplasmic reticulum with the name of sarcoplasmic reticulum.
‘Rough Endoplasmic Reticulum (RER) |

It is.a type of endoplasmic reticulum which is heavily coated with
ribosomes on its outer surface towards cytoplasmic face. It occurs mostly in
Protein synthesizing cells in high proportion. The process of tra.nsla.ltio-n
during protein synthesis takes place here. After synthesis, the protein is
ei:her Stored in the cytoplasm or exported out of the cell through these
Channels, . : e s ‘

Smooth Endoplasmic Reticulum (SER)

The smooth endoplasmic reticulum named due to smooth surface i.e.

, nb_OSOmes are not present on it. It is found in steroid producing cells like
j""dl_Pose cells, interstial cells, glycogen storing cells of liver and muscles. It
IS involved in the synthesis of oil, phospholipids and different types of
Steroids. The smooth E.R also provides mechanical support to cell.




Function of Endoplasmic Reticulum . ’
The endoplasmic reticulum performs many important functi()ns .

the cell. It serves as supporting platform for the ribosome (RER). [t formg
structural framework of thé cell with increased surface of' the Varigy,
metabolic reactions (especially SER). It_ also pr ov_1des C(?nductlng Pathway,
for import, export and intercellular circulation of various substanceg. it
provides passage for RNA to pass from nucleus to various organeljeg of
cytoplasm. .

It helps in detoxification of harmful drugs, storage, and release of

3 . Ca**, manufacture of lipids and formation of Golgi apparatus (SER). The

S.E.R transport protein from R.E.R to Golgi bodies through themselves,
3.3.4 Ribosome (RNA containing bodies) .

These are 'so named because they contain high concentration of
ribonucleic acid (RNA). These small spherical, granular, non-membrangyg
structure are the sites of protein synthesis in cell type i.e. prokaryotic as '
well as eukaryotic cells, therefore they are regarded as “Protein factories”
In prokaryotic cells they are found freely dispersed in the cytoplasm due ty
absence of E.R. In eukaryotic cells they are found free as well as attached
to endoplasmic reticulum. Large subunit Large ribosomal subunit
Ribosomes are also found in
the matrix of ' mitochondria
and stroma of chloroplast. Size
of these ribosome are 708 i.e.
prokaryotic. It is good evidence
that eukaryotic cells evolved
from prokaryotic cells. The size
of ribosome of eukaryotic cell
is little larger than prokaryotic
cells ie. 80S while the
prokaryotic ribosome is 70S. (S=Svedberg unit)  Fig 3.14 Ribosome :
. Each ribosome is consists of two unequal units. The larger sub-t_l_ffclrt
is domt_a shaped and sr.naller one form a cap on the flat surface of Ia;lgler
sub-unit. Eukaryonc ribosome has a larger sub-unit of 60S and S o
sub-_umt of 408 part}cles, on attachment as single unit it becomes "
Pﬁrthlea-‘ﬂBOth';he }J.mt are attached by magnesium ions. The ﬁbgson.;-%ey
chemically made of nucleoprotein j.e, RNA (40 %) and protein (60%)- )

are made up of 50 or more different kind i Mg+ form bot
between phosphates group of RNA ang amigi) pr(:)tsms(;f mgnjno acids ¥
attach both units at the time of p s

P site i
\ Esite \ J Acsite

Small ribosomal subunit

. 1 i atio
rotein synthesis. Recent _mvestlg otiC
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During pro.tein synthesis several ribosome are attached to a single
mRNA to synthesize number of identical protein molecules. This group of
ribosome attached to a single mRNA is known as polysome.

3,3.5 Golgi complex

After the mname of its Incoming
di.SCOVCI'eI'_ an Italian physician transport veswle; Cis face
Camilo Golgi in 1898. It was name '
Golgi apparatus or Golgi bodies or
Golgisome or Golgi complex. Like
endoplasmic reticulum it is a
canalicular system with sacs, but. Newly
unlike the endoplasmic reticulum it ff,’;’;?;’ff i
has parallel arranged, flattened . r :
membrane bound vesicles without CL P vesicle
ribosome. It is basically developed — o° fce e
from S.E.R Fig 3.15 Golgi apparatus

The Golgi-bodies are found in all eukaryotic cells. It has basically
same morphology in plants and animal cells. Each of them is disc shaped
and consists of central flattened, plate like compartments called cisternae,
perephral network of inter connecting tubules and peripherally occurring
vesicles called Golgian vesicles. In Golgian system interconnected tubules
are formed around the central stock, this process of forming cistarnae
tubules remain continue at one end, if this outer or forming face in convex
it is called cis - face, generally face towards nucleus, while the inner face
which is called maturing face is concave also termed as trans face.
Function _ ‘ i : ' :

Golgi complexes are especially prominent in glandular cells. The |
products of E.R are modified, stored and then sent to other destination. |
They perform the function of collection, packaging, processing of cell B
" secretions’ These secretions are mainly proteins which they collect from
R.E.R transport to S.E.R, modifies to perform specific function and then | =
export in the form of vesicles. It manufactures certain macromolecules by
itself. Many polysaccharides secreted by cells like cellulose, chitin to form ==
cell-wall and cell plate are Golgi products. Certain organelles such as =
1ysosome, peroxisome and Glyoxysome develop from Golgi-complf_:x. It is
also involved in the formation of different conjugat:;i n;olecules. x
3.3.6 = akdown; soma = bodies) ,

#%:::or:r: (I;i;ﬁesﬁczlfe single, ’membrane _bounded _,b-odies,_ a feyv
micrometers in diameter, originated by Golgi-bodies, containing hydrolytic o

enzymes. They occur only in the cytoplasm of animal cel_!s and function in 0
the digestion of material taken into cells by phagocytosis. Normally, they 7
function as destroyers of foreign particles and worn out cellular component.

- Lumen
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before start its functions. called Prim
d s ot 40 different types of hydrolytic enzymeg
talguring performing their function attach” With

ted material like endocytosis, Phagocytogjg %

e
The newly form
lysosome. They con

The lysosme
membrane of 1NGES

autoph’?}?ocytolijsssome are generally called secondary lysosom
€se

€ byt
- somes, phagosome and autophagosgp,
speciﬁc:ally ’}fﬁiy alasr: pei?jr?n autophagy, thelprocess by which unwant:;
risp:f;}::yﬁthir}: the cell are engulfed and digested by lysosome. T; is
stru ,
self-eating process of cell. - ' | :

The body some tme Endoplasmic
eliminates old cells or unwanﬁed reticulum
cells at embryonic stage accordn}g Cell membrane
to their genetic information, t?ns
process is called apoptosis. During = -'..‘:-..d:'.
this self destruction process the apparatus™F o Dl
membrane of lysosome is ruptured
at a particular time. As a result the
hydrolytic enzyme become free in
cell and cell undergoes chemical
breakdown or lysis, which cause a
cell to destroy itself by digesting its Food
own  macromolecules, S0’ ithe! ' Pertckes
lysosome is referred as “suicidal S axinls
sac” and this process is called

Exocytosis ang
eliminatiop

Digestive
vacuole

Fig 3.16 lysosome
- autolysis. .
Lysosome is also important in a way that it contains variety of
- enzyme whic '

h maintaing metabolic balanc

Ny one of these e e due t i ngenital reason:
- The substrate of th oina 2 JeredinpEind cone

R at e e accumul i ‘well as organs
B vwhich lead tc piEtAbe nzym ates in these cells as w

% el
& I¢ imbalance at last become fatal at early childhoo

| These type of diseases - calle
' lysosomal storage g; couse due to lack of lysosomal enzymes are

as
Seases. More th : e reported
: . lysosomal Storage disease sojr e, an 30 diseases ar P ‘

are given below.
___Diseases

orage diseases

* Tay-Sachs ———_ Symptoms and problems

disease * Mental Ietardation, blindness, death by age of 3
* Gaucher’y ‘ 5
disease ’ tlver and spleen enlargement, erosion of 1%
* Krabbe’s 5 ones, mental retardation in infantile form only:
disease

Ss of

i v the
ST b g, D mental retardation death by




3.3.7 Peroxisome

Peroxisomes are the single
membrane  bounded organelles like
lysosome but smaller in size than
lysosome. It is mainly involves in the
formation and decomposition of toxic
molecules i.e. hydrogen peroxide (H202) so

named peroxisome. It also originates from

Golgi-complex. It contains variety of
enzymes i.e. peroxidase, catalase, glycolic
acid oxidase etc. It is found both in animal
and plant cells. In animal cell it is involved
in lipid metabolism i.e. fatty acid oxidation,

tissues.

Fig 3.17 Peroxisome

either phospholipid synthesis, isoprenoid biosynthesis. It also produces and | 2
export cholesterol and an important group of phospholipids called |
plasmalogen to cytoplasm. Plasmalogen are found in brain and heart

Peroxisome are mainly concerned with the detoxification of alcohol
where alcohol is oxidized and form another toxic compound H,0; (Hydrogen
peroxide) that is immediately breakdown to H,O (detoxify) by an enzyme
catalase. They are found abundantly in liver cells as well as in the cells of

organisms (like camel, Kangaroos and number of reptiles) which store fats |

as reserve food and water.

In plants it converts glycolate an acid
produced during photorespiration into

Peroxisome contain enzyme that break
down toxic compounds e.g. peroxysome
within liver and kidney cells breakdown

amino acid glycine. It occurs with the and detoxify fully, half of the alcohol of

help of an enzyme called Glycolic acid apersondrink..

- v = '?«j

oxidase.

3.3.8 Glyoxysome :
Another . single membrane bounded

micro body found in plant also originate

from Golgi complex like lysosome and

peroxisome. These are also considered as

Specialized peroxisome. They are found in

fats storing tissues i.e. seeds endosperm.:

Each glyoxysome has a single layer
bounding membrane enclosing a fine
granular stroma. Glyoxysome contain
€nzymes that initiate the conversion of
fatty acid into sugar. So the germinating

seedlings convert stored fatty acids to carb
place in cyclic manner, which is called Glyoxylate cycle.

Lipid
Membrane

— Matrix

Core .

Fig 3.18 Glyoxysome
ohydrate. This process takes
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‘ the cell) _
Mitochondria (Power house of 11 grain.

" motion in living cells.

independently of the cell’s Lo can  divide jp h

ondrion = sma 1 oy

i i resent in th
: e are universl y P the
ondrI%Slz;n appear minute grannular, vesicle,
- ture of cells, but usually it is

Gr: Mitos = thread. kh

Mitochondria 0T ch
cytoplasm of eukaryotic CERS: . a
rgﬁllets, thread or Stﬁngs',degegﬁlgﬁ;;ctlh ?Tﬁey are seen to be in constant

: - e i . g
considered that 1t fou?ge:; are the centers of aerobic respiration.

Each mitochondrion is '
approximately about 0.5 to 1.0 - pna _ Ribosomes
nm in diameter and about ?‘:_4 Matrix ,Outer membrane
10um long. They are double ) / / 11113211'_ n};ltzrglgl;ﬂee
membrane bounded organelles. 4.7 o space
Both membranes are formed of
lipids and proteins. The outer
membrane is smooth and
having pores like sieve made up
of proteins called Porins. These Particle
pores are responsible for the ™

' transport of molecules across
the membrane; therefore this " 'Fig 3.19 Mitrochondria structure -

- outer membrane is permeable for all. The inner membrane forms irregular,

i}

. incomplete partition due to inward folding. These folds are called cristae

- which increase the surface area to attach i i
| _ number of proteins containin
- molecules. These molecules are ATPase complex pvariable t;flpes 0%

~ electron carrier, which metabolize carb _
and amino acids.(protein) into COgc:; doilggrat.es (starch), fatty acid (lipids)

with energy in the form of ATP

1 _ ‘

| cytochrome, NAD,

. FAD etc. These complexes and molecules serves as
3
:

; and riboso : :
metabolic function. Th eto synthesize j mes of 70s. It means it has

I'mal ceu-dlviSiOn.

Surprisingly, mitochondria are
present in eggs but not in th
(o S €

their mitochondria back to theiy e




3.3.10 Plastids

They are special protoplasmic, double membrane bound organelles

storage bodies. They are
found in plants and algal cells mainly. Basically all plastids are originated

stids. They are immature, colorless

‘ It consists of double
membrane enclosing granular stroma. They multiply by division in

meristematic cell and distributed to different cell where they become
develop as different types, depending upon environmental conditions i.e.

ght. They develop as chloroplast, '

which function as chemical synthesizers and

from specialized structure called propla
plastids occurring in cells of meristematic tissues.

intracellular factor and- exposure to li
chromoplast and leucoplast.
(i) Chloroplast (Chloros = green, plast = living)

The most common type of plastid, containing chlorophyll which gives

green colour to plants and is the site of photosynthesis.
(ii) = Chromoplast (Chroma = colour)

It is the type of plastid which contain different pigments except

' chlorophyll i.e. xanthophyll, carotene etc. The chromoplasts are responsible

for the various color combinations in flowers, fruits and other colour parts
except green. The chloroplast after loosing their green pigments may
convert into chromoplast. They help in pollination and dispersal of seeds.
(iiij Leucoplast (Leucos = colorless) ' '

These are colorless plastids, which usually develop in the absence of
light, they are found in all — underground parts and storage organs of plant.
They store food material as carbohydrate; lipids and proteins on the basis
of their storage material. They are further classified into amyloplast —
carbohydrate (starch) storing elaioplast; lipid storing and proteioplast;
Protein storing leucoplasts. '

Structure of chloroplast and its function as energy converting
organelles: ‘

Chloroplasts are formed only in green parts of plant and some

Protist. They vary in shape, surrounded by two membranes; a little space is

Present between them. The outer membrane is permeable due to presence

°t: protein porins like mitochondria, while the innér mer_nbra.ne .is
lfferentially' permeable. The inner membrane encloses a semi fluid material

- called stroma. Stroma contain various enzymes, DNA, RNA, ribosome (70S),

ATP, NADP etc. The inter connected stacks of hollow membranous sacs are

@lso embedded in stroma. The individual sac is called Thylakoids and a

Stack of sacs is called granum (Plural grana). The thylakoid membrgne
contains green pigment chlorophyll as well as other pigments like
xanthc’PhYIIS and carotene. There is another thylakoid which connect the
§rana with each other and called intergrana. Fifty or more than fifty

[ R



SRS 3

-

um. The intergrana are usually color]egg dy
&
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ioments.
to absence of pigm 'S also a se

h hloroplast mi-autonomous structure due tq Presen
The ¢ "

; hloroplast is specj
ribosome (70s). The ¢ ! pecial
d elle. It converts light energy into Chemicaltgft% o:lr
process of photosynthem?, t};;arﬁfore called “sie .
: is chlorophyll captures
:s”  During photosynthesis ch : energy o
Egﬁf? Shytng;f; lst;ramsfer it to other molecule in the thylakoid membrapej,
Theseg molecules in turn transfer the energy to ATPT and other €Nergy carrjgr
These molecules differentiate stroma where thei

le like NADPHo2. :
molecule like he synthesis of sugar from carbon dioxide. Dye ¢,

energy is used to drive t :
this gt)]row of energy from one form to another, chloroplast is an energy

converting organelle. Plasma
3.3.11 Cytoskeleton Membrané
A network of different

protein fibers which provide Ribosomesme=——=s

three dimensional shapes to

cell called cytoskeleton. It  Rough_
i : endoplasmic

maintains and change the reticulum

shape of the cell, secure

some organelles at their Microfilaments

energy conve
energy by the

~ specific position, enable e S /
- . o) Mitochondrion
. movement of cytoplasm and Inﬁmﬁfte <l : 4
- vesicle within cell and cell , o Microtubule
: t?.i r:]?ve In response to Membrane
stimuli. :
. Fig 3.20 Cytoskeleton

There aa1)-eMt1.1reeﬁfypes of cytoskeletal elements found in cells.
‘crotfament,  b) Microtubules,  c) intermediate filament.
(a) Microfilament: :

| .They are solid o of
two actin chains that sftrands. of about 7 nm in diameter. They consist ?




(b) Microtubules:

These are hollow tubes with

ah :
e composad of protei_n abndlin, feats gol:tgcciloatr:shelr of ab'out 25nm. They
of thousizn{flas11 :é’ mbl:hl'fl' sub-units usually .,ju_rangedei;:lo?glsct(s)I sfn humgedli
0011;;1111'; e tirl')r:-: o‘;_' ll‘ﬁm*?ﬂ_t-. In plant cells freely dispersed miclll-z-tubeifle
ari-l ﬂ%e ot 1ce division form spindle fibers whereas in animal
;Toveme{l o Chr:mr;c; :. It 1:11ea.ns microtubules are responsible for the
0Ve mes during cell-division, movement of

within cytoplasm, movement of cilia and flagella ’ DIRERERES
(c) Intermediate filaments: '

They are solid strands of 8 to '

: : 12 nm in diameter i.e. int i

bfatween microfilaments afnd microtubules. They are made up oiE r;telzz:f E::
dlflferent 3p1fl§ of proteins collectively called vimentin, form rope like
gg ﬁ:gssel:n bli tal‘llfdo(’:tlli'x::sgwo é}lrpe; 1;)f cytoskeleton intermediate filaments

: : emble. They usually form network in cytopl
?0 provide 'mecha'.nlcr?ll .support to plasma and nuclear membrane.cyl‘thgya:rlg
important in maintaining the shape of the cell, attachment of muscle cells
and support of nerve cell processes axon.

Intermediate Filament Structure Sup iled
ercoile
sheet

8-12mm

s .
| — Ty s W
Monomer

" Sheet of 8 Tetramers

Tetramer
Fig 3.22 Intermediate filament structure

3.3.12 Cilia and flagella
Cilia and flagella are s
eukaryotic cell. The flagella

independent movement while ¢
numbers. They perform function in synchronized manner i.e. oné
other. Both cilia and flagella share. common internal structure, each

Contains a ring of nine fused pairs of microtubules, with an unfused pair in

the center of the ring as shown in Fig 3.23. This I?at
Produced by a basal body kinetosome, located jus
Mmembrane.

The main difference between cilia

{:;?gth. and the direction of force they ger
ort i.e. 10 to 25 pm long and qumerous. They exert

of plasma membrane in
few in number perform

ilia are smaller in size, and many in
i after the

lender extension
are longer and

‘and flagella lies in their number,

erate. Cilia (Latin = eyelash) are
force only toward

tern of microtubules is ~ |
t beneath the plasma |




plas;ﬁa merhbrane. Flagella (Latin = whiplash) are long 50 to 75 um

~ usually few in numbers, they exert force perpe:ildmular to plﬁsmé
" membrane. Flagella perform UP\fval‘d anccli ‘:?“(’:?Wg; ermovement With g
" continuous bending wave like motion with distinct p ;

ism of Cilia and Flagella n

% Moven;‘?:;e?ai;h;l::?nent occur as planner waves, ult Is contracting waye
' that passes either from the base to the tip of flagellum or in the reverge
~ direction to produce forward or backward movement. Movement
g i ilia and flagella. .
mechal;lsqn;ec;ftic;i arises h%:re how cilia and ﬂ_agella bends? it is becau_se of
the tiny protein “arms”. These arms project out frqm eth pair of
microtubules in outer ring. These arms attach tio neighboring pair of
microtubules and flex, thereby moving the first pair along relative to the
second. However the basal body firmly anchor the bottom of g
microtubules in the entire celium and flagellum. Therefore, adjacent
" microtubule can slide past one another only if the whole cilium or flagellum
e bends. : -

Ve Dynein
P Arms :
; Outér Radil '
#y 2 Spoke Central
F . microtubule Microtubule
_- Doublet

(Axoneme)

Plasma

Basal Boéy (Kinetosome)

. Fig 3.23 Cilia and flagella ltructure—
3.3.13 Centrioles . | ' '
Centrioles are short, barrel shaped 11
structure of microtubules, which are ..
non—membranous,‘lying perpendicular to - Bedbibple triplet
_ one another. Each centriole is composed i
‘ of nine sets' of triplet microtubules
| arranged in a ring. They appeared i &
animal cell and fungi | i :
| C lungl like protoctist “ntriol
before cell-division  near oute
membrance of the nucleus, theref, :

o
place where they are presenrte thir?

a4
el i S i

pampe e

Fig 3.24 Centriole




cytoplasm is called centrosome (Centro = nucleus, soma = body). At the
‘time of cell division the centriole duplicates and became two pairs, move to
opposite sides of the cell and thread like fiber began to radiate from

centriole in all directions called astral rays. The centriole also forms basal i
body (kinetosome) which form cilia and flagella. %

3.3.14 Vacuole

Generally vacuole is non protoplé.smié liquid filled vesicle in =

cytoplasm especially in plant cells. In young cell of plant many small
~ vacuole are present but at maturity of cell they unite to form a large =
vacuole called central vacuole. In plant cell it is surrounded by a |
membrane called tonoplast. The tonoplast is selectively permeable; tono
means tension and keep tension on the vacuole. The vacuole in plant cell
is filled with cell-sap and acts as store house. The main function of
central vacuole is to maintain turgor pressure inside plant cell.
Turgor pressure helps the plant cell to keep its shape by pressing the
plasma membrane against cell-wall. It maintains a nice rigid structure of
plant. : '

- Fig 3.25 Vacuole '

3.3.15 Nucleus | i, s, i A
Nucleus was discovered by Robert Brown in 1831. It is the most

important and prominent part of the cell which controls all the z_:tctivities' of
the cell. It is commonly spherical in shape, in some cells it is lobed in




. structure. In eukaryotic cell it consists of outer r‘luclear Membrane,
" nucleoplasm (the fluid filled in it) nucleoli and chromatin.

~ Nuclear
Pores

Nucleus

-

Fig 3.26 Nucleus of cell

Nuclear membrane

It is the double membrane envelope work as the boundary of
nucleus. Both membrane have a thin space filled with a fluid. The nuclear
membrane is not a complete barrier. It is perforated by nuclear pores which
are made up of a specialized transport protein called nucleoporin. Certain

substances pass freely through these pores between the nucleus and the
surrounding cellular substances. ' : -

Nucleoplasm

The nucleus filled with a protein rich substance called nucleoplasm
or karyolymph. It is a mixture of protein, DNA and RNA polymerase
enzymes, nucleotides and some metal ions etc. It also contains histone and
non histone proteins, therefore it is slightly different in éomposition from

. cytoplasm.

Nucleolus ]

Within the nucleus is a spherical structure called nucieolus- Thefe
may be mlgredth?n 011116 nucleoli in one nucleus. There numbers varies 1
different kind of cells. It disappears durin -divisi - reappéd!
afterward. It is made up of different g cell-division and reap

ible to
, synthesize ribosomes. type Of ‘RNA and respons

The nucleus contains numerous fin ‘ i ork
e strand form of net¥
throughout nucleoplasm called chromatin networi 1; t:sclzar reticulu®

It can be seen only in non-dividing cell. This network is made uP °




at least at

chromosome
he part of chromosome or

rm. The arms or chiromatid
. - . S
Primary Constriction or centromere.

Telomere

Condensed
Chromosomes

Fig 3.27 Chromatin and condensed chromosome structure

Chromosome contains the heredity units called genes. The position
of genes on chromosome called gene locus (plural - loci). Chromosome
carry the heredity information from generation to generation. Tl?e
chromosomes number vary from species to species e.g. 8 in fruit fly, 14 in
Sweet pea, 20 in corn cells, 46 in human etc. On the basis of shapes and
~ the position of centromere. The chromosomes are of different types, they
are as follows. | ' : ;
(i) Metacentric - Chromosomes with equal a.rms. Centromere is

xact in centre.
(ii) Iéf:;f'eil trse:acentric: Chromosomes with slightly unequal arms.

Centromere slightly away from centromere. -

ith one very long and- ‘.
- Telocentric: Chromosomes w1th_ one very
o g;mo:;es: bis '\lr‘eer; short arm. Centromere is far away from

centromere.

ke
!

i -
e




Telocentfic: ICent

Telocentric Acrocentric

(not in humans)

romere is in th

Submetacentric

e end of arms.

Metacentric

Fig 3.28 Types of chromosomes

Prokaryotic g 5
(Pro = first or early, Karyon = Nucleus)

3.4 Prokaryotic and Euka;yotic cell

Eukaryotic
(Eu = proper, karyon = nucleus)

1. Cell has primitive type of nucleus

ie. does not bounded by nuclear.

1. Cell has true type of nucleus i.e. Itis
bounded by nuclear membrane

membrane
2. Nucleoplasm and nucleolus are | 2. _Nucleoplasm and nucleolus are
- absent : e : present : ' ‘
3. Only one circular, long, | 3. Number of DNA are present which
interwoven DNA is present as may appear in the form of
chromatin material. chromosome during cell-division.

4. The chromatin material does not
contain histone protein

4.7 The chromatin material contain

histone proteini with DNA.

5. All membrane bounded organelles

are absent i.e. E.R, golgisome,
mitochondria, plastids etc.

5. Membrane boundu.ed

organelles are
present. -

6. Mesosomes are present.

Nucleoid -C 2
Cell wall ; apsule
| (in some cukaryotes) (in some prokaryotes)

i Flagellum

=N Cell
“.‘\ !nembrane

Ribosomes

Figa

Endoplasmic
- reticulum me

2 cm°fopfast
48 Prokaryotes and Eukaryotes

6. Mesosomes are absent.
Nuclear :

mbrane Nucleus

Nucleolus




organization.

~ The newly formed lysosome before starts

A
~ SUMMARY g
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Isolation of cellular components to determine the structure and
chemical composition is called cell fractionation.

The process of setting down cell organelles on the basis of density
and mass by the process of centrifugation is called sedimentation.
M?crodissection is a technique to isolate specific cell with the help of
microscope. :

Chromatography is a technique used for separating different
components of mixture. '

A technique used to separate charged molecule based on their size
and electrical charge in an electrolytic cell is called electrophoresis.
Method of measuring light absorption by a particular substance is
called spectrophotometer.

The study of cell and micro-organisms is dependent upon the use of

an instrument called microscope.
Micrometry is the science related to measurement of dimensions and

“size of an object observing under microscope. -

Cell wall is composed of mainly cellulose, pectin and other

polysaccharides.

All Dbiological membranes have the same basic molecular

The components of plasma membrane are mobile and capable of
coming together to engage in various type of transient or
semipermanent interaction. :
Cytoplasm is a translucent, granular liquid. It consists of an
aqueous ground substance called cytosol. . _

Tube like system of lipoprotein form a complex nétwork of channels,
extended from plasma membrane to nuclear membrane called

endoplasmic reticulum. . . o
Each ribosome consists of two unequal units. The larger sub-unit is
dome shaped and smaller one forms a cap on the flat surface of large
sub-unit. | .

Golgi complex is especially prominent in glandular c.ells. t’ll;he
products of ER are modified, stored and then sgept to other
s v its functions called pnma_ty '

lysosome. : | : _
l'i.-roxisome are mainly concerned with the detoxification of alcohol.




(i)

-(b) " Plant cells have g

Glyoxysome contain enzymes that initiate the conversion of fatty acig
into sugar. . .
;\rfllitochgndria Have a semi-autonomous existence in the ce|].

The most common type of plastid, containing chlorophyl] w}

' : ich gives
green colour to plants is the site of phot.osynthc_ms.
A network of different protein fibers which provide three dimemiona}
shapes to the cell called cytoskeleton.

Centrioles are short, barrel shaped structure of microtubyles.

The main function of central vacuole is to maintain turgor pressure
inside plant cells.

‘ EXERCISE F

. 1. Encircle the correct choice

B )

A primary objective of cell fractionation is to

(a) View the structure of cell membranes.

(b) Identify the enzymes outside the organelles.
(c) Determine the size of various organelles.
(d) Separate the ma

jor organelles so that their particfllfé\I
functions can be determined.
The volume enclosed by the

Plasma membrane of plant cells is often
much larger than the corresponding volume in animal cells. The
most reasonable explanation for this observation is that
(a) Plant cells are capable of having a much higher surface to

volume ration than animal cells.

much more highly convoluted plasma
membrane than anima] cells.
(c) Plant cells con

tain a lar ' f
a l th VOlume (1)
the cytoplasm. g€ vacuole that reduces the

(d)  Animal cells

functions in the comp nents. Which of the following 012"

(&)  Chloroplast €ntalization?

(©  Peroxisome (b) Lysosome

Glyoxysome




(vi)

(vii)

(viii)

(ix)

XNV W~

[y

™

- O o 0

Describe structure of mitochondria with suitable diagram.

(@) Endoplasmic reticulym (b) " G < in this condition?

Golgi complex
(c) Lysosome (d) Mitochoncfria
Which is one of the main €nergy transformers of cells?
(a) Endoplasmic reticulum (b) Golgi complex
(c) Lysosome ' | b

(d) Mitochondri
Organelles other than the nucleus that contain DNAa

I. Ribosomes 1II. Chloroplast I i -
(a) Ionly ﬁ) ) II. Mitochondria

‘ Il only

(c) IT and III (d) Iand II
Which structure is common to plant and animal cells?
(a) Chloroplast (b) Cell wall

(c) Central vacuole (d)  Mitochondria
Cell organelle mainly concerned with the detoxification of alcohol].
(a) Chloroplast (b) Peroxisome

(c) Central vacuole (d) Mitochondria
Clarity of image is generally known as

(a) Magnification (b)  Contrast

(c)  Resolution . (d)  Sedimentation

Write short answers of the following questions:
Why lysosome is called suicidal sacs? :
Why plasma membrane is differentially permeable in nature?

‘Why plant cell wall is rigid?

Why chloroplast is called energy converting cell organelle?
How prokaryotic ribosome is different from eukaryotic ribosome.
How mitochondria is similar to bacteria?
Why mitochondria is called power house of cell?
Differentiate between peroxisome and glyoxysome.
Write detailed answers of the following questions: .
Describe structure and functions of rough and smooth endoplasmic
E‘t;i;lll;lm -the chemical composition and. func’gions of plasma
membrane in regulating cell’s interactions with environment.
Explain the structure and functions of lysosomes.

i cture and composition of cell wall.
g)égcl:ar;geﬂggeszrt?ucture and functions of Golgi compleg. e
Describe the types, structure, composition and  iun .

cytoskeleton.
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Introduction: _ _
All living things and cells carry out numerous activities e.g. they

generally assemble macromolecules from raw materials, waste products
are produced and excreted, genetic instructions flow from the nucleus to
cytoplasm, vesicles to Golgi bodies and then to plasma membrane; ions are
pumped across the membranes etc. For these activities, a cell needs
energy. The energy is used as fuel for life, this energy is derived from light
energy which is trapped by plant and converted into energy rich
compounds like ATP, NADPH. and FADH. which then stored in food
molecules like carbohydrate and lipids. Other organisms, which do not
have the ability to trap light energy and its conversion, obtain their energy
by eating plants or by eating those organisms which eat plants. Capturing
and conversion of this energy from one form to another in the living system
and its utilization in metabolic activities is called Bioenergetics. In other = .
words, bioenergetics is the quantitative study of energy relationships and
conversion into biological system. This biological energy transformations
obeys the laws of thermodynamics. '
The whole biological energy transformation contains, formation and
utilization of energy rich molecule ATP. Plant trap light energy and utilize it
in the formation -of ATP. In living organisms some organic molecules
oxidise to produce energy, some of this energy is used to produce ATP.
This process of ATP formation from. ADP and phosphate is -called
phosphorylation. There are three types of phosphorylation found is living
organisms. - | : |
- (i) Photophosphorylation:The type of ATP formation which utilize
energy of light (photon). It occurs in thylakoid membrane of chloroplast.
ADP + Pi + Energy of light —» ATP i
- (ii) Oxidative Phosphorylation: Type of phosphorylation where .ATP 0
is formed by using energy of oxidation, produce during metabolic reactions |
in cell. It occurs in cristae of mitochondria.
ADP + Pi + Energy of oxidation — ATP _ i
_ (iii) Substrate level phosphorylation:Type of phosphorylation =
Where one substrate provides phosphate and energy to another substrate. =
" Under cellular condition ATP formation requires 7.3 Kcal/ m_ole
energy, whereas Pi means, phosphate from inorganic source (molecule) like

“

HsPO,. For ATP formation living organisms has two processes 1.e., §L 8
Photosynthesis and respiration. ' f‘?*j
4.1 PHOTOSYNTHESIS: _ . oo . .
gy converts into chemical energy el

The living process where light ener,

(ATP, N : into energy rich organic food molecules like
PEE Fos G e g}; we can say that Photosynthesis is

carbohydrate called Photosynthesis o _
the biochemicals anabolic process during which carbohydrates are




synthesized from carbon dioxide (CO2) and water in chlorophyljgy, Cell
the presence of light. n
4.1.1 Role of light in Photosynthesis '

Light is a form of energy, has dual nature, described both g4 , o
and a particle nature. It is composed of packet of energy called quantg ..

photon. Plants are capable of using only a very small portion of visible l?gnh(:
that falls on leaves, absorbed by the pigment complex, presen, b
chloroplast. Each pigment has its own absorption spectrum.

: g gamma ultraviolet infrared
il | rays x-rays I rays II rays | radar |FM| ™v |W‘V'J:
g T 10% 10 10" 10* 10 104 10° 1 e =
Hy JE’,‘ ! Visible Light wavelength (metary)
T S|
e |
(" 5
it | v
Vg o o o =) o
T3] o
S 9 < B 0 3 4 [ r R

Spectral range in nanometers

Fig 4.1 Electromagnetic spectrum

Light energy captured by the ﬁght harvesting complexes which is

efficiently and rapidly transferred to the chlorophyll molecules present in
the photosynthetic reaction center.

Each pigment has its own
absorption spectrum. Absorption
spectrum for chlorophyll indicates that
absorption is maximum in blue and red
parts of the spectrum, two absorption
peak are observed in between 430nm
and 670nm, respectively. Absorption
peaks of carotenoids are different from
those of chlorophyll.

Differential absorption spectrum
by photosynthetic pigment also plays
an important role in photosynthetic
activity.  Relative effectiveness of
different wave length (colour) of light in Wavelength (nm)
driving photosynthesis is called action Fig 4-2d g

i Absorption and a
spectrum of photosynthesis. .pecg'u m of pigments

. d
It is observed from above graphs that the absorption spectrum v

action spectrum of chlorophyll are not parallel. By comparing these Pean
in absorption spectrum and the peaks in action spectrum are broader
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the valley i.s narrower not as deep. This difference occurs due to the
accessory pigments, the carotenoids. The light absorbed in this zone pass

on to chlorophyll and thpn convert to chemical energy. Red and blue part
of spectrum is more efficient in photosynthesis.
4.1.2 Photosynthetic Pigments

As light is flashed on matter, it may be reflected, transmitted or
absorbed. Substances in plants that absorb visible light are called
pigments. Difft_erent Pigfﬂqnts absorb light of different wave lengths. These
pigments are important in the conversion of light energy to chemical
energy. The most important pigments required in the process are the
chlorophylls and carotenoids.

Chlorophyll can be distinguished into a, b, ¢, d and e. The empirical

formula of the chlorophyll-a molecule is CssH7,0sNsMg and chlorophyll-b
is CssH700eN4sMg.

A chlorophyll molecule has two main parts one flat, square, light |

absorbing hydrophilic head and the other long hydrophobic, hydrocarbon
tail. The head is complex porphyrin ring, made up of four smaller pyrrole
rings joined by Mg with Nitrogen (N) of porphyrin rings. Long hydrocarbon
tail which is attached to one of the pyrrole rings is phytol (Cz0Hso). The
chlorophyll molecule is embedded in the hydrophobic core of thylakoid
membrane by this tail. ' .

Chlorophyll molecules mainly absorb violet-blue and orange-red
from visible light. Green, yellow and indigo are least absorbed by
chlorophylls therefore plants appear green. :

CH, (Chlorophyll a)

A. Chloroplast interior ‘ [ #c=ch H CHO (Chlorophyll b)
A ; Thylakoid we< ) CHCHs
: Prorphyrin
head — n<¢ H
Granum
| | (Stackof =~ |HC CHs
1~ thylakoids) H

Chlofophyll molecules
embedded in protein matrix

2orREE\

g2
o
s & T,

L

—Hydrocarbon tail

P o }-';'

22299229222292

l}—ﬁﬂ

B. Light harvesting chlorophyll cdmplex
Fig 4.3 Chlorophyll molecules




8 i - d the most im
- Chlorophyll-a is the most abundant an M Portant
~ photosynthetic pigment because it directly takes part is light dependep,

: : : i . It exists in
reactions to convert light energy into chqmlcal energy Severa]
forms differing slightly in their red absorbing peaks i.e. 670, 680, 690, 7qq

7S nm. Chlorophyll-b is found along with chlorophyll-a in all green plants and

green algae.
Carotenoids i
Carotenoids are yellow and red to orange pigments that absorb the

~ light of blue-violet rangeefficiently, which is different from absorption
~ range of chlorophyll. The broad absorption spectra of light provide more .
~energy for photosynthesis. ; '

The carotenoids transfer their energy to chlorophyll-b and then tq

o . chlorophyll-a, from here energy transfer to light reaction. The order of
~_ energy transfer is shown below: :

(Carotenoids)

= (Chiorophyll-b) —=p (Chlorophyli-a)

Some carotenoids also protect chlorophyll molecules from high

_ intensity of light by absorption and dissipation of extra energy.
. In human eye carotenoids are also present which protect human eye.

4.1.3 Role of photosynthetic pigment in absorption and conversion of

light energy

As we have already discussed that each pigment has its own |

. absorption spectra due to their slight structural differences. The light of

. same wave lengths are not absorbed by chlorophyll a but very effectively
~  absorbed by chlorophyll b and vice versa. Such differences in structure of
different pigments increase the range of wave length which are absorbed

by different pigments. All accessory pigments transfer the energy to
chlorophyll-a and then to -photosynthesis for conversion through

) photosystems, already discussed above.
~ | 4.1.4 Absorption septum of chlorophyll a and b

As we have already discussed Actual photochemical efficiency

.| that due to structured differences Bl A
| both chlorophyll a and b has
| different absorption spectra. This

| absorption spectra of chlorophyll-a

- | and chlorophyll-b pigments in visible
.~ range is measured in a solvent,

~ | Chlorophyll-a absorbs violet and

.| orange light (650 to 700 nm) while °

chlorophyll-b ~ (450 to 500 nm)
absorbs mostly blue and yellow light.



4.1.5 Arrangement of Photos
photosystem I and photosystem II
As described in previous section

pigments and perform photosynthesis. Chlorophyll is organized with other

ynthetic pigments in the form of

S energy of light is absorbed by

molecules into photosystem, which has

complex”, consist of a cluster of few hundred chlorophvll. -

and carotenmd. molecules. When any antenna molecillgu ;‘r;:gggof}:)rl:g:;
of a photon, this energy is transmitted from one pigment molecule to other
pigment mole_cu}e untill it reaches a particular chlorophyll a, which is
structurally similar to other chlorophyll molecule but located in ,the region
of photosystem called “reaction center” where first light driven chemical
reaction of photosynthesis occur. It means that the photosystem consist of
two parts. (a) Antenna complex (b) reaction center. The reaction center

consists of one or more molecule of chlorophyll-a along with many e
(electron) carriers.

light gathering “antenna

Twoelectrons

delivered 7~ é 'P?}
o / ReaCtiOl'l le‘IO&‘IAIU l.."!¥
% ~complex

=
e comple

Splits -
- HZQ w‘;zes'n‘) Photosystem Il
30, +2H"

Fig 4.5 Photosystem

4.1.6 Role of CO, , 7
The final product of photosynthesis is carbohydrate which contain

carbon atoms as basic skeleton attached with Hydrogen and oxygen
atoms. The carbon form basic skeleton is provided by carbon dioxide
during light independent reaction i.e. C3 cycle. '

‘ Scientists had studied that COz with air enter in the intercellular
Spaces through stomata of leaves. This CO2 get dissolved in the water
absorbed by the cell-wall of mesophyll cells. This entry of CO; into leaves
depends on the opening of stomata on leaves. P
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4.1.7 Role of water o .
It is clear from above discussion that carbon dioxide provides

carbon to CoHyOy. It is also clear that H,O provides hydrogen to CaH2,0,
but the confusion was developed that which raw material either CO; or
H,O provide oxygen to CoHzaOn. In 1930 Von Neil hypothesized that plant
split water as s source of Hydrogen and release oxygen as by PTOd.UCt- 1:{18
hypothesis was based on the by-products of photosynthetic bacteria which

produce sulphur instead of oxygen. B
Neil’s hypothesized that the source of oxygen released during

photosynthesis is water, not carbon dioxide. It was later confirmed
experimentally. by other scientists during 1940 by radio-labelling of O!8
isotopes with H,0 and CO,. They made two groups of plants in first group
they supplied CO, and H,0O, the oxygen of this water molecule were
labelled with O!®8 and CO, has normal O'¢. Plants of second group were
supplied with normal O2 containing H,O but with O!8 containing CO,. It

was observed that the plants of groupl produced oxygen gas with Oéa
isotopes and no oxygen of O!8 was found in sugar. On the other hand in
the plants of second group the oxygen gas produce did not contain any O
with O18 while sugar molecules contain O!2 isotopes. It was cleared that
water is thus one of the raw materials of photosynthesis, hydrogen
produced by splitting of water reduces NADP to NADPH,, (NADPH + H*)

~ G1 (Group 1) Plants - CO2 + H,018—C,H,0,+ O3B .

G2 (Group 2) Plants - CO3® + H20 —=C,H,018+ O,

4.1.8 Light Dependent Reaction: The event of cyclic and non-cyclic
photophosphorylation

The first phase of photosynthesis where energy of photon is
captured an_d converted into chemical energy. The energy of photon is
stored in special molecules i.e. ATP and NADPH,. The energy of ATP and
NADPH. will utilize to produce carbohydrate during light independent
phase.

In chloroplast the light capturing chlorophyll molecules. membrane
bounded proteins and electron carriers all together constitute 'the electron
transport chain. Four major groups of complexes are present in the
membrane. These are photosystem-1 (PS]), Photosystem-II (PS-II), the
cytochrome b/f and an ATPase complex. Some mobile electron carriers are
present which carry excited electrons between complexes. These mobile
carriers are plastoquinone (PQ), plastocyanin and ferredoxin (Fd)

Photosystem I and II both contain special chlorophyll-a mt:.)lecules at
their centers. These chlorophyll molecules are identical to all other
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chloropl}yn'a molecules. The change in absorbing spectra are due to their
association with the chlorophyll bound proteins. The chlorophyll-a
molecule at the reaction center of PS-I has maximum absorption at 700
nm while those of PS-II absorb at 680 nm. These reaction centers are
called P7o0 and Pego where P simply stands for pigment.

H,0 co,

membrane

Fig 4.6 Light delc:);ndent reaction
(a) Electron Transport Chains:
The light reactions of photosynthesis start from reaction center of
PS-1I (Peso) which consist of chlorophyll-a dimer. When a photon of light
hits these chlorophyll a molecule, the energy of these photons is absorbed
and results in the excitation of an electron from ground state to excited

state. The excited electron produced within Peso is rapidly transferred to |

- . primary & accepter phaeophytin and then to plastoquinone (PQ)
molecules. %

The Pfg, produced by this primary charge separation and €
transport is compensated (re-reduced) by & from H20. The water splitting
complex is present on the luminal side of thylakoid membrane and -
consists of a manganese cluster, Z complex (the immediate electron donor
to Pego) and an associated protein. The water splitting complex produces 4&
from two water molecules and released 4H* and one molecule of O, into
the lumen. . o |

The excited electrons are transferred from primary € acceptor to
Plastoquinone (PQ), the PQ molecules which accept two electrons and
takes up two protons from the stroma. It carriers electrons _fro.m _tl_qe PS-II
- complex to the Cytb/f complex. This is thought to be the rate l'1m1tm'g step
of electron transport. The PQ release protons into lutjnen.- F1nally_‘the é
ltransfer to plastocyanin (PC), PC is reduced which is situated in the
Umen, ‘ : :
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electrons in PS-II. This energy is utilized
and Pi. This movement of H+
gradient called chemiosmos
chemical and osmotic event
three proton (H*) through ATPase com
production of one ATP molecule.

for the synthesis of ATP from ADP
through ATPase complex due to concentration

is or chemiosmotic ATP synthesis because

plex are normally required for the

The linear flow of electrons fi
iy . rom water to NADP+ coupled to ATP
Synthf331s 18 ialled non"C}fChC photophosphorylation because.'tllze electrons
pass from water to a terminal accepter and never back to its initial source.

STROMA (low H') . @

NADPH

L Plastoquinone

: : : , Electrochemical |
H,0. iy @ _ Plastocyanin. potential
2 . "

\ gradient

Oxidation
_of water

LUMEN (High H) -

ﬂg 4.9 Linear flow of electrons ! ;
Finally four important events takes place during light dependent

‘Teaction of photosynthesis.

()  Photolysis of water e
(i) Electron transport chain i.e. PS [Iand PST -

(i) Reduction of NADP into (NADPH,)
(ivy  Photophosphorylation :

join to permit ATP synthesis. The transport of e




- . lation _ |
4.1.9 Cyclic Photol?l?Ospllli‘;gSaturation of NADP, excited electrons do not

In some conditions alternative pathway i.e. cyclic electron
NADP, they take s;ly pS-1 and have short cut. The & from

. flow. In this pathway they use Fd and then to cytochrome complex,

| ultimately come
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hlorophyll a molecule. ATP is generated by
hain with chemiosmosis, no further NADp
: is also stopped duri
PH, and production of Oz 1s al Pped during
itirreduc:ocrizégspm'%ﬁse Nggceszs of ATP formation is called- cyelic
is P '

photophosphorylation, the generation of only ATP.

coupling of €

)

P ) r Z-scheme _
4\ A Photosystem I
: 11 i ” §
Photosystem I Redox chain I Phcli::-s?stem Redox E}l_a_m M ¢
1 N ol Fdds r
d Chi
cle O | 1l B
8 A ; ,_g. 4
[«] =l &,
E e o G
3| B 4 o=
o g
8 g
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. Photon ’ Photon @ ‘_—.
| 75 el L de Photolysis of water r
Cyclic photophosphorylation

Non-cyclic photophosphoiyﬁﬁon (z-scheme)

i @ Ferredoxin Plastoqhinorie %'Chlorophyn Cytochrome b6f @ Plastocyanin

, ‘ Fig 4.10 Cyclic and non-cyclic photophosphorylation
Possibly it hap

= ' 1 demand
| of ATP is high for Caﬁﬁs when the chloroplast have low ATP and deman

cycle or NADPH; accumulate in chloroplast. The
mporary shift from non-cyclic to cyclic

he second phase ion or Calvin Benson Cycle

moleculesare formeq by fixin of photosynthesis, where carbohydrate

: g atmospheric carbon dioxide. This part o
es T n dioxide. :
ATI;Sai%e?ngtpreqmre light energy directly, it requires chemical

Ho there'f‘t;:'e it is light independent reaction a
1. 1he details of this phase were discover®
Cycle. During thg Cyil?ugggu? Benson therefore it is also called Calvf;
PhOSPhOglycer_os‘e or dihydre 2 1S reduced to triose phosphate i-€ *
' xy acetone Phosphate and subsequenﬂy e

Calvin and hj




i)

- therefore it is called g cycl
Calvin cycle is d

ii)

iii) Regeneration:

and ends on thjs sugar,
ic process.
vided into three distinct Phases for t

Carboxylation:It is the fixation of
with five carbon sugar. -

Reduction; Reduction of three carbon containing acid takes
place to form triose.

he convenience

atmospheric carbon dioxide

Where reduced carbon utilize to regenerate 5.
carbon sugar, '

Carboxylation:

This is the first and key step of Calvin
fixed with Ribulose 1,5-biphosph

ate (RuBP), as a result of this fixation a
6 carbon short lived intermediate nd is fc ich i

Step 3:
Regeneration of

6 NADPH
C.ﬁ NADP+ 6Pi
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carb oxylase as well as

i % .« inadequate most
R o, If the supply of COy inside the ’eﬁéﬁu‘ﬁaofg PGA and
z,f{ngsg?Sdo Sl Wi;lh 2 te.w\::l'gle:: ;}?:Jsphoglymrate rapidly
one molecule of phosphoglycerate, ;

breaks down to release CO2 0
Rubis CO e #CO2
(RuBP) + 0253 3 PGA + phosphoglycera - cause in the presence

this process is named as phptorespiration b i pe R
of light (Photon) oxygen ijs taken up an

: (respiration).

i) Reduction: !

' This phase comprises of a series

e WhiCh function as

of reactions. Simply, during this

. phase 3-phosphoglycerate (3-PGA) reduce to glycerate 1’3'b1ph°§§ h?te b{.
. using ATP from light reaction and then to Triose phosphate by oxidation o
 'NADPH; from light reaction, these triose phosphates are phosphate and 3-
3: - phosphoglyceraldehyde (3-PGAl).
SR 6 (3-PGA) + 6NADPH, + 6ATP - 6 (3-PGAl) + 6NADP" + 6ADP + 6Pi
iii) Regeneration:
Raa Many carbon rearrangements take place during this phase, 5
- molecules of Triose sugar (3-PGAl) in three interlinked C3 cycles rearrange
" to reform three molecules of 5-carbon sugar (Rub 1-5, P;) while one
. molecule of Triose sugar is formed as a gain of these three cycles.

v B 5(3-PGAl) + 3ATP -»3(RuBP) + 3ADP + 2Pj
Bl During this cycle three molecules of CO, fix with three molecules of
- RuBP which produce six molecules of Triose sugars. These six molecules
ey of Triose rearrange to three molecules of five carbon sugar (RuBP)
i and one molecules of Triose as net gain. Therefore, only one molecule of
~ three carbon sugar i.e. Triose phosphate is produced which can (a) re-

- enter the cycle to produce hexose or (b) be us

ed is withi
-+ chloroplast or (c) be exported via ph)OSphat for starch synthesis within
- sucrose synthesis. :
S For the net synthesis of Triose m 4
. a total of nine (09) molecules of ATP olecule, the Calvin cycles consume

.| 4.2 CELLULAR RESPIRATION: @nd six (06) molecules of HADEHs,

glucose. In cellular respiration

o oxygen or in the

S€ molecules break to release
€ form of ATP while other is lost.
€ to ATP through reduction and
ucose moleculeg by redox reaction

3 glucose molecules are oxidized either in the absepc
- presence of O,. Carbon-carbon bonds of gl ® ot
energy, some of this energy is stored in th




to synthesize ATP is called respiration. This ATP provides energy for
metabolism wherever required by removing its terminal phosphate liberate
energy ADP and P (Phosphate) are formed.
Anaerobic Respiration or Fermentation

Fermentation was originally defined by W. Pauster as respiration in
the absence of air (O2). It is an alternative term used for anaerobic
respiration. The products of anaerobic respiration are either ethyl-alcohol
or lactic acid. The type of fermentation where alcohol is formed is termed
as alcoholic fermentation and the fermentation where lactic acid is
formed called lactic acid fermentation. :

A small but significant minority of organisms obtain energy by
anaerobic respiration. Many micro-organisms including yeasts and some
bacteria can respire anaerobically.

The anaerobic respiration as well as aerobic respiration has a
common phase where glucose breaks anaerobically into two molecule of
pyruvate (pyruvic acid) called Glycolysis. 3
4.2.1 Glycolysis

It is anaerobic break P
down of Glucose into two Di
molecules of Pyruvate. It takes RN OF
place in a series of steps, each vly
catalyze by specific enzyme. All Arp TUcloes 6.7
these enzymes are found in bl
cytosol with these enzymes,ATP Fructose-1,6-6iP
and NAD ° (Nicotinamide 1
Adenine Dinucleotide) are also > 2NAD* — 2 Glyceraldehyde-3-P
required. ' 3 o e | D
. Glycolysis can be divided L 2 (N
into two phases: | l C
(i) A Preparatory Phase - : I AR
Glucose to the- & .
formation of ) 2 1
phosphorylated Triose. .
() Oxidative Phase - . R 1
Phosphorylated triose to 2NAD* 2NADH 2 Phosphoenolpyruvate
the formation of ‘ 5 ; ,l C
Pyruvate. 2 Lactate 2 Pyruvate el

Lactate dehydrogenase
Lactate dehydrogenase

~ Fig 4.12 Glycolysis




. \ Phase: .
o It)rerl;:;a:;g phase Glucose become phosphorylated into 8lucog,
u

: i i tose-6-phosphate . &
. isomerized into Fruc ~~O~Phosphate .
phosphate which then hesphorsiated it R, Thig
tose 6-phosphate further p UCtose | ¢
ks es from ATP molecule, 2 molecyleg
biphosphate. The phosphate com : 1.6-biph of ATp
consumed during this phase. Finally, :Fruct.ose A _OSPhate breaj
into two molecules of phosphorylated trlosg e Dlhydl'OXYacetone
phosphate and 3- phosphoglyceraldehyde (3-Phosphoglycerose). '
(ii) Oxidative Phase: . e I o
In this phase the molecules of triose phosphate are oxidised as wy
as two electrons and two proton (H*) are removed from Phosphorylateq
triose (3PGAl) and transfer to NAD to reduce it in NADHS,,. Therefore, it'js
called Redox reaction. During this phase 4 ATP molecules are also
produced by substrate level phosphorylation at two different steps of
glycolysis. Finally, 2 molecules of pyruvate, 2 molecules of NADH, ang
4ATP are formed, where as the net gain of 2 ATP takes place.

The Pyruvate produces at glycolysis have three metabolic pathways
according to avail

ability of enzyme in organisms. -It may be anaerobic or
aerobic. ' ' ; ‘ |

4.2.2 Anaerobic Respiration (Pathway)
(i) Lactic Acid Fermentation

In this type of anaerobic respiration three carbon  containing

nto another three carbon containing
In the absence of oxygen. ‘ '

S e 2NADH2—+2_NAD.' : :
2 (CsHs05) — — > 2(CsHeOq)
Pyruvate e '
This form of anaer ‘ LaCtate

obic respiration occurs in muscle cells of huma?

activities. Only two molecules
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which is oxidized into NAD again in the next step. So a large amount of g

energy is produced in comparison of lactic acid fermentation i.e. net gain
2ATP and 2NADH_. It occurs in bacteria, yeast etc.

2(CsHaOs) Forrimmmey 2C0, +2(C,H,0)
oxylation - A
Pyruvate . - Acetyl

2NADH,“2NAD

EEAceyl TSP Ethyl‘Alechol 30

4.2.3 Aerobic Respiration (Pathway) _
The third pathway of Pyruvate is towards aerobic respiration where
aerobic break down of Pyruvate occurs.
(i) Oxidation of Pyruvate
Pyruvate does not enter in Kreb’s Cycle directly, the pyruvate break
down occur in one molecule of CO, and one molecule of Acetyl. The Acetyl
is 2 carbon radical, enters into mitochondria and combine with co-enzyme.
During this phase NAD is reduced to NADH,, the 2 molecules of Pyruvate
* which produce as the end product of glycolysis now produce two molecules
of COz, two molecule of Acetyl CoA and two molecules of NADH..

cytoplasm i mitochondrion
transport
protein v =
o NAD" |NADH| + H*
I @j S —CoA
C=0 |
| |=O acetyl-CoA
acetyl J C=O \'
: : CH,
wp Ly L O /®
pyruvate CO;| coenzyme A

(CoA)

Fig 4.13 Pyruvate oxidation

Kreb’s Cycle

Acetyl Co-A now enters in a cyclic series of chemical _reagtions
during which oxidation of glucose is completed in the form of oxidation of
Acetyl. This cyclic series is called Kreb’s cycle or Citric Acid Cycle or Tri-
carboxylic Acid cycle. Kreb’s cycle is named after the name of H.A. Kreb
who discovered it. The citric acid cycle is named due to the. reason thz.at
first compound formed during this cycle is Citric acid and this Citric acid
has three carboxylic acid groups in its structures, therefore it is also called
- Tl'i-carboxylic Acid Cycle (TCA). This cycle starts with four carbon acid i.e.
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oxaloacetate (oxaloacetic acid) and ends at the same, the events are given
in (Fig 4.13). As a result of it, one ATP by substrate leye]
Phosphorylation, three NADH, and one molecule of FADH; are formed,

Complete oxidation of one glucose molecule requires two Kreb's cycles,
where double amount of these molecules are formed.




(iii) Electron Transport Chain

It is the third phase of aerobic respirati
: ae piration, the NADH

are produced during glycolysis,intermediate phase and Ker;’:ngggDa?:
now oxidized here to 11bera_te oxidation energy. The oxidation energy will
utilize to produce ATP. This type of phosphorylation is called oxidative
phosphorylation. Dun.ng this process electrons and protons transfer to
electron I;cra.nsport chain coupled with chemiosmosis '

The substances which reduced and oxidi - i i i
i ized take part in this chain

- (i) A co-enzyme Q
(i) A series of cytochrome from Cytb, Cytc, C
(iii) ATPase complex (H* Pump) > S¥ee Gtato Cytas

..Glycolysis ™

.. Pyruvate Oxidation

NADH dehydrogenase Um%y::: l::(:;r;ﬁex

NAD' bcl complex 2H++1/202

mitochondrial %
Mmembrane
Intermembrane space ;
a. Electron transport chain b. Chemiosmosis
Fig -4.15 Electron transport chain during oxidative phosphorylation
It starts with the oxidation of NADH> which release 2€ and 2H*, the
®hergy is also released, this energy will utilize to synthesis first molecule of
ATP. This NADH, is oxidized by co-enzyme Q. The FADH; is also oxidized
by Co-enzyme Q. the co-enzyme Q is now oxidized by cytochrome b, which

after that oxidized by cytochrome c. At this stage enough energy is




W N\ lex. This energy is utilized f;
N .+h ATPase cOmP~ gyt
liberatec.i it is alsczh(;(:-uggi:‘;lle of ATP. After it cytochrome 1? 0Xl.dl.2ed by

synthesis of-ano e a and 85 In the last, cytochrome 2; 1S oxidized by

two etnzym? zyx?;en and the electrons arrived with proton. A molecule of
“anaomo . tionS.
- - wateris formed by these combinatio ated which is also coupled

ugh energy is libe
- with &E@ﬁ:ﬁ;ﬁﬁiﬁ? ('zhigrd and final ATP molecule from one molecule

. of NADH, - di lectron transport chain in th
‘ o hesis of ATP during €l€c : :
The synthesis 0 -4 oxidative ph08phorylation. As discussed

& f oxygen is C : :
- presence of OXYg e formed at three ste€ps of respiratory chain. It

~ above ATP molecules ar > .
. ) of mitochondria.

 takes place in the inner membrane (Cristae _ o
ule results 1n a net gain of 36

R Complete oxidation of glucose molec . :
~ ATP molecules which are released in cytoplasm available for different

4 metabolic reactions.
- 424 Cellular Respiration of Protein and Fats

In the absence of enough  [Proteins]| r&,,bohyd,,t,ﬂ Fats

sugar, living organisms use fats and
during illness proteins are also used l ; U J 4
ycerol ::ﬂv

8 to produce energy.. Fats hydrolyze and e r_——_—lsugm .
| produce glycerol and three mglecules = [l
of fatty acid. The glycerol convert into :
3-phosphoglyceraldehyde. Which is . Glycolysls
one of the triose-sugar molecule : Glucose
prc')duce during glycolysis. The fatty C> :
acids converts into Acetyl-CoA which m@rde-@ 7
enters the Kreb’s cycle. : e ®<:/
The amino acids of protei |
convert into amyl .group,p wl'ftl)geallsio NH’C\:> Pyruvate
group determine the site of it :
i oxidation either the carbon chai .
oxidized in glycolysis or Kerb’s 5 11S
_‘ when. , amino acid und Cycle,
.| deamination, this NH Shpes
: 3 (ammoni
enters in the urea cycle. . Ry
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4.3 PHOTORESPIRATION
Sometimes plants oxidized g

without productiop qf energy or ATP called Photorespiration. During this

process carbon dioxide is- released and oxygen is absorbed

respination. It means that. the photorespiration is the process in which
RuBiSCO perform oxygenation instead of carboxylation.

During photorespiration RUBP react with oxygen produces one

molecule of 3 phosphoglycerate (3 carbon compound) and one molecule of = .

glycolate (2 carbon compound)

RuBiSCO
RUBP + 0, = —Glycolate + 3PGA

The glycolateproduced during oxygenare this process diffuses into
the membrane bound.ed organelles known as peroxisome. Where the

reactions
: . Peroxisome
_ Glycolate >Glycine
The glycine rapidly diffuses into the mitochondria where two glycine
molecules are converted into another amino acid serine and a molecule of
carbon dioxide is also formed. -

2 glycine ———— serine + CO,

'Fig 4.17 Photorespiration
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4.3-.1 How disadvan
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ess

eous proc
tag . I'Cd as

side wasteful process because during
on is con

Photorespiration 1 I ATP and NADH:z do not synthes ¢,
hotorespiration energy 18 Dok oy Vg ciuring light reaction also consumeq
p d NADPH2 produce 4 instes g of its Bxation i

contrary ATP an s

During this process

carbohydrates. The growt

et irati duces the photosynthetic process,

tly photorespiration red _ :

is thoérl)llza{g;lt )trhlz photorespiration 18 not essentlal_ gﬁ‘ plant. It is algg

observed that if photorespiration is inhibited chemlc- Y, the_plant St
does photorespiration evolved ang

ow so question arises here that why : _
%rxist? W(i: can answer this questions 1n a way that the RUBISCO hag

evolved to bind both carbon dioxide and oxygen at its active site. In the
beginning it was not a problem because the oxygen was very low in
atmosphere at that time, it could not compete with carbon dioxide, only
carbon dioxide binding site of Rubisco remained active. This problem
starts to occur when oxygen quantity increased in atmosphere.

0, is release

h of plant is also reduced up to 25% due ¢,

o | 4.3.2 Effect of Temperature on Photorespiration

On hot, dry day, most of the plants close their stomata to conserve

. their water. This response also reduces photosynthesis yield by limiting

access to CO2, when stomata close carbon dioxide concentration decreases

- CO2 fixation to avoid

To avoid photorespirati 4
developing following altern Poation some Plants adapt themselves by

(i) Cs cycle | carbon dioxide fixation.
(i) Crassulacean acig Mmetabolism (C AM)

(i) C4 cycle

; an A
d vascular bundle PhYsmloglcal modification, develop

another cycle for sarce PV cells, wijle . PRdle sheath, shift Cs cycle
cycle in bundle sheath. rIlnclJ : fix. The Corgn?,ioihy 11 cells they devel(():P
€re will transfer to &3

pl§nt atmospheric carbop j O cycles gra linked together. In these
T'ee carbon compound Phospho
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e : four
Enol Pyruvate (PEP) instead of RuBP. As a result of CO_z ﬁ#?é“’&;_e fot
carbon compound is formed called oxaloacetate (oxaloacetic aci &
this cycle is called C4 cycle. , C
- The oxaloacetate transfer carbon through malate to RUBP'cfﬁf:ur;
cycle in bundle sheath. Among Csplants, some important agri
plants are sugar cane and corn. ' ' '

Atmospheric CO,

Plasma
Mesophyll membrane

cell

Ceil wall

BN BN s g 12 b s
TEAE RN "M""'.,

I Rege

Plasmodesniéfa

Bimdlé
Sheath cell
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(ii) Crassulac
Another

plants like cacti,

' normal behavior. Closi : :
" conserve water. During the night, when their stomata are open, t
d incorporate into a variety of organic aci cis T?e
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Sm

or CAM.
The plants are called CAM plants (CAMP). The CAM plants st
ore

these organic acids with CO2 moving in their vacuoles.
During the day, when the light reactions supply ATP and NADpy
2

for Calvin cycle. These acid released CO2 to compete with O,. In thi
. S way

ratio of CO; maintain inside leaves. This COx is fixed through C; cycle

Day
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carbohydrate called photosynthesi
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is.
Light is a form of energy,

. has dual nature, described both as a wave
and a particle nature.

Substance in plants that absorb visible light are called pigments.
Chlorophyll is organized with other molecules in

to photosystem,
- which has light gathering “anténna complex”. :

Neil’s hypothesized that the source of oxygen released during
photosynthesis is water. ] : :

The first phase of photosynthesis where energy of photon is
captured and converted into chemical energy. -

The linear flow of electrons from water to NADP+ coupled to ATP
synthesis is called non-cyclic photophosphorylation. -

The second phase of photosynthesis, where carbohydrate molecules
are formed by fixing atmospheric carbon dioxide.

Break down of glucose molecules by redox-reaction to synthesis AT

is called respiration.

Glycolysis is anaerobic break down of glucose into two @oleQMes Oty
Pyruvate. y X . 1
Oxidation of glucose is completed in the f(.)rr.n of -Omdafclaon T
This cyclic series is called kreb’s cycle or citric acid :tycch.ain in the
The synthesis of ATP during electron transport
Presence of oxygen is called oxIgALVe phosphOF.Yi du;‘ing day time
Sometimes plants oxidized sugar in ch_loroplia:asmS . .
without production of energy or ATP c.al.led b (:o cfnserve their water
On hot and dry day their stomata remau'fs close Bl ol s
Some plants ‘develop another metabolic cycle to 2 !

. 5 C4
Presence of high oxygen concentration, these pems. fre.cglled

plants
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(i)

(iv)

(v)

i EXERCISE ' '

‘ ect choice _
g}::;iz%l}?yﬁl_l: (;:rralmost identical to chlorop_hyllfb but slight
structural difference between them is enough to give
(a) Similar energy during the light reaction
(b) Different absorptive spectrum -

(c) Different product during the Calvin cycle

(d) All of these ' \ :
Chlorophyll is organized along with other molecules into
photosystem, which has light gathering '

(a) Reaction Centre (b) Carotenoid compound

(c) Antenna complex (d) Cytochrome

Select the correct statement

(a) PSI and ATP synthase complexes are located in the appressed
part of thylakoid.

(b) PSI and NADP reductase are located in the appressed part of
thylakoid membrane '

() Appressed part Contain NADP reductase and ATP synthase

(d) Non appressed (non-stacked) Having PSI ' '

The linear flow of electrons from water to NADP+ coupled to ATP

synthesis is el

(a) Cyclic Photophosphorylation

(b) Non-Cyclic photophosphorylation

(c) Chemiosmotic phosphorylation

(d) Oxidative Phosphorylation

fi)) : g;:'rl.ll(\:riic;%id (b) OXaloacetic acid

. | Crassulacean acid
Oxidative decarboxylati i

(a) a-ketoglutarate
(c) Cis-aconitate
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(ix)
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Enzyme involves during carboxylation

(a)  Rubisco oxygenase

(b) . Rubisco carboxylase

(c) Rubisco dehydrogenase :
(d) No need of enzyme during carboxylation

The oxygen consumed during cellular respiration is involved directly
in which process or events? ‘
(a) Glycolysis
(b) Accepting electrons at the end of the electron transport chain
(c)  The citric acid cycle ’ |
(d) The oxidation of pyruvate to acetyl CoA
How many carbon atoms are fed into the citric acid cycle as a result
of the oxidation of one molecule of pyruvate? |
(a) 2 (b) 4
(c) 6 (d) 8
Write short answers of the following questions:
Why antenna complex contains other pigments with chlorophyll?
Why photosynthesis is called redox process?
How cyclic photophosphorylation helpful in photosynthesis?
Why ATP is called common energy currency of living system?
Why Calvin cycle is also called C3 cycle?
Why CAM plant close stomata in day time?

Why oxidation of pyruvate provide more energy than lactic acid
fermentation? :

' Write detailed answers of the following questions:

Explain in detail light independent phase of photo-synjthe:?m. .
What is cellular respiration? Explain types of respiration in detail.
Explain event takes place in breaking of glucose in c.:ytosol. .
Discuss cyclic and non-cyclic photophosphorylation during light
reaction. % 4 _ "R oer
‘Describes tricarboxylic acid cycle in detail.

Explain alternative mechanism of CO2 fixation in plant

Explain chemiosmosis and oxidative phosphorylation.
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Introduction: _ o i

Evolution reveals that life originated on earth at the level of variety of
molecules like DNA and protein which later on evolved into cellular life. In
the beginning some structures emerged which lack intact cells or a living
entity without cells called noncellular living things, such as viruses, prions

and viroids. Living things are categorized into two groups, firstly, living |

entities or molecules and secondly the complete cell-based organisms.

Viruses are a major threat to the human health and countries 3

economy. Viruses like small pox and influenza caused millions of deaths in |
different era. Recently due to Corona world has suffered millions of deaths |
and massive decrease in industrial productions of different goods by the year =~
2022. Many viruses also damage crops and livestock of economic =

importance.
5.1. VIRUS EITHER LIVING OR NON-LIVING

Viruses characters of both living and non-living things. A comparison =

of these characters is given below for clear understanding.
Living characters of a virus : ‘
Viruses replicate like living organisms by using host cellular contents.

| They have their own nucleic acid either DNA or RNA as genome and undergo |
mutation. Viral genome determines its functionality and formation of °

important biomolecules of its own structural importance. Viruses also

contain some proteins which work as enzyme in host cell. Viruses interact
‘genetically and physiologically with the host organisms they infect. Viruses &
are intracellular obligate parasites. Ultraviolet rays can harm viruses like

other living cells.
Non-living characters of a virus

Viruses may become inactive for indefinite period of time without |
- replication. They lack cellular organelles. They can’t perform metabolism and
- generate energy molecules either. They can crystalize and store. They do not
express vital activities like respiration, excretion, movement etc. They act as

non-living, non-reactive particle outside the cell.
S.1.1. Viruses- discovery and structure

The name virus was .derived from the Latin word meaning slimy

liquid or poison. In 1984 an assistant of louis pasture named Charles
Chamberland invented a porcelain water- filter (Chamberland-Pasteur filter)
to isolate the microorganisms from some infectious samples. Porcelain

Chamberland filters have a pore size of 0.1 um, which is small enough to ;
Témove all bacteria > 0.2 um from any liquids passed through the device.

Later on, Chamberland filter was first used by Dmitri Ix.ranov.sk_y in 1892 to
€Xamine the infectious tobacco plant leaf extract. During his research he
found that the contagious filtrate of infected tobacco leaf, after removal of



.l that the filtrate
> C causes tobace,
' gc%“l;ﬁm or scientist Martinus

fTMD and reported
living fluid,”. These
as later named as
1 as filterable a8 1ous particle, now known
electron microscope reveas Jeee
der the virology.

~ mosaic
ke Beijerinck. proced A
~ that the pa __‘t'm(‘ agent res

pathogenic:
virus. In 1035 W.M.

: jc virus
| as tobacco mosalic : :
| the discoveries of many Viruses which b

Dmitri Ivanovsky Martinus Willem
Beijerinck

Adolf Mayer Charles Chamberland
Viruses have variety of shape and structure they are filamentous,
enveloped with nucleic acid inside or nonenveloped, icosahedral and some
ing €.g., COVID-

have head and tail. Enveloped viruses have outer lipid coverl
19, Influenza, Hepatitis B and. C, Ebola virus etc., while non-enveloped

viruses do not have a lipid covering and more resistant to environmental
str;s;isij like drying out and heat these include common colds (RhinoviruS)
; &ag easesc_) viruses. Filamentous viruses appear as elongated and cause
: taﬂgroupllgfn{w;umzeglznr:s ﬁ:‘_Il:l example Tobacco mosaic virus. The head and
ogeni : i :

e g il b viptnt:sesge ¢ for bacteria example bacteriophage virus.
' The structure of viruses are very si |

- v i 1

i) The outer coat i;?)TY simple, usually it consists of two parts:

i) The coat: The inner core
| outer covering of virus which i

- ch '
?ciwel%gle is also present with capsid to falso called capsid. In some virusez
identical units of protein call CaPSom;rén l'i‘s coat. The capsid is made of
: s. The arrangement and numbe’
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provided by glyco protein spikes which help to recognise the host cell. The

Jipoprotein layer of envelop is derived from the cell surfsce membrane of host

cell. It also contain virally encoded proteins.

jij =~ The inner core | s ) ce . w

The inner side of capsid contain another part which is called genome.

Genome is generally called total genetic material of a living thing. tn the case
~ of viruses this genome may be DNA or RNA. Which may be single stranded

(Ss) or double (Ds) stranded. Sometime proteins are also present with it

which work as enzyme and facilitate viruses during its action in host cell.

Polyhedral Tadpole shaped

E Helical shaped Spherical shaped

Fig. 5.1 Different shapes of viruses

5.1.2 Classification of Viruses
Viruses are obligate parasite so it can be classified on the basis of

host or shape or genome

: Classification on the basis of host
Phytophage Zoophage Bacteriophage

~ (Plant viruses) (Animal viruses) (Bacterial viruses)

» More than 2000 types | » DNA  or RNA |» ds DNA as genome

____RNA genome - genome both .

> Rod shaped capsid |»  Spherical in shape |» Have head and tail
usually ! usually : : :

> Eg. TMW, CaMV, |> E.g Rhino viruses, > E.g. T phages,X phages
(?aUIiﬂower mosaic Covid-19 etc. it

L__Viruses) etc. '
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the basis of capsid
Classification on

Shape of capsid " TMVViruses

1 r

“) gsll;%a:digzpe » Adenoviruses
r . .
> Tadpole shaped » Bacte:-nosil';age
» Enveloped shape » Flu v‘llru
» Spherical shaped » CaM
» Circular : » HIV

Classification on the basis of genome _ . ‘
e Vi:lses are diversified in their structure. David Baltimore 1971, a

: ize-winning vi i i i i different groups on
- Nobel Prize-winning virologist classified viruses in seven :

| the basis of their genomic constitution. Recently in 201 8-2019 The Baltimore

 classification was slightly modified in view of some evolutionary aspects that

- some groups of viruses arise from. common ancestors. The modified
. classification of viruses is given below.
DNA viruses

| further classified into two grou

. transcription but first the

. Example Parvovirugeg.

- These viruses have deoxyribonucleic acid (DNA) as their genome and

_ ps which are as follows.
1.  Double-stranded DNA viruses

They have a single

4 .
synthesize mRNA after thzt become double stranded in host cell and the

A€W progeny again have single stranded DNA.
RNA viruses | |

These viruses

: Possess - } o ;
. following groups. RNA as the;r genomes and are categorized into

iii. Double-strandeq

RNA Vil'uses

le stran : r
» they prepare Siﬁgled:g_ and present ag genome. When they enté




v. Negative sense single-stranded RNA viruses

These have single stranded RNA. When they enter the host cell, they |
prepare mRNA from their RNA in the host cell for any translation. Rhabdo |

virus, Paramyxovirus
Reverse transcribing viruses
The process of making DNA form RNA is called reverse transcription.
This group of viruses are further classified which are as follows.
vi. Single-stranded RNA viruses with a DNA intermediate

They have single stranded positive sense RNA, but it needs to replicate | -

via DNA intermediate. At first their RNA forms a DNA by using an enzyme

reverse transcriptase inside the host, later on that DNA is integrated into the -
host genome for transcription and translation by using enzyme integrase.- %

This includes retroviruses such as HIV (Have two single strand RNA).
vii. Double-stranded DNA viruses with an RNA intermediate

Their genome is DNA which forms RNA during its replication cycle.
That RNA is then used for reverse transcription to replicate their genome
inside the capsid. Example Hepatitis B.

Besides the genome-based classification mentioned above, viruses
may- also be grouped on the basis of their host parasite relationship e.g.,

bacteriophages that infect bacteria, phytophages which infect plants e.g.,

TMV and the zoophages infect animals and humans e.g., HIV, COVID-19.
5.2 PARASITIC NATURE OF VIRUSES

Virus needs a host cell to complete its life cycle

Viruses are noncellular living entity so they are nonfunctional without
any host cell. Since they do not possess any kind of organelle and metabolic
machinery to generate energy of their own or to prepare protein or any other

macromolecule essentially require to develop its own structure therefore it |

must need a living cell that provide facilities to accomplish its requirement.
A cell that represents all the vital activities of life and has all the necessities
- to regulate these activities. It can also provide assistance to an invader like

virus upon demand. Viruses have nucleic acid that contain such powerful

genes which can overtake and forcefully derive all the cellular metabolic
machinery including enzymes, organelles to work according to the directions
of viral genome. ; : '
S.2.1. How virus survive inside a host cell?" '

Viruses have variety of host cells that includes prokaryotes and

eukaryotes both. viruses resist from host cell immune system by different

means which are as follows

1. Degrading host cell genome :
When a phage virus attacks bacterium, its DNA synthesizes endonuclease

‘€NZymes to degrade bacterial DNA and control the process of replication,
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4. Inactivation of major his . :
Viruses suppress the helper T cells to display viral components preseny

: by MHC which delays the detection of virus invasion.
| " 5. Viruses suppress B cell activation
~ Some viruses develop a system to reduce the functions B cell to anticipate
viral activities and inhibit B cells proliferation and differentiation.
6. Viruses can alter their genome
Viruses can mutate and frequently ch i i ituti
: _ y change their genomic constitution so
that drugs and vaccines become less i
: effective and they survive i
5.2.%._ Virus survival in environment ' \ y susvive n hoeterl
iruses growth an i o : y .
limiting fact ogrfs sy nlj F;l;:trgal can be influence by different environment
L P re and moisture, some organic compounds like

mucous, radiations like UV : i
of some factors. etc. Here we are going to discuss about the i

proteins ac
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d viruses including influenza, coronaviruses, tend to survive at the

velop€ AR : :
E:nge of 20-30%, while viruses without enveloped like adenoviruses and
‘hinoviruses can tolerate and survive longer at higher level of humidity i.e.,
70—90%. | -

3. Virus survival and light _ .
viruses living in aquatic environment influenced by light particularly ¢
phytoplankton viruses in both negative and positive way. It is required not |
only for plankton growth but also for the viral replication cycle which is very
‘energy demanding and the requirement is fulfilled by light energy. It limits :
the viral attachment to the host cell. Light can also have the negative effects |
“on viral replication like UV radiation is the major cause of viral decay |
moreover it also effects the photosynthetic viral hosts. '
4. pH factor affecting viral survival
Viral activation requires appropriate pH environment. Studies reveal that ===
favorable pH for viral survival is around 6.5 high while value around 7.2-8 =
and 5.0 to 5.5 damage its structure. Lipids are vulnerable and hydrolyze in |
very high basic pH value. Many viruses contain lipoprotein envelop that [
protect from environmental affects but on the other hand it is more | A
interactive with the organic solvents, detergents and sanitizers of alkaline =
nature that degenerate its structure destroy virus. Nonenveloped viruses may [ |
not be destroyed but their replication abilities are affected therefore #
Structure of viruses ‘ '
Bacteriophage
A virus Bacteriophage means ‘bacteria eater’. Bacteriophage isa group |
of viruses that kills bacteria. These viruses are grouped on the basis of |
different shapes like T-phages which contain developed tail fibers and A | i
(lambda) without or less developed tail fibers phages, enveloped and |
nonenveloped bacteriophage. Here we are going to discuss the structure of }
tailed bacteriophage virus. Tailed bacteriophage T4 virus has three major |

' structures:

1. Head with DNA inside
2. A tail, that act as a channel t
3. A base plate at the bottom O
identify the host cell for attachment.
1. Head : _
The head is three dimension
Protein units called capsomeres. These ca

hat allow transport of DNA into host cell |
f the tail which is adhesive and helps to =

al called polyhedral and consist of small :
psomeres are connected with each

other in geometrical manner called icosahedral. The DNA of bacteriophage is
Present in their head region and contain different genes.




3

Acr_"llt_llal; l.i.fe

¥
.

¥

‘ age tail .
. l;Blal\ctgt':riophag»: tail is formed
by different proteins. The UPP:f
most part of the tail which connects
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is the virus of tobacco

cause Tobacco mosaic disease. It isprrih:cieaﬂd

. of Centrally located single Stranded RNA .
genetic materig] g .

. called capsid. M snded by protein coat

st of i Capsid
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Fig. 5.3 Tobacco mosaic virus
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step 1: Phage attachment

Bac.tcriophage .virus stax:ts lytic phase of life cycle by attach itself to
the bacterium. At this stage virus interacts with specific bacterial surface

receptors. This attachment is reversible and specific to the host bacterium.
Step 2: Genome penetration

Bacteriophage strikes by its contractile tail sheath on the surface wall

of bacterium and break it down. Virus injects its DNA in to the bacterium |

through a hollow tube and phage head and remaining components remain |
outside the bacteria and called the “ghost”.

Step 3: Biosynthesis or Replication of Phage DNA -

The cell’s metabolic machinery, directed by phage DNA, produces
phage proteins, and nucleotides from the cell’s degraded DNA, are used to |
make copies of the phage genome. The phage parts come together. Three
separate sets of proteins assemble to form phage heads, tails, and tail fibers
forming daughter phages.

Step 4: Maturation

When all the component of phage structure synthesized including
proteins and nucleic acid then assembling of these components begins to
form new phages. During this phase new phage DNA are created called
virions.

Step 5: Lysis and release of phage viruses

. The newly formed bacteriophages releases and enzyme lysozyme to
break bacterial wall and cause lysis, releasing 100-200 phage progeny into
the surrounding and infect new bacterium.

BﬁCteﬂophpge :
Host Phage DNA
1 bacterial cell Capsid Bacteriophage » .
y ’ Host DNA -
W ,-/ ; ‘ ':p e
| - IS ALY S
&_S/\Ja ‘g:"‘é,_x’- wpy b b} ) ”,
. ‘t
L. Attachment 2. Penctration 3. Biosynthesis 4. Maturation 5. Lysis
attaches to DNAe enters replicates and particles are releasing the
the surface the host cell phage proteins assembled newly made
of the host. are made phages.

Fig. 5.4. The lytic life cycle stages of bacteriophage virus

&
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5.3.1. Bacteriophage and genetic engineering .

Bactf:riop_hages are abundantly present on earth. They are used in
enetic engineering for the transfer of required gene form one cell to another |

which benefit the organism or produce valuable products. Recently these
phages are used'to treat bacterial infections. The genetically modified phages
when inducted in the body they attack the pathogenic bacteria inside the
pody and destroy them by using their genome as a weapon. Keeping In view
that they are host specific and do not harm the other microbes and cells of
the body. Phages are also used to present antigens which provide
identification for the immune system to activate and destroy the pathogens
that invades on our body. \
5.4 HUMAN IMMUNODEFICIENY VIRUS (HIV)

AIDS (Acquired immune Deficiency Syndrome) caused by a virus
called HIV. It was first reported in 1981 in California. AIDS spread more in
poor developed countries. According to UNAIDS in 2019 above 35 million

people around the world caught by AIDS in which 5% are children aged under
15 years.
Structure of human immunodeficiency virus (HIV)
HIV belongs to the group |
retroviruses which are known to P
use their genetic material for Glycoprotein
reverse transcription. HIV size Lipid
is about 60 times lesser than gpd1 SR

an RBC. It is spherical in shape Transmembrane
and contains two RNA
molecules in somewhat coiled
and folded form with 9 genes

: . Reverse
enveloped in protein coat called = Transcriptase
capsid. These genes serve to '
prepare structural protein that ' Fig. 5.6
form virus strut:ture and - Human immuno-deficiency virus
develop ability to infect the host cell. HIV is an enveloped virus which is made of
two layers of lipids with spikes made of glycoprotein, which helps virus to get
stuck on the surface of target cell receptors and enters the cell.

This virus has unique capability of reverse transcription means making DNA 4
from its own RNA by using own enzymes namely the reverse transcriptase and |

integrase. The former is used to make DNA from RNA while later enzyme helps
the viral genome remain intact inside the host cell. ;‘
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Fig. 5.7. The life cycle stages of HIV

1. Attachment: At first the virus attaches with a lymphocyte cell surface
glycoprotein receptor that allow HIV to enter the cell. .
2. Fusion: While remain attached the virus injects its RNA into the host cell.
3. Reverse Transcription: The viral RNA makes a new DNA this process is
called reverse transcription. In this process virus uses its own € e
. called reverse transcriptase. . Q
4. !ntegration: The viral DNA enters the host cell's nucleus, where it
integrates with host DNA by an enzyme integrase. This DNA is called
provirus, which may remain inactive for several years, producing few or
no new copies of HIV. . _ ’
5. Transcription: Now integrated host DNA develo :
. ’ - ps mRNA for the rocess
of -protein synthesis- to make viral protein and also by using hﬁst cell.
enzyme called RNA polymerase it creates th )i iC
teiinl RNA which i ) e copies of HIV genom!
mate as m which is used to direct the makin ins O
HIV proteins. : . g of long chains
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_ Assembly: When proteins are formed HIV use its

; rotease to cut down protein in to small fragments E:Egtt}]lae{efmz 0;1111?;‘
with the HIV genome and develop new progeny. g

7. Budding: New progeny of virus when matures it connects with the cell
membrane and forms a small projection as bud from infected cell. The
bud acquired some of the glycoprotein part of the cell membrane for its
own covering. They released out of the cell and move on to infect other
cells.

5.4.2. HIV specificity for the host cell

The virus HIV termed as human immunodeficiency virus because it

destroys the most precious and valuable asset of our body immune system | 7

component the T lymphocyte cells and particularly Helper T lymphocyte cells.
These cells are the part of adaptive immunity and not only help to activate
their own fellow cytotoxic lymphocyte but also B cells to secrete antibodies

‘and macrophages to ingest and destroy foreign invaders. Therefore, these

cells act as activators for our immune response.

Now the question arises why T lymphocyte cells why not other cells as target

for HIV? It is just because the T cells has specific protein receptors which are

recognized and identified by HIV glycoprotein surface spikes that binds with |
these receptors as lock and key manner and initiate cell mediated |

endocytosis which brings the viral content into the cell. HIV controls cellular
activities particularly protein synthesis and parasitize host cell.
5.4.3. Symptoms of AIDS g

In the beginning of HIV infection symptoms appear for short duration | =
like fever, flu, headache appears within the duration of six weeks repeatedly |
and that person can infect others. In the next stage the virus may last foran |
average of ten years without any symptoms but person may have lymph |
glands swollen in neck region. While immune system weakens other |
inf,eCtiDHS like tuberculosis (TB), pneumonia and cancers (Kaposi’s Sarcoma) |
may occur. Some other viral infections may occur like Herpes and Influenza =
(flu). Finally, the immune system weakens due to destruction of T lymphocyte |

cells weight loss, night sweats, diarrhea, septicemia, dementia like infections
Causes death of a person. k
5.4.4, Treatment of AIDS

At first a test for HIV is needed to detect the presence of virus that.t can [
be done by sample of blood or saliva. Other ways to check virus are antibody

tests and nucleic acid tests (NATs). Different medicines are used in |
combinations to treat HIV this method is called Antiretrovira} therapy (ART).
The drugs used in AIDS therapy belong to the group of different enzyme
inhibitor that inhibits the viral enzymes activity. The drugs Rukobia,

escovy and Truvada are found remarkable against HIV.
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5.4.5. Transmission and control of HIV
HIV spreads through contaminated blood transfusion or one tq
another by exposed wounds and from placenta of mother to child. It can alg,
transmit by sexual contact in which urinogenital tract and its fluids
facilitates viral transmission. Those who share or vaccinated through
unsterilized syringes becomes cause of viral transmission.
‘The spread of HIV one should take precautionary measure before
having sexual interaction, remain intact with religious Islamic preaching. Get
vaccinated to prevent from opportunistic infections during AIDS althou
there is no vaccine to prevent or treat HIV. Sharing needles should be
avoided. There is no cure for this disease.
5.5 VIRAL DISEASES

Table 5.1 viral diseases

Treatment

and fever,

d:;i::ie Causative agent Symptoms Transmission and
: prevention
Hepatitis | Hepatitis virus Fever, painin | Through Fecal Proper hand
Belly. dark oral, wash before
yellow urine, Needle, blood, and after
Fatigue, Sexual meal, avoid to
Jaundice, activities meet infected
pain in joint, person with
loss of close contact
appetite. use clean
food and
sanitize
yourself by
. soap. |
Herpes H-.'erpes simplex fever blisters virus can Use antiviral
virus around the | enter the body drugs on
mouth and through a doctor’s
sexual break in skin, | advice, avoid
organs. A through insanitary
IZ?CPTI? may mouth, conditions
X ence reproducti
painful sores oxl')gan: :t::le
In genital anus.
region and Insani
anus, burning | may leat?lr{o
sénsationin | the spread of
urnnation, fluy this disease

1o
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Polio virus The major It is usually disease it can
litis symptom is transmitted only be
paralysis of through handled
low-cr limbs contaminated | prophylactical
while along water and ly by
with fever, food and by vaccination
sore throat, secretions and proper
headache, from the nose, sanitary
body pain and mouth or conditions.
tetany faeces of an This virus
appears. infected may lead to
person from death if not
fecal oral treated
route in areas properly
with poor
sanitation
then absorbed
) in blood and
lymphatic
system spread
throughout
the body and
stays about 7
to 14 days.
Cotton Begomovirus Most common This virus is Use spray at
Leaf symptom is transmitted every seven
Curl leaf curling through white days and
disease upward or fly pest practice crop
downward, rotation. Or
veins just cut and
thickening burn the
S = appears in infected
leaves and plasty.
¥ qua_hty of '
fibre are
variably
affected by
leaf curl
E?"“ disease

Onomic losses due to viral diseases

Viral diseases always remain

::0 1omy. These are responsible to the sizable

Well as livestock commodities. For
Production of cotton in the world.

example,
It has 9.3

significant threat to the world
losses of agricultural products

Pakistan ranks fourth in area
6% of total world cotton area,




10.18% of production,

raw cotto
of t be forgotten as

time during its p¢€
5.6 PRIONS AND VIR
Viroids and Prions :
Some entities are more Sl
are called subvir
Prions
Stanley B. Prusiner discover prions
and received noble prize in 1997.
These are infectious just protein
| molecule comprises of 29 amino
acids with single disulfide bond. And
| without any nucleic acid. Prions are
found in body tissues and in brain.
Prions may cause Trisomy 21
Alzheimer's disease, sleeplessness
(insomnia) in humans and mad cow
disease in cattle. '
| Viroids o
' Viroids were discovered by an
American plant pathologist, Theodor
0. Diener, in 1971. They are simple
pone_nveloped single stranded RNA
infectious molecules with some
double stranded regions. They can
,?,Eet;an:l?ltte‘_i by pollen or seeds.
. mallest viroid discovered so far
is 220 nucleotides long whil
smallest known vi B e
rus causing

mption

8.06% of consu .
af curl virus 0

. The im act of cotton le
= 4 the country has

d smalle

jude viroids and prions.

plified an
al particles. These inc

An American biologist name i B

isl:g?t\i/?n _’:\ire around 2000 bases in

. viroids s e

ot Rﬁt}l)l(?flze new RNA from its genome as template by using

viroid and now the known og The Potato spindle tuber viroid identified 25

don't interrupt protein s species of viroids are about 33 in number viroids
in synthesis but they only replicate and produce. Speciﬁc

and 4.55% of total world export
n the Pakistan nationa]
lost Rs. 50 to 55 billion since
r the disease. Similarly, bird

canno 1Ewte
| e ential to maintain vigilance ov€
00 to 800 million Rupees. Huge loss at one

r than viruses. These entities

Fig. 5.8. Structure of prion

- Eggplant latent viroid

Peach latent ~
mosaic viroid

Avopado sunblotch viroid

Fig. 5.9. Different shapes of viroids
host
first

RNA molecule. Viroi
. . ds mainl
distorted growt iroias mainly cause plant diseases : i
growth. There is no evidence of humansilsi:erslgentzfzsgeil%;nwr’fsosidg
A ;
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Table 5.2 Anima] Viruse

Name of virus ‘;;:::tr W%Ptoms -
nuc] Transmigg
Chikungunya Aedes A :::J::nhtlh lon Symptoms
virus Mosquito a positive- Blood Headache,
and sense single- body muscles
nonhuman strandeq and l,\iloints;
Primates pain, Nausea,
St Vomiting,
swollen
glands, and
Dengue virus Aedes Positive-sense, Blood P vonﬁti:ll:s-
mosquito single Rash th
human stranded RNA o
pain
Nausea, pain
typically
behind the
eyes, and in
- the body
Ebola virus Canid Negative sense Body fluid Hemorrhagic
animals stranded RNA fever
Bats, dogs virus.
éte,
Hepatitis C Human positive sense transmission Fever, yellow
virus infected single- of Hepatitis skin, Fatigue.
blood stranded RNA C virus Muscle and
occurred joint pain.
mainly during Nausea and
blood loss of
transfusions appetite.
Stomach pain.
Measles vi ir borne negative- Sneezir_lg and fever, cough,
s e:rrogralets sense RNA gen coughing of and af rlllmny 8
from nose ome inteeted o oweh
and thfoat person by a boc{y ras
mucus in
—— human . F Laboured
Corona virus Bats RNA viruses ﬁgﬁrtg breathing
Pressure
inside the
chest with
pain,
weakness,
difficulty in
speech. Low
oxygen level.
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Viruses are a major threat to human health and countries economy
Millions of people died during 1918-1919 and now a days Corona.l
Eecggles havoc to human beings. Due to Corona industrial production fe]
23(;20. per ce.nt on average in 93 per cent of countries during 2019 to
Viruses have their own nucleic acid with i

_ ave genome that determine the;
fun;:tfonahty ar}d Sl'.IOWS complicated assemblies of molecules, includiilr
proteins, nucl_elc acids, lipids, and carbohydrates as present other living

lymph.o.cyte cells. . ¥ gl
I-_Iepatms-is a viral diseage




Chapter 5
Acellular Life

EXERCISE

1. Encircle the correct choice.

() Viruses evolve by using the

(a) Cellular organelles (b) Cellular enzymes

(c) Cellular energy (d)  All of them
(i) The pathogenicity of a virus depends upon

(@)  the immunity of the host body
(b)  the effective penetration of its genome
()  the overall environment inside the body
(d)  the overall environment outside the body
(i) ~ Bacteriophages escape from host cell by the activity of
(a) Lysozyme (b) Ribozyme
(c) Peroxisomes - o (d) Glyoxisomes
(iv)  The smaller proteins are cut down and forms a new virus structure by
the process called
(@)  Integration (b)  Transcription
(c) Budding : (d) Assembly
(v) Virus that severely damage motor neurons and causes paralysis called
(@) HIV . (b)  Dengue -
(c) Polio , (d) Herpes -
(v} Proteins that cause pathogenicity in humans and animals called
(@) . Prions (b)  Viroids
() Antigen - (d  Antibodies
(Vi) Smaller than viruses having single stranded RNA with some double
‘ stranded regions are called '
(a) Prj_ons (b) Viroids
(©). Minus strand viruses (d) Double stranded DNA viruses
(vii) Dengue fever, encephalitis and yellow fever are caused by which group
of viruses? | | _
(&)  Arbo-viruses (b)  Retro-viruses
. (c) Rhabdo-viruses (d)  Rhino-viruses
(%)  Aedes mosquito is the vector of .
(@) Dengue virus , (b) Ebola virus

(©)  Hepatitis virus (d)  Measles jrirus
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Acellular Life

Write short answers of the following que:stions:
g status of virus

Discuss the living and nonlivin : ria?
.o and negative sense _
What do we mean by Posmv; e tmore classification

Name the groups of viruses 110’ hr
How does bacteriophage virus ml-'ect bacteng. N :
Differentiate lytic and lysogenic life c_:ycle of bac en;:l;;v age.

What is reverse transcription? How it performs by in human?

List down any five animal and plant viruses with their vector

transmission and symptom
List down the sequences 11vO

of bacteriophage? '
How a virus survives without host discuss.

lved in the lytic and lysogenic life cycle

lb.What are the symptoms of AIDS?
11.What is the prevention and control of AIDS?

12.Differentiate Prions and Viroids.

W P

Write detailed answers of the following questions:
Explain the lytic life cycle of Bacteriophage with labelled diagram.
Explain the life cycle of HIV with labelled diagram.

Explain the pathogenicity and economic losses caused by viruses to
the humans.
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Chapter 6
Prpklllryjoteg' <

oMY OF PROK.ARYOT .
g organisms are grouped into
placed into the

the status of

TAXON
In recent past all livin
five kingdoms and Prokaryotes were

kingdom Monera (Proka:yotae) put - now _
classification has been changed in late 90’s. The pioneer
ducted by Carl Woese (1990) and his

tem of classification

e differences of subcellular structure
ell membranes. He described that life
alled domain which include

arth along three lineages C
and Eukaryotes (Eukaxya). This division

} 6.1

colleagues
 pased upon th
ribosomes and C

has evolved on €
. Bacteria, Archaebacteria (Archaea)

s widely accepted throughout the world.
' Domains
=
Archaea ' Bacteria Eukarya

| Protista
Mycota
Plantae
Animalia

hree domains’ Eubacteria
Eubacteria comprises al |
gdom bacteria, the
and the domain

In view of recent classiﬁcatioﬁ two 7
. out of t

and Al.*chaebact_ena are prokaryotes. The domain
cbiact&al.'lal organisms and recently given status as kin
' domain Archaea comprises the rest of the prokarybtes
’

Eukarya includes all euk i
S e ) aryotes, includin i : :
Protista, Fungi (Mycota), Plantae and An imahga Srganiamy. i he Igingear’s
S Table 6.1.
Classifi : i
Linnaeu; = c:;;z:c;irrganisgl; given by different scientist in different era '
1758 1866 Lhattony 21 Copelancl Whittaker | Woese €t al.
2 kingdoms | 3 kingdc 1925 /| 1938 | 1969 1990
. | 4 kingdoms | 5 kingdoms 3 domains




Chapter 6

Prokaryotes

6.1.1. Phylogeny of Prokaryotes ,

Prokaryotes are the most primitive and first inhabitant on earth.
Earth at that time highly exposed to radiations and probably had a very less
molecular oxygen therefore prokaryotes were adapted to those conditions.
The prokaryotes may have evolved from protobionts ancestors. Their early"
selective habitat could be the microbial mats as evidenced by the fossil =
presence aged 3.5 billion years ago. These mats are few centimeters thick,

moist and sticky due to the secretion of extracellular matrix from | |

prokaryotes and found near hydrothermal vents to obtain energy and food |
from these vents. These mats when dried becomes stromatolite as a

sedimentary structure represents the earliest fossilized record of life on [

earth.
~ RNA

: SRSk, Phospholipid membrane
= St

f L% R =l Phospholipid
g b o3 T & -| molecule:
. ' =T : |_ Hydrophilic

g - head group
- Hydrophobic
tail

_ ' ‘ . Fig. 6.1. Protobiont:
Enclosure of self-replicating RNA in a phospholipid membrane. The first cell is thought
to have arisen by the enclosure of self-replicating RNA and associated molecules in a
. ‘ membrane composed of phospholipids.

) Prokaryotes present in every habitat and each comprised of several |
§1na.ller’ taxonomic groups. The domain Bacteria of the Prokaryote also |
Include cyanobacteria or blue-green algae. This primitive prokaryotic alga
can perform photosynthesis and are called photoautotrophs. Higher |
phototrophic autotrophs are thought to have evolved from this group. They
have well developed pigment system and can reproduce by fragmentation.

Bacteria also exist as decomposers or saprotroptus and symbionts.
Prokaryotes have tremendous ability to adapt according to the changing

€nvironment. Their genome has much role in developing this ability

extending up to genetic level for example bacterial species Escherichia

EOI;' contains approximately 5,0
acteria is likely to have a mutation in

00 genes. On average, about one in every 200
at least one of the genes.




~ 6.2. DOMAIN ARCHAEA group in a domain system of classificatioy

Archaea is a very diverse

i ,w They were initially classified as Archaebacteria but this classification jg

obsolete now they are a separate domain. T he}f a;r_e Prf:ref;;lln_ dlt;ere'nt
shapes like spherical, rod, lobed, square €tc. their diame T ﬁmg, 3%
over 15um. Archaea are slightly different from .bactertla.. )::l atl)nt have
: peptidoglycan in their cell wall as it is pres.ent in bacteria :n SO some
§ metabolic activities are different from bacteria. Archea reproduce asexually
| : by binary fission, fragmentation or budding.

i
fl : ~ Curd may contain a wide variety of bacté}ja ﬁke'chtobaci{lus
 acidophilus, Lactococcus lactis, etc., whereas yogt.lrt contains %
~ Streptococcus thermophilus and Lactobacillus bulgaricus. Anaerobic
bacteria in the oral cavity include:, Eubacterium, Lactgbaczllus.- _.S;glenomonas.
sy  Treponema, ete. |

o Archaea can live in different habitats of extreme condition and
| classified accordingly like those living in hot springs called thermophiles,
high acidic conditions dwellers called acidophiles and methanogens are
found in marshy areas and in gut produces biogas to obtain energy another
~ group includes halophiles that live in high salt concentration environment
. as they require high salt for their growth. Although they are almost similar
| with bacteria in shape and size but genetically, they also have some affinity
with eukaryotes like théy have genes that produce enzymes particularl}’
~ polymerase used in metabolic activities during translation and transcription
| as present in eukaryotic organisms. Archeal membrane composition is bit
: & different from bacterial membranes marking as unique character. They have
4 hydrocarbons attached to glycerol by ether linkage rather than ester
linkages this combination is also called archaeol specially in methanogens
while in bacterial membrane glycerol ester lipids are presents. Example
5 Methanococcus, Halobacterium |
o : T?ley dp not live as pathogens or parasites instead they develop useful
~ associations with others as mutualists or commensals for example

L to their endurance of high temperature.




__Table 6.2, Comparisgn of domajn

> /
tem clazsification
ristics
Characte Archaea Bacteria Eukarya
: s ke e, | e ey | |
Cell Membrane s . s, ster-linked ™ , -
Pseudopeptidg can . lipids, varigys ' B
ed Peptidoglycan Structures | |
chromoaomcs, chromosomes, Chrowc" |
Gene Structure similar translation unique Similar |
and transcription to translation and gam]am" and |
Eu e anscription to |
karya transcription Arct ‘
No membrane.- Membrane-
Internal cell No membrane-boung bound bound J
structure organelles or nucleys organelles or organelles and
nucleus nucleus
Various,
including
. Photosynthesis .|
Various : " | Photosynthesis
Metabolism methanogenesis m;’:d and cellular
unique to archaea respiration respiration
fermentation,
and autotrophy |
Asexual Asexual Sexual and |
" reproduction, reproduction, ;
ReprOductlon horizontal gene horizontal gene reprodam uction |
transfer transfer

6.3. BACTERIA ECOLOGY AND DIVERSITY

Earth i illi . The evolution of this |
is formed around 4.5 billion years ago '
Planet and its atmosphere gave rise to life, v:nuch shap9d earthen t:l s:::m::; |
d Pmen earth was evolved the allover environme .
arc:enlztaogtc;o‘:hf:rnmxylivingorganism. hlitialtemperarurelsvexyl-;lrglgﬁz
Volcanic activities releasing gasses probably created the é“‘“{fosphmo s
9Xygen almost unavailable. The earliest undisputed ellilfzehas o |
carth dates at least from 3.5 billion years ago. Smcefthen_ P
into a wide variety of forms. As evolution proceeds tmarm i mdm.
bacterial colonization developed and acquired differen e = eeax th La:be“
% some started making their own food using carbon dioxide from ti
“motp’ here and energy they harvested from ﬂ:bl:u:t'mmpm P
i s

Photosynthetic organisms helped establish tzally B Sorms could cosho
Produced oxygen in such quantities that even
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g their own DNA and

idence

organelles also reprdduCe like bacteria, replicatin

directing their own division.

.MitOCh . ial : 5 | - H . . 4

T gﬁmnﬁm (mtDNA) has a unique pattern of inheritance. It1s
wn directly from mother to child, and i o

cha?u(:h fore slowly than e fD, and it accumulates changes
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- set for more life to form. There is compelling evidence that mitochond

that needed oxygen. Soon afterward, new oxygen-breathing life forms came
onto the existence.

With a population of increasingly diverse bacterial life, the stage was

ria anq
botanist
Ogenesig
in today's
of years of

- chloroplasts were once primitive bacterial cells. The Russian
| Konstantin Mereschkowski first outlined the theory of symbi
: (Endosymbiotic) which states that some of the organelles

- eukaryotic cells were once prokaryotic microbes. Over millions
. evolution, mitochondria and chloroplasts have become more specialized ang
today they cannot live outside the

cell. Mitochondria and chloroplasts haye
striking similarities to bacteria cells. They have their own DNA, which is
| separate from the DNA found in t
- use their DNA to

6.3.1. Bacterial habitat

Bacteria can be found i | : e
Present in soil Water,plangd In almost all the habitat on earth. They are

crust: arctic ice anqg glaciers af;‘lgl{nals, radioactive waste, deep in the earth’s
30 miles up in the g 1

1 hot springs. Their Tfange extending up to
soil typicalty ety r'lc;no;phere and' 1.0,000 meters deep ir% water. A ggl'am of
Water usually hojqs ap Ut 40 million bacterial cells. A illili f fresh
to hold Olds about one million bacteriai e vl o e

it {east 5 BB Cterial cells.
tht_)ught to be

s The earth is estimated
n bact s
made 14 s a.nd. much of the earth’s biomass 1




Table No. 6.3

Types of bacteria on the basis of mode of respiration

a— L] .
—_____Jerobic bacteria : Anaerobic bacteria
Live in places where oxygen is Live in places where oxygen is
available ' not available
They produce CO2 and H20 They produce CO», ethanol and
: Lactic acid
Live in soil, water and open Live in areas where oxygen is
__gurfaces _ depleted like intestine, marshes
Produce more energy Produce less energy
Example Lactobacillus, Example Clostridium and E. coli
Mycobacterium

Like Archea .different bacteria also live

environment.

6.3.2. Major groups of bacteria

Carl Woese studied the differences in rRNA sequences in
organisms and established the evolutionary relationships among species. On |
that basis domain bacteria classified into five major phylums namely |
Proteobacteria, Chlamydias (Gram-negative), Spirochetes, Cyanobacteria, |

different 55

and gram-positive bacteria.
TE Table 6.4 Different groups of bacteria

Phylum Characters - Example
A Free living and Helicobacter pylori causes
: ’ symbionts stomach ulcer
{Exotabiactesia Some erg pathogenic Salmonella causes food
| | _ : poisoning -
Obligate intercellular Chlamydia trachomatis
it e © parasite ' ' causes sexually
{(Gram-Negative Cell wall with low transmitted disease
.E bacteria) peptidoglycan |
~ Spiral shaped, free living Treponema. pallidum
& | | anaerobes causes Syphilis
Spirochetes '~ pathogenic
"5 Flagella present N
g " Known as blue green Prochlorococcus most
B 5  algae abundan@ photosynthetlc
Cyanobacteria Chlorophyll present organism on earth
o Present in aquatic
environment - A
Pathogenic and Clostridium botylmum_
- " decompoSers cause botulism
Gram-Positive Thick cell wall and Bacillus anthrax cause
bgcteria without outer membranc anthrax

in different extreme =



"""""

~ 6.3.3. Cyanobacteria as photosynthetic bacteria
Cyanobacteria is the most prominent primitive 'phOtosyntheti
" organism that earth acquired in its wide range of habitats. They havc
" remarkable ability to survive in extremely high and low temperaturese

temperature and oxygen deficiency, they were contributed in providing
oxygen to our atmosphere by using water during photosynthesis and using
CO2 might had reduced the earth temperature to some extent. Their life
. processes require only water, CO2, inorganic substances and light. Their
abilities to colonize on rock and soil, in tough en\{ironmental conditions like
- glaciers and near volcanos and radiation.
: Cyanobacteria can survive in low CO: environment. They have
' RuBISCO enzyme that help to convert CO:2 into sugars. Filamentous
cyanobacteria can fix elemental nitrogen in their specialized cells called
. Heterocyst and they are used in fertilizers as produced by Nostoc. Some of
| the cyanobacteria also produce toxic substances which contaminate water
| and if drink commonly cause gastroenteritis. :
Cyanobacteria don’t have chloroplast for being the most primitive
| form but the green pigments are present. Since they are the primitive one
" and do not represent the true photosynthetic eukaryotic. cellular
~ organization, therefore they require little amount of energy to maintain
~ cellular activities and have the higher growth rate than other
" phytoplanktons when light intensities are low. They can also live within the
' organisms for developing mutualism and also can live. They
| have chlorophyll a, carotenoids and the blue pigment phycobilin while in
- some species, the red pigment phycoerythrin is also present. If they have not
| evolved on earth, it would have low level of oxygen all around and most of
~ the life form could not been able to exists.
. 6.4. STRUCTURE OF BACTERIA
: Bacteria are the prokaryotic
- unicellular organisms.  Structurally
~ bacterial cell has three distinct regions
- first appendages that include flagella
- and pili which helps bacteria cell in
~ locomotion and floating respectively,
- secondly cell coverings consisting of
| capsule the outermost covering in some
- | cells, cell wall and cell membrane and

F Plasma membrane
Cell
wall

Nucleiod (DNA)

* third is cytoplasmic region that contains Crmplaags - _
the cell chromosome (DNA), plasmid as HRLIpRES
the extra circular molecule of DNA used Fig. 6.2 Bacterial structure
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. conjugation and also prot;:ct bacteria from antibiotics. Bacteria also |
contain Ribosomes for protein synthesis, Mesosomes the membranous '

invaginations which helps in DNA replication, cell division respiration and |

export of enzymes and various inclusions. Inclusions are considered to be |
nonliving components of the cell that do not perform metabolic activities and |

are not bounded by membranes. The most common inclusions are glycogen, |

lipid droplets, crystals, and pigments. _

C_renerally bacterial cells have two protective coverings the outer cell
wall and inner cell membrane. Some bacteria have a third outermost |
protective covering called glycocalyx which separates bacterial cell from its

surroundings. Glycocalyx may be condensed to form capsule and slime
which is soft and sticky according to the surrounding environment. Capsule |
form of glycocalyx relatively tightly associated with cell wall, it provides .

sticky or gummy nature to the cell wall, where as slime is loosely attached Ve
with cell wall and gives slimy and slippery nature to bacterial cell. which is
formed by polysaccharide, polypeptide and hyaluronic acid in different
species. Mostly capsules are hydrophilic and protect bacteria from
desiccation. Capsule ‘protects bacteria from ingestion of WBCs and increases

the bacterial pathogenicity in host organisms. Another function of glycocalyx o

is to promote adhesion with each other and form biofilm, biofilm bonding

become more resistant and harder to kill.
Table 6.5. _ :
showing Cell wall differences in Gram-positive and Gram-negative bacterial cell wall.

‘ Gram-Negative
S- A . - giti :
N . gharacter. Gram-Positive Bacteria Bacteria

Accept safranin after

Retain crystal violet dye T P,

L Gram Reaction and stain blue or Pmle stain pink or red on
‘on Gram’s staining. | Gram’s s tatrilfie.
2. | Cell wall thickness Thick (20-80 nm) | Thin (8-10 nm)
E—
3. Peptidoglycan Layer Thick (multilayered) Thin (single-layered)
rr——— . -

s, ‘ o 5 Less rigid and more
4. Rigidity and Elasticity Rigid Aand less elastic clastia

"—n_h__-_J.—_—_; ‘
S.. Outer Membrane Absent ' Present
6. | Variety of amino acid Few | several

b ] - In cell wall
v Aromatic and Sulfur-

| Absent Present

K Containing amino acid
L in cell wall




8. Teichoic Acids Mostly present Absent
- : . Low (acid-fast bacteria High (because of
9, Lipid and Lipoprotein have lipids linked to presence of outer
Content peptidoglycan) membrane
_ Low (requires
Cell Wall Disruption " pretreatment to
1 by Lysozyme diga destabilize outer
membrane) ,
E . . e —
Staphylococcus S:fn}:)zce?ll:
Streptococcus Riebslells
Examples Bacillus ‘ Proteus
Clostridium Helicobacter
Enterococcus DPsettdomoiis |

- Bacterial cell wall
The bacterial cell wall is made up of
murein, which is a mixture of two
. conjugated molecules called lipoglycan
and peptidoglycan. It is specifically
. present only in prokaryotes cell wall
and provides the cell shape and
surrounds the cytoplasmic membrane

N-Acetylmuramic acid

N-Acetylglucosamine —\\
3 £

to protect. Peptidoglycan is a - L Ixs
conjugated structure contain polymer Fentagiycine

~ of disaccharides. From the GrRb

. peptidoglycan inwards all bacterial Fig. 6.3. Structure of Peptidoglycan
cells are very similar. The cell wall in bacterial cell wall

provides important ligands for adherence and receptor sites for viruses Or
antibiotics. On the basis of their cell wall structure and composition. Gram-
positive bacteria, due to high content of peptidoglycan in their structure (as
shown_ in the fig.6.8) retain crystal violet when stain while Gram negative
bacteria due to less peptidoglycan and outer lipopolysaccharide content fail

g alcohol treatment of staining process:
Gram-positive

to retain stain and washed-out durin
Gram-negative '

uter membrane
Lipoprotein

: Peptidoglycan
: —— Periplasmic space — :
mmmcmmasmcmm
membrane

' Lipopolysaccharides x Prorin 3 Protein

Fig. 6.4,
{4 | Cell wall differences in Gram-positive and Gram-negative bacteria.
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1.

Shape and size of bacteria

Bacteria are found in different shapes and sizes. Bacteria are
ed into_five gr oups according to their basic shapes: spherical (cocci),
rod (bacilli), spiral (spirilla), comma (vibrios) or corkscrew (spirochaetes).

Cocci: These are Sghcﬁcal and non-flagellated. Cocci exists in different
arrangements like single cell, in pairs of two called diplococei, in groups
of four called tetrads, in chains as streptococci, in clusters as
staphylococci or in cubes consisting of eight cells as sarcina.

Bacilli are rod shaped maybe flagellated bacteria they exist in single
form, paired form as diplobacillus, arranged in chains called
streptobacillus, some are coccobacillus appears as short and stumpy
ovoid and shaped in between coccus and bacillus. Few other are called
palisades long slender and their arrangement resembles with picket
fence.

Spirilla (or spirillum for a single cell) are flagellated deeply curved from
the middle of the body. ' .

Vibrio are slightly curved bacteria like comma shape with flagella.
Spirochetes are long, slender, and flexible cork screw like bacteria.

SPHERES (COCCI)  RODS (BACILLI)  SPIRALS

Streptococci
(Streptococcus f“
“ pyogenes) . :

G ; Vibrios
Diplococci -+ Chain of bacilli a (Vibrio cholerae)
‘SWCU; : il ‘BGC"”US aﬂfhmc’s, g Cmcahacllus
pneumoniae, ,

. T  spirilla '
o {Helicobacter pylori)
Flagellate rods .
. (Salmonella typhi) NSNS
* palisades ' ' ‘
(st o Sp g
[ TR & SR

Fig. 6.5 shapes of bacteria




Bacteria are very adaptive to .the
changing environment. When . habitat
conditions become harsh and nutrients are
exhausted the development of endospore 1S
initiated. It develops inside the bacterial cell
becomes highly resistant from - the
environmental stresses including high
temperature, - ultraviolet radiations,
desiccation, chemical damage, enzymatic
destruction which protect bacterial genetic
material. Bacteria are able to survive for a

long period of time due to endospore as it is
difficult to destroy.

Endospore development

unfavourable conditions

.| portion of the cytoplasm and a co
| dehydration and get surrounded b
part of cytoplasm and cell wall degen

Vegetative

. 6.4.2. The Endospore Formation in Bacteria .

(iv)

Cotrex

Germ
cell wall

nner

membrane

Fig. 6.6. Bacterial endospore
In certain bacteria like Clostridium and Bacillus, the cells tide over

. by forming endospores. During this process, a
py of the bacterial chromosome undergo
y a three-layered covering. The remaining

_ erate. The resulting structure,
called endospore can tolerate extreme en

vironmental conditions and can

Spore cortex
coat synthesis

Spore mother
cell lysis
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walled, round structure called exospore. These structures are the part of the
reproductive process and formed outside the cell wall e.g. Actinomycytes.

In other type of bacteria like azobacter species, the cyst is formed.
These cyst are dormant cells with thick cell wall the cytoplasm contract. The
cyst formation occur by changing cell wall. These bacterial cells become
resistant to desiccation and some chemical. These cells are not same
resistat to temperature like endospore.

6.4.3. Motility in bacteria :

Movement in bacteria depends on
various stimuli in their surroundings like
magnetic field, chemicals, light, temperature
etc. due to which Dbacteria express
magnetotactic, ~ chemotactic,  phototactic,
movements respectively. Bacteria moves by its
flagella in particular direction towards or away
from the stimulus they detect. Flagella are
present in different numbers and positions
“over the cell body. Sometimes bacteria floats

with the help of their pili that provides Fig. 6.8 Direction of
buoyancy to the cell body. Generally, there are movement of bacterial
three types of movement in bacteria. flagella

(a) Flagellar movement:

Bacterial flagella embedded with cell wall by motile and help in
locomotion. Prokaryotic flagellum moves the cell by rotating from the basal
~ body either clockwise or counter clockwise around its axis. The helical
waves are generated from the base to the tip of flagellum that pushes
against water and propels the bacterium. .

On the basis of number of flagella bacteria are classified as:

Atrichous | bacteria without flagella L
: i i i flagella at one pole
Moniotiichous bacteria with single flag P @
: present.
; ) ia wi tuft of flagella at one pole
Lophotrichous g?‘:;:;lf' B . B8 %

: . with a tuft of flagella at each of
T bacteria with a t
phitrichous two poles present _

Peritrichous . | bacteria are surrounded by flagella | %‘

e ———

R




jal movement:
w several

ﬂexing,

Spirochaet
TII:e spirochaetes sho

movements such as

(b)

‘hapter ©
Prokaryotes

Endoflagella

rotate Axial mament

rotates aroung
cell

Outer
T membrane

es of _ .
;gnning, free swimming a_nd (lzjree&lrrilg N
as they are flexible and helical bac .
| ithin the cell
lack flagella. Just wit like  membrane
envelope they have ﬂiieisn o S
7 cture which are - ] s
Isnterrli]plasmic flagella or axial fibrils or CE%L%EE;S Axial flaments =
endo-flagella. g
(c) G%iding movement: Fig. 6.9
Some bacteria such as the Spirochaetial movement
. species of cyanobacteria (e.g.
show

haga) and mycoplasma
‘ glsirtd?r?g n%m)rement whe):l come in contact Gell hovement
| with a solid surface. It helps to find out
. the substratum e.g., wood, bark, shell,
etc. for anchorage and reproduction.
. They secrete slime with the help of
. which they get attached to the
substratum. However, no organelles are

associated with the movement.

Kj{}\n \\._\Lv) ,) somﬁon

, Fig. 6.10
Bacterial gliding movement

.. s TP
| 6.4.4. Structure of Bacterial Flagellum / 4
Bacterial flagella are long, thin (about S
20 nm), whip-like appendages that move the -/ /Fitament

bacteria towards nutrients and other
- attractants. Flagellum is made up of
pfot'ein called flagellin. Flagellum has three
distinct regions the hook, the filament and
| the basal body. The wider region at the base
' of the flagellum is called a hook.
 different in structure than that . of the . guumennsts
} filament. Hook connects filament to the ..
glotor portion of the flagellum called a basal
ody. The basal body anchored in th
cytoplasmic membrane and cel] wall. 'I(:
contains the rotating motor, which. is Membrane

junction

2 Outer
It 1S membrane

Basal
body

Secetion
system *

bowered by ATP and a C rin
] g. The C ring j '
Zt t}:ll;ol:e:inaceous cup-shaped structure S.r:; iy
8 ed to the cytoplasmic side of the b g
ody and works as th ' 7 onval ey

Anatomical structure of bacterial
flagella

€ rotor of the motor




Chapter 6
Prokaryotes

6.4.5. GENOMIC ORGANIZATION OF BACTERIA
""" The term genome refers to

the sum of an organism's genetic i R ke
material. The bacterial genome or
aucleoid is composed of a single A
molecule of chromosomal v
deoxyribonucleic . acid  (DNA) . K 9

located in a region of bacterial
cytoplasm visible under electron

l%
microscope. The bacterial ‘\g o a /

chromosome is one long, single OBt ,‘____,,./’?
molecule . of double stranded, " Plastid
helical, supercoiled ‘DNA. In most

; JON Fig. 6.12 Bacterial Chromosome
bacteria, this DNA is circular. Bacterial n
3500 genes. Unlike the -eukaryotic nucleu

ucleoid may contain as many as _l
s, the bacterial nucleoid has no |

nuclear membrane or nucleoli. The bacteria have only one copy of DNA, that |

is they have only one chromosome and only reproduce asexually, cell divide
by amitosis. '

In addition to the bacterial chromosome, many bacteria often contain
small non chromosomal extra circular DNA molecules called plasmids. They
usually contain between 5 and 100 genes. Plasmids replicate independently

of the host chromosome. They are not essential for bacterial growth under | |

normal environmental conditions. The plasmid increases the immunity 9f
bacterial cell. The bacterial plasmid may be use in rDNA technology is
carrier of gene. '
6.5. MODES OF NUTRITION IN BACTERIA
Bacteria require carbon and
tnergy to synthesize their cell
tomponents by different processes.
€Y can obtain energy and

Mutrients in different ways like
Photosynthesis, |

chemosynthesis, decomposing
of deaq organisms and wastes,
est‘=‘Lblishing mutualistic and
'g?rasitic relationships. They
the.classified,on the basis of
tweu mode ' of nutrition lnFO
an:; types, autotrophic bacteria

heterotrophic bacteria.

AT

Posac-ont 3 T
5y g
g8 ¥

XENW
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esize their own food f_rombSimple
E . this process. energy 1S obtained
inorganic sources like CO2. In P 255" oxidation of some

either sunlight of che : ,
{rrl(:)r:lganic substances like iron, sulp%‘llflr, nl'flf(::geltl;:ntl)}:;esnc:)sl{ etii.f
| Autotrophic bacteria are further-d1v1ded into , N
basis of their energy utilizlatwn.i
Photoautotrophic Bacteria R

' ia have bacteriochlorophyll or chlorobium as
These bacteria ha phTL et in. apesifi

.o pigments. These pigment
| Photosy i ssocia with  bacterial membrane called
as a source and

icl associated -
vesicles a use light energy
gent instead of

chromatophores. These bacteri -
hydrogen sulphide or other H* donor as reducing a
t release oxygen

' water to make carbohydrates, therefore does no
but release sulphur as by product. |
: Light energy (CHQO].n + 9H,0 + 28

bacteriochlorophyll

H+* donor + CO2 ——

b. Chemoautotrophic Bacteria
food by wusing

Chemoautotrophic bacteria prepare their
inorganic raw material in the absence of photosynthetic

Autotrophic bacteria

1 L] )
Autotrophic bacteria synth

(CH20)2+2H20+Sa1t

pigment. .
b. In this process, chemical energy is obtained from the oxidation

of certail_'l inorganic substances such as ammonia, nitrates,
ferrous ion, hydrogen sulphides, and some metallic and
nonmetallic substances. |
c. In this reaction, chemical bonds are br
this rea , Chi oken, to release energy,
: 'VI‘Vl?mh is used to drive the synthetic processes of the cell.
g ese are again divided into the following types:
T)h ; Sulphur Bacteria (Sulphomonas) ' ‘.
ese types of bacteria oxidise ’ |
release sulphuric acid or sullpl'llfler Sentzy SUpis gy Bt ne
2§ + 2H;0 +302 — 2H,0 |
.’ + -
" Il?mmple: Thiobacillus denitrif:canszs T S
) : YdI:‘Pgen Bacteria (Hydromonas)
n this process, molecular hydrogen is oxidi .
BHs 4 Oy e DEL0 © Bric oxidized into water-
r ‘
Example: 2H2 + CO2 — 2H50 + CH, + Egr):er
ple: Hydrogenomonas, Pseudomonas =
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i Iron Bacteria lForromonunl
They use chemical

| €nergy by oxidation  of ferrous
compounds into the ferric compounds.

v Nitrifying Bacteria (Nitr

OSomonas)
Bacteria  get  their

energy by oxidation of

. . nitrogen
compounds into nitrates,
_ 2NO; + 0; -+ 2NO, + Energy
Example: Nitrobacter, Nitrosomonas,

vi)j Carbon Bacteria:

These types of bacteria oxidize CO into CO,
2C0 + O; — 2C02 + Energy
Example: Bacillus oligocarbophillous
2. Heterotrophic Bacteria
Heterotrophic bacteria do not
and are not capable of synthesizing their own food from organic or
inorganic compounds. They are of three types:
a. Saprotrophic Bacteria
Saprotrophic bacteria obtain food by decaying matter
us) and dead organisms. They secrete enzymes that break
OWn complex organic compounds into simpler products which are

then absorbed as nutrients, for example Bacillus mycides,
Azotobacter.

Parasitic Bacteria

Parasitic bacteria live on and within the body of ot.hgr living
OTRanisms and gets nutrition from them. During their living they
™M their host and cause different discases in bo.th animals and
Plantg hence they are called pathogenic bacteria, e.g., Vibrio
:’lolerae, Diplococcus pneumoniae, etc.

Muty teria ;
, Hutu:llii::ilcc :::::t:ria live in close association with other
livi & organisms so that they both benefit from each other 80
:F“her of them is harmed. Symbiotic bacteria fix free atmospheric
ltl'o‘

(hum

®N into nitrogenous compounds which are utilized by the

pl 'S, and in return. the plant gives nutrients and protection to

B' bacteria. For CXII;'IPIC. nitrogen fixing bacteria like Rhizobium,
Qe

legy

lus Spp., Clostridium that lives in the root nodules of
Minoys plants as mutualists.




; 6.6.1. Growth in bacteria-

tween the photosynthesis mechanisms i,

' 6.5.1. Differentiate be teria
cyanobacteria and other ol;:z::ﬁ:;th Shotos — thesis in bacteria
: —oxygenic bacteria

Photosynthesis in cyan T
These e oxygenic prokaryotes L ——t Sy 6 or organic acids as Hr
Utilize H20 as H* donor ' /________d_Qnor R
Have chlorophyll as necessary Have b acteriochlorophyll
{ pigment i
| [ — Have different mode of
Have only one type of photosynthetic rflechanism
photosynthetic mechanism according to e-njnronmental
R | condition
" 66 GROWTH AND REPRODUCTION IN BACTERIA

Growth of bacterial cultures is defined as an increase in the number
i f individual cells. The

| of bacteria in a population rath |
- growth of a bacterial population occurs in a geometric or exponential
manner. Exponential describes a very rapid increase.
= 1. Lag Phase
| The word lag describes a kind of slowness or delay. Immediately after
providing fresh nutritive medium, the bacterial population initially remains
unchanged. Although there is no apparent cell division occurring but the
~ cells growing in volume or mass.
2. Exponential (log) Phase
g The exponential phase of growth is a h
: 1a3€ pattern of balanced growt
| 231?;;3 ;;1 ;fle cells are dividing regularly and rapidly by binary fission. The
" medium and '?hgof:lcsifl?iril’:i;ﬁ;e :tf: Pendl];ng' g i gt i o
. 1 . . .
high during this phase. ncubation. The growth of bacteria s V&%
_30 ?tationary Phase
‘he log phase of b i .
T e Oatﬁier:.?l growth is followed by the stationary phasé;
population of bacteria remains constant, increase n

bacterial population h ;
¢ as s Y g !
{a ena] 10 efbaaf deaihs imply stopped. In this phase rate of reproductiﬂn

4. ﬁ_eath Phase
incubatio : : |
a death phase foﬂzxign&nuﬁ after the population reaches stationary phas®
» In which the viable cell population declines. puring

this rate of death is hi
- s higher th
complete exhaustion of nutﬂen?? rate of reproduction. This phase ends at
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Log of number of bacteria —————yp-

Time (hr)

- Graph 6.13 Growth in bacteria

6.6.2. Reproduction in Bacteria . \
Bacteria being prokaryotic organism reproduce by asexual methods. |
Sometime bacteria can perform genetic recombination. Bacterial modes of
reproduction are as follows. | | ;
‘Asexual reproduction in bacteria
The following methods by which asexual reproduction in bacteria
takes place. The methods are: '
1. Binary Fission
1. Binary Fission
It is the most common and
fastest mode of asexual reproduction
In bacteria. In binary fission, single
cell divides into two equal cells (Fig. :
6.14). Before binary fission occurs, .Bﬁfteﬁfome
the cell must copy its genetic S ding
material (DNA). The double stranded "
DNA molecule i.e., incipient nuclel,  pacieria
are then distributed into two poles of
tge dividing cell without spindle
dé'matmn, a transverse septum
Velops and cytoplasm is cleaved in
‘c’l regions of the cell from the
Cellsdk; separating the two daughter
b SYntE many bacteria, new. cell wall
rapiq esized. The binary fission 1s &
. DProcess and cell undergoes

2. Conidia 3. Budding.

E.Coli cell

Bacterial
chromosome

Vision ot i 00 '
an interval of 20- N Fig. 6.14.

: l'l'unu
tes. : bacteria

Binary fission in E. coli




Chapter 6

2. Conidia: . : i
.Like fungi conidia formation takes place in filamentous bacteria like

' Streptomyces etc. conidia appear as small spores separated by the formation

~of a transverse septum at the apex of the filament (Fig 6.15). The part of this
filament which bears conidia is called conidiophore. After maturity conidia
detached as a fragment from the parent cell and germinates on suitable
substratum to gives rise to new bacterium. |

3. Budding: :
Budding has been observed in some
members of the Planctomycetes,

Cyanobacteria etc. In budding the bacterial
- cell develops small swelling at one side
which  gradually increases in size.

Simultaneously the nucleic material g::tg;—uilugm
undergoes division, where one remaing with

the mother cell and other one with some

cytoplasm goes to the swelling. This s

| outgrowth is the bud, which gets separated Streptomyces Rhodomicrobium
from the mother by partition wall, e.g., Fig. 6.15

| Hypiz.or{ticrobium vulgare, Rhodomicrobiym Budding in bacteria
vannielia, etc. ' . '

a Parasexy, A
bacteria] Conjugation, thael: H;Ode of reproduction in bacteria. However, if
genome Flasmid - Process Involveg transfer of only a portion of the

in  bacteria] ‘conjugation 1
S and further changes i
the Combineq genetic material withi?
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he recipient cell. While new cell in not formed therefore it is not completely
onsidefed as sexual mode of reproduction.
5 : :

Chromosomal DNA Plasmid " Chromosomal DNA

Donor Recipient

3.
Relaxosome transferosome

Plasmid Pilus Plasmid

ew or “ Ol r
Fig. 6.16 Conjugation
2. Transformation _ _ :

Intrapsformat_ion, a bacterium takes in DNA from its environment,

oftgn DNA that's been shed by other bacteria. In a laboratory, the DNA may

be introduced by scientists. If the DNA is-in the form of a circular DNA

called a plasmid, it can be copied in the receiving cell and passed on to its

descendants. ‘ '

Uptake of DNA
.by competent
bacteria

@ E= ] _
DNA may be integrated into
genome or exist as a pla;mid

f T
:_ ' ?:éihj E(@]

Fig. 6.17 Bacterial transformation
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3. Transduction ;

A process in which genetic material is transferred by phage between ty,
bacteria is called transduction.

e ‘@ Bacterial DNA | @D viral DNA

__ Fig. 6.18 Bacterial transduction

. | 6.7. IMPORTANCE OF BACTERIA | J2

LA Bacteria are both useful and harmful to us. Bacteria are economically
| important as these microorganisms are used by humans for many purposes.
- | The beneficial uses of bacteria include the production of traditional foods

| such as yogurt, cheese, and vinegar. Microbes are also important in

| agriculture for the fertilizer production. Bacteria decompose organic matter

and release minerals into the environment. Rhizobium leguminosarum as

| symbiont and perform nitrogen fixation in the roots of leguminous Pl"’m_tS
| due to which plants flourish and increase productivity. Bacteria are used il
genetic engineerin

. g and medical research. For example Escherichia coliis
used for the syn

_ . thesis of antibiotic amoxicillin and commercial preparation
of riboflavin. (vitamin B) an

Rt 2) and vitamin K. Bacterial plasmid is used in genetic
gi_lggfnarssnng to produce useful products and develop beneficial characters 11!
m ; : * :

s Bacteria are harmful like causes diseases in animals and plants and
spoil food. Some saprophytic bacteria caus ake |




Bacterial diseases in Man

>

6.7.1: Table. 6.6. Bacterial diseases in man
P 1 Bacterial diseases in Man
T
Name of Catias 8igns and T"":::"’nt
g v - i prevention
| Cholera Bacterium Vibrio Diarrhea, Nausea Drink
Cholera and vomiting, rehydration
Sleepiness or solution
lethargy, (ORS) and
Dehydration, Muscle take
cramps, Electrolyte antibiotics.
imbalance, thirst,
Dry skin, dry
mucous membrane,
and dry mouth.
2.| Typhoid bacterium Salmonella | High grade fever and | Proper wash
typhi skin rash, weakness, | hands drink
abdominal pain, clean water,
constipation, eat properly
headaches. cooked food
visit doctor if
symptoms
persist.
3 | Tuberculosis Bacterium cough that produces | staying away
Mycobacterium phlegm, fatigue, a from crowdy
tuberculosis fever, chills, and a and
loss of appetite and congested
weight. places
wearing a
mask and
sanitize
T e : yourself.
| Preumonia Bacterim, coughing with blood | Properly wash
Streptococcus and mucus, fever, hands, eat
pneumoniae - sweating or chills, clean and
shortness of properly
breath, chest cooked food,
pain, fatigue, loss of | do exercise,
-| “appetite, nausea or | quit smoking.
vomiting and
headaches.
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iy o B diseases in Plants >
=4, Bacterial.dise Table. 6.7 Bacterial diseases in plants

Bacterial diseases in Plants ﬁ
Name of Cause Signs and symptoms Treat;m;::___‘fﬁr
disease ; Prevention
Bacteria ‘Bacteria Necrosis, sometimes leaf | Eradication of
Leaf Spots | Pseudomonas | spots will grow together Qathogen by
g creating large black using pathogen-
Xanthomonas blotches on leaves or tested seeds ang
‘turning leaves propagated
- completely black. materials and
Shoots, buds and flowers proper spray.
can also become black.
Blights in Erwinia severe yellowing, Chemical control
plants by amylovora, browning, spotting, less effective
bacteria - and withering, or dying of then Biological
Xanthomonas leaves, flowers, fruit, control methods.
OTY&SaE. stems, parenchyma cells
~damge.
. - - M wmy v e
Bsz;tt?.;lfl Bacterium Er plant tissue becomes Proper
S winia macerated (soft and i tion of
carotovora : an inspec
watery). - * plant seeds,
control weeds,
avoid harvesting
under wet’
ot conditions,
Bacterial Bacterium Wit i — A Avoid bLU,E‘Eg/
| Wilt . Erwiniq b it ‘fhseaSeS caused by Control Of
diseases in tracheiphi locking of the vessels of bacterial
plants @ | host plant by masses of depends on
. acterla} as a result plant .| - control of its
wilt and djes. insect peetle
i 5 vectors. Us€?
________R insecticides:
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THE BACTERIAL FLORA OF HUMANS
The human body is not sterile; we become colonized by bacteria from
(he moment we are born. We are covered with, and contain within our
intestines, appr.ommat.ely one hundred trillion bacteria that form the normal |
flora of our bodies. This norr.nal ﬂqra helps to.prevent us becoming colonized
with more dangerous bacteria, which might lead to infection.
6.8.1 The normal flora :
Normal flora are the microorganisms that live on another living |
organism (human or animal) or inanimate object without causing disease. In
a healthy animal, the internal tissues, e.g. blood, brain, muscle, etc., are
normally free of microorganisms. However, the surface tissues, i.e., skin and |
mucous membranes, are constantly in contact with environmental
organisms and become readily colonized by various microbial species. The |
mixture of organisms regularly found at any anatomical site is referred to as |

6-_8'

the normal flora. The normal flora of humans consists of a few eucaryotic |

fungi and protists, but bacteria are the most numerous and obvious |
microbial components of the normal flora.
6.8.2. Significance of the normal flora , . -}
These normal floras- provide us with many benefits. They prevent |
colonization by pathogens by competing for attachment & nutrients. They "

stimulate production of antibodies. Since the normal flora behave as |

antigens in an animal, they induce low levels of antibodies that cross react |

with similar antigens on pathogens, preventing infection or invasion. In large |
intestine some synthesize vitamins that are absorbed as nutrients by the | =
host (e.g., vitamin K & B12). Some bacteria produce substances that inhibit |

pathogenic species.

6.9. CONTROL OF HARMFUL BACTERIA |

The chemical and physical methods used to control harmful bacteria.

6.9.1. Chemical methods to control harmful bacteria |
Bacterial harmful activities can be controlled by certain chemicals |

feferred as disinfectants, antiseptics, antibiotics, and antimicrobial

Cheijals_ . .

L. Sterilization is the process of destroying all living organisms and

Viruses.

Disinfection is the elimination of microorganisms,

endospores, from inanimate objects or surfaces. An ideal disinfectant or

antiseptic (chemical agent) Kills microorganisms in the shortest |

Possible time without damaging the material treated.

;rhere are different chemical that are used as disinf:ectant some are as .

ollows; :

2,

but not necessarily |
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a) Phénol* One of the first 'chemicalsl‘: 'ECO b-e IE}SIZd ngGrosdis.itnf&tion

: - d b h Lister ‘in it is g

henol. First -used by Josep e g
‘:t:ixgard for most other antiseptics and disinfectants.

Halogens: Aniong ‘the halogen antiseptics and disinfectants are
chlorine and iodine. f

Heavy me@s: A number of heavy metals_l.lave antimicrobial ability,
For ‘example, silver is used as silver nitrate in the eyes of newborng to
guard against infection by Neisseﬁa. gonorrhea.

d) Soaps and detergents:

Soaps and detergents decrease the surface
tension between microorganisms_ and surfaces, -and thereby help
cleanse the surface. ; :

e) Aldehydes: Two aldehydes, formaldehyde glutaraldehyde,‘
inactivate microbial proteins by crosslinking the functional groups in
the proteins. ~ b -

'andr

g) Oxidizing ag
: h) Fo
of

3.

The use of Antibioticg :
Antibioticg are com : N 3% ] i
: IMpounds that are mo : 5 thesis
of _°ther microorganjsmyg. StreptomyCes an o Seclved Gl ey
Wl'-nch. have given 15 antibj
Thicroorganisms Jike
L ]

‘ S and Pénicillium are two organis™®
otics. Antibiotjcg act in different ways to
Antibioticg that inhip & ‘




Physica-l methods to control harmful bacteria

6.9:2

100 °C denatures proteins and alters membranes and destroy

iling:
i ex. Cooking, ’

bactel'ia

pry-heat oven: 170 °C for 2 hours, denature proteins and alters

membranes, ; ‘
jcineration: Exposure to flame or destroy bacteria by burning.

Autoclave: Heating at very high temperature like 121 °C for 1540 minutes |

at 15 psi, denature proteins and alters membranes.

pasteurization: 72 °C for 15 seconds 138 °C for 2 seconds (UHT), 52"
Denatures proteins and alters membranes it prevents spoilage of milk, apple '

juice, honey, and other ingestible liquids

Refrigeration: Temperature O °C to 7 °C, Inhibits _metabolism, Preservation

of food or laboratory materials. ,

Freezing: Below -2 °C, stops metabolism, may kill’ microbes, Long-term

storage of food, laboratory cultures, or medical specimens.

High-pressure processing: Exposure to pressures of 100-800 MPa,
~ denatures proteins and can cause cell lysis, Preservation of food

Hyperbaric oxygen therapy: Inhalation of pure oxygen at a pressure of 1-3
atm, Inhibits metabolism and growth of anaerobic microbes, Treatment of
certain infections (e.g., gas gangrene).

Simple desiccation: Drying, Inhibits metabolism, Dried fruits, jerky.
Reduce water activity: Addition of salt or water, inhibit metabolism and can
Cause lysis.

Lyophilization: Rapid freezing under vacuum, inhibits metabolism and |

Preserve food this method is used in laboratory cultures, or reagents.

Iﬂnizing radiation: Exposure to X-rays or gamma rays alters. molecular

Structures, introduces double-strand breaks into DNA.

Membrane filtration: use of membrane filter with 0.2-pm or smaller pore |

s Pids - :
oi‘zeé Physically removes microbes from liquid solutions. It is used in removal
Medig v = el

Non;a With heat-sensitive components

: eonizing radiation: Exposure to ultraviolet light Introduces thymine
b ™S causes  mutations in bacteria used for surface sterilization of

Orat . ; "
Ory materials, water purification

" bacteria from heat-sensitive solutions like vitamins, antibiotics, and [
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stions:
swers of the following ques : |
@ g:::)tl:i:htz:sat:ucture of bacteria in detail with labelled diagram

Explain the Autotrophic mode of nutrition IiJI‘l ::;ti:ﬂa-

Explain the photosynthesis mechanism :n 'aa :

Explain the economic importance of bacterl h il i o

Explain the bacterial diseases in Man wit ) ptoms,
t and prevention. _ e

giglt:\?;nthe balc):teﬁal diseases in plants with their signs, symptoms,

treatment and prevention .

7. What do you mean by bacterial growth? Describe its phases.

e

o

ed answers of the following questions:
o gﬂ: :r?:}ille domains of classification? Differentiate t.hem.
What are protobionts? Discuss their relationship [p with prokaryotes.
What are the extreme conditions Archea called?
Differentiate between gram-positive and gram-negative bacteria.
Give the structure of peptidoglycan of bacterial cell wall.
Differentiate between transformation and transduction in bacteria.,
Why bacteria called recycling agent in nature?
How bacteria increase soil fertility? Give example.
. How cholera and typhoid spread in human population?
10. What do we mean by normal flora of bacteria?
. 11. List down the physical and ¢hemical methods to control bacteria.

©.0ENO A WN -




'Major Concept

In this Unit you will learn:

protoctists - The Evolutionary
Relationships

Major groups of protoctists
General charactenstics of Fungi
Diversity among Fungi
Importance of Fungi

[ . A
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‘ : Pr.'otoctists and Fungi

- Protoctists and Fungi
- | Kingdom Protoctista: St
: The kingdom protoctista is the most controversial and unnatural
" group. It includes an immense variety of organisms. It contains eukaryotes
he ancestors of modern

| that are generally regarded as identical or similar to t
plants, animals and fungi. Protoctists are characterized by eukaryotic cell

| with simple body structure. Most protoctists are single celled, but there are
also belong to this group.

| number of important multicellular species

. Protoctists may be photosynthetic, parasitic, predatory or absorptive. The

~ Kingdom includes heterotrophic microorganisms, such as Amoeba and |,

~ paramecium, and autotrophc form like algae, euglena, as well as,
" Plasmodium and Trypanosoma, the parasites which cause malaria and
~ sleeping sickness respectively .

s 7.1 THE EVOLUTIONARY RELATIONSHIP:

. Protista is not monophyletic group because it contains all the
.| eukaryotic organisms which are not plants, animals or fungi but are

tors of modern plants,

generally regarded ‘as identical or similar to ances
animals and .fungi. It ¢ which resemble early plants

T omprises organisms
| (Algae), early animals (Protoz fungi (Oomycota) .The slime

oa) and early
' molds, a group of organisms which are motile but which produce spores in
sporangia are also included in the pro linked

toctis. These organisms are

" | between prokaryotic and. the more modern eukaryotes like plants and

animals. Therefore Biologists regard (Propetista) kingdom as a polyphletic
group of organisms due to diversification. '

| 7.1.1 Major groups of protoctista:
 The Protoctista includes three groups which formerly had separate
taxonomic status, and which are now containing organisms of a widely

different origin to be placed in one kingdom. The three groups are.

Plant Like Protoctista ------ Algae
ii.  Fungi like Protoctista------ Primitive Fungi.

iii.  Animal like Protoctista----- Protozoa

Plant Like Protoctista ------ Algae:
N - Algae are photosynthetic protoctists with unicellular, colonial or -
simple multicellular structure. Most algae are aquatic while others may be L
found on moist soil, trees and rocks.' However they differ from vascular
d leaves but share the following plant

| plants by lacking true roots, stem an

like characterijstics.

" (i) The cell wall is present
(i) Their cytoplasm usually contains one or more large vacuoles. 2 2
(iii) They contain photosynthetic pigments enclosed in plastids, of which

chloroplasts are the commonest type.

i.

and have COmpositionl like plant cell wall.
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al reproduction is common and involves alternation of

., Sexu : 1on and
() generation between haploid and d}p101d individuals in the life cycle
of some€ algae. 2 ;
These plant like characters of algae presumed close evolutionary link
.+ plants. ST% - :
mthPMany different algal groups can be distinguished according to their

mode

of life styles and by the presence of particular |

fure, : S i .
it etic pigments or storage material. The scientific study of algae is |

photosynth
called Phycology. A, -
: On the basis of photosynthetic pigment, algae are classified into

following major groups

mmmm— = %
- | Common ! 2 j
Group | ;ame ngor pigments Example
1. Chlorophyta Green algae | Chlorophyll-a and | Chlamydmones,
b ulva, volvox
— 2. phaeophyta Brown algae | Chlorophyll-a, c, ~ Fucus,
- fucoxanthin Laminaria
3. Rhodophyta Red algae Chlorophyll-a, ) Porphyra
Phycobilin,
Pigments,
Phycocyanin and
Phycoerythrin
producing typical
red coloured.
Ulva:

It is a marine alga commonly
called “sea-lettuce”. It is found growing
along the sea coasts between high and Thaus
low tides. It is found attached to rocky
edge of Manora and Kemari areas of Undulate
Karachi coast. The body called thallus is g
:C];I;lposed of elongated wrinkled blade
roclzlt 30 cms, Long It is attached to
e and other objects, in the sea by

ans of hold fast , consisting of long Holdfast
tad like cells. The thallus is very thin

onl
Y two layers of cells in thickness.

Fig: 7.1 Morphology of Ulva

:;lzﬂus in Ulva is of two types. The one with 26 chromosomes is called
M{)g}fo‘;ﬂfa and the other with 13 chromosomes is called. gametophyte.
immorp‘l’lgil::'sllly both gametophyte and sporophyte exactly alike hence called
v ;
A Teproduces asexually as well as sexually, alternatively.
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. Asexual reproduction:

Asexual reproduction takes place in asexual Ulva (Diploid sporophyt,
| With 26 chromosomes or 2n) by producing quadri-flagellated zoospores :
. These spores are formed by meiosis in all cells of the body(thallus) excep
' the basal cells.Eight to sixteen haploid zoospores are formed in a single
parent cell. The zoospore production continues until all the cells are used
and nothing remains of the thallus blade but a filmy mass of empty cell.
* walls liberation of zoospores usually takes place at the time when the plant
. is reflooded by an incoming tide. The liberated haploid zoospores after g
period of swimming and rest lose their flagella and grow into gametophyte
Ulva thalli.
Sexual Reproduction:

Sexual reproduction is isogamous the type of sexual reproduction
takes place by. the fusion of morphologically and physiologically similar
gametes. The gametes are biflagellated and produced in sexual plant
| (haploid gametophytes with 13 chromosomes (n). These gametes are smaller
than the zoospores. The fusion takes place only between two haploid
gametes which are similar in structure produced by different thalli. The
| fusion results in the formation of quadriflagellated diploid zygote which,
after a period of swimming and rest loses its flagella and secretes a wall and

after repeated divisions it develops into another Ulva thallus (Sporophyte),
which is similar to sexual thallus (Gametophyte) in morphology.

o ¢— @ —
o L 7 \'
ﬂ Zygote (2n)
e g \
/. ».” Gametes (1n) '

Ulva life cycle é’ -
L j Mature
sporophyte (2n

| L
: i
A

“_.
——

< :
Fig: 7.2 Isomorphic alternation of generation in Ulva

b Gam;.etophytes (1n)




ation of: Generation in Ulva: _
Alternation of generation means the type of life cycle where asexual
Juction alternate with sem_lal reproduction. It shows there is distinct
I 1 regular isomorph}c alternation of generation. The haploid gametophyte |
zﬂemates with diploid sporophyte which are similar in morphology but |

4iffer in chromosome numbers. :
Green algae are a diverse group ﬂ?ﬁfl_'ﬁave some of the salﬁg éharacteﬂstics as plant. The
| haplontic life cycle is typical but Ulva has a life cycle that has 2 distinct generations, like

that of plants.

7.1.2 Fungi like Protoctista: , : : B

These organisms superficially resemble to fungi. The body called |

mycelium consists of network of hyphae. Many of them have centrioles and |

cell wall having cellulose. They are heterotrophic absorptive feeders. The

also reproduce by spores. Most of the members of this group are non motile

but few develop movement. at some stages in their lives.

Major groups of fungi like protoctista are slime molds and water molds.

Slime Mold:- ( Myxomycota) :

(Motile like animals and produce spores like fungi) :
Slime molds are amoeboid protoctists that produce- fruiting bodies

ie. sorocarps as a part of their life history. They were often classified with
fungi because they absorb nutrients directly from the environment.

The term slime mold refers to the habit of the most conspicuous part of life
the cycle, which is a small slimy mass. | /

\

Flagellateq gametes

Germinating meiospore Meiospore (n)

Fig: 7.3 Life cycle of slime mold



.| zoopores produced inside

Chapter 7

Protoctists and Funﬂ

i A slime mold is a strange and truly wonderful tl.'lmgl:l {tsl'i?tm‘x}lf e
behavior have raised many questions. At one stage m t €ir s Cti: €, some
species of slime molds are creeping masses of .llvmi s‘;}hf_’ ce. l;rhe
movement of this living thing bring to mind a giant amoe o;. is amoeboid
stage of slime mold is called plasmodium. The P!asmOdlum corllswts of
cytoplasm in which are embedded many nuclei, fo ; vatc?lo €s, and
| undigested food particles. Plasmodium move along the fores Hloor on to

" dead leaves absorbed sunlight. In this dry, often warm environment a
| miraculous metamorphosis takes place. In a matter of hqurs, the
| plasmodium changes into clusters of fruiting bodies called sporangia. Part‘of
| each sporangium called capsule produces a large number of microscopic,
~ asexual reproductive cells called spores. _

§ % If wIc)a observe only the p1a§modium we would certainly called slime
- | mold an animal. If fruiting bodies and spores were the only the parts we
could see, we would call the organism a plant.
| Water Molds: (Oomycetes)

Oomycetes are so named for their distinctive oogonium, the female
| reproductive structure.

Oomycetes are close relatives of the fungi. Their hyphae are aseptate,

coenocytic. Oomycetes are different from fungi, however, in that cell walls
are cellulosic rather than chitinous.

: Phytophthpra infestans:

| Reproduction:

The reproduction takes |
. Place by means of xual
- | methods. Asexual reproduction takeg place' by Omeiizxuﬁ l??ﬂiggﬁatcd

the Sporangia. S ; . b
00go €xXual reproduction is oogamou

The female sex organ is nium and

: il the male : idium.
| Oogonium and antheridium contribute the; Sex cells ?gf ?:nfﬁz:ffégegurm g
fusion of two nuclei (Karyogamy)
€S to form a sporangium at the

ir
first while

00spore germinat

o fertilization plasmogamy occurs
is very late. The fertilized
tip of germ tube,
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Gerﬂﬂm‘“o"
oosp°“
. Sporanglophore
_~on infected ’ Jﬂ)ﬁp‘ﬂ?ﬁ
eedlng b
KarYOERmy ; \ porangjum b i
nium
9030 Spurangiopham
on infected tuber Gcmtuhr
_ 9 0N spring
Antheridium Bporangis snd !
Sporangiophore %?;‘:0’::; ]
Meiosis on leaf ,
. jum Mycelium ’ .
» Oogoni from tuber :

Sexual Re ™y

reproduction,
extremely rare
in nature

- Fig: 7.4
Disease cycle of late blight of potato and tomato caused by phytophthora infestans

7.1.3 Animal like Protoctista ----- Protozoa:

SR Sporangium
e s - 4,
T

ﬁ;mrnngimn

Protozoans form a large group of protoctista. They are unicellular

animal like organisms with ingestive heterotrophic nutrition.

found in all environments where water is present .Most are free living and

there are various methods of locomotion

Members of this group of protozoa are divided into five classes which

®r in their means of locomotion.

Class Flagellata (Mastigophora)

i T
.. Class Sarcodina (Rhizopoda) ii. ,
Class Ciliata (Ciliophora) iv. Class Suctoria
‘-~69_1§§§ Sporozoa
ss :
Sarcoding | Class Flagellata | Class Ciliata Class Class
%ML (Mastigophora) | (Ciliophora) Suctoria Sporozoa
- Have cilia at
Have Member of this f No
i . | early stage o
I:'s"ﬂl'.'.itapo.;11 class have one | Have cilia as life but locomotory
OComotq or more flagella | locomotory b structure at
stry ry th ecome any stage of
Cture as locomotory structure sedenatory at A
x structure. adult stage

They are
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Members of this
class may . |
classify further
- _into two sub
: classes -
a) Englenophyta :
Parasite and Fresh and - Complete
holozoic marine water heterotroph _
" cytoplasm | Mainly i.e. predatory Majority are
. phototrophs Complete ‘intra cellular
' Food stored heterotroph parasites
as paramylon as well as
(similar to predator
- starch) - Have
 Reproduction- cytoplasmic
~ asexual e.g. tenticles for
| .Euglena. predation
b) Sub class
zoomastigonia
- Mostly
parasite
Reproduction | Reproduction, | Reproduction
asexual by asex:lal A asexual by :
Yy S5 At binary fission - | Reproduction
fission : —— Reproduction | asexual by
% ; e asexual by spores and
Sgaﬁunilﬁzy comjugation | binary fission fission
fliaaion. reproduction i ‘Sexual
: ' Sexual reproduction
: - | reproduction | by syngamy
Have one Member of Have two by
nucleus flagellate nuclei i.e. conjugation ,

SRR contain one macro and | Have one
nucleus in micronuclei Have two nucleus
their cell. - nuclei like

Marine e ciliates e.g.

sarcodinian |- gﬂiznf’fi?égﬁ Has flexible ACiIietag
have sleeping pellicle e.g, - :
exoskeleton sickness paramecium Contractile
l‘:hmh,f‘)fm diseases Have flexible vacuole aré
bo’ltfg S In the : . pellicle e.g. absent €.g:
m,‘Of ke : paramecium | plasmodium
called “QOoze” ! monocy'stist
___Amoeba | : .
h_—__-_-—_—F_~———-—_
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1.4 jmportance of Protoctista:
7.}

s,
g:t'zz];cnjc protoctista:

protoctistans have  great biological importance and significance to |

Many members of protoctista cause severa] diseases in man as well | |

lants. i.e. Plasmodium cause malaria, Entameoba histolytica causes | l

oebic dysentery. Irypanosomes cause sleeping sickness and Leishmania .

cauSses: Leishmaniasis (an infection of white blood cells).

us late blight of Potato.

irace elements and use for fertilizer in various region of the world.
Alternative source of food: :

Fhytoprifiore infestqns is a plant pathogen causes a disease known

Seeweed is sometimes used as fertilizer in various parts of world.
Liquid extracts of brown see weeds are a valuable source of Potassium and |

Chlorella is considered alternate source of energy. The world’s of
fisheries depend on algae production. The red sea weed is cooked and made |
laver bread in some parts of world. Brown algae is harvested for food in |

several parts of the world.
Environment’s Friend:

During photosynthesis algae remove huge amount of carbon dioxide
annually from the atmosphere and supply oxygen continuously to the
- atmosphere ' ,
Biotechnology:

'An imprortant alga — Dunaliella salina accumulates large amount of
an orange red cerotenoid , B,p carotene which is used to colour products
Such as margarine,noodles and soft drink and as a vitamin supplement
beacause it is readily converted to vitamin A. B, carotene may also help to
Prevent lung cancer.

Fuel deficiency will become great threat in future, green algae may |

also be a future source of alternative feuls. Botryococus braunii produces

long chain hydrocarbon similar to crude oil. '

73 FUNGI |

h The fungi‘are a large successful group of
undred thousand species are found. They range n S

abitate, both aquatic and terrestri
T, e imdy of fungi is called mycology.
't General Characterstics:

abg F?ungi are multicellular (except ]
Obtive heterotrophs. They may be saprotrop
Predators,

hs , parasites , mutulists
and :

organisms more than &
ize from the unicellular {

Veast to ¢ alls and occupy a very wide range of f
he large toad stool, Puffb al. Fungi grow best in moist habitate. =

yeast) eukeryotic, non chlorophyllous, *
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mtoctiﬂt

generally grows as
o having Cross walls (septa)

coenocytic €.g Mucor
lex reproductive

e ———————

is .
The body of fungus be septate 1
: hae. H hae may o walls,
| filamentous hyp e )t’zte i.e lacking Cross om comp
e.g Pencillium o asep anized to i

acked together and org : : '
:{tgupglti:elsng 1$mshroom, puffballs, Morels etc s the fibrillar material.

e et
They have rigid cell wall containing chiti

: te. Multinucleate vegat-ative
haploid and multinuclea ee and heterokaryons if the

¥is nS are ’ = :
e ?e?lss.,t arﬁ::n E:llleflehomokaxyons if the Iﬁiilc?;:rss;?ldition is common in fungi
" nuclei are different. Another unui;;layed sometimes indefinitely, forming a |

s dikaryon when karyogamy is : : :
::Selld,ﬂt{:onta?ning a pair of sexuzlly Coérilfli?;il:lr)llte tl;lll)c;fl-o ¢ haploid sexual spores
N i produce Sl

o thergztbirsio;i_:; :‘::glng asco spores subsequent upon meIosis n zi/lgote.
. = Diploid zygote nuclei forms during sexual reproduction. fI‘heY ave a
AR during which nuclear

. | characteristi itosi itosis
e cteristics mitosis called nuclear mi G :
4y dle is formed within nuclei.

| membrane does not break and spin . Septate
-c-*ﬁ Fungi are . absorptive @ 4 hyphae
| heterotrophs. Digestion, if necessary 1s ) g & o
~ performed by the fungus secreting i,/.;-f e d e <
enzyme out of its body on to its food. e T - .
They can be saprotrophs Hyphae\/lﬂ,
(decomposers), parasites, mutualists Q. Nuelsus —
and predators. Saprotrophs obtain their -\
food from dead organic matter by their = o =l = # 7' coenocytic
modified hyphae called rhizoids. ) > hyphae
| Parasitic fungi depend on living host for - Fig 7.5

g‘;gigg;f‘]h;e:lﬁrrements. They obtain Septate and Aseptate coenocytic mycelium
f be facultative meEgh cpecial hyphae called haustoria. Parasitic fungi may
“an grow on their living host as well as on artificial

~ media or may be obl; :
hmgl "’f’é Pregat:r:}) ilriall)tzsthv;lrulti:\}rli; ar}11 8TOW only on their living host. Some
| fungi live with other organismg. g host and use them as food. Mutualistic

Most fungi can repro

in havin ¥ : regarded » 1t is usuall a cogen
g cell-wall lacklng centrioleg as Pla.nts as they resgmbilyplaits

Tesemble with anima]g an
al e . :
lack cellulose in their celslo‘;r;?ley lack Chlomphylllllg on motile. But fungi

neither and : 'l and feed .
Complete plants noy anima_lscontal.n Chitin. It me hEtrotrophlc.ally,
. Their DNA studi aaris Kak bogsats
€s also confirm that
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.
n a7

g Q“

y "oty ? A

Protafti’

o

o different from. ?ther organisms, therefore fun . la
i dom. Pencilium, Mucor and Rhizopus are kﬂ‘:;ca:mﬁciﬁcd in

most widely accepted view is that the kingdom fungi represents monop
1;‘;: cage related to animals with which they shared a choarxelgﬂageuat: like mcthl:ot:'c

Mﬁi W: .

, keep moist bread under a bell jar for four or five days at a moderate temperature
the fungus appears and gradually spread.
. Observe hyphae under microscope. Collect different mushrooms from field and
study their structures. )

74 DIVERSITY AMONG FUNGI: s
There are four major divisions of fungi on the basis of "sexual

reproduction or sexual spores.
Division Zygomycota

2. Division Basidiomycota
3. Division Ascomycota 4
. s _ s B o
4, Division Deuteromycota
i

First three groups are distinguished primarily by their sexual
reproductive structures , while in deuteromycota the sexual stage has not

been observed.

Division Division Division Division
|___Zygomycota Basidiomycota Ascomycota Deuteromycota
Commonly called | Commonly called | Commonly called Called fungi
|___zygote fungi club fungi sac fungi imperfecti
PrOduce Sexua.l Fail to roduce €
Produce sexual spores in Produce sexual et alpsp hedihe
spores in basidium and spores in ascus theretosre called
Zygospore spores are called | called ascospores | g, imperfecti.
T ; basidospores 35,
mi;:hum are Either septateon | |
up non- on-septate e
Septate hyphae i.e. Septate hyphae Septate hyphae n hyphI; : i
Asexual b Takes place by b
rePlbduction takes Takes place by Tak?s'place Y sporangiospores
Place by conidiospores conidiospores or conidiospores
“Porangiospor and fragmentation and and
%& : " fragmentation budding fragmentation
Proper Proper gametangla
P""pcr i develops i.e. male :
Rametangi gametangia . bt
40 not ge ) 2 | develop i.e. male gametangia N EoIaEthng
K gametangia are antheridia
\\ antheridia Female gametangia
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onia have
While female A PP
gametangium are beak . h o
oogonia called trichogyne, s
Sexual
reproduction takes | By plasmogamy Byc;lalasmogam a mgyr No
place by and karyogamy and kary
conjugation
e After plasmogamy Aodic:
each dikaryotic | After plasmogamy
cells divide to each dikaryotic
Secondary form a hyphae, | cells divide to form
b it i which develop | a hyphae, which No
fruiting body donot into secondary develop into
develop mycelium or fruiting body called
fruiting called Ascocarp
basidiocarp
Three types of o
fruiting bodies are
- Only one type of formed i.e.
¥ fcating body fruiting body cleistothecium, No
apothecium and
perithecium
As a result of Some cells of
karyogamy diploid |  fruiting body Some cells of
In a resistant h)dy ka_lyogamy and perform karyogamy
called zygospore develops into and develops into No
whichis formed as |  diploid cells diploid cells,
a result of which enlarge to enlarge to form
conjugation form basidium SO
Each basidium ; T
The dormaint produce four Each ascus Only gametic
z%:sm dev!:bp pmﬁ.nger like Produce eight remm%?:;ﬁﬂﬂ
Promycelium ection called ascospore first can takes place
Zh‘ch contain Stngmcfta meiotic than as sexual
e | B | mitoic il dision | reprotucaonie
i\ each i occur, par
T =y S i
€.8. poread molg btr:ca‘{;etsmﬁ;::’gl €.g yeast, mildew, :
Iucor Puff bals, butu’m SUp fung, traffles, e.g Pemf{'ﬂ:r”:nt
mushroom mportant cellulpse notatum diff
' (Agaricys degrades of sp: of a.spefgﬂms




cle of Mucor (zygomycota):
74.5 “':c?and habitat: ‘ i
Mucor is the commonest of saprophytic fungi, called “molds”. Mucor i

" coprophilous and may be prepared by keeping damp cow or horse dung |
er a bell-Jar for few days. Mucor is however, also very widely distributed & = =
;"me pumus of the soil. In nature, Mucor emits a “musty or moldy” smell. [ =

Sporangium =

. N Sporangiospores
Germination/ . 1) ® & ‘.\;.:‘..

oo
\
T Sexual Iiig.:? Asexual ]
M! ! Zygospore  Coencytic hyp Sporangium

| Suspensor / Peridium

“r ek
o :G‘m&@““l‘? \\ _\Sborangioptore

Fig: 7.6 Life cycle of mucor

Structure:
Mycelium .

The mycelium of Mucor consists of long, aseptale coenocytic hyphae.
Types of hyphae:

The mycelium consists of three types of hyphae.

L Rhizoidal hyphae: i
Hyphae penetrate into the tissue of the substratum . They serve as |

t;le fixitive and absorptive which are essential for nourishment.
5 IMPOTANCE OF FUNGI:

Fungi are important to human as foods, decomposers, plant and =
bio pathogens, producing antibiotics, in biological control and in &
_j&hnolog, i

Because of lichen’s efficiency in absorbing mineral, they are important contributors to 5
nutrient cycle .This efficiency also makes them sensitive to pollution. v

78,
1 Eating and drinking fungi: - - S _
v _Esd-lble mushrooms, are useful source of easily digestible proteins,

and minerals e.g Agaricus bisporus ,padistren mushroom , oyster

Inm’hl‘omn.

i S —
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E Fung are vitzl or 2 whole range of fermentation industries. Soybear,
zre fermented by Aspergillus oryza to make sOy sauce. :

Fungl tzke part in the basic process of cheese making, the yeaqyy
Saccharomyces cerevisiae ferment sugars to alcohol and carbon dioxjg,
azﬂhapki:admmmdaﬂymmﬁngm'ma{mbmafl' 5

Ower the past few decades yeasts have become increasingly importan,
in genetic research for example, the human insulin gene has be?n SI?liced
réﬁo%mdbakefsymﬂwcmandmsmmfw
use by Agaricus bisporus is the commercially grown species of mushroom,

7.5.2 FPood Spoilage: )
Szprophytic fungi cause tremendous amounts of spoilage of fooq
stufl.

Mzmrv toadstools contzin poisonous alkaloids the affect the human

Human/Animal diseases:

A pumber of Imporiant human and animal diseases are caused by
p=thogenic fungzl disease . The cause of the cosmetic diseases of the skin
such zs ringworm  _Athlete’s foot 2lso an skin disease. Fungal spores may
trigzer zlergic responses in sensitive people ‘

Hisioplasmotysis is 2 serious infection of lungs caused by inhaling
spores of fungus.

A Few species zre zble to cause systemic infections of bone tissues
Candida albicans the cause of oral and vaginal thrush.
Aspergliosis, fear, hings, disease), and moniliasis (Skin, mouth, gums
m::q zre 2lso caused by fungus. Many toad stool contains poisonous
zlkzloid thet 2fect the human nervous system.

Plant diseases:

~ Fungl are responsible of various lant disease i oy many
agricultural crops, fruits, wheat .2 down sl s
grapes, cherries and roses are
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AnﬂbiotiCB: J i 28
Many important antibiotics are extracted from fungi. Fungi have

pred a new field, in medicine by producing antibiotics like penicillin |
. y ! enicillin |
' oromycetin, neomycin terraymycin etc .Penicillin is effective agaii:mst fnolst: '
¢ of bacteria which cause diphtheria, pneumonia, meningitis syphilis

and gonorrhea.

piological qontrol: ' i
Fungi are also used in the biological control of weeds and pests.

some s0il fungi trap nematodes using sticky branches or rings of hyphae.
The activity of these predatory fungi could reduce the severity of plant |
diseases caused by nematodes. 7:.

Fungi and bhiotechnology:
Fungi are model eukaryotes for biotechnological research and |

application. Being eukaryotes they have the potential to be engineered to [ =

produce large amount of useful biochemicals. .
Many Fungi have the ability to convert low- value waste into useful |

compounds such as vitamins , hormones and antibiotics

Genetic Research:

Many fungi are used in ge
known as orange bread mold and yeas
important organism for eukaryotic gene
recombination and gene regulation.

al mutualism:
with As heterotrophs, fungi depend for
relat;, which they have developed
inml‘?e’:ls?up; The level of interdepen
in - .
um’!hizae; e nutrient recycling
Phosp;n mycorhizae , the fungal hyphae help 1?
orus , zi trients , 1o |
of , zinc , copper, and other nu , | : :
as::s_cular plants. Sugllz plants show petter growth than those without this i
Ly 2ton, &
Cheng;
between fungi and certain

[t iS a il ol RO
m c association .
utualistic symbiot! a cyanobacterium, 0f sometimes both.

thu
Mogt totrophs either green algae of g :
of the vis T i f fun s while alga partner 18
Pegens -, Visible part of lichens consists © glJt;he algal partner from
ng ligh " : . ts food through the courtesy of {
Ugae, t and desiccation and itself Bt oostor of air pollution.

netic research. Neurospora commonly
ts are extensively used as an

their existence on other organism,

intimate
dence saprophytic decomposers |

the direct absorption of i

tic research, including genetic =

often interdependent, I

m the soil into the roots |
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- fungal kingdoms. The three main kingdoms of e

- are slime
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ukaryotes Probably
arose from Protoctista ancestors. :

Protoctista can be unicellular , colonial or n_luticif-llular.
Due to diversification biologists regard Protista kin

gdom as polyphyletic
oup of organisms. i j A
:gI‘rhe Ii)irst'engl«:au'yotic organisms were probably similar to modern day
Protoctista '

Plant like Protoctista are algae e.

g Chlorella, Ulva. Fungi like Protoctista |
mold and water

mold oomycetes (Phytophthora).
Phytophthora is a pathgenic organism causing late blight of potato.
Animal like Protoctista include all protozoans \
Plasmodium is the cause of maleria.
Protoctista have great bilo

gical importance and significance to human
Fungi. include non-chlorophylous

multicellular  (except yeast)
organisms having chitinoys cell wall, '

nuclear mitosis during which
ak and &

: Spindle is formed within
major division« |




' ] &
orotoctists and Fungh

‘ EXERCISE |

1, Encircle the correct choice

: Which of the following is true about ' :
(i) ) All organisms are prOkaryotesthe Kingdom Protoctista
(b)  All organisms are eukaryotes
(c)  All organisms are autotrophic
(d)  All organisms are heterotrophic
(i) All members of green algae have the pigment combination
(a) Chlorophylls a and b
(b)  Chlorophylls a and ¢
(c) Chlorophyll a and Phycobilins
(d) Chlorophylls a,b and c
(iiiy The major grouping of protozoa is based upon their

(a) Feeding habits (b)  Mode of reproduction
(c) Mode of Nutrition (d)  Mode of locomotion = =
(ivy Protoctista having isomorphic alternation of generation 1B
(@) Chlorella (b)  Ulva ‘
() Euglena (d)  Phytophthora
(v  The amoeboid stage of slime mold is sy _ |
(a) Plasmodium (b) - Fruiting bodies
(c) Euglena _d HCOMNIDS
(v)  Trypanosomes and Leishmanias are disease causing “
(a)  Viruses ?cjl} gggtgeina Rt
(c) Protoctists o
(vii)  Ulva is commonly called b Virus B
(a) Bacteria =d= Sea lettuce VAT
.. (0 Mushroom e
(viii) The study of fungi is called (b) Microbiology
(a) Zoology (d)  Mycology
(c)  Botany

(ix) system are

in eco
The most important cellulose degraders (b) Zygomycota

(@)  Ascomycota (d) Deutromycota }
()  Basidiomycota
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estions:

Write short answers of the following qu A

Whteis the kingdom Protoctista considered to be an artificial taxonp
y

ison i ion of generation?
has isomorphic alternation o _
gﬁi Z:es;talyalth::]:l :aexual ulva plants are called as SP°1‘°P1_lyte i

gametophyte? ;

Protoctizta are the link between prokaryotes and the more modery
e " in why?

eukaryotic like plants and animals explain w. :

Name various classes of Protozoa and how each of their memberg

move? . . S
Describes some of the unusual features of nuclear behavior in fungi?

What features allow fungi to survive in all environment where life is
possible? ' : '

Write detailed answers of the following questions:

. Write down general characteristics of Protoctista and diverSity among

Protoctista?

Describe structure and reproduction in Ulva?
Give diagnostic features of four classes of fungi?
Write an essay on economic importance of fungi?
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. Diversity among Plants y
& Fignd Pl:flts are multicellular eukaryotes with _Photosyntheﬁc
" nutrition. Cell typically have cellulose Wall_, sap vacuole, Plli'-suds and Severg]
- photosynthetic pigments which always include Chlomll)ﬁ yll-a. ThEJ.r haye
. tendency to develop embryo and have heteromorphic alternation
. generation. Sexual and asexual both types of reproduction are reporteq in
lants.
i g.l THE EVOLUTIONARY RELATION IN PLANTS: 5L
i Although life probably began on 'eartl.‘l about 3.5 bﬂlgon_years ago. The
earliest plants have become the first organisms adapted for 1.1fe on l.and. In
the beginning the plants were restricted only to aquatic habitat but
gradually they adapted to terrestrial habitat. _ _
ety o The evolutionary history of the plants kingdom is a story of
; adaptation to changing terrestrial condition.
, There are wide variety of plants species exists on earth. They live in
¥ every type of habitat .They have colonized great areas of the earth surface in
 practically all sorts of soil and climatic conditions. They show enormous
 diversity in size and form.

Cuticular covering of the plant body, protective layer around the sex
', organs, evolution of an internal transport system of xylem and Phloem,
| specialised organs, such as leaves and ro

!

1 E 1 ots and woody tissue allowed

® s vascular plants to attain greater body size than smaller non-vascular plants,
Y which rely on simple diffusion for transport of water and nutrients are the
. Important characteristics in the transition of plant from water to land.

iﬁ_{ré Transport of male gametes

in pollen to the female reproductive organ. The

d or animals rath

é‘%,i,s{é Although the earlies =¥ Ln by water,
f%’% probably, confined to sSwW
ﬁ ~ plants occurred gradually

may be defined

t vascular plants were relatively small and

ampy areas, after that g rapid diversification of

“Plants
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plant cuticle, composeq of insoluble lipid polymers and waxes , 5
parries t0 prevent .dlffusmn of water to the drier atmosphere and also | =
citers a substantail component of UV radiation form sunlight.
gome others characteristics included are:
plants prod.uce some S‘30‘:"“1‘5}1'3f'Pl'Oducts like sporopollenin and lignin.
Sporopollenm tougher than lignin composed chiefly of carotenoids . It
rotects them from attack by grazing organism and microganism . It also
make Spores ol_‘ lf:lnfi _Plants tough and flexible and resistant to
biodegradation. Lignin is important to provide strength to upright terrestrial

ts. :
ek In terrestrial environment gases enter through small pores in the 3%
jant surface. Stomata are present in modern hornworts, mosses stomata - i
and lenticel and vascular plants as well as simple, ancient fossil plants such

as Rhynia. ‘ :l"“'iﬁl

8.1.2 Vascular supply and lignin-Transport support: e
The vascular transport of plants consists of xylem and Phloem for the i

transport of water and mineral ions and for the transport of sugar =

respectively. Another product Lignin provide strength to upright terrestrial f-j‘_gb‘p‘-;_ |
tissues. | R |
8.1.3 Alternation of generation and sexu reproduction: i
Alternation of generation is the type of life cycle where asexually [ ﬂ)‘,
reproducing generation alternate with sexually reproducing generation. It is B & )
an adaptation There are two alternating generation in plants life cycle. The | 3
gametophyte generation which is haploid produces male and female gametes ij‘
by mitosis. Male and female gametes fuse to form zygote which grows into {_j!'?;’i
the diploid sporophyte generation. The diploid sporophyte produces spores "%
by meiosis which are dispersed and germinate into new haploid |
gametophytes. In land plants, haploid and diploid generations are markedly Lo
heteromorphic, these gametophyte and sporophyte differ in size and shape. SR
8.2 NON-VASCULAR AND VASCULAR PLANTS -
Non-Vascular Plants:
The non-vascular plants are the group of plants without specialized

tonducting tissues (xylem and phloem) for transporting water and nutrients.

€ gametophyte is the dominant stage of life cycle in these plants. 3
N They need moist habitat to reproduce because flagellated sperm must
s“gm through water drops, e.g. Liverwort, hornwort and mosses.

‘41 Bryophytes:
ryophytes are the simplest non va

scular land plants, first appeared ‘*ﬂ

b':fore 450 million years ago. In bryophytes, strengthening and condu_cting 2 é,,s‘
"ue absent or poorly developed. It Includes Liver worts (Class Hepatlclae),

orn wo

rts (Class Anthocerotae) and mosS€s (Class Musci)
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. lar ti
By et i eyt kvl v
Sexual reproduction requires tv:rater for :I:;ntlil zogsa?nlzophyte and is dependent on it go.
i e grow
- an archegonium. The sporophyte gr D e

. ; General Characterstics: |
| These are non-vascular plants, where xylem and phloem are a.bl_slent. .
. Plants showing alternation of generation wit dominant
ametophytes having amphibious nature |
ii. %}ametol:;:)hy;tes are the conspicuous, chlor?phyllo_us, Ph?tosyl}thfatlc
autotrophs having thalloid body or differentiated in rhizoids,
Pseudo-stem and pseudo leaves. _ ‘
lii. Male gametes (Antherozoid or spermatozoids) are prqduced in
G antheridium (male gametangia, female gametangla): while female
gametes (non-motile egg cell) is produced in archegonium.

iv. Sporophytes are semi-parasite on gametophytes having a body
differentiated into foot,

the sporophytes from spore mother cell in ¢
] . They live mainly in damp, shady places.

b
<

plants on land,
8.2.2 Life cycle of moss:

| Life cycle of Bryophyte M
AL by Phyte (Moss)

Phytes sh g b 3 .
X gametophytes ag yéomn::é heter Omorphic alt_ernatlon of generation with

: generation includ ; - :
| M0ss). The gameto hvte i : o g Funarig hygrometrica (a
© Pseudo leayeg, Plyte is hapliod consisting of rhizoids, pseudostem and

e :}*" e e T,

dew or SWimmin with the help
single Tainwater en ; g
e w archegq ve
Sperms ractentel:' and few necy Canal] cellg ir:athmatulif’ ey mhamg
archegopj semd Scent  of € neck. Swim
(2n) %0spor an

a le g Sug Cane secr ture
e @yRote), Ty 1 10200 fuses wigp | eted by ma

1;3 oVum to form diploid
Yo ung archegonium apg form an
€ Whiclirig: dli.ell)qated mitotic-divisions to form

Ploid, 1¢ Consistg of foot, seta and
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s W g

ule. Within capsule spore mother cells are e -
' . present, Eac mother
cell divides by meiosis to form four haploiq spores, Each apor':: :rpr?:: drop at
substratum germinates into g filamentous called protonema
]

(contains sperm) Archegonium
(contains egg)

Haploid Fertilization

Fig 8.1: Life cycle of Moss

$2.3 Adapt o land habitat:
A']%.cpﬁt::io::idt:nl;nthat plants had invaded the land form the sea is

in fossils. All the biologists

o s st To e o e

= . s an easy life. Water is necessary for the

- L] . i
M%&fmm andn:;cre is little danger in the sea of any lack of

agree that the land plants and animals
e conquest of the land must have been a |
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essentail for 'autotroph:c_,, dr
' living oragan
ly of oxygen for fftllcgl:te as much as temferaTreﬁ(zcll lal:ld_
o nr(:: isu more uniform and better supp with
tic environme

: i s
‘ \ _ ._rous land environmen
ﬂ Hence,ft::e ?géissities of life than in the r1gor They faced many problem
o o
j some

om the sea. Gl :
: When plants invaded the land fr o bing carbon dioxi d? S om ths
| such as obtaining and

' g

conserving water, a

‘i here for photosynthesis. . vading plants adopted tl_'lemSelves
atmosgro solve these p.roblemsi }ca?c:ieggspedgali:omplete terrestial Lo of
| first to amphibious-habitat and la el ts includes all the bryophytes. We will

_ life. The amphibious form of land plan xhibited by them.

" consider the following adaptive characters exii rvation of water

i 1.  Rhizoids for water absorption 2. CO?SC i

3. Absorption of CO2 i Lo ero% - yf embryos

5. Protection of reproductive cells 6. Formation o .Iy

1.  Rhizoids for water absorption: 3 e

B The study of Marchantia thallus and other bryophytes show thé.lt they

" have rhizoids for water absorption. These are long, filmentous extensions of

 the cell of the lower surface of the thallus. They greatly increase the surface -
: i for absorption of water from the soil.

Conservation of water: o A

cient i i §
Absorption of CQ,: e the rate of evaporation.
and plants need an efficient

i exchange of gases wi ’ Pore
g : : wit
Ya the €nvironment ip cont : Air chamber

| @quatic plant o rast to : .

' dissolved in ‘:a;vhlch exchange gases ___—,4:‘:$=€ ‘ Upper epidermis
~of the th s er. The UPPEr surface g & el Assimilatory
;'x:f“(it number of .IS pI'OVIded Wlth a = 2 cells rich 1n
B | ads insidier?tmg pores, Each bt : chloroplasts

' These chamb to an air"Chamber . Parenchym?
branching hers have ﬁlamentou' . e 1ower
i having ¢ Photosynthetic cells = epidermis

¥ and coy f:zrenters through tpe I‘JOAlr N

om  ajr sor res
félotosynthetic cells andc]la' Y these S
€ Cytoplasm_ ffuseg into ; Rhizoid

Fig 8.2 Marchantia thallus "




Chapter 8

R Tk
AR il

Heterogamy:
' Heterogamy is the most syc
solved in bryqphytes. It is defined
e etes. One is male (motile) and the - i
Etored food. motile) full of ‘
5. Protection of reproductive cells; : ‘
The land environment requires specia]

nale gamete (sperm) and female garnet: ‘are very well protected. T}}e i
.~ellular reproductive (ovum). are produced in

multicellu P SexX organs called a i
respectively. Moreover, these organs are also
structures called paraphyses which help to p
organs.
6. Formation of embryos:

E-n'.lbryo formation in amphibious plant is of universal occurrence, |
The fertilized egg called oospore (zygote) is formed inside the archegonium.
An embryo develops from the oospore as it divides still inside the protective
coverings of the archegonia. Thus the coverings formed by the female organ
protect the growing embryo from drying out and from mechanical injury. !
8.2.4 Advantages of Bryophytes: |

Bryophytes play important role in maintaining the ecosystem. They
initiate soil formation, maintain soil moisture, and in recycling of nutr.ients ;
in forest ecosystem. They are bio indicators of heavy metals in air pollution. |

From ancient time in many parts of the world bryophytes used as |
medicines for example Liverworts (Marchantia) used for the treatment of hyer i
disorder, another member of bryophytes Polytrichum used for curing
diseases such as fever, homeostatic and traumatic njuries to pneumt;ua
and lymphocytic leukemia. Insecticidal activities of bryophytes are.&iso i
Ieported. :

8.3 VASCULAR PLANTS:

ok
i

revent drying of the sex |

i resence of vascular tissue. :
Vascular plants characterized by the pm. e et tie e o B

yascular tissue is made up of Ayiem and phloe rned with translocation of |
portant properties. First these tissues arc conc;z e e rries mainly water -
vater and nutrients throughout the plant body: y'nl organic solutes in ==
mineral salts, whereas Phloem carries i ge supported because =
Slution, such as s:ugar. Secondly plant bodied 21&2 idity. Another lignified == =
Ylem containg lignified cells of great strength aﬂ}zmtilalnd supplements the ==
Ssug, Sclerenchyma also develops in vascular ’?on of living vasc ular plants |
~cchanica role of xylem. The dominant generat! hyte is smaller in =
Size, 1, jous (Bisexual) or dioecious
e

: ametop
S the sporophyte existing as free-1iving pl;l;t The g ) or diveciol
Ridscar 1 cE@en OTRae;, It m?;t‘;: once the sporophyte 18 €2

S€xual), short lived, and degene
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Vascular rized in two major BIOUDSE
V . SJ&? ar;l:::tgii Fern allies (Psilopsida, Lycopsida and
Sphenopsida) and ferns.

*  Seeded plants (Spermatophyte) ---- Gymnosperms and Angiospermg,
8.3.1 Seedless Vascular Plant( Pteridophytes):

Seedless vascular plant include fern allies and ferns.
Fern allies:

The term “ Fern allies” refers to a loose assemblage of spore prOducing
vascular plants that are classified in three group. ' \
()  Sub division Psilopsida e.g Psilotum and tme31pter.13.

(i)  Sub division Lycopsida e.g Lycopodium and Selaginella

(iii)  Sub division Sphenopsida e.g Equisetum
(1) Sub division Psilopsida (Whisk ferns) living fossils:

This is the most primitive group of living vascular plants includes two

genera Psilotum, Tmesipteris. The Psilopsida was considered as living fossil

Progressive
magnification

Spores (n) \' i
L
Antheridiym :

. $_Pel'm Wwith Sperm




ng Plants

- jcally similar therefore called homospory.
B into ophytes of Psilopsida which is also called proths
of MOTe dichotomous branches. It bears numerous unicell
| is monocious The male sex organ antheridium and female
- eanium are produced near the growing apex.
rision Lycopsida: '

They Are commonly called as club mosses most of which are tropical.
the first plants to have evolved true roots. It is generally supposed
¢ roots arosc from branches of the ancestral of algae that
o the soil and branched underground. The sporophyte consists of
ously branched shoots that bear simple spike like leaves.

are located in leal axil either along normal portions of stem or

into cones, strobilus. These sporangia containing leaves are

The lycopodium are homosporous having one fype of

tophytes that bears both male and female

s. Selaginella «kraussiana is a common green house plant.

s exhibits heterospory i.e., it produces spores of two distinct kinds

Shaploid spores germinate to produce female gametophytes, which

eonia development on it and small microspores which develop into

gametophytes, antheridium on it. These gametophytes are dioecious.

=0
=3

§ sporophyll.

s develop monoecious game

i

Lizgule Microapore mother cells
ualergo mrwonis proclucing

/ ~N

N
.
£y copa Ol AN

Koot \
3 LILR D \

—_—
S ; _ 4

Mlegaspoe mothes
crlla undetgo




(iii) Sub division Sphenopsida (Horse tails): 2

_ Horsetail grow abundantly in the swamps of carboniferous times
Today the phylum consists of only one living genera ngsetum. It consistg of
a creeping underground rhizome that produces u;?nght stems. Stems
green and photosynthetic. Small leaves are borne in shf:f::th like whorls at
nodes in the stem. Sporangia are produced in small strobili borne termin
on either normal vegetative or specialized reproductive shoots. Followin
meiosis, spores are produced. Spores are unusual. The outer layer of spore
wall form four sporopollenin thread called elators their movement assists in
'spore dispersal. When a spore lands in a damp place, the elator coil up and
Spore germinates. A tiny gametophyte about the size of a few millimeters up
to 3 centimeter is produced.

Gametophyte is dorsiventral. Unicellular rhizoid are arised from the

basal cells. Gametophyte is basically bisexual. It bears both male sex organ
(antheridia) and female sex organ (archegonia).

Spore mgtht’-l‘
2n Sporophyte cells undergo
Gt S MEIOSIS
_ n Gametophyte to produce
iy Archeogonium 4y u spores -
g
e C

S Life cycle of Equisetym

4
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sib givision Filicinophyta (Ferns):
i ferns ar€ the most diverse and conspicuous of the spore - producing
jants. Most of these are found in tropical regions but many
18 '
(pecies grow @ g . 1

e from small, delicate filmy ferns and floating aquatic to tall trees.

B> perns shows heteromorphic alternation of generation in which the
spowp.m;te is dominant. The sporophyte generation possesses true roots,
Leaves relatively large and called fronds. Spores produced in

spofophyte' . o
hich are usually in clusters called sorus.

spOfangia' W

¥ Gametophyte is reduced to a small, simple prothallus. The prothallus £
contains male reproductive organ antheridia and female reproductive organ |

archegonia. €.8. Dryopteris.
8.3.3 Evolution of the leaf:

The leaf is the most important organ of a green plant because of its |

photosynthetic activity. There are two types of leaves in vascular plants.
(a) One veined leaf (microphyllous)
() Many veined leaf (megaphyllous)
It is very interesting to trace the origin of leaf in the green plants.
Evolution of One Veined Leaf:
Enation Theory:

The evolution of one-veined Jeaf (microphyllous) can be explained by |
tion) emerged on the surface of |

f the out growth, the vascular
food and support to the { =

assuming that a thorn like outgrowth (Ena
t!le naked stem. With an increase in size 0
ils:}ues were also formed for the supply of water,
€at,

Reduction Thedry&

Another possibility is that a single veined‘ leaf originated by a |

Teduction in size of the part of the leafless branching system of the primitive

Vascular plant. This is how the leaf of lycopodium (club mosses) and |

*Quisetum (horse tail) came into existence.

Evolution of Many Veined Leaf:
ebed Theory: |

Many veined leaf (megaphyllous) originat

&voluts . s was
Utionary modifications of the forked branching system 1l the primitive

Plant

- The first step in the evolution of this leaf was the restriction of forked

pundantly in damp habitat in temperate regions. They range

s and leaves. Vascular tissue (Xylem and Phloem) present in the

ed much later. These are the 5
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branches to a single plane. The branching system l:;ca;r:‘znilit. . The Bty
step in the evolution was filling the space 'between b? % :ing and the
vascular tissues. The leaf so formed looked like the web foot of a duck

Fig: 8.6 Evolution of leaf

8.3.3 Life cycle of a fern: _ : i :
The life cycle of fern (Adiantum) or Dryopteris shows-heteromorphic
alternation of generation in which sporophytic phase is dominant. All ferns
are homosporous, producing single types of spores. '
 Sporophytic Phase: ' ' ‘
The sporophyte (2n) which is diploid, consists of adventitious roots,
underground stem a rhizome and pinnately compound leaves.
, During asexual reproduction the leaves give rise to rounded bodies on
its undersides which are called sori (singular sorus) .The sori are green but

when ripe they become dark brown. The leaves which bears sori are called
sporophylls. Each sorus is the group of sporangia.

called prothallus., The prothallus i

heart shapeq d ' lying
Prostrate on same et suibistrus Ped, dorsoventrally flattened yin
which ab aum. It is fixed soil with the help of rhizoids
archego Sorb water ang Nutrients. The v

Mmaturity. Each antherdiu™
)- A number of sperms, /
the archegonium. Only o7




: to form 6ospore ( t ich is dilpoi
uses with ovum ‘ re (zygo e) which is dilpoid. Youn
Py . develops t"rom thf:_ ~oospore. In the meantime protha]lug
spofﬁrate 1 this way life cycle is completed. i ' -
dege ¢ : R

 Key

'i".—‘.- =9 ) o, o
Er i P ¥
¥ ,.—"-"-7-’;?6‘-?73'?._&"9.

o Diploid (2n) _ P ] -3
V'ﬁ{:“e :’ ~ Spore  young %
(n) gametophyte

Mature
gametophyte (n)

R Mature
W sporophyte
- (2n) -

Fiddlehead -
Fig: 8.7 'Life cycle of fern

8.3.4 Vascular Plants as successful land Plants: . ;
The vascular plants have evolved a aumber of adaptations to the

rrestrial environment that have enabled them to invade all the most |

Inhositabe land habitat. During this process they diverged sufficiently _from :
o ¥ lar plants ( with a |

0
f;:: :ul-lr?ther- The four fundamental adaptations of vascular
‘Minor exceptions)malke them more successful 1and plants.
A protective layer of sterile jacket cells around the gameMngla.
Multicellular embroyo retained within the archegornia.
Cuticles on the aerial parts to. prevent evaporation of water.
Xylem for conduction of water and, dissolved minerals as well as
: Providej support. ' ' ' iy
Ppear lany other such adaptations, absent in the earliest vascular plants,

Q most advanced member of the division.

D,
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_, ‘ pPlants: :
| g.3.5 Importance of Seedless VASERAT 1, o in human life. Man get

. Seedless plants hs_;we histonflillltiflg; and medicine 'and decoratic_m,
| many advantages including fOOdI’,S 4 gf Pteris, Ceratopter}S’ and Marsilea,
& They had been used as 9? diet due to sweetness of it’s rhizome, and
Polypodium glycorrhiza is a P?‘rt L .
| for treatment to certain diseascs. : tributor to global warming, was
R Coal, a major fuel source and conf D arboniferous period.
depos%? bi;?:rsfziifﬁ vget‘;flllls Azolla harbor nitrogen ﬁxin% CYat?f?J‘;acteﬂa
B and restoie this important nutrient to aqlizgfshabltats' Tl?e il fronds
e ite’ rative plants.
8 of fem§r E:aakr% glsnrr:ea g?vg)r;';; ;::;iim glyIZom'hiza (licorice fern) also have
| medicinal properties and is used as a remedy for sore throat.
3.4 SEED PLANTS: (SPERMATOPHYTES) | _
. “The seed plants are the most successful group of plants because they
evolved a number of adaptations to a terrestrial habitat. These features
include enclosure of the female gametophyte and embryo within an ovule
hich becomes the seed. Microspores transported to the ovule as pollen

grain through different sources.
4.1 Evolution Of Seed:

Seeds are one of the important parts of plants, the presence of

mbryo inside the seed, necessary for the continuity of generation. Seeded

_ plants are most evolved, advanced and successful i '
. Evolution of seed is one of the kev rea BPOU of pleht kg0

Siants ey reasons for the success of higher vascular

There are three steps in the evolutioh of seed'..

i. Origin of . .
Mic%lospgreshetsrospol-y 1.e., two types of spores are produced.
and megaspg;rzv ” ;lzgv:pem forming gametophyte (male gametphyte)

_ gametphyte). | into egg  forming gametophyte (female

1. Development of integument, an .e |

o megasporangsi , nVeloping structu ' .
- Retention of thfa to form ovule. re for the pmtectxon
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Gen

er

s.
ﬁnlgl_e_ovum *

Coast red grow to more than 100m. The trunk of the general sherman tree is estimated

Ymnospermae: X

They are the successful group of plants of worldwide distribution,
anting for about one third of the world’s Forest :

800

al Characterstics of Gymnosperms:
They AYS naked seeds because ovules are not covered by ovary i.e.

ovary absent.

They are trees 'or s}urubs mostly ever green with needle like leaves with
xerophytic adaptations. | i

They are cold resistant and found in colder parts of the world.

The tree is the sporophyte generation heterosporous producing two
es of spores. The best-known group of ggmnosperm is the conifers.
In conifers ovules ( later seeds) are located on the surface of specialized |
scale leaves called ovuleiferous scales .These are arranged in cones.
Male and female cones are produced on the same tree. :
Most conifers bear their micro and megasporangiate structure in cones,

Gametophyte generation reduced , the functional megaspore develops sl b

to form miniature female gametophyte which is permanently lodged |
within megasporangium(Ovule) Shrs § '
i\ﬁic;rosporangia (Containing pollen) are borne on microphylls ( Fertile
eaves) . . .

Vascular tissue containing Xylem - tracheids and Phloem sieve cells
while Xylem vessels and phloem companion cells are absent.

Female gametophyte consists of two to five archegonia each having

e el i e e -
LS NPTy T v R R
o . :
I i . !

Th .. to weight 625000 kg. f % 3
¢ largest trees in the world, Sequoia gigantea of south western united states belonging gk

. AT to the gymnosperms. G & ks B
~—— They are cold resistant and found in colder regions.

e

Each microspore dévelops into another miniature male gametophyte Fu
consisting of stalk nucleus -tube nucleus , two male gametes and two |
Prothalial cells within an elongated pollen tube. P 0%
F:i_lt‘zgzir?ins of conifers are wind dispersed.

; tion takes place within sporophyte. ' :

er fertilization, megasporangium gives I1s€ to seed.

S
Pi?gsundergpes epigeal germination to form new sporophyte plant. e.g.

E’ the familiar tree, fir, larch, cedar redwood, Yew. . ]
Nifers are : e livi i ed plants.

the most diverse and wide spread of the living non flowering seec P §
They are all woody plants many of wlliibh are important soft wood timber tree.
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%5 Uses of Gymnosperms: ' : t  conifer wood is Valuabie
i mercially important, : :

* Conifers _are coﬂée world wides. Pines, spruce firs and other Coniferg

commer:}gi 2281;1;2 of softwood timber used in house construct.lon, the

?irrfltiai;n be pulped to make paper or compressed to make chip board,
¥ : ' iture. ‘

the basic material for modern furni . : ; _

In addition, Pines are a source of resins, turpentine and pine oil, .

The plants are widely used as ornamentals and largely spotteq in

gardens and parks e.g Cycas, Thuja, Juniperus, Ginkgo.

* The famous dry fruits locally called chilghoza (Pinus gerqrdiana)
belongs to pine tree. '

Ephedrine a drug obtained from Ephedra is used in various respiratory
-disorder particularly in asthma. . '

8.4.3 The Angiosperms:» . ' . ; ;
R The flowering Plants, or angiosperms have their seeds enclosed in
B fruit because ovules are covered by ovary They are dominate vascular
Plants of modern flora ge of habitats from the tropics

, adapted to g great ran

‘ —0Nocotyledonge : -
, W 5 Dm%icli:f?e:
x - Otyledonae
Plants Produce o Plants” Produce '
Ls‘;cutellum Containin ys%gne Cotyledon leaves]\containing :;3 Piyledan: Jaeed
af . A
\];eins are paralle], M

like atte - : g
fonofages o0l Sarfaey sa—{| Venatio) 2™ of veins (Reticulate
aci 1 5 . e, \\
Stem Dorsa] an
Stem g e

d ve ' :
bifacia] 1e ntral surfaces are different

Stem i

S mostly branched, vascular
Camp; v . bun.dles ; : s VR
4 ally absent soa:'l-o gamb‘um' Present gl"fl\l‘.ranng In a ring, ring usually
owth to EXceptions occur o :;:ndary Ving rise Seconda_ry growth.
2 Palmg




: mostly. {2
::::nﬁﬁous roots from the base of the 108ty brancheq tp roots. g

e over from the primary root,
stefﬂ rse toa fibrous root system
i

g o There R .| i

%"::rare three Whoc;-ls in af_llowerﬁ: No W ;

jstinct petals and sepals. These Pea, Rose Plant, Daisy, Acaci sepals e.g
cures are combined to form » fiCacias, Nerium,

fﬁrﬁahth‘ Segment” e.g Grasses, Iris,

gnion, Maize, Palms '

m cycle of flowering Plants:

. Flowering plants show heteromorphit_: ,_a_lternati'on of generation . The :
haploid gametophyte alternates with diploid sporophyte

generation is reduced the main plant body is sporophyte.

- The gametophyte

eiosis produces female and male haploid spores, each of

ell division by mitosis to produce a multicellular haploid stage, the

gg%;kg;;gpl}y’gé,.&__Ihqg_‘gﬁhe,tophyte‘produces haploid gametes by

ic division. Two gametes fuse to form a diploid zygot which then undergoes
mit ﬁ:&}divfsions‘to produce the diploid life stage, the sporophyte.

)

Sporophyte generation:
Asexual reproduction in Angiosperm: ' ot g, ]

The main plant body is sporophyte that consist of root, Stem, l_eav.es
and flowers. Root, stem and leaves are considered as vegetative pa'rts while
lower is the reproductive part. Flower is a compressed reproductive Sh:?t
Mith four whorls of modified (floral) leaves called s?pals, pe; 181
microsporophyll (stamen) and megasporophyll (carpel). Mlcﬁ'osporo;)l) y1 X
Stamgn) is male reproductive structure and megasporophyll (carp
f;l;nale feproductive structure. | £ o

“Tosporophylls (Stamens): | - roduced by |
Microl;pgres(which later develops ~int0'pou-e e g;al;fliall{r: rfnther and a [
uucl"5"‘150I'Oph,',r'll or stamens, each stamen COI}SIS; ‘; = ot
~ak caleq filament, usually the anther have fou res mother cells. _
Sac or nﬁérosporang’ia contain numerous microspol rospores by meiosis so -
tar. ach microspore, mother cell produces i;uzgll)ciﬂto pollen grains and =

. Pollen gac K rous microspores,

d ac has numerou e :
L;igi S€ from here for pollination. - | : Each ¢ ‘
SPOrophylls (Carpels): ovum' in ‘ovary. LAt

c EEgsgoroL!)hyflp no!;v called ca_rpell I;L(:;i%f;ry , within ovary or:’il 0;
n?’:;f&l conSiSt Of three pal;ts’ Stigma, Sty € dy of oVI_l].e 1Is C . ea .
e .

main bo
Ovules (megasporangium) develop. The



nucellus which is protected by two layers of protective sheaths of ¢,

B _ Chapter 8
. Diversity Among Plang,

ent on it, the micropyle, witp, the ed

. s .
contains one megaspore mother cell which produce four Megasporeg eolt
' n

maturation. Out of four megaspores only one megaspore will be functic,.nmt
develop into female gametophyte. The female gametophyte developsl insid:\

ovule called embryo sac.

integuments. A small pore is pres

Flower g

‘-&"“ﬁ"' — Stigrna

. ' Embryo
¢ —— Storage Seed

\ material

Seed coat
o ‘!- N ) 11

ToW

“ Pollén tube
Fig 8.8 Life cycle of Angiosperms

Development of female gametophyte:

Megasporangium (Ovule) within ovary contains mega spore mother
cells which undergoes reduction division to form four haploid megaspores:
Three of them disintegrate and only one survive, which after successive
mitotic division develop into seven-cell (eight nucleated) structure calle

~ female’ gametophyte or embryo sac. Out of seven three cells found tow

chalaza and called antipodal cells, three cells found toward microphyle
called egg apparatus, two of which termed synergid cells and one
comparatively large cell is egg cell and one central cell with two n‘_“':lel
called polarnuclei which after fusion called secondary nuclei or definitive
nuclei. All the cells except secondary nuclei are haploid. This multicell

structure of ovule is termed embryo sac which constitutes the femal®
gametophyte of angiosperm, male and female gametophyte dependent -

sporophyte.




gouble fertilization:

ibe reaches on ovule, it enters the micropyle and then discharges the two

spel'm c
the €g8

After pollination, pollen grains transfer and settle on igm |

_ . th
peh The pollen tube grows through the tissue of the stigmz :ﬁ’lld :ty?é 4
{nan enters the ovary with tube nucleus at its tip. When the tip of the pollen b

ells into the female gametophyte (embryo sac). One sperm fertilizes

cell to form zygote (2n) which further develops into an embryo
sporothte- By the time fertilization occurs the two polar nuclei of the | o
rmale gametophyte have combined to form a diploid fusion nucleus with e
which the second sperm unites to form a triploid nucleus structure. This

cleus undergoes a series of division and a triploid cell, called endosperm |~

s formed. The endosperms function in the food for the embryo.

Food storage organ provide food to embryo at the time of germination. |

Double fertilization is a special type of fertilization which occurs only in |

anglospermic plants. During this process a sperm fuses with the ovum to |

form oospore. The other sperm fuses with secondary nucleus to form triploid = %

endosperm nucleus.

After fertilization the ovule matures and develop into seed while ovary |

develops into the fruit. The fruit not only helps to protects the seeds from |
desiccation during the. early development, b
C_li_sgersal by various means.

Activity: T ¥ .

Armange a field trip and collet Cassia, Brassica,
_lowers. Identify different type of inflorescence.
lﬂl&t flower of Rose, Cassia fistula, Solanum higmrh and Avena sgtiva. Describe their

s ] L flowers Sl :

AC}iyraﬁﬂlﬁs, "-Ma:cus,l_-lelianthus

84.5 Angiosperms as successful group of land Plants: 1 |

]

The life cycle of angiosperm shows that angiosperms aré so we

ada.pted to life on land. Their major advantage over other pl i
¢Ir reproduction. Here they are better adapted in three important ways.
?he gametophyte generation s Very reduce
Inside sporophyte tissue, on which it is totally dependent .In mosses |
and liverwort where the gametophyte is
Vascular .plants it is a free-living PO
;usc.eptible to drying out. | s
- Fertilization is not dependent on water @s it is i
- Where sperms:swim to the ovum The male gameé
gf-“‘mf’tile and are carried within polh_’-ﬂﬁ1 e
dispersal by wind. insects,water and animas. .
Sametes afger polli’nation takes place by means of pollen tubes. The ova
mg enclosed within ovules. '

BRI T SR A

ut often also facilitates their? '

uced. It is always protected

n other plant groups, ey
tes of seed plants are -

.

.
Wkl obrik s e

grains that are suited for ey

ants is related to =

conspicuous ,while in seedless
thallus. The gametophyte is =

4

ally _transfer of male



3. Conifers and flowering plant
made possible by the reten
parents sporophyte

~ 8.4.6 Inflorescence: _ _ _
It is mode of branching of floral axis having a group of flower, or it

may be defined as arrangement of group of flowers on a floral axis. There are
| two types of inflorescence recemose and cymose€. In recemose inflorescence,
main axis called penduncle continues to grow. The flower develop in
.~ acropetal succession and opening of flower is centripetal. Whereas in
- cymose inflorescence, main axis soon stops growing. The flower develop in
~ basipetal succession and opening of flower is centrifugal.

| Kinds of recemose inflorescence:

| Peduncle elongated: _
Receme is an inflorescence in which flowers are pedicellate and

bisexual e.g., Gold mohar whereas in spike, the flowers are sessile and

. bisexual (amaranthus) Catkin is another kind of inflorescence in which
| flowers are sessile and unisexual (Mulberry) whereas in spadix, flowers are

covered over by one or many large bracts called spathes (e.g Banana)

s produce seeds. Development of seeds ig
tion of ovules and their contents on the

T TR AT S
2 g R T L S

R
".’_2" oG
5

= :3.’2"1 S,

- )
. o
Spike
AEENELUE .
|
(+] o
\ P

Scorpoid cyme

Corymb

Fig 8.9 Types of inflorescence



cle sh
Corym

[beris)

ortened:
b is an inflorescence in which flowers h
flowers having large pedicels and up

pgth o edicels are of s
g) when p ame length and arise from common point
int, &

£ e is known as umbel (corianders)

;heed:lylfcle ﬂattened

govers (flof

|marg1'nal) strap S

ave pedicels of unequal il-
per ones having small |

Head (capi.tulum) flattened peduncle has a ‘mass of -
ets) with one or more whorls of bracts at the bassl?cilirlfrf SS;:?
. voluCTE- The florets are commonly of two kinds namely ray ﬂgrets-E

haped and disc- florets (Central tubular ones) e.g

sunflower, zinnia, marigold etc.
soikelet Inflorescence:

It is kind of recemose 1

Poaceae.

" Kinds of cymose inflorescence:
Uniporous ( Monochasial) cyme:
Main axis soon ends into a flower and

branch at a time ending in a flower. T
follow the same mode of producing flo
produced on alternate sides, it is calle
Me-not) . Whereas, if the succeeding branches are pro

scalled helicoid cyme (sundew).

Spiklet

Fig 8.10

P ———— ™)
o .“o
i
il

- e
ke Wil

Heﬁcoid

" Biparous

Types of cymose inflo

produces only one lateral |
he succeeding lateral branches again | -
wer. If the succeeding branches are
d scorpioid cyme ( cotton, forget- =

oduced on same side, it |

rescences

|

nflorescence. There are three bracts at its base |
«lled glumes. The lower two without flowers are called empty lemma, there
i« small bracteoles called Palea. Flowers, covered by their respective lemma
and palea. This type of inflorescence is characteristic feature of family |- ‘

|
]

1

o |
i
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. Biparous (dichasial) Cyme:

x

| (Brassicaceae).

Main axis soon terminate into a flower and produces two flower . This

. mode is followed by each succeeding flower (Pink night- jasmine).
* 8.4.7 Significance/benefits of angiosperms for humans:

Angiosperms are very important to human. They have number of ygeg
as food; specially cereals from the grass family. Among most €conomically
important grains are corn (Zeamays), barley (Hordium), oats (Avena), wheat
(Triticum) and rice (Aryza).

‘ Vegetables: s

There is a variety of vegetables, different in forms and nutritional
content, and are grown for one or more of their parts the flowers, shoots,
eaves or the underground parts. E.g., Potato, tomato, eggplant and chilli
pepper from the potato family (Solanaceae), legumes and beans (Fabaceae),
pumpkin, melon and gourd from the squash family (Cucurbitaceae),
cabbage, cauliflower, radish and mustard seeds from mustard family

' Fruits: . 7 :

~ A large number of fruits belongs to rose family (Rosaceae), €.g

Almonds, apples, apricots, cherries, peaches, pears, raspberries and

strawberries. Citrus fruits from family Rutaceae, bananas from family
Mucaceae and Papaya from family Caricaceae.
Medical/Pharmaceutical plants: ‘

Flowering plants have great pharmaceutical and medical value. Citrus
fruits are source of vitamin C, aspirin from bark of willows, narcotics Suc
as opium fromi: opium poppy, quinone from cinchona. Arg-e-gulab extract¢
from rose (Rosa indica).is used as eye drop and for soothing. The pulp °
amaltas (Cassia fistula) acts as purgative. Atropa belladonna of family
Solanaceae, Solanum nigrum locally called mako used as pain reliever &

i anti-inflammatory. Ocimum tenuiflorum commonly. called tulsi used in mar

| herbal medicines to help treat asthma, bronchitis, cold and flu. Glycy e

~ to be effective in the treatment of certain forms of cancer, such as
~ leukemia (vincristine from the Madagascar periwint). |

-

\ glabra locally called mulhethi traditionally used to -treat many disease®
* particularly in respiratory disorders. -

Angiosperm compounds that are highly toxic t_d. humans have

prOVed
acutt
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| The S

s are multicellular eukaryotes with
tory of plant revolution is mainly
to life on earth. '
plants show heteromorphic alternation of
retained and develops into embryo.

Photosynthetic nutrition.
of gradually improving adaption

plant

generation and zygote

Bryophytes are small, photosynthetic, free-living gametophytes that

lacks vascular tissues.

Heterogamy is the most successful kind of reproduction that has

evolved in bryophytes. |
All the biologists agree that the land plants and animals evolved from
aquatic ancestors.

Land invading plants adapted themselves first to amphibious habits
and then developed a complex terrestrial form of life.

Vascular plants characterized by the presence of vascular tissues ie. =

Xylem and Phloem. The dominant generation of living vascular plant is
the sporophytes, existing as free-living plants.

Ferns are the most diverse and conspicuous of the spore-producing =

vascular plants with about 12000 living species.

The gametophyte of Pteridophyte (Ferns) is called Prothallus, The =
Prothallus is independent, autotrophic, heart shaped, dorsoventrally o

flatland lying prostrate on wet substratum.

The seed plants have been by for the most successful in fully exploiting

the terrestrial environment. They first appeared in the late Devonian,

and in the carboniferous they soon replaced
:pélempsids as the dominant land plants, & pos
Oday. C N |
The seed plants have traditionally divided 1
Gymnospermae 2. The Angiospermae. Gymzlc-);p‘i
>¢eds because ovules ‘are not covered by ov

d by ovary.
aVe their seeds enclosed in fruits because ovc_rgle:. are covered by
- OUble fertilization is the specific type of fertlhza ;0 s
angiospermic plants. During this process r?n p
I to form ouspore (zygote). The other Spe

nto two groups. 1. The

y

10wer may be described as compl‘essed reproducgfes stamens and
WhOrls of modified (ﬂoral) leaves called Sepaills', I:ion I,)I‘Oduce
Wi €ls; and which after pollination and fertiliza

mtlhln fruits. ’

fl Orescence is made of branching ©
®r. The inflorescence may be recemos

f floral axis having & group of

:

d the lycopsids and |
tion they still hold =

rmae have naked
hile Angiospermae
which occurs only | &
. fuses with the =
fuses with secpndary 5|

Cleus to form triploid endosperm nucleus. shoot with four

g seeds |

r
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(vii)

(i)

| 1. Encircle the correct choice

(i) “The rapid diversification of plants
(a) Silurian
(c) Carboniferous _ - z
| (i) Spores of land plants tough, flexible and resis
v . BYR

(x) .

occurred in the period:

(b) Devonian

- (d) Paleozoic

tant to biodegradation

(a) - .Lignin - (b) Chitin ‘
: () Waxes , C(d) Sporopollenin
|| (i) Hepaticae, Anthocerotae and Moss are the classes of:
, (@) Angiosperms : (b) Gymnosperms
i () Tracheophytes (d) Bryophytes
| (iv) The most successful kind of reproduction is: i
- (a) Heterogamy (b) Oogamy
(c) Anisogamy : (d) Isogamy

The dominant generation of living vascular plants existing as free-
living plants is: ‘ - : :

- (@)  Sporophyte "(b)  Gametophyte
(c) Trac1_1eophyte ' (d) Pteridophyte
T(h? most primitive living vascular plants is:
a Lycophyta . ‘ (b) - Spheno
‘ Ly ¢ . ophyta
(c)  Psilophyta - (d) Filicinophyta
The gametophyte of Fern is called: o
| ((2} grqhegonium -~ (b))  Antheridium
(i) Doub e R ' (d)  Prothallus
(a()m le Bferuhlzlatlon is the characteristic feature of:
ryophytes b)) - »
(©)  Angiosperms @, pomacsperms
esins, tu ti i i -
= Rosrg)ep ine and pine oil are obtained from:
n banana tree, flow -Danana .
oatiod: 'WErs are covered over by one or many large brackets
(@) Spathes , : |
©) Capitulum - .. . - (B Spadix

.(d) Palea

-

188
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write short answers of the followi
2. How life cycle of plants shows alte
Why bryophytes are called non va
How plants cope when invaded the lang from the sea?
Why heterogamy is important for plants?
Why flower is called a reproductive part of plant? |
Why fertilization in angiosperm is called double fertilization? | ;
How seeds are evolved? - |
Why gymnosperms have naked seeds but not angiosperms?
3.  Write detailed answers of the following questions: .

Define plants. Discuss evolutionary relation in plants. | ;
Write down general characteristics of plants. 1‘
Describe lifecycle of Moss with diagram. ’

Why vascular plants are considered more succeésful land plants? | -{
How leaves are evolved? s

ng questions:

rnation of generations?
scular plants?
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sity AmOng Animals
The term animal derived from Latin word “anira»
Animals are incredibly diverse in struc anima
an that can only be seen with a micr

D]ver

soul-
o il upto 150 t d 40

weigh I MPIRILDL LI TS B m long. A good definition of an ani '

as €asy 83 it might first appear. There are exceptions to ari:;nr?l e
criterion forslstlréﬁmsglhng an animal from other life forms Howeve¥ ;‘ng
iaken together, the following characteristics of animals wi ’
urposes. - | animals will serve our

9.1 CHARACTERISTICS OF ANIMALS

Animals are multicellular, heterotrophic (ingestive) euk
can rc?produce sexually. Although animal speci(esgexhibgts a gﬁii;ﬁ;
_ diversity of reproductive styles, all are capable of sexual reproduction. Lack
cell wall, motile and able to make responses to external stimuli.
92 CRITERIA OF ANIMAL CLASSIFICATION
. Th(? kingdom animalia is divided into 33 groups called phyla. But we
wﬁl' consider in depth only nine major phyla. These major phyla are
~ Porifera, Cnidaria, Platyhelminthes, Aschelminthes, Annelida, Mollusca,

Arthropoda, Echinodermata and chordata whereas rest of the groups are B

means breath or
ture they range from simple &=
O0scope to blue whales, which =

e p——— . vy

- gp—— . e 8

minor phyla. This classification or grouping of animals is called taxonomy o

OTISY_Stem?.tics. It is carried out primarily on the basis of their evolutionary
relationships. Clues to these relationships are found in (i) Comparative
Morphology and (ii) internal architecture which includes presence and

absence of tissues, number of tissue layers, symmetry and the |

tmbryological developmental pattern of their coelom and blastopore.
' Kingdom:l Animalia

Céﬂglar Level of organisation Tiésue
1. Porifera
Coelom absent Pseudo'coelom' True coelom present
between epidermis present
and gastrodermis
[ | : Yoo 4. Nematoda
Body radial Body bilateral -

} .
. 2. Coelenterata 3. Platyhelminthes

~ Mesodermal cells are forrl;d from
single cell during |growth of embryo

Endoderm gives
rise to coelom

A\l 1 3
S. Annelida 6. Arthropoda 7. Mollusca — .
i Notochord Notochord
" absent present

8. Echlnt»dermata ‘ 9. Chordata
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2! are joined together into Ui
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' 9.2.1 Classiﬁcation

.*.

based on presence a.nd absence of tisgyeg
multicellular and their cells are eukaryotic, thege

ssues, tissues into organs and organg Systen s
phylum Porifera is grouped in a separate sub-kj

to
: 3 . !
;:gri:l::n 'bgcr;use its members lack true tissues. Rest of the eight gﬁ;rl:

consisting sub-kingdom eumetazoa (true .metazoans) hf.lve Fissu &8 ormar
into organs (in lower groups) and organs into systems (in higher forme)

Centipedes i
mnip?d(is Spiger
Insect#/ M M b

Mammals Birds Reptiles

. \ | .
Crustaceans ’ Amphibians

—

E . i
= a— @

S Chordates
e
Roundworms Tunicates

All animal are

Flatworms " ‘
; Echinoderms

als hay
level of orpamis.sc the tissy :
o g ganization . Dj Fig: 9.2
Cnidarians, An; als m't:alh Nple; Ploblastic gpng Triploblastic organizati®®

three
FiEg Sm layers ectoderm, mesoder® and




9.2.3 Classification baseq o
The simplest animals

b

the sponges have many

representatives whose bodjeg
are irregular, and variable ip
shape so called asymmetrica]

The eumetazoans are divided

into two major groups on the

basis of body Symmetry,
Members of phylum cnidaria
have radial Symmetry and
group called Radiata. A radia]
animal has a top and bottom,
or an oral and aboral side
but no head end and rear enci
and no left and right. The
otl_xer major ' group
amimal has not o

9.2

on the basis of body cavity or
Coclom. Acoelomate; simple
i::llcnals such as flatworms
.COelo any internal space or
Wil m between their body
Per s and their gut.
o Ocoelomates; animal
(aschelpp; i T
4 minthes) have a cavity

lino'ugh it is incompletely

h:d With mesoderm.

enre 1S a layer of mesoderm
b ®ath the body wall but
s around gut. Coelomates;

Mals  from annelids to -

¢

cgofdates have a true body
CO"ltY or coelom that is
Mpletely lined with

endoderm called triploblastjc
organization. Example: Platyhe

Such g
Iminth
1 Symmetry

Nimals haye or

None

Coelomate

f Annelid

pseudocoelomate

ANy

=\

Nem&tOde -

‘ Acoelo

Acoclomate

Radial

Central axjg Plane of Symmerty

Posterior
Bilateral

Fig: 9.3 Symmetry in animals

B

Bo

mate, pseudocoelom

(from ectoderm)

Tissue filled region 42"
(from mesoderm)~4&

Digestive tract
(from endoderm)

__ (from ectoderm)

Digestive tract
(from endoderm)

(from ectoderm)

Di estive tract
(ﬁ-og—; endoderm)

d into three groups

Body covering

ody covering

dy covering .

ate and coelomate

€S to chor Hats, gan and System leve] of

s of eumetazoa are bilateral symmetry. A bilateral =
G i) t only a dorsal (top) side and ventral (bottom) side, but also |
A or (I}ead) end and a posterior (tail) end and a left and right side.
imals of this group collectively called the bilateria.
‘4 Classification based on coelom
The bilaterally symmetrical animals are classifie




, i rotostomes or deuterostom,
i ates are e1the.r protos : €s, w
| mesoderm. Coeloiftlz -t invagination during development) is asSOciathen t

| plastopore (the S ome (Annelids, Molluscs anq Arthy, Wity

- ST 4 protostome (!
| outh the animal 18 spassociated with the anus and a secopg opoqsl'

i ore i .

| ?hz?né}slet}t:lasr?c?uth, the animal is a deuterostome (Echinode rf::'::sg
ec -

hemichordates and chordates). ’

"1 ies of animals are placed ip
total of 1.3 million species O! one
ek cAat:gories; vertebrates, those with a backt'aone, or vertebra] il 0
ancjl invertebrates, these lacking backbone. The invertebrates include 0

| of all the animal species on earth.
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agellated cells called choanocytes or collar cell

. . s. S
ﬂ‘zy grow to over a meter n height and have an internal skeleton, wi?él}%iz
n;mposed of spigules, provides sq}?port for the body, the spicules may be
¢ 4 from calcium carbonate, silica and protein. The bath sponge now

I :
if;frf;y used which have proteinaceous endoskeleton.

Water exits

ter enters’ { . T T
t‘xgugh small J B, 4 ] !N & ‘_ ” Collar cell
pores (osita) o ¥ & P =) e (choanocyte) *

: Food particles ™ °
Fig: 9.6 Sponge cellular structure

Most sponges are hermaphrodite whereas in few members sexes are
separate. Sponges can reproduce asexually by fragmentation or by
budding or gemmules. During sexual reproduction €ggs and sperm formed
bY- amoebocytes. The sperm are carried out by water current to
neighbouring sponges where fertilization takes place. The fertilized egg
gevehps into a multicellular free-swimming larva which settles to_the
,E°tt°m and grows into an adult. Common sponges; Sycon (Fig: 9.7-a),
uplectella (Fig: 9.7-b) and Spongilla (Fig: 9.7-c)

_Fig: 9.7: (b) Euplectella

L Spo ey -_-' iy .f B , A c ¢ 4 4 s e A5
' an ot DRES Sl i) Extra reading material _
By achon day, aTli:ﬂItnﬁaf::; filter. They can filter animount of water 100,000 tr
hae 98y, Spon: S a basketball-sized sponge could filter an entite FESIQER win ey
" have— discévgf‘opﬁﬁs often use chemicals to Eetegr predators from eating t 10 i??;g-slt{sw.
— € that some of these chemicals may have potential e iecpsin
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| 9.3.1 Evolutionary Adaptations in sponges

Sponges evolve from colonial flagellated protoctists that lived over

- 700 million years ago, these protoctists were probably related to

.~ choanoflagellates.

' Digestion: The simplest form of digestion is found in sponges, which lack
- digestive tract. In sponges digestion is entirely intracellular.

. Respiration: Respiratory system is not found in sponges. Diffusion is

 sufficient for gases exchange.
| Excretion: Diffusion helps in excretion hence there is no special organ for

~ the removal of nitrogenous waste.

bt
L

o
41

4 Transport: Diffusion is sufficient for transport within sponges.
- Nervous system: Sponges lack nerve cells.

9.3.2 Importance of sponges
Sponges with fibrous skeleton are used for the purpose of bathing,

_ polishing, washing and scrubbing.

~ |9.4 PHYLUM CNIDARIA (WITH NEMATOCYTES)

. a step above the sponges in
. | complexity, their cells are
| organized into distinct tissues,

. that act like muscle. Cnidarians

| General characters of phylum cnidaria

The cnidarians are clearly Mouth
Tentacle

Gastrovascular cavity

including contractile tissues

.~ all are aquatic majority of them . gr/’.‘ o

" are marine whereas few live in ' /[y Epidermis
| fresh water. They are radially ’ /f Gastrovascular, e
* symmetrical and diploblastic bt cavity , i ﬁ‘\\\

| their body wall encloses a hollow .+ . . Gastrodermis ' SN0 \\

(cavity the gastro-vascular Mewoglea e N\
©  cavity or coelenteron hence (B o e
- the named coelentrata. All ' 'Epide?mis-é; \

~ cnidarians are carnivorous, o | B B ©
. they paralyse or kill their prey - ettty " Mouth

with the help of special stinging - Fig: 9.8: Polyp and medusae

~ cells called bnit_locytes hence the name cnidaria. They have two distinct
s body forms polyp and medusa. Polyps are cylindrical with mouth and
 tentacles upward, Medusa on the other hand umbrella shaped whose

mouth and tentacles downward. Cnidarian can reproduce by both asexual

- and sexual methods, asexual reproduction takes place by budding and

regeneration whereas sexual reproduction involves the fusion of sperms

and eggs released into the water, the fertilized egg developed into free
swimming larva. . '




Common cnidarians: Hy
gea anemone (Fig: 9.9-¢).

Fig: 9.9: (a) Hydra

Cnidarian evolved
protoctista

Digestion: Digestive system consisting of
asac called gastro-vascular cavity with a
single opening mouth help in both
ingestion and egestion.
Respiration: There is no respiratory
¥stem both ectodermal and endodermal
¢ell exchange gases with water.
E?lcre.tion: There is no excretory system,
Slon is
fanspo
the body

gf?twork or diffuse type nervous system.

+2. lulPtu'tance of Cnidaria

Proviqe

dra (Fig: 9.9

Fig: 9.9: (b) Jelly fish .
9.4.1. Evolutionary adaptations of cnidaria

along one of the three evolutionary lines from the

Extra reading material
Some cnidarians are the longest
animals in the world, one of them
that can stretch as long as 40m is
Rl the Praya dubia. = -
Jelly fish are made up of more than
95% water and they have no brains,
blood or nervous system. Jelly fish
can have up to 800 tentacles.

only responsible for removal of nitrogenous waste.
rt: Gastro vascular cavity help in transport of nutrients throughout

Nel'vous System: The nerve cells are organized into tissue called a nerve-

Coral reefs which are usually restricted to warm shallow water
a heaven to large number of marine species. Jewelry and other

CCoratiye items are carved from red corals. Red corals named MARJAN

are Used
9

by Hakeem in preparing eastern medicine.

PHYLUM PLATYHELMINTHES (FLAT WORMS)

General Characters of phylum cnidaria

rr()m

i dies are thin between the
lat worm amed because their bo en t!
and‘tr;ntrsala;z;% ;:s (flattened dorsoventralljrg. They range n; salie
S long tapeworms. The e
Nearly mi ic free living to 20 m > : :
°n1atz I:;;::::OP;C aymmetri cal, triploblastic animals with organs
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Chapter 9

Diversity Among Animaj,

and organ system. Some flat worms have a !wad WI}”‘I i Prﬂl!‘rof eye spog,
that dcl:cct light, free living flat worm move with lh“b(;ﬁ‘l’a:c;‘:l:ll present o
the ventral epidermis. Flatworms can rcpdeUCrl b{hmu b regen :rmtii sexua|
methods. Free living form reproduces asexui y % od?tc (mgon ation, A
forms can reproduce sexually and most are hermaphr oecious).

Gastrovascular cavity - =

Ventral nerve cord

.’ g " ‘\‘ "-vn .}" "
it . W
| Dorsal surface ——== ‘Mg, ’,/%‘*‘ »,--"'.
¢ 1!’4’ / t“ o\ '

L ]

Ventral surfy,

AR R s,
- PR N1
7y .

\_ Pharynx | f
: Mouth e

Protonephridia

Eyespot

Brain

Anterior Fig: 9.10: (a) Planaria Postenor

Common Platyhelminthes: Planaria (Dugesia) (Fig: 9.1_0-11). Liver fluke
N | (Fasciola hepatica) (Fig: 9.10-b) and tapeworm (Taenia saginata)

Fig: 9.10: (b) Liver fluke Fig: 9.10: (c) Tape worm

9.5.1. Evolutionary adaptations in Platyhelminthes

Flatworms do not look anything like cnidarians, the two share some¢
features that have led biologist to speculate that they evolved from 4
common ancestor. Both have a gastro-vascular cavity.
Digestion: The food is digested in an intricately branched gastro
cavity that distributes nutrients to all parts of the body.
Respiration: Exchange of gases by diffusion between the cells and the
environment.
Excretion: Simple system of excretion consisting on network of C_a{‘a]s
ending in bulb shaped cells having cilia called flame cells (Proto-ﬂeph"d'al'
Transport: No specialized circulatory system.

-yascular




ystem: Ladder type nervous system consists of the two lateral

f cells) function as brain.

" Extra reading material * 00
S latworma e not really flatand have a‘rounded body instead. They do have a flat
belly mugh_ The flatworms can either be extremely tiny or can grow to become several
inches long. They are pointed on both ends are characterized by eye spots on the head. |
Their colors may vary from being translucent white, green as well as brown. It could also

be blotchy and mottled as well. - . .. .. qm@' 3

» .

né ;
(Coﬂecuon -

—_—-_—-—-_——— .
9.5.2 Importance of Platyhelminthes
Flatworms, such as the planarians, are mostly free living while some

are parasites.
9.6 PHYLUM ASCHELMINTHES (NEMATODS)

General characters of phylum Aschelminthes

Aschelminths commonly called round worms are the most abundant
animals on earth, found everywhere in sea, freshwater and soil. Round
worms have a varied mode of existence from free living, scavengers to
predators and parasitic on animals and plants. Most are microscopic

but some parasitic form reach
symmetrical, triploblastic, pseu
pointed ends. The muscles of
nematodes are all longitudinal
and their contraction produces
a thrashing motion. Round
worm reproduce sexually the
sexes are separate in most
Species  females generally
!afger than males, fertilization
" internal. Common
Aschelminths: Ascaris

(Fig: 9.11), Ancylostoma and
Wuchereria,

9.11: Male and Female Ascaris

Fig:

9.6.1 Evolutionary adaptations in Aschelminthes

igestion: Tubular gut running from mou

Somplete, . _
espiration: Diffusion sufficient for gases exchange, has no respiratory
system

t found. :
sists of two canals, which run down the

Transport; Circulatory system no
Cretion: Excretory system conl
Ngth of worm.

le

ds, plus the connecting nerves looks like a ladder. Paired ganglia |

a meter in length, have long bilaterally |
docoelomate and cylindrical bodies with [

th to anus. Digestive system is 1%

|
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Nervous system: Sensory organs in tf_le head transmit informatiop, to
| simple brain composed of a ring of ganglia.

Extra reading material

nitrogen cycle and for regulating the decomposition of

S Nen atociés are essénﬁal in the C ; - f
o ofg.::n.rﬁc matter. One species of nematode is known to control mosquitos by eating thejr

There ére :60 bi.llion nematodes for every human on earth. According to Barnes 80% of
i s i the living animals on earth are nematode worms e

9.6.2. Importance of Aschelminthes

Round worms are important as agriculture pest that attack the roots
of plants. Human serve as host of 50 species.

: ’ - . Extra reading material . : .
. Pest is any organism that spread any disease, causes destruction or is otherwise a -
o : nuisance. For example, mosquito, rodents and weeds.

9.7. PHYLUM ANNELIDA (SEGMENTED WORMS)

| General characters of Phylum Annelida:

T

P

e e T e ——

=l

L

- s
W—
2 gl g i £y

S
1
o

3

| symmetrical, coelomate and
- protostomes with an organ

e T -

L
HE

.

| chaetae also called setae

| with or without Parapodia

~ land, in moist 'soil, in
~  freshwater or in sea. Many

|
et
&

, living in tubes buried in

e

iy &
i,
W3

| Annelids are commonly
| called segmented worms,
. have the most complex-
- body. Structures among of

b

- mud whereas leeches are
] ectoparasites, they are all -

7

"

Prostomium

all the worms, they live o

annelids are ~active free-
swimming predators, some -
are aquatic filter feeder

Opening
of the
oviduct

triploblastic, bilaterally

Setae

system  level of body

| organization. Chitinous (a) Entire  (b) Dorsal (c) Ventral view  (d) g:tg{

view

Fig: 9.12 (a) Earth worm

- are usually present in the most of annelid i HoE-
: J P _ s and help in locomo
Replfoductmn 1S usually sexually, most of annelids are hﬁl‘mﬁphr('-a"‘ditc By
In 1ew sexes are Separate, development through trochophore larvac:

g: 9.12-a), Neries and Leech (Fig: 9-12-P)

Common Annelids: Earthworm (Fi




1. Evolutionary adaptations in Annelids _
Annelids are supposed to have evolved from a primitive flat worm

like ancestor in the sea. :
pigestion: Tubular digestive system with both mouth and anus, complete

9.7

system. . ' )
Respiration: Resplra.tory system is
not found, diffusion is sufficient for
gases exchange. - .

Transport: Closed type circulatory
system with _blo_od confined to the
heart and blood vessels. '

Head (Anterior sucker) end

Posterior end

LBy

Excretion: Excretory organs are VSERNSOEPSERECIEIISa " air
: 1 ] A ] : ! o R 1 o | R -u‘"‘"" >
nephridia which are found in most o il e oo
Nervous system: Nervous system v
consists of simple ganglionic brain in ~ Fig: 9.12 (b) Leech
the head. :
' '  Extra reading material

Leeches have been used for-‘medicinal purposes for a very long time. Back. then, it was
 believed that leeching would get rid of the “Bad Blood” that caused diseases. '

9.7.2 Economic Importance of Annelids

Earth worm help the farmer by continuously ploughing the soil and

adding nitrogenous waste into it, thus making soil fertile; they are also
used as fish bait. Leeches are ectoparasite and suck the blood.

o8. PHYLUM MOLLUSCA (SOFT BODIED)
**heral ¢ ' m Mollusca

Mollll:;c?: tae:: ::;flt’ l:'ch,)lc‘llied animals, but most are protected by hard
el made of calcium |
ga'rbonate, slug, squids and
r;ftOI:‘US_ have reduced shell,
chSt of which are internal, or
Co Y have lost their shell
Anmpletely during evolution.
trip] the_ molluscs  are
N Oblastic, ~  pilaterally
Ctrical, coelomates and “K === —
Stqmes with organ Foot Ret\ractor muscles
M - grade of body
Organjzatiof All molluscs
€ a similar body plan with

Fig: 9.13 Anatomy of snail

LTI



three main parts, Muscular foot usually used for movement, Viscer
containing most of the internal organs and a mantle a fold of e Mgy
drapes over the visceral mass and secretes a shell. Many mollusc =4
using a strap like rasping organ called a radula to Scrape g f
Reproduction is always sexual, some species have separate Sexes :
others are hermaphrodite, they all pass through a trochophore laryae ¢
Common Molluscs: Unio (Fig: 9.14-a), Octopus (Fig: 9.14-b) and Pegy 0

S feeq by

tage,
YSter

Fig: 9.14 (a) Unio | Fig: 9.14 (b) Octopus

Rk st Al aatiing . Extra reading material : :
The oyster is usually ambisexual. It begins life as a male and then becomes a female. It
~ may go back and forth many times. The giant squid is the largest creature without
~ backbone. It weighs up to 2.5 tons and grows up to 60 feet long.

9.8.1. Evolutionary adaptations in molluscs
Digestion: Digestive system is straight with mouth and anus.
Respiration: Exchange of gases in aquatic forms with gills and simple
lungs in terrestrial form. _
Transport: Open type circulatory system in which blood directly bathing
the organs in a haemocoel. :
Excretion: well developed excretory system using tubular nephridia.
Nervous system: Nervous system consists of ganglia connected by né
but many more of the ganglia are concentrated in the brain. -
9.8.2. Economic importance of mollusca:
A variety of molluscs called shell fish, together with crustace
still an important source of food. Their shells are decorative, some m
make valuable pearl. | :
9.9. PHYLUM ARTHROPODA
General characters of phylum Arthropoda ‘
Arthropoda is the largest phylum of the animal kingdom, ofl
found everywhere on earth wherever the life is possible, even 11l
wells. Arthropods are bilaterally symmetrical, triploblastic, coelorl'lﬂt‘etse 4 10
protostomes. The diversity and success of arthropods are largely rela d of
their segmentation, hard exoskeleton, and jointed appendages. The

1VES,

ans are
embers




propods 1S .cf)mpletely covered with cuticle, an exoskeleton, made of
otein and chitin. The exoskeleton protects the animals and prov’ides oircl)t
Ef sttachment for the musc!es. that move the appendages. Sexes are us?:all
separat® and metamorph051§ 1Is common occurrence. Y
Common Arthropods: Scorpion (Fig: 9.15-a), Prawn (Fig: 9.15-b), Mosquito

Fig: 9.15-c), Honey bee and House fly etc.

Fig: 9.15 (a) Scorpion ~ Fig: 9.15 (c) Mosquito Fig: 9.15 (b) Prawn

Ui : - Extra reading material [ T ; Y
Arthropods exist in the harshest conditions in the world, from very cold places to some
| of the hottest in the world. A scorpion, which is an. arthropod, can survive even after
ey B _ being frozen solid.

99.1 Evolutionary adaptations in arthropods
Digestion: Alimentary canal iS Abdomen Thorax Head
well developed with mouth and g " S
anus. Mouth is assisted by jaws, ._
digestive system is complete. i MY VI > Antennae
Respiration: Arthropods efficient B - ompound eye
8s exchange is accomplished by
gllls In aquatic forms such as | el
tmstaceans, and by either M He‘art Dorsal Digestive ganglion
facheae or book lungs in A\ R et
terrestrial forms. e -
ansport: Arthropods have well N\ Subesophageal |
ﬁ;’elOp ed circulatory system,  yagidd S . A= ganglion £
veSDd not only travels through
Sels but also empties into the

intemocoel, -where it baths t]:_le Tracheal
311::11&1 organs directly this e

e n ‘
typ gement known as an opeé€ . 9.16 Internal structure of arthropods

¢ circulatory system. Fig
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' osmoregulation.
| Nervous system:
| annelids but more comp
in head, connected to a series
| body and linked by a ventral nerve cO

| 9.9.2 Economic importance: .
| t economic importance, the predominant

| from lower surf:
ace of the
| Tube feet are part of o fe vasbody.

R 4
NS

Arthropods
lex. It consis

Arthropods are of grea

| group of arthropods, the insects not o
t. Many cause diseases in p

In human beings they are responsible for

predator on plant pes
transmitting bacteria and viruses.

carnivores plants. Sea food t
arthropods.

dermos = skin)

The  representative of
phylum Echinodermata are
exclusively marine animals, they
are radially symmetrical as adult
their larva is a free SWimming’
filter feeder with bilateral
symmetry. .Adult echinoderms lack
head, brain and segmentation
They are triploblastic, coelomates‘

- and deuterostomes with organ

system grac{e of body organization
The body is covered over by a;

. delicate epidermis stretched over g

firm endoskeleton o

mt?veable calcareous Llaiti:: dwi?ll;

zﬂlrx:les. Ecl}inodenns move on

cylinflr?:; tiny tube feet, delicate
rical projection that extends

system, which fun ctions in

locomotion, respirati
capture. Spiration and fooq

nervous system is s

of ganglia running

the transmission of trypanosoma, plasm

| Arthropods are an important source of fo
hat is not fish or molluscs is generally

an tubules. They remove

= Excretion: Excretory organs are mostly malpighland e e o
i nitrogenous waste from the haemolymph

imilar in plan to that of
mposed of fused ganglia

t of a brain co
down the length of the

rd.

nly helps in pollination but also
lant and animals, by

odium and germs of cholera.
od for many animals and

9.10. PHYLUM ECHINODERMATA (SPINY SKINNED)
General characters of phylum Echinodermata (Gr; Echinos = spiny and
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Most echinoderms reproduce by rele
ater, where fertilization occurs and a fr
sexes are usu_ally separate.

Common echinoderms are Star fish (Fig:'9.18-a),

mber and Brittle star.
Sea cuct Madreporite

rPodium

Fig: 9.18 (a) Star Fish Fig: 9.18 (b) Sea urchin
9.10.1. Evolutionary adaptations in echinoderms

Digestion: Echinoderms have complete digestive tract but in some species |

as a brittle star it is incomplete.

Respiration: Gas exchange occurs through the tube ff.:et and in some forms
numerous tiny skin gills project through the epidermis, respiratory tree in ;

sea cucumber. :

Transport: The echinoderms lack a circulatory system, although movement %

of the fluid in their wall developed coelom. '

Ex_gretiom Echinoderm lack excretory organs, diffusion is responsible for ‘

-loss of ammonia.

Nervous system: Echinoderms have a relatively simple nervous system |

With no distinct brain. .
9.10.2. Economic importance of echinoderms

Sea urchin (Fig: 9.18-b),

Echinoderms are efficient scavengers on seafloor, sea urchins that |

burrow into rocks and along a shore can accelerate the: erosion of
Shorelines.

‘Extra reading material

‘ HORDATA notochord) J R :
Hemichordate are eactasvely marin, solary or colonial, moaty bleelous, Thel: by
IS Soft, fragile, vermiform. unsegmented, bilaterally Symmemc:]l]’ u;f tae)lrate. Fertilization
2nd deuterostomes. Reproduction is mainly sexual. S?"es..‘-’;‘:m’]’aﬁflma_ ¥
| 5 temal, development direct or indirect with free swimming B

mi&estion: Digestive system complete with mouth and cal gl slits.

| Reaplration: Gas exchange through dorso-lateral pharyngeal g 2t :
Eulsport: Simple open and well developed A o removal of nitrogenous waste.
nmn.n. SILRSElmep S I the proboscl_sajmy- of subepidermal nerve plexus and

-

system: : ; s ma ST
dorsal coliar neméﬁr.z Newlqué‘.’systemm _ﬁﬁﬁu&: Balanoglossus & Saccoglossus

T At g

-

asing Sperms and eggs into the |
Ce-Swimming larva develop, the |

s



B having

~ mouth and an anu® c lomans are
~ developed and internal OT&2 d
. CaV]_ty ﬁxe

| suspended in the coelomii.
py a thin: membranous S
% rrfesentery. They all as & rule, reproduce
~ sexually. The chordates aré extremely ke
~ diverse group of animals united by four
| features that all possess at some stage

~ of their lives. ,
Notochord: Flexible rod that extends the length of

~ an attachment site for muscles. " .
Nerve cord: Lying dorsal to the digestive tract, this hollow neural structure

' develops a bulging at its anterior end that becomes a brain.
Gill slits: located in the pharynx, these may form functional respiratory
openings or may appear only as grooves during an early stage of
~ development. -
Post anal tail: most chordates have a tail extendi i

in us.
|| 9.11.1 Classification of chordates jing:pastetior fol oo Al
: According t : . ' -
W sio erovive. g to the recent classification chordates are classified into

(i) Invertebrate chord
tes ii ~
Group Inverteb 2 - (i) Vertebrates.
ebrate chordates (Protochordates) :

The invertebrate ch
i ord -
defining feature of vertebrates t?f:; tm lack a head and backbone that

() Sub-phylum urochordata a %€ eified into.two sub-plyla

sue called pharynx \ Intestine
Pharyngeal Muscular

Fig: 9.19 Chordate body

the body and provides

Sub Phg::‘z ul&ochordata I?d (ii) Sub-phylum cephalochordates
)Chordates : LT _ _
because their body lsar :ncalso called tunicate -

characiers Or atrial
Common umchordat:;)'w chordate

Fig: 9.20 Herdma®®



hylum Cephalochordata

The small fish like cephalochordates s
in the sandy sea bottom filtering tiny food
Common cephalochordate: Amphioxus (Fig:9.21)

gub P
puried particles from the water.

- Dorsal Dorsal

Brain merve cord i : Myomeres
Eyespot | Pharynx Digestive tract (Segmented muscles)
y .
' Notochord Caudal fin

, Rostrqm y

-

o '!- g 4 ‘ Y N i : 4 -. ' ¢ 5 o
| Anus
Atrial pore Ventral fin

Tentacles ‘ N
Gill slits Botikd

Wheel organ
. Fig: 9.21 Amphioxus

Mouth

(ii) Group vertebrata

pend most of its time half

In the vertebrates notochord is usually replaced during development =

by a backbone or vertebral column. Vertebrates show other .adaptation.s
“that have contributed to their successful invasion of most habitats. One is

 the presence of paired appendages. These first appeared as fins in fish and |

serve as stabilizers for swimming. Over millions of years, some fins were

modified by natural selection into leg that allowed animals to crawl onto dry

land, and later into wings that allowed some to take to the air. Another

adaptation is an increase in size and complexi
Structures. ot ey |
Classification of vertebrates _

Vertebrates are classified into seven major
1. Class Jawless fishes (agnatha)

Small group of '
Vertebrates which includes
tWo groups of jawless fishes;
the  hagfishes and the
lampreYS, both have skeletons"
% Cartilage and are eel like in
Shape. Both have unpaired
e located'along the midline
of the body. Both lack scales,
and their smooth, slimy skin

18 perforated 3 : i : _ ‘
circular g1 ' . 9.22 Lamprey

classes

ty of their brain and sensory




s ) . : natha _
Evolutionary adaptations 'n 26 eeth that surround the tongye to

i i like t ]
: Hag fishes using pincer _ ¢ the prey’s soft internal o,

g . ic cav1ty and mge:s : : r S_.
'A tggi;nﬁgstii;g:ioﬁﬂ:e mouth lined with teeth. Gill pouches or Opening

~ help in respiration. ichthyes)

e :1aginous fishes. (Chondrichthyes)
. N %llzs‘sre(gttﬁ;i of class Chondrichthyes, Sl}al' iﬁshSk%geS al:ld rays are
called cartilaginous fishes because they have relative )f exi de er; oskeleton
| made of cartilage rather than bone. E.xoskeleton is ma;de of enormoyg
" number of tiny sharp enamel coated dent1.cles called placoid scales. Mouth
is ventral in position and their tail fin is hfaterocefral. There are present
" many usually 5 exposed gill slits on side which are not covered over by a
~ gill cover the operculum. Scoliodon (dog fish) is small shark which ig
' common in our seas. '
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First | pit

- Second
Free rear tip dorsal fin

Spiracle

Subterminal

notch
Gill openings - .P(glgii;:egn‘ . " Lower lobe |
Pectoral fin )
(paired)
| | Fig: 9.23 Shark

8. giass Bony fishes (Osteichthyes)

: ‘ass osteichthyes (bony f o 8 . :

individuals Eiidl: iin S(peciis 1Sh§s)_ are the rpost numerous, both 10

bon a_ﬁ 3 __’ AP, v ! e R ) :

: -;ad d the exoskeletq 1€ sailfish. It can swil
o ¢ 9P oft els on the ifﬁgh‘”ay;iml?

orse. It swims 5o sloW

rely tell it is moving. _

: n WhiCh A ‘." : *tf’s1
Ny bony plates | slowes
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N 4. Ciass Amphibia (Living at both places; water and land)

The first vertebrates on land
were members of class amphibia.
. The limbs of amphibians show
~ varying degree of adaptation to
| movement in land, from the belly-
| dragging, crawl of salamanders
 (Fig: 9.25-b) to the efficient dive of
~ frogs (Fig: 9.25-a). Lungs replace

gills in most adult forms, and a three chambered heart

. T b2
amnion, enclogeg the embrggnindﬂx}&; while

emb : :
heart pec 8 Tequire. Re

~ with only a few primitive “vomerine teeth”

_—\
Extra reading material
Unlike reptiles and mammals, amphibiang
don’t have the ability to chew thejr food.
They are also poorly equipped dentally,

in the front upper part of the jaws that.
allow them to hold onto wriggling prey.

an internal membrane, the

atery'enwronment that all developing
Pire through

_lungS, three chambered
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Fig: 9.26 (a) Green Turtle Fig: 9.26 (b) Tortoise

Common reptiles_found around the world are tortoise (Fig: 9.26-b)
‘and turtles, lizards (Fig: 9.26-€), snakes (Fig: 9.26-d), crocodiles and |
alligators (Fig: 9.26-c). Many species of tortoises and turtles including the |
endangered green turtle (Fig: 9.26-a) the chelone mydas are found in |
Pakistan. : : [

Fig: 9.26 (c) ~ Fig: 9.26 (d) Fig: 9.26 (e)
Crocodile and alligator Snake S s
6. Class Aves (Birds) - o
Birds evolved from reptiles during Mesozoic era. Amniotic eggs and f7
Scales on the legs are just two of the reptilian features we see in birds. A |
bl.l‘d can be defined as feather covered bipeddl flying vertebrate possessing (22
- Wings. Feathers which cover the body all over constitute a unique and basic b
ldenti,fying' character of birds. Birds regulate their body temperature by .
Physiological and behavioral-mechanisms, maintaining a temperature that |
'S usually higher than that of their 'surroundings. These animals have a '
Mmetabolic rate that increases their demand for energy and require |
XVgen for tissues. Four chambered heart keeps oxygenated blood
Separateq from deoxygenated blood. Respiratory system of birds
PPlemented by air sacs that supply oxygenated air to the lungs.
orelimbs are modified into wings. They have hollow, very light bones laced
With ajr Cavities, horny beak has replaced jaws. Fertilization is internal and
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