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

Describe the terms of resolution and magnification with reference 10
MICTOSCOPY.

Explain the use of graticule and micrometer and define the units used in
micrometry.

Describe the locations, chemical compositions and significance of the
primary cell wall, secondary cell walland middie lamella.

Explain the chemical composition of plasma membranc.

Rationalize the authenticity of the fluid mosaic model of plasma membrane.
Relate the lipid foundation and the variety of proteins of the membrane

structure with their roles.
Identify the role of glycolipids and glycoproteins as the cell surface

markers.

Explain the role of plasma membranc in regulating cell's interactions with
its environment.

Describe the chemical nature and metabolic role of cytoplasm.

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

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

N - ‘!‘-

Scanned with CamSc



«  State the structure and functions of the
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peroxisomes and glyoxi

SOmes n

animal and plant cells.
«  Describe the formation, structure and functions of the lysosomes: >
» Interpret the storage discases with reference 10 the malfunctioning ©

lysosomes. Sk
| structure of mitochondrion and interhink 1t

s Explain the external and interna

with its function. ik it
Explain the external and internal structure of chloroplast and interiink !

with its function.
Describe the structure, composition and func

Describe the types, structure, composition an
Explain the structure of cilia and flagella and t

tions of centriole.
d functions of cytoskeleton.
he mechanisms of their

movement.
Describe the chemical composition and structure of nuclear envelope.

Compare the chemical composition of nucleoplasm with that of cytoplasm.
Explain that nucleoliare the arcas where ribosomes are assembled.

Describe the structure, chemical composition and function of chromosome.
List the structures missing in prokaryotic cells.

Describe the composition of cell wall ina prokaryotic cell.

Differentiate between the patterns of cell division in prokaryotic and

cukaryotic cells.
Relate the structure of bacteria as a model prokaryotic cell.
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One of the most important concepts in biology is that the basic unit ©

wre and function in living organisms is the cell. It is the smallest unit that

c
ol lular

carry out all activities of life. Cells are the building blocks of complex multice

anism. i |
org The modern theory of cellular k Tidb“

anization statcs that, - . is
orﬂi‘ All living organisms arc composed The oldest accurately dated life s

; ium
a microorganism, I-.ubr:c!ermo
isolatum which dated back
i million years

of one or many cells.
All new cells anise from by the
division of pre existing cells.
3. Cells contain the hereditary
material of an organism which is passed from parent 10 daughter cells.
4 All metabolic processes take place within cells
Techniques used in ( ¢ll Biology
Microscopy makes a very valuable contribution died
However, techniques are also needed if the functions of organelles are 10 be studi l.
Various techniques have been used for isolating and examning vanousi Ccc
components. Of these, differential staimng, centrifugation, t1Ssuc cu “":'li‘_lc'
chromatography, electrophoresis etc are the most common _tccl_m:qucs.
examination of a cell and its component depends upon the magnification powers O
two convex lenses to produce a magni fied image of a very small object.

2

—

l - .
1o our understanding of cells.

Table 1.1 Magnification ol the Microscope

Objcc_l—i;t_.?i:_lls_ - ‘ Eye plt:.c-._: lens | Magnification of
| _ | Ob‘il._.':_c‘
[x6 | x 60
x 10 |x6 ——— 240
x 40 | o T | X<
x 10 -5 | [N x 100
e —

1.1.1 Resolution versus magnification ol l.llir.‘l‘ll\(‘llpc. .
The biologists who study cells, use different devices and precise techniques in

their efforts to develop exact descriptions of cells and their parts. Their most
important tool is the compound light microscope. It is very useful butitis limited by
the nature of the energy 1t uscs 1.e li.ghl. .Thc hmnnupn of any microscope defined as
resolving power; the ability 10 distinguish close objects as being separate from one

another.
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250nm. This resolution poWer is about
an differentiate between tWO points
¢ been developed with different
a mean of Increasing the
ith a lightmicroscope
to 2000 times.

The resolving power of light microscopes is
500X is that of naked eye. The human naked eyec
atleast 1.0mm apart. Different light microscopes hav
resolution and magnification powers. Magnification 1S
apparentsize of the object being viewed toa reasonable size. W
a specimen could quite casily be magnified by as much as 1000
Fortunately, we are not dependent only on the resolving POWe The TEM
microscope. We now have the Transmission Electron Micro S g
can magnify an object upto 1,000,000 (1 million) times. 1= SEAN
Scanning Electron Micrlng.copc (SEM) has produced three dimensional 1Mages of

whole objects.
1.1.2 Staining _
ues of
Most biological structures are transparent SO that son;: ;flCh'ril';i e
obtaining contrast between different structures must be emp yed. e o0

It is a process of treating a specimen for ex al

ctures visible
d in light microscopy are shown 1n

common method is staining. :

s certain stru

table 1.2. Certain stains when used in low concentration are non-toxic to living

stain is stain of a contrasting color used to color the components in a microscopic
ter stain.

under the microscope with a reagent of dye.

without affecting others. Some of the stains usc

tissues and can therefore be used on living materials. Two stains may be used 1n
which the first stain is called principal stain and the second as counter stain. Counter
specimen that are not made visible by the principal stain. These stains are called vital
stains. For example, methylenc blue and neutral red. Two stains may be used in
which the second is called coun
Table 1.2 Profile of Permanent Stains

| Suitable for

Stains ( Final Colour
| i. Aniline blue | Blue Fungal hyphae & Spores
['ii. Borax carmine Pink Nuclei, Obelia colony TN
riii. Eosin Pink / Red Cytoplasm / Cellulose = |
| iv. Feulgen's stain Red / Purple DNA (particularly during cell
| division) 1.e. chromosomes
v Leishman's stain | Red/ Pink /Blue | Blood cells ol
vi. Methylene blue | Blue Nuclei i
vii. Safranin Red/ Purple Nuclei, lignin & plant tissues_
Table: 1.3 Profile of Temporary Stains
Final Colour Suitable for |
Yellow Lignin |
Blue-black Starch
Vot by Yellow / Blue / Lignin, Cutin, Protein. / Starch/ T
==L | Blue or Violet Cellulose |

e —
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As revealed by the above table different cell of
stains, hence increase the resolution power of
1 1.3 Centrifugation (cell fractionation)

Dividing the cell into its parts or fractions is ¢
done in a centrifuge and the process is called centrif
isolate various components of ce
particular size and density. This proc

ganelles stain differently by different
a mlcrnscnpc.

1S called cell fractionation. It1S
e ntrifugation. Cell fractionation can
S including organelles according to their

¢ss is accomplished in the following manner-
o The first step is grinding up the tissue in

. a liquid medium of proper osmotic
concentration to forma homogcn Prope

ate, which is then put in a centrifuge and spun.

Initially it 1s spun at a relatively slow rate to separate out the larger, heavier
part of the homogenate, such as any remaining whole cells and the nuclet.

When these fractions have been removed. the remaining material is again spun

ata s_pccd and cellular components of intermediate size, such as mitochondria,
plastids etc precipitate out and are removed.

The supematant liquid can then be spun at still higher speeds and smaller, lighter
cellular fractions are precipitated.

. I
P"::_') 1
=1l kel

Homogenization Differential centrifugation B

| so00g 20000g | (1 /100000g 50,000 ¢ Y
5" 10 min 15 min | 60 min 3br oSy
g ji Supernatant P

Pellet rich in Pellet rich fn
Pellet ﬂ::;‘ -/ mitochondria E -~ “micretomes™ |

A oy oL

(pleces of e
m - g i

(and chlorop
Tissue Homegenate collular debris If cells are from

plaat)

i 3 Fig 1.1 Cell fractionation technique.
.14 Tissue Culture & que

Tissue culture is the growth of tissues and cells separate from the organism.
This is typically facilitated by the use of liquid semi-solid growth medium such as
broth,or agar. Tissue culture produces clones in which all the product cells have the
same genotypes unless affected by mutation during culture. In the following
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cections & histolapparatus and main steps of tissue culture are given:
4. Tissue Culture Apparatus

« Cell culture hood (i.c., laminar-flow hood or biosafety cabinet)
o Incubator (humid CO, incubator recommended)

« Water bath

¢ Centnifuge

¢ Refrigerator and freezer (-20°C)

« Cecll counter

¢ Inverted microscope

L

.

Liquid mitrogen ( N. ) freezer or cryostorage container
Sterilizer (i.c.. autoclave)

n steps in tissue culture

Selection of the plant tissue (explant) from a healthy vigorous mother plant.
This is often the apical bud but can be other tissue.

*2. This tissue must be sterilized to remove microbial contaminants.

Establishment of the explant in a culture medium. Medium sustains the plant
cells and encourages division it can be solid or liquid.

Each plant species (and sometimes the varicty within a species has particular
medium requirements that must be established by trail and error.

5. Multiplication of the explant gives rise to a callus (a mass of loosely
arranged cells) which is manipulated by varying sugar concentrations and
~ the auxin (low) cytokinin high ratios to form multiple shoots.
he callus may be subdivided a number of times.

sh ots are transferred to a growth medium with relatively higher auxins,

are deflasked and hardencd off by gradually decreasing the
his is necessary as many young tissuc culture plants have no

s a mean of separating one type of molecule from others

ure, normally as a liquid ora gas, over a stationary phasc
silica. The separation may depend on a range of chemical
: as solubility and molecular mass.

theti wnlgments, sugar or amino
{52 “:" m:fmﬂ-thm d'ppe d mnto d
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spcl:lﬁ"’ so":let;;ttwsh'ch moves through the RE DOCTORS
molocﬂlcs it. imilarly, a thin layer of s; paper by
b, Column( hromatograph . Sthica may
[t is more commonly used me |

rting Matrix hgld i;(i II}-L"I“ d which involves 1 |
glass ormetal tube the mobile phase flowing

A '_ apillary action c'lfT'ying the
" H-g'll-’ :
imnste |dnlp{]p(1’ff

ogefaSUPPO .
(1.0 glectrophoresis
Jtis @ technique used to separate 1 |
Undcrthc nolecules of differes :
’ of diff | fferent electrical charge.
nfluence I erent eclectrical field, negativel;
(Molcculcs) w‘;ll move towards anode ( -,1,}'(} | 'I"“'i positively charged jons
R Ve KPR and cathode (-) respective 5
gfrﬂt lh%:‘ = Wllh\;thh Lhargf:d molecules move tow nlrff \'m[m-dyj“o I
l) Thc : Ou?to charge (greater charge, faster rnw.l "n-Tlll’ln‘: ::.!r(ic:bd)
i) [ es1ze o molecules (smaller molecules it RIRE ‘;.. s
I.|'7 bpeCtropl‘(““"lUt[[ \ p FRORWE [LAL L”]L"I \ICC\CI:‘
This technique 1S ¢ .
ique Is used to measurc the change yercentage tr:msrnissnon of
rhe cell mass 1S irectly

sion matern 1

light (Optical density) of the suspen

propomonal 0 ".w opuc.al,dc"”‘f‘- Ihe determination of amino &c!
u'ophi?tomcllcnc analysis 15 based upon spectiis hight absorption. Such analysts

of the amino acid gcncrall_v dcpcmh upon absorption exhibited by their colorcd

derivatives.

1.1.8 I\vlicrudisscc[iuu ‘

It refers 10 8 variety of techniques 11 which microscope is used lo_ald the
p(ocess of disscctiun cells or I organelles. Different kinds of echniques involve
hicrodissection:

[ﬂiCl"Ut“bSﬂCUUH - se of fin¢ y.luss nccdlc undcr a
' |I'rum.u-mnplctcchmmosume
microscope 1o dissect
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u will have to calibrate the micrometer. This can be done by replacing the
specimen with the stage micrometer, and using this to measure the eye piece units at

cach magnification.

Eyepiece reticles and stage micrometers
Overlaping reticle
and micrometer scales

Eyepiece 0 0.0
ocular .

! 5 ( e 0.1
L 3

A 0.2

S 0.3
6

l 7 0.4

Reticl 8 = Stage
eticle 0.5 microguctcr

Fig 1.2 Stage & ocular micrometer

1.3 Cell Wall and Plasma Membrane
1.3.1 CellWall

The cell wall was discovered by Robert Hooke in 1665 earlier than the
protoplast. It is the outer most boundary of the plant cells. It is secreted by the
protoplasm of the cell. Its thickness varies in different cells of the plant.

- Each cell whether isolated or occurring in tissues has its own cell wall. Cell
*wal.ls of neighboring cells are held together by an intercellular substance called
middle lamella.
~ Cell wall varies greatly in morphology and chemical composition but its
h s have a close relation with the age and function of the cell on the basis

Cellulose, a cell wall component, can be used in
Industries in the following ways:

| 1) Nitrocellulose (Explosives)

ndary | 2) Rayan (Textile fiber)

"

R .})  Cellophane (Partially permeable membrane)

s | %) Plasticsincluding celluloid's & cinematography
P er making J
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The cell walls have three fundamental parts namely i) Middle lamella ii) Primary
wall ii1) Secondary wall.

Middle lamella cements together the walls of the neighboring cells. 1t 18
usually thin and about | pm in thickness. In woody tissucs the middic lamella s
commonly lignified.

Primary wall is the first wall formed in a developing cell. Itis usually 1-3 pm
in thickness. More or less elastic and extendable, crystalline and optically active. It
is composed of cellulose, pectic compounds mostly polysaccharides and
hemicellulose. :

The secondary wall follows the order of primary wall in -.Ic\-'clnpmcnl-']l_ 1S
laid down inside the primary wall, Its thickness is about 5-10 um, more or less rigid,
crystalline, and strongly optically active. It is mainly composed of lignin, cellulose,
non-cellulosic polysaccharides, hemicelluloses and mineral salts of Ca, Mg, K, and
some silica.

A major role of the cell wall is to form a framework for the cell to prevent
over expansion. Cellulose fibers, structural proteins. and other polysaccharides help
to maintain the shape and form of the cell.

1.3.2 Plasma Membrane

Plasma membrane or cell membrane is the outer most boundary of the
animal cells and inner to cell wall in plant cells, Cell membrane is chemically
composed of lipids (20-40%) and proteins (60-80%). In addition there is small

quantity of carbohydrates present.
Many biologists contributed to establish the structural organization of cell

membrane. The modemn technology has revealed that lipid bilayer is not sandwiched
between two protein layers. In 1972, Singer and Nicholson proposed a most
acceptable model for membranes called Fluid Mosaic Model. This model is in
agreement with photograph of cell mumhr;l_u:; by clccgron microscope. This model
explains that “the membrane is like a sea of lipids in which protein are floating™.

a. Role of Proteins

The proteins are not arranged in sheet but as globcs. of proteins which are
floating about in the sea of lipid molecules. Some proteins extend completely
through the double layer of lipids from one side to the other and are called intrinsic
proteins. Some other proteins are smaller and are placed among the phospholipids
molecules. These are on one side of the membrane and are called extrinsic proteins,
Carbohydrates extend out from the outer surface of the membrane and are attached
either to membrane lipids as glycolipids or to proteins as glycoproteins.

et
p)
=
(©
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Glycopr
and

b, Role of Gy colipids and
Lipids, proteins
diversity of the membranes. L
pcnncablc barrier that allows the
vents ionic materials. Mem
ermeable barrier that select
materials according to cell’s need. If
.hnoseconccntmtion inside the cell
is proper, no more glucose can enter
the cell. Extrinsic proteins function
as receptor that receives the stimuli
from the environment and thus
inform-the cell to respond. Integral

ipid

- proteins also called as “permeases’
o regulate diffusion, osmosis and
active transport of ionic materials.

carbohydrates

transport of non-polar
brane proteins on the other

otein

are responsible for functional
nembrane differentially
materials across it and
akes it sclectively

bilayer makes the 1

hand m

vour Inforile
ents towards Fluid

embrane
-Two layers of lipid

Chronological developm
Mosalc Model of plasmaM
« Gorter & Grendel 1925:

moleculesonly )
« ) F Danielle & Davson 1935:-Lipid bilayer Is

covered with proteins & protein pores
. Robertson 1959: - Unit membrane model
e 5)Singer &G L Nicholson 1972: - Fluid

mosaic model

)

Hydrophilic (polar) head

of phospholipid

Hydrophobic
fatty acid tail of
phospholipid

. G. -
v..':.. -

;.

‘-“'-'.‘r;/ -
\..- ’ .
°.'../ .

-

.‘.;

- « ",
-8

*
-.‘
..

rr

-~ '

B

| intrinsi ‘
nleg;lo Luil;rsmsw) Pmph;r:jo t(c::mmc )
Fig: 1.4 Fluid mosaic Model

o B
ates such as glycolipids and glycoproteins provi
Beoileame <0 i provide receptor
Ofsttl_muh like Hormone Receptor Sites (HRPS ),
gnition of antigen and food materials thus inform the
tes are also responsible for Endocytosis 1.¢.
and pinocytosis (drinking of the cell). Thus

..J.

’’’’’’
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¢ lipid Blucose nd amjp,, , Olecules Particyl nm wide but it

HCh are -
¢ Aqueay L‘u]nl:’L epelled by the non-
: cnis of the ¢
ell from

Lreasons, for exam
Toobtain nutrienys.
Toexcrete wag
i 1€ substances ( urea, uric 5
Aosecrete usefy] gy i,
Lp’geneme the ionic
10 maintain a
activity,
Lytoplasm
‘The living contents of euk
Sm, the two together forming

IIL‘I'UH\ n cur ]Ol a
I ) ”'IL'. ’!hr' 'S L1885 i
l”‘L'\ Inllt h tl" Dc

Slances (hormones. enzyme
radients escent:.
suilablf H his essential foy nervous & muscular activit
p a“d'“"""J””k'f?‘n’?-!'Jl" within the cell fo 4
it renzyme

 Cle i,

aryotic cells are divided into nucleus and

o th‘ -'\rll]\') ‘I!.‘_:-_J ("4 1« ez .

ling) substance containing | ‘oplasm 1s aqueous (water
___of cell organclles and other | ﬁ
€S such as insoluble wastes and Centrle \

oducts. Cersosome
Solublc part Oflhl‘: c.\"tl‘[‘l.lsm Perovisome Y el 2 -
* ground substance between the ) _ - g e
ielles and is called cytosol. It is
-gfabom 90% water and forms a
On which contains all the

ntal biochemicals of life. In
molecules and ions may

orm colloidal solutions. A
lution may be a sol (non-
a gel (jelly like or viscous).

Sectetoey vewsles Cywoplaeen, *

ite region of cytoplasm IS Fig 15 Animal cell

6 acting as storage of vital chemicals, the ground sy

site of certain metabolic pathways, such as glycolysis, In living cells
contains several cell organclies such as endoplasmic reticulum,
Golgi complex, nucleus, plastids, nibosomes, lysosomes, centrioles

11AA DA

e —

m
3
%

ers. In the cytosol mitochondria move about in cytoplasm i

S
&
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Jasmic streaming movements. This is an active mass movement of cytoplasm
whldl is called cyclosis,

Nucleus Npicleolus
Nuclear po Chromatyy

mitochondria
Vacuole
Chloroplast

Ribosomes

Cytoplasm Golgi apparatus
Cell membrane Smooth endoplasmic reticulum
Cell wall Rough endoplasmic reticulum

Fig: 1.6 Plant cell

ytoplasmlc Organelles

x *1‘ idoplasmic Reticulum

- Under the electron microscope a net work of channels is seen running
TJ.. thc cytoplasm of all the cukaryotic cells. These channels are often
jous with plasma membrane and also appear to be in contact with the nuclear
e. The whole system of channels is said to be endoplasmic reticulum.

embranes vary widely in
tom cell to cell. These Nuclear envelope

Nucleus

- membrancs one
called cisternae

Rough endoplasmic
reticulum
Smooth endoplasmic
reticulum 2
mlheSls Fig 1.7 Endoplasmic reticulum

-w ln the cytoplasm or exported out of the cell through

2 - e
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Ribosomes are synthesized 1n D Lo cabaniie
nucleolus of the nucleus. Ancxample

YSWED 1NIM NALILIPAC

- ribosomes is ribosomal-RNA.
~ Ribosomes exist in two forms; either & Small subunits
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ese channels.
@'J'J KAOW7 —

The Smooth Endoplasmic | SER make

‘-_ic.ulum (S ER) hclps in 3h-"0rbc‘lf :,\ Illlmh from farty acid & glyCCi'O!

) , llSl'n Ofa ﬂumbﬁ!’ aFditterent | bodics l“rl l :ﬂ pul l\i passes them to the 00]3;

o o' $E - export. Hormone ¢ tic stcrOi
ofmolcculcs pamuularly lipd made in adrenal uutu\' 1:: ::3: 1;grmon“

-t
A'ani=

rard

| ?__.-.ﬁ also help to detoxify | testosterone, estrogen are also - itiated bY
o hﬂmﬁ"l drugs. Insome cells SER Lc“d“Pl-lSﬂllc reticulum,
s responsible for the transmission of
';: B des mechanical su porto malc.r.luls from one part of the cell to the other. It
support lo the cell so that its shape 1s maintained.
Ribosomes
. These are tiny cell organelles, about 20 nm im diameter and were first
by Palade (1955). Eukaryotic ribosomes are composed of almost cqunl
~amount of RNA (ribonucleic acid) and protein; hence they are ribonuc!t:opfowin

» A
4 ]
y

-4 The RNA present in

~ freely dispersed in the cytosol or )

‘attached with RER as tiny granules
and are the site of protein synthesis.

___._——ﬂ

of protein synthesized bY free

ribosomes is Haemoglobin in young —TF T
RBCs. Each ribosome consists of two : : :
subunits; one large and one small as ﬂm
shownin fig 1.8. - vpd
gSCdimc ntation has revealed Due to small size ribosomes are the last
two basic types of ribosomes called organelle to be sedimented in a
708 (50Sand 305) and 808(60S and centrifuge requiring a force of 150,000
105 S0Sand 305 1% Cr | 100" B comain 703
i e ation). The 708 : iria contains 708
used in ultracentrifugall i ol :;bi:;:mw. showing their prokaryotic

ribosomes are found In P
Sincukaryotgs. %

while slightly larger 80
s on attachment with
* i ons. The ribosomes are attached to mRNA through small

each other require Mg 107
ribosomal units. A group of ribosomes attached to mRNA are called polysomes.

e —
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iii. Golgi apparatus (Dictyosomes)
The Golgi apparatus was IS
discovered by Camillo Golgi in 1898, i
using special staining techniques, This §
apparatus which was found virtually in J&
-all eukaryotes consists of stacks of b
flattened, membrance bounded sacs |
called cisternac. These cisternae
together with associated vesicles arc
called Golgi-complex. It is a complex |
system of interconnected tubules |
around the central stack. &
The Golgi complex consists of
units calle_d dictyosomes. !:uch. Fio: 1.9 Golgi Apparatus
dictyosome is formed of bundles of o
curved and flattened cisternae, associated tubules and secretary vesicles
Dictyosome has two distinct faces. The proximal (cis) or forming face present close
to nucleus and a distal (trans) or maturing face located towards the cell membrane.
Vesicles and tubules pinched off from RER, flow, converge and fuse with the

forming face to form new cisterna.

a. Functions of Golgi Apparatus
Golgi aaparatus helps in the storage of secretory products and in the

modification and packaging of secretory products. In some cases polysaccharides
may be synthesized from simple sugars in the Golgi apparatus. These

polysaccharides may then be attached to proteins and lipids to form glycoproteins
and glycollplds Secretory vesicles produced by the Golgi apparatus may play an

importantrole in adding surfacearea tothe plasma membrane.

iv.  Lysosomes
Lysosomes (lyso— splitting; soma — body) are cytoplasmic organelles found

in most eukaryotes and are different from others cytoplasmic organelles due to their
molphology These were isolated as separate components for the first time by De
Dm/erg 1949. They are surrounded by a single membrane and are simple sacs tha
tain v'u'ylargevmelyof food digesting enzymes called hydrolases. Any foreign
ql:g{,lhpt gm,n _en!ry with in the cell are Immcdlatcly engulfed by the lysosomes
and are c ple 'lj‘@hmkcn down into digestible pieces. This process is known as

. They : very abundant in those animal cells which exhibit

bounded by single membrane and contain numerous

sphatase enzymes. These enzymes are synthesized on RER
inthe Golgi apparatus. The processed enzymes are budded

and are called primary lysosomes. These contain those

_——4;__
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enzymes which can digest the
haBOC)'IOSCd food pﬂ!’liClt‘S. ﬂi:t\::;t.:;mc - 3: e ‘”":
During autophagy (self Kool vacesia ) :

eating) some old wom out parts e -?-?} : . ,cn‘ulm

of the cell are also digested. In O pptitieg- .'-‘-‘:,} organelle

this way, materials of cell may . - ;

be recycled and cell may hL- '_‘1‘5 | . ':_Ti,- , golgd

renewed. Their enzymes can & .Ti'.'flf-,’;'.;i:,l:;,‘k e :"‘ el

also result in degencration of ool \ ey 2

cell, as may occur dunng the ‘  a J";:;ﬁ

developmental processes. = ' ’?!.
=PRE rough ER

a. Malfunctioning of Lysosomes y5050Mes

Several congenital diseases have been found to be due to accumulation of
substances such as glycogen or varous lipids within the [hese are also called
storage discases and are produced by a mutation that affects one of the lysosomal
enzymes involved in the catabolism of certain substances.

For example, In glycogenosis type 11 disease, the liver and muscles cells
appear filled with glycogen with in membrane bound organelles. In this discase, an
enzyme that converts glycogen 10 glucose, is absent. Similarly Tay-Sach's discase
1S involved in the catabolism of lipids. Accumulation of lipids in brain cells lead to

mental retardation and even death,

Peroxisomes and Glyoxisomes
The peroxisomes are small sub-cellular bodies approximately 0.5um in

eter, surrounded by membranes and found in a great variety of organisms

cell

Y.

diam

Plasma
Membmne

Unute Oxidase
crystalline _
core ﬁ"'j,

Fig 1.11 Peroxisomes
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ing. plants and animals which are also called microbodies. In animals they are
sommon in liver and Kidney cells. They are similar to lysosomes, but they are
tmore dense and have different enzyme systems. For example, the enzymes
nes are known to break

s. In the leaves of green | Glyoxisomes only present during a
spiration may occur in | short period in the germination of the
4 lipid rich seed (castor oil seed) and is
omes are present only | absentinlipid poor seed such as pea.

[ contains a number of
ding glycolic acid .
nd catalase .These organelles are most abundant in plant seedlings. The
1ty © ﬁﬂ:[e_’glyoxisomcs is the conversion of fatty acids to carbohydratcs.‘
uchas soyabeens, glyoxisomes provide sites for the breakdown of
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; _ meter in betwee ——
They help in maintaining the cel| shapcn tose of microtubules and microfilamens.

vii. Centrioles

Animal cells
S, cells of some micros
: s lICroscopic organis

example mosses, liverworts etc. contain two ’ i

?:gomu?(!)cg.lg(;awd near the surface of the nucleus. These are small hollow cylinders
3-0.5 pm long & about 0.2 um in diameter) that occur in s
! In cross section each centriole consists of cylindrical array of nine
microtubules. However each of the nine microtubules is further compnséd of three
tubules (fig 1.13).

The two centrioles are
usually placed at right angle to
each other. Just before cell
division, its centrioles
duplicate and one pair
migrates to the opposite side
of the nucleus. The spindle
fibers formation takes place
by using centrioles as MTOCs
(microtubule organizing
center) located outside ll:nc

&nucleus. They are absent In
Qhigher plants. Centrioles play

centriole pair

microtubule

3 | s triplet

= mportant ro_lc in t ;
&?:caltiog of furrowing -dunng

Ccell division and in the

S formation of ciliaand flagella.
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viii. Cilia and Flagella
~ Although cilia and flagella are
ma; same, they were given different
es before their structures were
,ﬁﬂied: Typically, cells possess one or
W :':]ohgﬂngclln whereas ciliated cells
e many short cilia. For example, the

i -mmllian spermatozoon has a single

onas has two flagella, and

theunloellular protozoan Paramecium is covered with a few thousand ci

the unicellular green alga |

- i
In higher plants, cells seem to

organize microtubules at sites
distributed all around the nuclear
envelope. However, they do use the
special tubulin (gamma tubulin) to
nucleate microtubules, just like the
centrioles do in animal cells.

J

ilia. Cihary
the base of

and flagellar beating is characterized by a series of bends, originating at
ﬂlc”mmre and propagated toward the tip. Virtually all eukaryotic cilia and
: are remarkably similar in their organumlon possessing a central bundle of
microtubules, called the axoneme, in which nine outer doublet microtubules
-ammd a central pair of singlet microtubules. The bundle of microtubules
comprising the axoneme is surrounded by the plasma membrane.

Duter

Microtubule Central

Microtubule
£ (Axoneme)
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Mecmbrane |

i ﬁ’l‘

'
- L A -4_
: L S TS ‘._ pi“‘r__ 3

.-'_J,'g&' in the cytoplasm of all eukaryotic cells.
uch as mature RBCs, they may be absent. They
c’P'ls in 1850. They are known as the power
' mlcroscoPe, mitochondria appear to be
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Although their number, shape and internal structure vary widely, &
jtochondrion is bounded by two membranes, the outer one is smooth, while the ==
ner membranes form infolding into the inner chamber called mitochondrial = ==
iatrix. These in folds are called cristac (sing: crista). The membranes have thesame =
hemical nature as that of cell membrane. The presence of ribosomes and DNA
\side mitochondria indicate that some proteins are synthesized in it, soitis a selfl
eplicating organelle.

—Mitochandrial DNA

M Mairis Inner N

Membrane Duter

/\lrmhrauc

' Fig: 1.15 Mitochondrium

The inner surface of cristae in the mitochondrial matrix has small knob like
structures known as elementary particles (F, , F, particles). As mitochondrion is a
site for all the reactions of acrobic respiration. Its matrix contains a large number of
oxidative enzymes, co-enzymes, organic and morganic salts, vital for acrobic
respiration (Krebs cycle, Fatty acid metabolism etc). As a result of these metabolic
processes the energy extracted from the organic food is transformed into energy rich
compounds ATP (adenosine tri-phosphate) and in turn this energy is provided to the
cells on demand.
X. Plastids
Membrane bounded, mostly pigment containing bodies present in the
'} cell are called plastids. Plastids are the unique organelles found only in plant cells.
* Thereare three main types of plastids: ~ a) Chloroplasts  b) Chromoplasts
¢) Leucoplasts
a.

In photosynthetic plant cells, these are mcmbt:anc bounded structures
containing a green pigment, chlorophyll. Chlorophyll is an organic compound
which helps the cell to absorb sunlight and utilize it to manufacture food.
Chloroplasts vary in their shape and size with a diameter of about 4-6 pm.
Under electron microscope they appear to be heterogeneous structures with small
granules known as grana embedded in the matrix. Chloroplast shows three main
components, the envelope, stroma and the thylakoid (fig 1.16). The envelope is

)SLUE:}I INNIAA NALILIPNOC
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formed by a doubled membrane, while stroma covers most of the volume of the
chloroplast. Stroma is a fluid which surrounds the thylakoids. It contains proteins,
some ribosomes and a small circular DNA. It is in this part of the chloroplast where
carbondixoide is fixed to manufacture sugars.

_ '%"—"Cuﬁd:
* WPERIST Epidermis

= Palisade cell

— Chloroplast

Nucleus
Vacuole
Cell Wall

Outer Membrane
Inner Membrane
Thylakoid
Stroma

L0 Fig 1.16 Location and structure of Chloroplast
MU L B : )
a3 'l'hyllkold:l are the flattened vesicles which arrange themselves to form
| glﬁ;m.Agrmnappears to be a pile of thylakoids stacked on each other like coins.
: Oyme.!hnmm 50 or more thylakoid piled to form one granum. On the layers of
o e o chlorophyll molecules are arranged and that is why granum appears
 DC gre Bldlgmnum 1§ inter-connected with other by th art calle
e A d wi y the non green part called
um. Chloroplasts are also selfreplicating organelle like mitochondria

m hstsfnmmn colour to the plant parts other than green. They are
0 the flower and in the ripened fruits, They help in pollination

h.

astsa e colorless. They are triangular, tubular or of some other shape.
fdin the underground parts of the plants and store food.

Presence of cell nucleus wasreported in 1838 by Robert Brown. Its carly
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- discovery was due to its prominence in many cells, where it stands out as sl
darker than the surrounding cytoplasm. They are typically about 10 pum in diam
Itis one of the most important organelle because it controls all the mets >
‘activities and has the genetic information in the form of chromosomes and DNA.
Thcy may be irregular or spherical in _ Sigd
shape. By |

Generally, the cells having one
nucleus are called mono-nucleate.
those with two nuclei are bi-nucleate
and with more than two nuclei are said
to be multi-nucleate.
Parts of Nucleus: Nucleus consists of .
~ thefollowing parts: ool
| a. Nuclear membrane
" b. Nucleolus
| c¢. Nucleoplasm

Chromntin

cnvelope

I

) d. Chromosomes LR
| a. Nuclearmembrane Fig: 1.17 Parts of a nucleus j..l,_i..
., The outer membrane of the nucleus is the nuclear membrane which separates )
~ thenucleus from the cytoplasm (eukaryotic cells). The nuclear membrane is actually r{.'

the nuclear envelop, composed of two membranes. The outer membrane is
continuous with the endoplasmic reticulum (RER). while the inner membrane
encloses the nuclear contents. These membranes are not continuous, leaving certain
pores at points, the nuclear pores. Nuclear pores allow the exchange of materials
between the nucleus and the cytoplasm,

b. Nucleolus
Y It is darkly stained body within‘thc nucleus and is without any membranous

- boundary to separate it from the rcst_ol nuclear matc:.'ml. There may be one or more
nucleoli in the nucleus. The rRNA (ribosomal RN_A) Is synthesized and stored in the
"~ nucleolus. It is composed of two regions; the peripheral granular area composed of

" precursor of ribosomal subunits, and the central fibrillar area consisting of large

- molecular weight RNA and rDNA.

t.  Nucleoplasm ' .
. The nucleoplasm is a colloidal mixture of organic and inorganic salts and
ons. It serves as a matrix in which nucleoprotein complex (chromatin)is s
Italso serves as storage place for enzymes, raw material needed for DNA replication
and synthesis of RNA.
d. Chromosomes

*
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y known as chromosomes. Under the compound microscope chromosomes
r to be made up of arms and centromeres. Centromere is the place on the
osome who.rc spindle fibers are attached during cell division. Each
consists of two identical chromatids held together at the point
chore) at centromere.
A chromosome is composed of DNA and proteins. All the information
ssary to control the cell activities is located on the chromosomes (locus) in the
n of genes, which are transferred from one generation to another. The number of
mosomes in all individuals of the same species remains constant generation
generation. |
and Haploid Number of Chromosomes
The full number of chromosomes in normal body cells is diploid (2n) where
d (n) is the half number of chromosomes present in germ or gamete cells.
le, human sperms and eggs have 23 each and those of Drosophila have 4
ms and eggs. So in this way after fertilization the number of
*§ remains constant in the next generation.

© ] (3 elile ' \
—__k,_ cific number of chromosomes in their cells.

i

Mk, 1. L §io D G 3

e ™ = e 4, g

= =

‘-_ﬁ?—-—\.h FE

otic

wiuch
. the

St

’gnd is



MDCAT BY FUTURE DOCTORS

I——

directly submerged in the cytoplasm. Prokaryotes include bacteria and blue green
algae, while cukaryotes include all other unicellular or multicellular organisms such
as protists (amoeba, paramecium, and ]’im’ =

cuglena etc), animals, plants and fungi.

Detailed studies show that Undifferentiated cells such as €g&
have about 30,000 pores per nucleus
where as differentiated cells
(erythrocytes) have only 3 to 4 pores
per nucleus.

prokaryotic cells generally lack many of
the membrane bounded structures
which are present in eukaryotic cells.
For example, mitochondria,
endoplasmic reticulum, chloroplasts, Golgi complex etc are absent in prokaryotes.
Since there is no nuclear membrane a prokaryotic cell has no distinct nucleus and it
?_-DNA molecule is directly suspended in the cytoplasm, Prokaryotes have small sized
ribosomes i.e. 70S. In prokaryotes mitosis is missing and the cells divide by binary
fission.Because of the simpler structure of prokaryotes, it was widely accepted fora
long time that prokaryotic cell represents a more primitive stage of evolution than
eukaryotes. Perhaps the most distinctive features of the prokaryotic cell is its cell
wall, composed of polysaccharides chain bound covalently to shorter chain of

amino acids forming peptidoglycan or murein.
The entire cell wall is often regarded as a single huge molecule or molecular

complex called murein. The cell wall of plants (cukaryotes) is generally made of
cellulose and is differently structured than that of a bacterium (prokaryotes) .
1.5.1 Structure of Bacteria as a Model Prokaryote
Bacteria as mentioned earlier are prokaryotes. These are the smallest cellular

organisms and are the most abundant in the universe. Bacteria along with
cyanobacteria (blue green algae) which are included in kingdom prokaryotae are the
only living prokaryotic organisms.

bk Tl;gc;;l.l wall of bacteria has murein (as mentioned earlier), it is rigid
smwhne and% ermines the shape of the bacterium. It also protects the cells from

otic lysis. Bacterial cell unlike cukaryotic organisms lacks discrete
chromosome and nuclear membrane. The nuclear material (DNA) in bacterial cells
occupies a position near to the center of the cell. This material is a single, circular
and double stranded DNA molecule. '

Bacteria only have ribosomes, composed of RN : 2. AA A
: | posed 0O A and proteins. There are
thousands of ribosomes in each healthy growing cell. Sexual reproduction in

bacteria involves the exchange of DNA. This process occurs in three different ways:

Suie) 1A nallliphc
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Fig: 1.18 Structure of Bacterial cell

‘onf T"-vln conjugation, DNA passes through an extension on the
1C1e _;u'n and travels to another bacterium. Bacteria essential
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!' ’ KEY POINTS

Cellis the unitof structure and function of living organisms.

The process by which various cell components can be isolated is called

cell fractionation.

The cell theory describes that all organisms are composed of one oF more

cells, the cell arise from pre —existing cells and the cell is the structurd

and functional unit of all organisms,

e The cell may be prokaryotic or cukaryotic. The prokaryotic cell lacks
most of the membrane bounded organclles. The nuclear region I
prokaryotic cell is called nucleoid.

o All cells are bounded by the plasma membrane. Cell wall is an additional
covering in plant cells out side the plasma membrane.

e The model of plasma membrane which is accepted the world over is fluid
mosaic model.

e Plasmamembrane is a selectively permeable membrane.

Cell wall in plants gives shape ,protection and support to the cell.

Endoplasmic reticulum helps in the transport of materials between the

cytoplasm and nucleus and also involved in the protein synthesis.

Golgi apparatus is mainly concerned with storage of secretory products

and are made up of vesicles arranged approximately parallel to each other.

e Lysosomes are boundedbya single membrane.
Mitochondria are the energy producing organelles hence called

powerhouses of the cell.
Plastids are of three types i.c. chloroplast ,chromoplast and leucoplast.

Microfilaments and microtubules give support ,shape and strength to the

cell. : E .
Most animals cell contain a pair ol centrioles lying at right angle to one

another.

The largest and :
* double membrane bounded nucleus.
The two prominent Structures present in the nucleus are chromosomes

zi_lnd nucleolus (nucleoli).

the most conspicuous structure or cell organelle is the

4
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EXERCISEA

ose the correct answers in the following questions.

ﬁ'f the following is best suited stain in order to study chromosomes?
lodlneso!uuon b. Leishman's stain
legen s stain d. Aniline blue

_Wor'[)igestivebags’ ofacell are

- chromosomes b. centrosomes
5. lysosomes d. ribosomes
Follc '; ng are the functions of cytoskeleton EXCEPT:

.. Maintaining cell shape b.  Movement
Conmtion d. Respiration

entify the mismatchin the following pairs:
4l Mtochmdm GEciialacreapitation

O
o
=
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9. The organcllt; which is absent in animals cell:
a. Plastids b. Centriole
¢. Lysomes d. Nucleolus

10. The special proteins which carry lipid —insoluble large molecules through pores
of plasma membrane are called :
a. Permeases b. Catalases
c. Arginases d. Amylases

11. The membrane enclosed spaces of endoplasmic reticulum are called:
a. Lamellae b. Cisternac
¢. Stroma d. Cristae

12. Allofthe following refers to lysosomes EXCEPT:
a. Slightly larger than mitochondna

b. Roughly spherical
C. Single membrane bounded
d. Contain powerful digestive enzymes

13. Lysosomes are also called as:

a. Peroxisomes b. Mesosomes

c. Phagosomes d. Glyoxisomes
14. Inthe leaves of green plants, peroxisomes are the sites of:

a. Respiration b. Photosynthesis

c. Photorespiration d. Phototropism

B. Write short answers of the following questions.

1. List fourmain functions of anucleus.

2. Whatdo you know about peroxisomes”’

3. Write two differences between rough cndoplasmic reticulum and smooth

endoplasmic reticulum.

What is cytoskeleton? Why it is consider to be important organelle in the cell.
Cellis called structural and functional unit of life. Justify the statement.

Why are chloroplast found only in plant cells?

What are the consequences of cell losing cell membrane?

- N R

A
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C. Write the answers of the following questions.

_ Differentiate between a prokaryotic and eukaryotic cell.

Describe the fluid mosaic model of plasma membrane.

What do you know about Golgi apparatus. Describe its functions.

- Explaincritically the role of lysosomes in human body.

. Writeanote on cytoskeleton.

6. What do you mean by tissue culture?

the process of tissue culture? n
Tow do the cell organelles work together to keep us alive. :

' E&légkhmv the?:;ture of spicializcd animal cells is related to their

What are the main steps involved in

m‘hcmodel del of plasma membrane. '
3 of your choice and measure the size of its cells by micrometry.
o 1P ¢ in tabular form, the functions of organelles with the processes
Cl in animals and plants on a chart and share itin the class.
: _

)Su_leo INIAA NALITLIPAC
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Dcscnbc and draw skclchcs of the dt‘h_\'\]r.'mlnn-s.j.'n[hcsis and hydm|}'$i5
reactions for the making and breaking of macr. molecule polymers,

Explain how the Properties of water (high polarity, hydrogen bonding, high
specific heat, high heat of vVaporization, cohesion. hydrophobic exclusion,
lonization and lower density ofice) make itthe cradle of life

Define carbohydrates and classify them

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

Compare the isomers and ste
Distinguish the properties and roles of disaccharides and describe glycosidic
bond in the transport disaccharides

Distinguish the properties and roles of polysacchar 1des ar
molecular structures of starch. glycogen, cellulose
Justify that the laboratory-manufactured swe
and cannot be metabolized by the “nght-h . -

Define proteins and amino acids and Tlr;m ‘Iln‘: §tr;t‘ull‘l.l1al tormula of aming acid,
Outline the synthesis and breakage of I‘*-‘Plf*'l‘r linkages, :
Justify the significance of the sequence of amino
s:cldc_cc]lhcrr'loglﬂ.b'“- and fibrous proteins.
Classify proteins as globular an P
List examples and the roles of structural an ._ p :
Define lipids and describe the propertie

the approximate chemical composition of
ns, lipids

and nucleic acids as the four
al molec ules.

reoisomers of glucose
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Introduction

All material things in this world are made up of chemical elements. These
clements are composed of atoms. The atoms

: are joined together forming molecules
and compounds. The bodie . -

| s of living organisms arc made up of some of these
chemical elements. The most common elements in the bodies of living organisms are

carbon, hydrogen, nitrogen, oxygen, phosphorus and sulphur. Of these, carbon,

hydrogen and oxygen constitute about 95% of human body by weight. Other elements

The bonding of hydrogen, OXygen, nitrogen and other atoms to carbon atom
forms the compounds called organic compounds. The organic molecules play most
important role that characterize the structure and function of the cell organelles.
Carbon-carbon bonds make chain of carbon atoms which form the skeleton or
backbone of large organic molecules. The chemical analysis of protoplasm shows that
it is composed of two types of compounds, i.e. organic compounds and inorganic
compounds. These compounds are present in somewhat different proportions in
different organisms and even in different types of cells of the same organism. Water is
the most abundant of all compounds of protoplasm. It forms almost three-fourth of the
body by weight, next to water are proteins. Proteins are the most abundant organic
compounds present in the cell. Proteins have structural functional roles in the cell.
Other organic compounds include carbohydrates, lipids and nucleic acids. Enzymes
which are proteins in nature are also present. Hormones which play very important
role and inorganic salts are present in small proportion.

A typical cell shows the following approximate percent composition of
different compounds present inside it.

Table: 2.1 Approximate chemical percent composition of a Bacterial and a
Mammalian animal) cell

Contents Bacterial Cell Mammalian Cell
Water 70 70
Proteins ) 18
Carbohydrates 3 4

Lipids 2 3

DNA I 0.25

RNA 6 1.1
Enzymes, Hormones etc 2 2
Inorganic lons etc | I
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zfl ~ Fundamental Biological Molecules
t! ~ There are four types of fundamental biological molecules present in
prot . These are carbohydrates, proteins, lipids and nucleic acids. These

omposition and functions, _
~ The organic molecules in living things such as fatty acids, amino acids, and
carbohydrates have characteristic functional groups. These functional groups add to.
the diversity of organic molecules. Some functional groups are hydroxyl (alcohol)
group, earboxyl (acid) group, aldehyde group, amine (amino) group etc.

N ¢ compounds such as water and inorganic salts are also present in the
protoplasm. Water is vital for the life of living organisms and without sufficient
Quantity of water the protoplasm is unable to perform normal functions. Though
- morganic salts are present in small quantitics but they are important for most

cu s are distinguished from one another on the basis of their chemical suucmrea,'_

-
.

. & . ‘_'..__.‘.‘._._ .- iC 'mcﬁons-
L _lu'li’; ~ 2.1.1 Condensation
| - Large organic molecules are called macromolecules or polymers. These are

el x |'. I R e . " -
S ¢ .:-fptmed'pf particular types of small organic molecules or subunits called monomers.

- Two monomers join together when a hydroxyl group (OH) is removed from one
m __ and a hydrogen (H) is removed from another. This is called condensation
tion (dehydration). In the process water molecule is removed e.g.

£ ‘ 0 acids join together to form a molecule called a dipeptide. The OH from
_ }oxyl group of one amino acid combines with a hydrogen atom from the amine
roup of th ‘ -amino acid to produce water (blue) in the equation below.

e :
H — “N ‘CN.C,C\O,H + H H

-’n"LE‘.’ " . - s r Ny §
: ," mple of condensation reaction

1 3
‘P—-J‘-i‘\l.;.- L —;'_l‘._.fs't' b .
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2.1.2 Hyvdrolysis (Hydro-water; Ivsis-splitting)

Polymers (mgcromolcculc:i) are broken down into monomers by @ proces®
called hydrolysis. It is the reverse of condensation. In this process hydroxy! group
from water attaches to one monomer and a hydrogen attaches to the other. This 15
called hydrolysis reaction because water (iydro) is used 1o break (/yse) a bond €.8-

Sucrose + Water ————— Glucose + Fructose

Both condensation reactions and hydrolysis nced specific enzymes.

2.2 Biological Importance of Wates

) Water is essential for life. There is no existence of life without waler. Allah the
Almighty has created all living organisms from water. The bodies of living organisms
contain 70 % to 90 % water. It is essential for existence of protoplasm because
protoplasm cannot survive if its water content is reduced as low as 10 percent. Because
of its immense importance water is present in sufficient amount in most of places on
earth. The chemical and physical properties of water arc 50 designed that they arc
absolutely important for the vital processes of life.

a. Polar Nature of Water
Water is polar molecule. The oxygen end of the molecule is ¢lectronegauve

bearing a partial negative charge and the hydrogen end is electropositive bearing a
partial positive charge. Watcr molecules are bonded to one another through hydrogen
bonds. Hydrogen bonds are much weaker than covalent bonds but they still cause

water molecules to remain attached together.

b. Universal Solvent

Due to polar nature of water it dissolves almost all types of polar substances

and is therefore regarded as universal solvent. This facilitates chemical reactions
both inside and outside the living cell. Water provides the medium for most chemical
reactions in cells. For example when sodium chloride is put into water,the
electronegative ends of water molecules are attracted to the sodium ions and the
electropositive ends of water molecules are attracted to the chloride ions. As a result
the sodium and chloride ions separaic and dissolve in water. Water dissolves all
minerals present in soil which are absorbed by plant roots and transported to other

tissues.
c. Cohesiveand Adhesive Force of Water
The water molecules remain attached together and do not separate because of

hydrogen bonding. This develops cohesive force among them and therefore water

flows freely without breaking apart. Water molecules also adhere (stick) to surfaces
It can fill a tubular vessel and still flows so that dissolved molecules are evenly

distributed throughout a system.

e ——.
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d. High Specific Heat and High Heat of Vaporization

Waterhas high Specific heat. Specific
to raise the lemperature of one gram of water by one degree ¢
water absorbs or releases large qu
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¢, Water Expands at Low Temperature

Water has a unique property, as it expands when temperi
‘C. Water is most heavy at 4 'C. Therefore ice (solid water) 1s le
water and this is the reason that ice floats in liquid water. Water
surface at low temperature.
f. lonization of Water _ :
Water molecules may ionize into hydrogen tons (H 'y and hydroxyl ions (OH ‘)-
Very few molecules out of a very large number may fonize. [he presence of ions 18
important for the normal functioning of enzymes.
2.3 Carbohydrates :
Carbohydrates are polyhydroxy aldehydes or ketones or substances which
yield such compounds on hydrolysis. Carbohydrates coniain cither aldchyde or
ketone as functional groups attached to onc of the carbon atoms. They also contain two
or more hydroxyl groups. They arc the most abundant organic biomolecules in nature.
Carbohydrates are organic compounds that are mainly composed of carbon, hydrogen
and oxygen. The name carbohydrates means that they are hydrates of carbon in which
hydrogen and oxygen is present in the same ratio as in water thatis 2:1. But now many
carbohydrates are known that contain hydrogen and oxygen in different proportion.
Examples of carbohydrates are glucose, SUCTosc, starch, cellulose ete. Carbohydrates
are classified into three groups, i.c. monosaccharides, oligosaccharides and

polysaccharides.

iture falls below 4'd
ss dense than hiqu!
body freezes on 1

H
B

#U
‘\ Aldehyde group

H c—0H

HO ——C—H

hydrmqu groups

iy

7}
r‘ A
a

CH,OH
Fig: 2.3 Glucose containing aldehyde
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Monosaccharides; (Mono =one; Saccharum = sugar)
'osaccharidcs are simple sugars They are not hydrolyzed (broken down
seaddition of water) into more simple units. They are casily soluble in water. They

gbin taste. They have empirical formula (CH,0), containing the same ratio of
[and oxygen as in water, i.¢. 2: 1. They contain either aldehyde or keto group.
bon backbone that may contain from three to seven carbon atoms. They
ich end in —ose. Those with three carbon atoms are celled trioses, with
jtoms S, With five atoms-pentoses, and so on.

keto-
group

fructose

.

Fig: 2.4 Fructose containing keto group

nplest monosaccharides with three carbon atoms.
] hyde group. Ribose is a pentose. It also contains

5 ketonic fqrm. Glucose, fructose and galactose are
) -fo’r_mula' (CH,,0,) but different structural
) ca!formula but different structures are
0se is ketone. Therefore glucose,

L3

ible. Ribose and glucose

y
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S

CH,OH

H H H —0
0 HO o GH—oH  HO A \H
(;: t}: :@; | r‘ \ OH H \'

- H '
E 2 HO OH | o

GI{(C}Traldt-:hydes Ribose tjlucoz—i

(}"_‘;%";‘)1) (Pentose) (Hexose)

Fig: 2.5 e :
B# 2.3 Some examples of various types of Monosaccharides.

2.3.2 Oligosaccharides

Oligosaccharides are hydrolyzed

to form (break up) from }t’wo tg:cn ! !

simple monosacharide units. The a1 e

units or monomers are bonded T = Vi
- together by glycosidic bonds. The ¢ il 5 BAT Au
oligosaccharides that are | H—¢-om W-t-om — M &
hydrolyzed into two simple units | #-¢ on H=C-—-on : uo\m Y/
are called disaccharides, those u—i‘—ou H—C —OH L2 (:jo“
hydrolyzed into three units are " " W oo
trisacchrides and so on. Fructose Glucose Glucose
Disaccharides are the most (chain form) (ring form)

common oligosaccharides.
Common disaccharides are

sucrose, lactose and maltose. Sucrose is present in sugarcane and is hydrol i
glucose and fructose. ydrolyzed into

Fig: 2.6 Isomerism and stereoisomerism in elucose

r CH,.0, CH,0, C.H..0,
OL KO R
hydrolysis QO * HO
OH HO
glucose . fructose —— SUCTose " —
monosacchande + monosaccharide — —= disaccharide 3 "';;?-
—_—

Fig: 2.7 Formation of disaccharides from monosaccharides monomers
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P —
SUCI‘O5(‘+ Water + Sucrase
The co
glye

(enzyme) —» Glucose + Fructose + Sucrase
valent bond that is formed between two monosaccharide units is called
osidic bond. Lactose is found in milk that contains galactose and glucose.

Hydrolase
Lactose + Water L__’
vt actase

Glucose + Galactose

charide found in fruits. It is composed of two glucose units and 1s

aaie —

stive tract as aresult of starch digestion.

§ Hydrolase

Maltose + Wa_tem-b Glucose + Glucose
cch: .. des
arides are polymers of monosaccharide units (monomers). They are
"E'&n ten monomers of glucose units. They are tasteless and are
. Examples of polysaccharides are starch, glycogen, cellulose, chitin
andes ‘act as macromolecules (polymers) for the small carbohgfdmte
lants prepare glucose during photosynthesis, which is immediately
) starch. When plant needs glucose, starch is again converted into
ch is stored in plant cells. Starch is a polymer made up of many glucose
ogeth or branched chain. Glycogen is stored in
f glucose monomers forming extensively

“Cellulose is another polysaccharide, formed of unbranched chain of glucose
units. Tt is the buildi material of green plant cell walls and is probably the most
abundant carbohy in nature, The bonds linking glucose units in a cellulose
sted differently from starch and glycogen. Cellulase refers to a group of

e ,hyth-olyzemllulme. In human digestive system this enzyme
s an example of cellulose. Chitin is a polysacchande. It is
ofarthropods such as crabs and insects. Itis also a polymer of
group is attached to each molecule. Like cellulose chitin

A
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Cellulose fibers

Cellulose structure
CH.OH

H OH CH,OH L+ H  TOHIE=

Fig: 2.8 Cellulose is a polysaccharide, formed of unbranched
chain of glucose units.

Storage Molecules

Carbohydrates are stored in the cells as reserve food. Grapes contain as much as
27 % glucose. Honey contains large amounts of glucose and fructose. Some of these
polysaccharides such as starch and glycogen excess amount of food is stored for future

use.

The shape of a molecule affects lots of things besides
its smell. Our bodies, for example, can only use right-
handed sugar; left-handed sugar is indigestible.
Amino acids, the building blocks of proteins, are
almost all left-handed--our bodies can't manufact

proteins out of the right-handed version. (The cell
walls of bacteria are one exception; they contain
right-handed amino acids.)
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© Structural Building Materials

_N__ Cellulose a complex carbohydrate is the major structural component of cell

walls of green plants. Similarly chitin another complex carboh i
~ component of exoskeleton ofarthropods. 5 YRS I D etrictunal

Proteins

Proteins are the p
ant role in celly] most abundant organic compounds of the cell. They play most

e ar functions. They contain elements carbon. h

6 : , hydrogen, oxygen
i .-m“g‘m) : Sz;ﬂ:hl:s::;ns also contain sulphur. Proteins are macromolecules
At b form mono i
| .ﬁr 2 Ben Of these, mers) called amino acids. A large number of amino

erent number and different y twenty different types of amino acids combine in

e o lculcs sequence forming hundreds and thousands of different

Hydrogen

groups attached to
of alpha carbon
'€ alpha carbon are constant
reoke.It s cither hydtogen oralkyl group. Dt to s oL, 00 i-c: R-group is

ik

NnAalllipac

A
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Jola
Swe) qul\ NnAalllipN

Glycine
» (Gly)
H
0
+ | /7
Hy—?-c/
: N2
H 0
H_,N+ Lysine
| 7 (Lys) ~
aH; - \
CH,
]
CH
2 O
|
HN'=C - (‘</ |
H 0o
Phenylalanine
A (Phe)
.
CH, 0
+ __ /y
HN:=6 =60 .
H [0

Fig: 2.10 Different types of amino acids
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‘ O
woned wgether o make a protein. The \N .-c'l; -.-.'g—N—-C—*C
order of the amno acwds determines H/ [ &% \OH
w huch protem will be made. When two R S R .
amune acuds are joined together, a Peptide group
dipeptide is formed. Fig: 2.11 Peptide bond between two amino

A special chemical bond called a peptide bond holds together two amino acids.
Proteins usually consist of multiple amino acids, forming chains, that are held
together by peptide bonds. For example, Haemoglobin and insulin.

Haem molecule with
won atom
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ll'oan amino acid 'is not nc.cupying its specific position in a protein molecule it will
fail to pcrf_nrm its function. For example if one out of 574 amino acids in &°
haemoglobin molecule is not present in its specific position then hncmoslobin
changes its normal globular shape and becomes sickle shaped. As a result the
disc-shaped red blood cells also become sickle-shaped. In sickle cell haemoglobiﬂ
molecule glutamic acid is replaced by valine. Such type of haemoglobin cannot
perform its function and the person with sickle cell haecmoglobin dies. The size of
protein molecule depends upon the number and kinds of total amino acids present
in the molecule. '

9uf inforgle

Sickle cell anemia is a blood disorder that affects

heamoglobin. Sickle cell anemia occurs when a person !
inherits two abnormal genes (one from each parent) that X
cause their RBCs to change shape. Instead of being 4
flexible and disc-shaped, these cells are more suff and .

curved in the shape of the old farm tool known as a

sickle — that's where the discase gets its name. The

shape is similar to a crescent moon, Red blood cells .htlm d cell Sickle Cell

with normal haemoglobin(haemoglobin A, or HbA)ymove

easily through the bloodstream, delivering oxygen to all

w—d Of the cells of the body. Normal RBCs are shaped like discs or doughnuts with the centers
artially "scooped out" and are soft and flexible. They can casily “squeeze” through even very

aall blood vessel. ’

g

2.4;2 Shape of Proteins

As regards the shape, proteins are classified into two types; fibrous
proteins and globular proteins
.a. Fibrous Proteins

The molecules of fibrous proteins arc composed of one or more
polypeptide chains, which are linearly arranged in the form of fibers. They are
water insoluble. Some of these may form sheet-like structures. Examples of
fibrous proteins are keratin found in hairs, nails, fur, outer skin, myosin present in
muscle cells, collagen which is the most abundant protein in higher vertebrates
found in skin, ligaments, tendons, bones and in the cornea of the eyes, '

b. Globular Proteins : _ .
Globular proteins, as the name indicates, are globular or spherical lnShape
due to folding of polypeptide chains. They are usually water-soluble. Examples of

e —— - P . il
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globular _protcins are hemoglobin, albumen of egg white, enzymes, antibodies and
the proteins of cell membranes.

2.4.3 Levels of Structure (Organization)

There are four levels of organization of protein molecules. This is because

each type of polypeptide chain bends, folds and twists in particular way within a
protein molecule. This gives protein molecule a characteristic structure that
classifies Protcm into four different types. The primary structure is the sequence
of the amino acids joined together by peptide bonds. Sanger in 1951 was the first

n who determined the sequence of amino acids in insulin molecule.

A polypeptide chain having a linear sequence of amino acids is called
structure. When a polypeptide chain of amino acids become spirally

coiled, the structure is called a secondary structure of protein. When the
secondary structure of protein is arranged into a three dimensional structure,it is
called a tertiary structure. When two or more polypeptide chains are arranged into
a large sized molecule, it is called a quaternary structure €.g. haemoglobin. -

2.4.4 Functions of Proteins Bt
Proteins perform the most important functions in the life of livingorganisms.
terials of cellular membranes called

Proteins are the structural and building ma
lipo-protein membranes. All enzymes are proteins. They speed up biochemical
reactions inside the body of living organisms. The digestive enzymes are
important for the process of digestion. Without their presence food cannot be
s such as insulin are proteins which regulate biochemical
actin fibers play an important role in the contraction of
_ Haemoglobin is oxygen-carrying protein of red blood
structures such as skin, nails, hairs, claws,

eins are stored in most seeds for the future need of the

hooves etc. In plants prot
pea elc.
s

embryos e.g. bean, pulses,

2.5 Lipids g
. ids are a group of different types of organic c({mpo
carbonLiigldrogen a:dm oxygen. Other elements such as nitrogen and f
may also be present in lipids. Maost lipids are non-polar and are insOIUBIE
(hy obic). They are easily soluble in organic solvenh; such as eth
petro cohol etc. The usually contain more carbon-hydro '
2 : ycarbohydralc& Lipids are class

oxygen as compared 10 CZ77R g
OxyBen & elycerol, phospholipids waxes, CTPenOids €6
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2.5.1 Acylglycerol

Acylglycerol are lipids which are composed of glycerol and fatty acids.
The most common acylglycerol are triglycerides containing one g]yccml
molecule and three fatty acids. Glycerol is a three-carbon compound, 10 cach
carbon a hydroxyl group is attached. Hydroxyl groups are polar and therefore
glycerol is soluble in water. The acid portions of three fatty acids react with three
hydroxyl groups of the glycerol so that a triglycerid and three water molecules are
formed. This reaction is condensation. The triglyceride molecule can
hydrolyzed into its components i.e. glycerol and three farty acids.
Triglycerids are stored in animals as fats.

A fatty acid consists of a long hydrocarbon chain with a carboxyl (acid) group (-
COOH) at one end. Most of fatty acids in cell contain 16-18 carbon atoms per
molecule. Fatty acids may be saturated or unsaturated.

RCOOH H,C— OH H,C __o.__‘ll.__g
o)
R'COOH + HC—OH o T Hc—o-—y;_-n' + 3H,0
. o
R'COOH HC—OH H,C—O0— L_ge
F::yr:ddl Glycerol Triglyceride

Fig: 2.13 Formation of Triglyceride from fatty acids and glycerol

Saturated fatty acids have no double bond between carbon atoms. Such
molecules cannot accommodate any more hydrogen atoms if added to them.
Acylglycerol with saturated fatty acids such as palmatic acids are called fats and
are solid at room temperature. Saturated fatty acids dre stored in animals as fats.

Unsaturated fatty acids have one or more double bonds between some

on atoms (C=C). In such molecules the number of hydrogen is less than two

per carbon atom. Any more hydrogen can be added to these molecules.

Unsaturated fatty acids such as oleic acids are stored in plant seeds. Acylglycerol
with unsaturated fatty acids are usually liquid at room temperature. —S5 5

I
s

A
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The triglyceroids
have high caloric value
and usually yield twice

Ghee with saturated fatty acids is prepa(ed from
vegetable oil by passing hydrogen through it. Intake

as much energy per gram | of ghee should be minimized as it may store in blood
as that of carbohydrate. | vessels reducing their flow capacity increasing risk of
) heart attack.
2.5.2 Phospholipids )
ds and

Phospholipids are composed of one glycerol molecule, two fatty aci
one phosphoric acid molecule usually linked to some nitrogen group.

A triglyceride molecule is converted into phospholipid when a fatty acid is
replaced by one phosphate. A phospholipid molecules has two parts. A phosphate
head: It is polar and is therefore soluble in water or hydrophilic (hydro-water; philic-
loving) and two hydrocarbon tails they are non polar and are insoluble in water or
hydrophobic (hydro-water; phobos-fear). Phospholipids arrange themselves in a
double layer in the presence of water in the plasma membrane of the cells.

2.5.3 Waxes

Waxes are formed by long chain fatty acid bonded to long chain alcohol. They
are solid at normal temperature because they have a high melting point. They are
hydrophobic. They are stable compound and are resistant to degradation. They form a
waterproof layer (cuticle) on the surfaces of some plant parts such as leaves, fruits and
in this way reduce the rate of water loss. Water barrier waxy layer generally covers
bodies of some animals such as sheep and insects.

2.5.4 Steroids

Steroids are lipids that do not contain fatty acids. Each steroid is formed of a
backbone of four fused carbon rings containing 17 carbon atoms. They differ
from one another by the type of functional group attached. Different steroids have
important functions in the bodies of humans and other animals. Cholesterol is a
representative example of the steroids. It plays a role as an essential component in
animal cell membranes. Cholesterol is also & precursor of all steroid hormones
such as abdosterone. s hormones and vitamin D Aldosterone helps to regulate
;ﬂ*—‘-hhnﬂb“ﬂ and female
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& Cholesterol
h. Aldosterone

c. Testasteronc

¢ exumples of the sterolds,

Fig: 2.14 Some representatis

2.5.5 Terpenoids
Terpenoids arc
lipid soluble and water insoluble su
isoprenoid units. They join by the process of condens
types of compounds such as rubber, carotenoids, etc.

CH,

roids do not contain fatty acids, They are
The terpenoids are formed of units called
ation and give rise to different

lipids that like the ste
hstances

2.15 An Isoprenold units

Fig:
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2.5.6 Functions of lipids
Lipids are long-term energy storage molecules in plants and animals. Plants
usually store lipids in sceds as oils (unsaturated fatty acids) while animals store
them as fats (saturated fatty acids). Lipids store greater amount of energy than
carbohydrates because they contain less oxygen and more C-H bonds than
carbohydrates. Lipids are the building materials of the cellular membranes called
lipo-protein membranes. Lipids provide insulation to various organs and to the
 bodies of animals as a whole. Some hormones are lipids that regulate various
processes inside the bodies of plants and animals. Examples of plant hormones
‘are auxins, gibberellins, cytokinins while that of animal hormones are
.‘illdostcmne testosterone. '
#1206  Nucleic Acids

Nucleic acids are polynucleotide chain (polymers) formed by the linkages
units called nucleotides. There are two types of nucleic acids i.e.

deoxyribonucleic acids (DNA) and ribonucleic acids (RNA). DNA is formed of
-'_ 2 soxyribonucleotides while RNA is formed of ribonucleotides.

.6.1 Nucleotides

~ In a typical nucleotide, the NH,
nitrogenous base is attached to carbon N~ ,cl\

: Iof pentose sugar while phosphate H— C/ i \T
. uatlachedtocarbonNo 5 of the \. _Co_...C—H
'-' ntose sugar. The bond formed o) NZ S NE

,:-- phosphoric acids (H,PO,) and __I_ Nitrogenous
hydroxyl (OH) groups of pentose o ﬁ O-CH, O base
sgar is called ester linkage. In a O

ucleotide chain one phosphoric | oy cohae H H
is attached to the OH group of |~ group
 No 3 of pentose sugar while OH OH
r pl acid is attached to Sugar
.ofmbon No 5 of pcntosc Fig: 2.16 Skeleton of a nucleotide

the: gzclassiﬁed into three types, i.e. Thymine,
lp:t.lf_gntotwotn:en.o.AdcnmcandGuamnc
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n. Deoxyribose

Phosphodiester
bond

2.6.2 Mononucleotides
As the name indicates, a mononucleotide
exists as a single nucleotide. One of the common

mononucleotide is the adenosine triphosphate OH

(ATP). It is a nucleotide with three phosphates. h. Phosphodiester linkage
Adenine base linked to pentose sugar (nbose) OH

forms a structure called adenosine. When

adenosine is bonded to a single phosphate it will 0=T—OH

form a nuclecotide called adenosine

=3 ; ; ; -
monophosphate. This reaction needs energy. 0

¢. Phosphoric acid

Purines Pyrimidines

L0,

]
I
|
: L
|

SN
M
Adenine I u
7 S I
| Cytosine
Vaddll

H \“ .u;.clll:;nl'ylﬂ |
Guanine 'mwdmmmm-“nﬂ

| part of DNA. —

Fig: 2.17 Chemical structures
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Adenine + Ribose (pentose sugar) — Adenine-Ribose (Adenosine)

Adenosine (Adenine-Ribose) + phosphate —» Adenosine Monophosphate
(AMP)

Adenosine Monophosphate is a nucleotide with one phosphate group. Another
phosphate is bonded to this molecule when energy is supplied; it forms adenosine
diphosphate (ADP). With the addition of a third phosphate and energy to it,
adenosime triphosphate (ATP) molecule is formed.

AMP + Phosphate —— Adenosine Diphosphate (ADP) * A-P~P™
(A- stands for adenosine; P for phosphate)

ADP + P + ATP (Adenosine Triphosphate) “ A-P~P~P "

N
~ Adenosine triphosphate is an energy rich molecule and is commonly called
~ energy currency. It provides energy to cells of all living organisms for their
" functions. The wavy bonds between the phosphate groups indicate high-energy
~ bonds. Usually the bond between the second and third phosphate breaks up
~ releasing the energy used by the cell. An ATP molecule is hydrolyzed into ADP
- and Pand almost 7 Kcal energy is produced.

i ATP + H2O ——>ADP + P + 7.0K Cal

Triphosphate Adenosine Diphosp. Phosphate
PP [— @]+ @ -TKeal
ATP_ ADP + (P+ Energy

0 Fig: 2.18 Hydrolysis of ATP molecule.

B
~ ATP molecules are produced during respiration when food molecules are broken

"down into simpler substances and the stored chemical energy is released. This
!fin the generation of ATP molecules.

ides are linked together, a structure called dinucleotide is
otide contains adenine as nitrogenous base, then it will be

L b R LA
| 2 arw |’.“_”< -
couae. .
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. S T T —

The adenine dinucleotide 1n
C?mbl.zmm“r g .dlm:_:;n: Nicotinamide is a vitamin called nicotinic acid
vilamins orm imporian (niacin). Flavin is also a vitamin called
compounds called co- riboflavin (Vitamin B2).

enzymes, Three important co-
enzymes are NAD (Nicotinamide Adenine Dinucleotide), NADP (Nicotinamide
Adenine Dinucleotide Phosphate) and FAD (Flavin Adenine Dinucleotide).

These coenzymes can exist in two forms; a reduced and oxidized form. In the
oxidized state they function as hydrogen acceptor. NAD and FAD are both active

in the electron transport chain of respiration where they act as electron carriers.
In the process they are alternately reduced and oxidized.

2 R e :
) P Adenine P Adenine
g Tk TS g
\ P
P Nicotinic Acid P Nicotinic Acid
\ S / \ S /
Structure of NAD ) Structure of NADP

Fig: 2.19 Some examples of co-enzymes.

2.6.2 Polynucleotides (Poly:many)

When many nucleotides are linked together they form a structure called
polynucleotide. DNA and RNA molecules are polynucleotide chains (strand).
There are different types of RNA molecules, each type performs specific function
under the instructions of DNA. Nucleic acids are of two types:

1. DNA: Deoxyribonucleic Acid - made of deoxyribonucleotides
2. RNA: Ribonucleic Acid - made of ribonucleotides

1. Deoxyribonucleic Acid (DNA)

In 1962 James Watson (b. 1928), Francis Crick (1916-2004), and Maurice
Wilkins (1916-2004) jointly received the Nobel Prize in physiology or medicine
for their 1953 determination of the structure of deoxyribonucleic acid (DNA).
According to this model the DNA molecule is double helix. The double helix can
be visualized as spiral stair case wound around a central axis. Watson and Crick
suggested that base pair always consists of purine pointing toward pyrimidines,

Scanned with CamSc
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keeping the molecule diameter at a constant 2nm. The base pair are flat with a

distance of 0.34 nm between them.

DNA contains pentose sugar as deoxyribose. It is formed of four different

type: of nucleotides. These nucleotides are named after the base present in them
jey are: Adenine deoxyribonucleotide, Guanine deoxyribonucleotide, Thymine

xyribonucleotide and Cytosine deoxyribonucleotide.

:Thesc four types of nucleotides are used as building blocks of DNA molecule.

Them leoudes in the DNA molecule are bonded to one another in such a manner that
zar of one nucleotide is linked to the phosphate group of the next one. In this way
i ’ € nuc leondes form a linear molecule called a strand in which the backbone is made
y garaltzmanng with the phosphate group. The bases are projected to one side of
\ The sequence of the nucleotide in one type of DNA is constant while it 1s

— Sugar (deoxyribose)
Phosphate group
Sugar-phosphate

1ds 'im opposne direction to each other
ydrogen bonds between purine and
paired wlth ademnine in the

e (g™
] J
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There are two hydrogen bonds betw

bonds between guanine and CYtQSin:.cn denine and thymine and three hydrogen

2. Ribonucleic Acid

Sanine Hbotiloatide es are named after the base present in them they are:
» Buanine ribonucleotide, cytosine ribonucleotide, uracil

ribonucleotide. The nucleotides in the RNA molecule are linked in the same manner as

in the DNA molecule. RNA 1S @ si : :
occurs instead of the base lh)’minil_nglc polynucleotide strand. In RNA the base uracil

— On
3

3“

Fig: 2.21 Chemical structure of DNA Fig: 2.22 Chemical structure of RNA

There are three types of RNA molecules; messenger RNA (mRNA), transfer RNA
(tRNA) and ribosomal RNA (rRNA).

a. Messenger RNA (mRNA)

Messenger RNA carries messages from the DNA to the ribosome for protein
synthesis.

b. Transfer RNA (tRNA)

Transfer RNA transfers the specific amino acid from the cytoplasm to the
ribosome for protein synthesis.

¢. Ribosomal RNA (rRNA)

Ribosomal RNA in combination with protein forms the body of the ribosome.

—-L y
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2.6.3 DNA as Hereditary Material

Chromosome is composed of DNA and proteins. Biologists conducted
experiments and proved that DNA is the genetic material and is responsible for
the transfer of genetic information from parents to offspring.

In 1928 Griffith conducted experiments using bacteria that causing
pneumonia in mice. He used two types of bacteria; pathogenic and non-
pathogenic bacteria. He observed that the non-pathogenic bacteria have absorbed
genetic material (DNA) from the pathogenic bacteria. As a result they have been

- transformed (changed) to pathogenic form.
Later on A.th'}’, Mcleod and McCarty provided experimental evidence to prove
that lhe virulence of Pnewmococcus, which is due to its outer surface, can be
fransmitted through DNA to bacteria that have lost their virulence.

. Hershey and Chasc who studied the life history of bacteriophages
pmwde_d further concluswe.cvidcncc. Bacteriophages consist of DNA enclosed in
a protein coat. Tlfc bactcnophagc_ injects its DNA into bacterium and leaves

t 1 -

DNA is the data bank of living organisms. DNA molec

ules contain in

y
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uuJ UCU A’j_ G
U [wued™eluce g, lac | uec || 2
UUA 1, o, luca AA StoplUGA Stopl A
- —JUAG_StopluGe_Trp | G
Cuu ceuq  JeauTye[couT U
First (2 ggg Leu ggg Pro |CAC"™ CGC |Arg | C
position cuG- cCG- CAA Gin |CGA A Third
(5'end) CA CGG.. _G_| position
AUU™ ACU ~ AAU ,__AGU (3'end)
Asn | U
AUC lile |ACC AAC_ " aGc_| Ser
Thr — C
AUA ACA |M2]LVS AGA Arg| A
AUG ACG - AA AGG_ G
GUU™ GCU™ GAU-]Asp GGU™ U
(G |CYUC |val |GCC |Ala [GAC| " lGGC Gly | C
GUA GCA GAA | Glu GGA A
lGug 2 __loag |”"lgeg) | G |
Amino acids names
Ala = alanine Gin = glulamine Leu = leucine Ser = serine
Arg = arginine Glu = glutamate Lys = lysine Thr = threonine
Asn = asparagine  Gly = glycine Met = methionine  Trp=
Asp = aspartate His = histidine Phe = phenylalanine Tyr = tyrosine
Cys = cysteine lle = Isoleucine Pro = proline Val = valine
Fig: 2.23 Various combination of Genetic Codes

There is a lot of information stored in the DNA. If we had to write down all the
information in the DNA, it would make 900 volumes, each of 500 pages. All

this knowledge has been fitted into a tiny molecule that we cannot see with our
] naked eye. Who has fitted all this information in DNA. Certainly this is the
' work of supreme intelligence,He is Allah with His supreme intelligence,
limitless knowledge and eternal power, Who created the universe,

__—* y
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There are four nitrogenous bases involved in the formation of many codes;
adenine, guanine, thymine and cytosine. These four nitrogenous bases make

sufficient codes for the 20 different amino acids which synthesize a large number of
different protein molecules.

2.6.5 RNA as a carrier of genetic information

Three types of RNA molecules, mentioned earlier, are inv:olved in the
ransfer of genetic information from DNA to synthesize proteins. This transfer of
enetic information takes place in two steps:

ri
is the transfer of genetic code from DNA molecule to RNA molecule.

SRS
-.s

is the transfer of the genetic code from a mRNA toa sequence of

0 acids in a polypeptide.

i pated Molecules
onjugated molecule is defined as a molecule that is formed by the

ion of two different molecules belonging to different categories. For
‘when a carbohydrate molecule combines with protein, a conjugated
ed glycoprotein is formed. Other examples are nucleoproteins,

\ : -
A HDODITOLCHS.

e e formed by the combination of lipids and proteins. Lipoproteins
ruc! framework of plasma membrane and all other types of

1Tl

ns are ormed by the combination of nucleic acids with proteins. A
nosome is basically a nucleoprotein that is formed by the DNA and
ightly 2 :‘.J: _:-gglmlubleinmtq'.
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KEY POINTS

e Biochemistry is the branch of biology that deals with biochemical basis
of life.

e In higher plants inorganic compounds are obtained from the environment
and are used 1o make different organic compounds.

e Walter is one of the best solvents, regulute temperature of the body and has
high absorbing capacity to absorb different materials.

e Condensation is a process in which large organic molecules are
synthesized and water molecules is removed.

e Hydrolysis is a process in which large organic molecules is broken down
and involves the addition of water molecules.

e Carbon is present in all organic compounds with a covalent bonding
capacity of four.

¢ Carbohydrates are generally the hydrated carbons which are composed of
carbon hydrogen and oxyvgen.

e Carbohydrates are classified into monosaccharides, oligosaccharides and

polysacchandes.

Starch is a common storage product in plants and glycogen in animals.

Cellulose is a common polysaccharides found in plants,

Carbohydrates provide energy, a building material of different body

structure and are storage molecules.

Proteins contain carbon, hydrogen, oxygen and mirogen as four essential

elements.
Proteins are made up of amino acids.
The amino acids bond together by peptide bonds which produce

polypeptides chains.
Protein molecules may be fibrous e.g. keratins or globular ¢.g,

haemoglobin.
Globular proteins may be primary secondary, tertiary and quaternary
depending on their different levels of structural organization,

Lipids are mainly composed of carhon, hydrogen and oxygen and some
other elements particularly phosphorous and nitrogen and include animal
fats, vegetables oils, waxes, steroids ete.,
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¢ Vegetable oils and animals fat are called triglyecrides.

* Triglycerides are with three fatty acid chains bonded to one molecules of
glycerol. |

» Fatty acid may be saturated or unsaturated. ‘

e Lipids are important as storage molecules ,building material, insulators
and help in the fat digestion and speeding up of vital activities.

* The two nucleic acids are Deoxyribonucleic acid (DNA) and ribonucleic
acids (RNA).

* DNA has four nitrogenous bases namely ,adenine, guanine, cytosine and

~ thymine. RNA has the nitrogenous base uracil instead of thymine.

~® RNA molecule are of three types messenger RNA (m RNA) ,ribosomal (r

- RNA) and transfer RNA (1t RNA).

Mononucleotides may have single phosphate group .e . g. Adenosine

(AMP), two phosphate groups .¢ .g . Adenosine diphosphate (ADP) and

three phosphate group e.g. Adenosine triphosphate (ATP).

. When more than two nucleotides join together they form polynucleotides

~ e.g. DNA and RNA.

'anph of conjugate molecules are glycoproteins, nucleoproteins,

g’lyadlplds and lipoproteins.

g

A
4

.‘I

A
.J-'
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l

m
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EXERCISE 7

A.cwmm'“' A wery '4" the 'r“,-“' Mm
1. whichoflhcm-l“t“'

a. Glucose ¢ Fractone
b. Lactose d Galactose
2. Which of the following has the greatest number of glycosdie el
a. Glucose C. Cellulose
b. Sucrose d. Maliose

3. The main component of cellular membrane is:
a. nucleic acid c. carbohydrates

b. cellulose : d. protein
4. The kinds of amino acids which are involved in the synthesis of
2 . 40
: 30 d. 50
5. Amino acids mainly differ from each other by the difference
R —grou ¢. amino group
:. carboxylp group d. alpha group
in i i nd in:
6. Keml:m is a type of protein fou J—
;s;l:ﬂfber d. muscle celis
i the following EXCEFT
7. DNA is more or less present In all of
nucle: ¢. nbosome
;: 2 4 mutochomdrnon
chromosomes
e “M““m.ﬂﬁﬂd
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EXERCISE §.

- ST o
9. Lipid molecules have the capacity to store dmﬁnb!c amount otbf::;%,v as compared
(o same amount of carbohydrate because nfhlg}} num ‘
a. C-Cbonds b. C-H bonds
¢. C-Nbonds d. C-O bonds | |
10. The “tails™ of the hydrocarbons in the phospholipids molecules orient aw u_\".lrm‘r:
water. Which of the following describes the tail's movement away from water"

a. Polar b. Adhesive
¢. Hydrophilic d. Hydrophobic
L1. Lactose is a disaccharide formed by the formation of a glycosidic bond betw een
glucose and :

a. glyucose
¢. Sucrose
12, Ester linkage is a bond which involves
4. H,PO,and COH

b. galactose
d. fructose
achemical reaction between:

b. H,PO, and CH
¢. H,PO, and COOH d. H,PO, and OH
13. How many ni trogenous bases are involved in the formation genetic codes?
a.2 b.3
c.4 ds
B. Write short answers to the following questions,
I. Define the following:
(a) condensation
(b) hydrolysis
2. What are different kinds of carbohydrates? G
3. Compare the i ' ;

 bra s Sty feactions are used for the Making and
- Outline the Synthesis gy reakage of tide 1:

7. Evaluate the role of 'slerqjdg mh Pepli . l“ﬂ?ﬂges.
o Mustrate the forygio of phasoh - body.
9. List some eXamples of TR "&?P : ‘

i
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C. Write detailed answers to the following questions,
1. Explain how the properties of water make it important for life”?
2. Describe the properties and roles of disacchanides.
3. Classify proteins. List examples and roles of structural and functional proteins.
4. Describe the properties and roles of acylglycerol, terpenes and phospholipids.
5. Define conjugated molecule and describe the roles of common con jugated molecules.

i Crick.
6. Explain the double helical structure of DNA as proposed by the Watson and

Projects:
« Make amodel exhibiting the hydrogen bonding.

« Make asimple model of ring forms of alpha and beta glucose.
f Watson - Crick Model of DNA.

« Create a 3-Dimensional model o
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mtroduction
Recall from youl
iperease the rate of chemid

pervious glasses that enzymes are biologien) catlyst whia
sl reaction indivingeells without being used in the proc
Nearly every chemical provess that takes nlri'c-c i diving things 1s fa ”.i.!"!' a b
ensvine. The sum of all the chemical reactions that@geli or larger living thing can :
out is its metabolism. Many activities in living things are gentrolicd by metaboly

pdth\\;l\s in which a senies ol mterrelated steps are iﬂVOlVﬁdthnL of them
facilitated by an enzyme. LI
3.1 Enzyme Structure Tl

Enzymes are proteins, and their function is determined by their compiex
structure. The reaction takes place in a small part of the enzyme called the active Site. |
while the rest of the protein acts as "framework". The amino acids around the actf.f i S
site attach to the substrate molecule and hold it in position while the reaction takes ==
place. This makes the enzyme specific for one reaction only, as other melecules
would not fit into the active site.

3.2 ModeofEnzymeAction
Following two hypotheses explains mode of enzyme action

321 Lockand Key Hypothesis

Fischer in 1890 suggested that each enzyme had a particular shape into which
the substrate fit exactly. This was known as the lock and key hypothesis. According to
this hypothesis the substrate is imagined like a lock while the enzyme is imagined like

.akey. As one specific key can open only a specific lock, similarly a specific enzyme
~ can break up only one specific substrate. The active site is regarded as rigid structure
that does not modify or change during the reaction process. However later studies did
not support this hypothesis in all type of reactions and therefore the hypothesis was
modified into Induced fit hypothesis.

" ced-Fit Hypothesis

ion of the substrate and enzyme form an enzyme-substrate

ginally referred to as the Lock and Key Enzyme Theory. The
t the enzyme molecules are in an inactive form. To
g0 a slight change in structure to more specifically
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. Reaction Mechanis

In any chemical reaction
4 substrate (S) is converted into

product (P):

S~P

There may be more than one substrate
doesn't matter here. In an enzyme-c

atalyzed reaction.
active site of the enzyme to form
substrate is converted into product
product is released. This mechanism o C

ﬁ'ee to start again.
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the substrate first binds to the
4n enzyme-substrate (ES) compiex hen the
while attached to the enzyme. and §

active site

voe

92 Sequence of
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m’ﬁ (;C'OI"N'N'V W
The substrate molecule fit ave mte oftiie enzyme molecule like a i,
gllg'ltly, distorting the molecuie

htoalﬂl:k Once there, the enz me cha : :
) thcacuwsite and making it more hkely tﬂ ch into the -oduu EOE Pt
bond in the substrate is to be broken, that bond rmghtbe
~ jtmore likely to break. Alternatively the enzyme can mﬂkﬂ
~ active site quite different from
: d:oseonts:dc (such as pH, water
_concentration, charge), so that
‘the reaction is more likely to
- C.Energy Changes
_The way enzymes work can
| _also be shown by considering
& energy changes that take
_‘____'}plaee during a chemical
; m We shall consider a
._;_j_mm where the product has a _ s
 lower energy than the substratc, - ““‘m‘:’ ‘_, o
: ip'“ mte naturally sl Fig: 1.3 Energy changes diing *hm&iﬁ Nm -'--:-

m words the
gnﬂu direction of the product), Hefore it can changs e pmma,:m

ywercome an "encigy barrier" ealled the activation energy (). 1o
y, the slower the renction will bo because only a fow s\mmmm
e sufficient energy (0 overcome (he activalion eneiy RS Py

dramatic uu y mducc the activation energy of i FEATTINI, 50 TRAL s n\\\\kwh-“@,\qm% W
Pz ‘ a__ .:;eﬂ ﬂ

or lh:' u-.uwunn erergy barrier and quickly Ik prasiigd ?—w.:\\_;

g enzyme, making
tons inside the

energy of
reactants

free energy (G)

2H,0, w20 L),
"with no catalyst and st KD el Hi e

gy 15 86 k) mol -



this b RANGINGANE Conditions within e 2

3C Ofactors

Cofactors - are atoms. £
ahmn;’ their shape and ma

w weniteely fOr actuivaling an er | o :
E!I‘:“ {_:ﬁ-“i'f AR { = -3 /' = . : i -
mictallic 10M{1-C. ZIDE, COPPCT, O iromn § 1t 15 referr:

c‘jfﬂ.{_'f(irﬁ arc Tié ]; OT : ranic ‘-‘,-i,;lg_,,

perm.mcn!iy ah::_r-.;;j in the reactions. : : .
;'\.-’IHIZ‘}- of these ¢ OCNZYMESs are derived fror e g
essential for life. The abcence ¢ 1. : L e - S
dcﬁCl‘eHE."'\' (ﬁ‘i{:a\.; s 6.9 lack of Vitarmin 1 -- - _-_ : - | min 20d miners

B BAD NADP$UU00 . remriesofCocoymes

3.4 Enzyme non

Man“ SRS but not all \d in th B
ﬁ}’pszn) Theyare named for the substrate they a £ f« | shady o
. ke following are the six major enzyme categories ion they
: Qlidoreducfam-\

nese enzymes catalyze various types of oxidation-reduction reactions. Subclasses
. ’ VRN, UL RS UDS
£roup contain oxidases, oxygenases and peroxidases.

: escatalyzc reactions that involve the transfer of f groups ;.-Wm
DeT. Exampies of such groups include amino, carboxyl, methvl and
O xymmd t‘ransmeth) lases are examples of transferases.

ttm reahnons in which the cleavage of bonds 38
&5
" of water. The hydro lases include the eSter®s

Scanned with CamSt



Table 3.1 Enzyme Nomenchature by Substrate
—-—#_,_

Substrate I e Enzyme
Lipid Lipase
Urea Urease
Maltose . Maltase
Ribonucleic Acid | __RN Aase
(RNA)
ATP _T%TPase
Dextrose Dextrase
Protein Proteinase__

4, Lyases

Lyases catalyze reactions in which groups (e.g. H,O, CO, and NH,) are removed
to form a double bond or added to a double bond .Decarboxylases, deaminases and
synthases are examples of Lyases.

S. Isomerases
: This is a heterogeneous group of enzymes which catalyze several types of
intermolecular rearrangements. Epimerases and mutases are the examples.

6. Ligases
Ligases catalyze bond formation between two substrate molecules. The energy
for these reactions is always supplied by ATP hydrolysis.

3.5 Factors that Affect the Rate of Enzyme Reactions

Rate of enzyme reactions depend on the following factors.

A. Temperature
Enzymes works best at an optimum temperature, Enzymes present in mammals
works best at about 40°C. Animals present in different environments are adopted to range
of temperature. for example, enzymes of the arctic snow flea work at -10°C whereas in
-thermophiil_ic' bacteria enzymes work at a temperature of 90°C.Upto the optimum
temperature the rate increases geometrically with temperature (i.e. it's a curve, not a
- straight line). The rate increases because the enzyme and substrate molecules both have
. more kinetic energy so collide more often and also because more molecules have
- sufficient energy to overcome the (greatly reduced) activation energy. The increase i raté
ith temperature can be quantified as a Q [0, which is the rolative increase for & 10°C rise

oo - DS
i
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. - ¥

~Therate is not zero at 0°C, so enzymes siill work in the refrigerator (and fodd'stili
goes ofl), but they work slowly. EnZymes can cven work in ice, though the rate is

e‘xtrﬂllﬂ‘l}' slow due to the very slow (liffl.lﬁion ()rt'l‘IZJ‘mL' and substrate molecules [Ilmugh
the ice lattice. _— :

“Fig: 3.4 Influence of temperature on the
rate of enzyme-catalyzed reactions.

B.pH

- Enzymes have an optimum
pﬂat“ which they work fastest. For
~ most enzymes this is about pH 7-8

(physxolog;ca] pH of most cells), but | . Enyzme |
a few enzymes can work at extreme | | Lipase (Pancreas) ,

_ pH, such as protease enzymes in

animal stomachs, which have an

am pH 1. The pH affects the | |
»f the amino acids at the active | .

more specifically, changes in pH
zes amino acids forming a
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reaction. At very high enzyme concentration the substrate concentration may become
rate-limiting, so the rate stops increasing. Normally enzymes are present in cells in
rather low concentrations.

Iy. Substrate concent ration

The rate of an enzyme-
catalyzed reaction shows a curved
dependence on substrate
concentration. As the substrate
concentration increases, the rate
increases because more substrate
molecules can collide with enzyme
molecules, so more reactions will take
place. At higher concentrations the
enzyme molecules become saturated
with substrate, so there are few free
enzyme molecules, so adding more
substrate doesn't make much difference.

X= point of saturation

In‘craasing :
concentration does
not affect reaction rate

Rate of Reaction

Substrate concentration

itration

. Inhibitors

Inhibitors inhibit the activity of enzymes, reducing the rate of their reactions.
They are found naturally, but are also used artificially as drugs, pesticides and research
tools. There are two kinds of inhibitors.

(a) A competitive inhibitor molecule has a similar structure to the normal substrate
molecule, and it can fit into the active site of the enzyme. It therefore competes with
the substrate for the active site, so the reaction is slower e.g the sulphonamide to an
antibacterial drugs which actas competitive inhibitors.

(b)  Anon-competitive inhibitor molecule is quite different in structure from the
. substrate molecule and does not fit info the active site. It binds to another part of the
. enzyme molecyle, changing the shape of the whole enzyme, including the activesite, . -
 sothat it can no longer bind substrate molecules, Inhibitors that bind weakly andean =
tly and cannot be removed out are called irreversible inhibitors. Poisons like

heavy metal ions and some insecticides are all non-competitive M3 i
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The activity of some enzymes is controlled by certain moleculey binding to a
specific regulatory .{nr allosteric) site on the enzyme, distinct from the active site.
Different molecules can inhibit or activate the enzyme, allowing sophisticated controj of
the rate. Only a few enzymes can do this, and they are often at the start of a long
biochemical pathway. They are generally activated by the substrate of the pathway and
inhibited by the product of the pathway, thus only turning the pathway on when jt i3
needed. |

3.6 Feedback Inhibition

Another kind of inhibition is called feedback inhibition. In feedback
ion, there is a second binding site on the enzyme where the inhibitor binds, so

ENTAM
Vol 1

bitor is not necessarily similar in structure to the substrate. The absence or
W bitﬂr at this second binding site activates or deactivates the
y changing the conformation of the enzyme so that the active site is made
. Aayail_lable or unavailable to the substrate. The inhibitor is usually the product of a

“ Intermediate *Product
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POINTS

Enzymes are organic chemical substances produced by the living organisms 1o
speed up a particular reaction, but during this process these remain unchanged.

Enzymes are very specific in their action acting on a specific substrate.
When an enzymes acts on a specific substrate, enzymes substrates complex is
formed.

When enzyme's shapes are disrupted it loses its characteristics biological
activity.

The non protein part or prosthetic group of an enzyme is called cofactor.
According to lock and key model of enzyme the active site of an enzyme is a
rigid structure.

Modification to the lock and key model suggests that since enzymes are rather
flexible structures, the active site is continually reshaped by interactions with
the substrate as the substrate interacts with the enzyme.

An inhibitor is a chemical substance which can block the acuive site of an

enzyme temporarily or permanently by stopping the activity of the
enzyme.

The factors that affect the rate of enzyme action are: enzymes concentration,
substrate concentration, temperature, pH of the medium_

A cellular control mechanism in which an enzyme that catalyzes the
production of a particular substance in the cell is inhibited when that substance
has accumulated to a certain level, ther
with the amount needed.

eby balancing the amount provided
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EXERCISE ‘gﬁ

% ¥ wh
5 .,_l‘;

rrect answersin the fodlow)

'\.‘:""!\'\ng e co
L. W}uch one enzyme catalyzes the oxidation-reduction reactmn”
a. Oxygenases b. Transmethylases
_ ¢. Lyases d. Peptidases
2, Enzyme catalyzing rearrangement of atomic groupings without altering
molecular weight or number of atoms is:
a. ligase b. isomerase
¢. oxidoreductase d. hydrolase
3. Enzymes are polymers of:
hexose sugar b. amino acids
~c. fattyacids d. inorganic molecules
Rl W]:uch one forms the raw material for coenzymes?
~a Vitamins b. Carbohydrates
8 v : d. Metals

l mlthappen toreaction if enzyme is added?

~a.Ra “!»‘reactmn decreases b. Rateofreaction increase
e Noeﬂ'ectonthem‘te ofreaction d. Reactionisreversed

6. What:smduced fit hypothesis?
When enzyme change shape due to absence of substrate

a.
b. = When enzyme do not change shape due to absence of substrate
- When enzyme change shape due to presence of substrate

R
- d.  Whenenzymedonotchange shape due to presence of substrate
Wh;ch ‘enzyme digest’ egg albumin into peptides and ammo aclds best in

alka:lme condmons‘?
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EXERCISE..

10, Whichone ofthe follow ing factors does not affect the rate of gy, e
- : C. Water congepgrn,: — aCtiog
85 a. Enzymes concentration & Temperar. Tatioy
_ b. Substrate concentration T TR _
11 Theoptimum pH value for pepsin to work is : 3
a. 6.8 C. 5-5 !
b. 4.5 g.15

B. Write short answers to the following questions
I. Whatis a cofactor? Give examples.

2. What are metal activators? Give three examples.

3. Differentiate the key difference between the Lock and Key Model and
Induced Fit Hypothesis/model?

4. How pH ofa cell affects the enzyme activity?

C. Write detailed answers to the follow ing

questions.
1. Describe the characteristics of enzymes,

2. Explain the process of enzyme inhibition. Make a list of some common
enzymes inhibitors,

3. Write briefly the mode of action of an enzyme.,
- 4. How do the enzyme and substrate concentrations affect the rate of enzyme
~ action?

~ * Search and make a list of enzymes :
~yourlocal diagnostic laboratory,

~*  Listdownsome common veng
*  Enzymes are '
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Introduction '

adamental retabg); .
This chapter deals with the most funda iboljc

photosynthesis and respiration.. Bioenerge S onall the times . ang “"Tlnamm
in biological systems. Metabolic processes are g, B S Inside .

of living organisms. These processes involve chemwh. h : 10D that are CONCermed
with making or breaking of bonds in the molecules. Ct_l‘(' u:m cal bonds 4y, broken
energy is released and when bonds are formed, ene{gy 18 stored. All living cell M
energy for performing functions. Sunlight is the matn SOuTce of energy Mainaining
all life forms on the earth. But no organism cafl make usc dff ect energy of sunlight as
source of energy for metabolism. All organisms usc chemical energy stored in food
molecules such as carbohydrates, fats étc. Photosynthesis is carried out by green
plants which capture solar energy, transform it into chemical energy and is stored in
organic compounds.

; o 0CRYcae -
fics is the study of energy 565 i

4.1. Photosynthesis

Photosynthesis is the process in which green plants synthesize organic food
from carbon dioxide and water using energy of sunlight. CO,and water ar used as
raw materials in the process for synthesis of organic food molecules. Chlorophylls
and other photosynthetic pigments capture energy of sunlight and convert it 1nto
chemical energy. :

Photosynthesis acts as energy capturing and storing process. Energy of
sunlight is used in the fixation of carbon dioxide to a carbohydrate. This serves as fqod
not only for plants but for the entire life on the planet earth. Therefore all li.vmg
organisms, directly or indirectly depends on photosynthesis. Autotrophic organisms
which are the green plants are able to carry out photosynthesis. Heterotrophl‘;
organisms cannot carry out photosynthesis and are unabl e to use direct energy ©
sunlight. They, therefore, are dependent for their energy requirementof greenplan®
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Overall vea tlon u!"piluunsynmeilﬁh:

Light)

I'lf_{?,-!:”‘} - H

(chiorophyii)

e FHL). HeH O

Photosynthetic Reactunts and Products:

 The water and carbon dioxide are the reactants in photosynthesis while
glucose, oxygen and water are the products.

4.1.1. The Role of Sunlight in Photosynthesis
' Sun is the main source of energy for all living organisms. Light is a kind of
L3 - energy tqchat travels in the form of electromagnetic waves of different wavelengths.
It also acts as beam of particles of different frequencies called photons. There isa
g wide range of waves for synthesis of organic food molecules (wavelcn{g;ths_;i Curring
~ between gamma rays and radio rays). Energy content of photons is in

> -‘-

ﬂlenal to the wavelengths. Short wavelengths are more energetic lehavem A
ontent than long wave lengths. A portion of the solar radiation is called -

‘€s are sensitive to only a small portion of this solar radiation i.e. visible
: es from about 390 nm to 760 nm in wavelength. Photosynthetic
ts absorb and utilize a portion of the visible spectrum. Wavelengths shorter

ble light i.e. “ltm"wle‘mmnmmﬁremrgem and are dangerous to
because they can break organ ¢ molecules. Wavelengths longer than visible
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Quran says “And made the moon a light in their midst, and
made the sun as a (Glorious) Lamp?

“And placed (therein) a blazing lamp (s_ﬁn),\
51 AD \avan 13

“Blessed is He Who made conswllaﬁ;)ns 1n the ﬁskies, and

 placed therein a Lamp and a Moon giving light;

Sura Al-fur’gan Aayah; 61

e | S | The
wavelengths are mostly reflected therefore chlorophyll appears &
oids which are called accessory pigments absorb lig[;lt)i;l (he visible specte™
potosyathetic Pigments Rt : » :
aOR NS B080ro different wavelonot L jued In
n. There are twWo types of rhetace st - ioments 10YO oS

e il e R PP
ithetic pigments are located n h}fm ;_ ‘..;(gq._fgurotanm
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A chloroplast consists of three components, An o0, most covering
(éll\'c"ﬂh}- grana (-‘iillglllﬂr gmml-ﬂ'l) ﬂﬂd stroma. The outer mos Covermyg (eny l'[!'-D)
of the chloroplast is formed by a double membranc structure that enel... the grang
ﬂnd stroma. A grunu]n CUNSist_S_ Of‘n]ﬁny n{‘i“{’.ﬂCd “lllli‘fl“\.‘tf membranous RACS O
- gises called thylakoids which form stacks and resemble a pile of coin.. Phere are

Wi many grana which are interconneeted by lamellae called intergrana, The grana are

visible under the light microscope as grains. Chlorophyll and other photosynthetic
pigments (carotenoids) are presént within the membranes of the thylakoids. These
membranes are the sites of light trapping reaction (light reaction) of photosynthesis.
The double membranes envelop of the chloroplast surrounds a large central
space called stroma. The stroma contains enzyme rich gel-like solution called

matrix where light independent reaction (dark reaction) of photosynthesis takes
place.

a. Chlorophyvils
Chlorophyll is a complex organic compound. It absorbs mainly blue and red
portion of sunlight. The green portion is mainly reflected therefore chlorophyll

appears green. There are many types of chlorophyll i.e. Chlorophyll a, b, ¢, d. e and
bacteriochlorophyll

Photosynthetic prokaryotes lack
lasts but they do have unstacked
synthetic membrances, which
like thylakoid membrane,

shyll is aftached to the thylakoid

: . 4 "“Iﬁ‘a_:f:
mner Stroma ™™

w :'I.";f'l“'*."' B £ membrane T $
TR \} thylakoids

Neaal "'r‘
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Chlorophyll ;
composed of two parts, i.e. head and tail.

The head contains a central magnesium
atom to which are attached four N-rings
called Pyrrole rings. The four rings (tetra
Pyrrole ring) are collectively called
porphyrin. The head is hydrophilic and
lies on the surface of the thylakoid
membrane.Long hydrocarbon chain
called phytol side chain (tail) is attached
to one of the Pyrrole rings. It is
hydrophobic. It lies embedded in the
thylakoid membrane.

Chlorophyll “a” and “b” differ

from each other in only one of the 0=C
functional groups bonded to the o Porphyrin head
porphyrin. Chlorophyll “a” has methyl |
group (-CH, ) while Chlorophyll “b” has CH,
carbonyl group (-CHO).The empirical CH
formulae of chlorophyll “a” and “b” are f
Chlorophyll “a” ( C,, H,, O, N, Mg) HC-CH,
Chlorophyll “b” (C,;H,, O,N,Mg) {CH,),
- b. Carotenoids :
They include carotenes and ’{,: el
xanthophylls. They are yellow, orange, (t;.‘.l-l,},

red or brown pigments. Carotenoids play

two important roles in plants. They \ o, Hydrocarbon tail
absorb light and transfer light energy to (CH,),
¢hlorophyll “a”. Therefore, they are ‘

:iledaccessory pigments. Carotenoids ,CH

- Protect chlorophyll from intense light ‘

lhdfmm oxidation by oxygen produced £ o4 =
mphommms i Fig: 4.3 Chemical stroctwl® ol CoT
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The absorption spectra dfbbrh of these chlorophylis arg somey hat different frony
eachother, This 1s clear tromthcﬁ'ﬁere“‘ peaks as show ninthe I\-Hr._'u..x'i!;g fig4 4

NP

Chilo roth" a

¢ é‘ﬁlorophyll b

i \_ Carotenoids

i : Wavelength of light (nm)

Fig: 4.4 Abserption Spectra of Chlorophylls and Carotenoids

The carotenoids absorb light between 430-470 nm of light spectrum and
transfer it to chlorophyll 'a' molecule. To measure the absorptmn of a pigment, a pure
solution of the extracted pigment is obtained. It is then exposed to different

wavelengths of light inside spectrophotometer, It is an instrument that measures the
3 f.amount of light that passes through the solution. The amount of light can be
cqlculated from the amount projected on the solution and the amount of light
eceived at the other end after passing through the spectrophotometer. This gives the
ement of the absorption spectrum of a particular plgment Chlorophyll “a”
hewdiﬁ‘erentabsorpnon spectraas shown above, |
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Chiorophyll Abso
of Visible Light

I e

400 450 500
Wavelength (nm)

4.1.5 Role of CO.as on |

The carbon of CO. 1s fixed in organic compounds in photosy Nthesis Carbg
IS mOst important component of organic compounds. Carbon-carbop chain forms Ji
and symmetri
0saccharide of
carbohydrates. It makes bonds with nitrogen linking amino acids of protein

back bone of the long hydro-carbon molecule and makes 2 stable
compound. Carbon makes bonds with oxygen linking the mon

molecules. Carbon dioxide is used as one of the raw material for photosynthesis. [n
theabsence of carbon dioxide the process of photosynthesis does not occur
4.1.6 Roleof waterin phot yuathesis

Water is one of the raw materials used in photosynthesis. Water molecule is
broken down into hydrogen and oxygen. Hydrogen corﬁbines with carbon dioxide
forming organic food molecule. Oxygen is released into the air and is the source of
atmospheric oxygen.

Earlier it was thought that the oxygen released in the process of
Photosynthesis comes from CO,. In 1930, Van Neil hypothesized that plants sph!
Waler to release OXygen as a by-product. The idea of N'eil was suppoﬂed by Hill. In

1937 he observed that when isolated chloroplasts were given light in ™"

>¥ence of CO, and some hydrogen acceptor was present oxygen is released (:m*fr
frace!

Scientisis Jate »d Nei : iy

i bigl Tr confirmed Neil's hypothesis when first use of an ISOMPI™ vy

ny- Sical research was made. Water and carbon dioxide contain’®é
. 8%hisotope O were preparedin the laboratory
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Bybed | grecn plaats in one group were supplied with H,O containing
Xperimenta & > I ° Pl; i » second :
I gre ly common oxygen O Plants in the second Lroup

" i - X . 1 I 1 A
2 (Tnd wnlllh ((}. comamlngn?aming arnmon (.,ngl;_" O but with ( }’}. containing
()‘t:n]’tt[a‘ffl: ? ::b t“ pP;:::t: of first group produced O™ but the plants of second grouy,
- 1U'Was Tound that r '
did not.
- " ]
Groupl COM+2HO —
Groupil CO"+2H0 ——

{ H {) s RS i)

CH,0" + H

4.2 Mechanism of Photosynthesis I at:
The Mechanism of photosynthesis CODSIStS of two distinct steps; one that

requires light is called light reaction and the other tha does not require light called
dark reaction.

4.2.1 Light Reaction (Light dependent reaction) $e i

Light reaction takes place in the granum of chloroplast. It 1s mitiated when
photosynthetic pigments capture light energy. Photosynthetic pigments are
organized into clusters called photosystems. There are two photosystems i.e.
photosystem I (PS I) and photosystem II (PS II). Each photosystem consists of
several hundred pigment molecules including chlorophyll a, chlorophyll b,
carotenoids and electron acceptors. There are two parts of each photosystems i.e.
antenna complex and reaction center. The antenna complex has many molecules of
chlorophyll b and carotenoids, all absorb energy and transfer it to the reaction center
Reaction center has one or more molecules of chlorophyll a molecules along with
primary electron acceptorand electron carriers.

Electron transfer Primary
: electron
ﬁ _ acceptor -
tf";,-ﬁ, P’ Rbﬂ(‘-‘ﬂ =
S “Reaction | centre
centre
AR . } . chlorophyll,
iy zanie %
.If"?.:-' If;;".!‘gx s _\}:" ..-* mo ""’
e k. k. p700 R

o
e
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Photosystem [ absorbs light of 700 nm and 18 called P700 w hereq,
. Fa? J & ! r el X
absorbs light of 680 nm and 1s called P68(). The primary ‘-ltk“un ac

clectrons from the reaction center and then passes them on to seri
SeTigg

! el
hghl To. .[_hl)n

“[{J:\
: Yt

: ; x £ @ i
carriers. There are two possible pathways of the electrons in ¢, X

photosynthesis, They are called non-cyclic electron transport 5, . ¢
ykl‘lg
¢

transport _ t:("‘["L‘.-l.'\
a. Non Cyclic Electron Transport of Light Reaction

. This reaction starts when sunlight strikes the photosystem T (P 680 -
absorbed by the chlorophyll molecules which loses its two electrons and %)
charged with a deficit of two electrons.

. The lost high energy electrons are captured by an
Plastoquinone (PQ).

. From plastoquinone the electrons pass along a series of electro
which includes cytochrome 'b', cytochrome 'f and plastocyanin molecyeg
) Each molecule in the electron transport chain is alternately reduced when i .
electron and is oxidized when it losses electrons. 1 gais
. ' When‘electr(?ns are passed through electron transport chain, they lose energy. Thi
energy is used in making ATP from ADP and inorganic phosphate using energy from su;al' :
maprocess called as photophosphorylation. : e

Ty is

become.
meS oslh“‘ci\(

clectron aCceptor oy d
¢

n transpon ch&in

. The electrons from plastocyanin are received b

Y another photosyst
photosystem I (P700). T
. At the same time light falls on photosystem I and activates its two electrons which

are received by Ferredoxin reducing substance (FRS); electron accepter of PS I. From FRS
elep‘lrons are passed to oxidized NADP (Nicotinamide adenine dinucleotide phosphate). The
reduced NADP receives hydrogen from water and is converted into NADPH,
. thn_photosystem I absorbs light, water molecule splits (photolysis) into Ot and
H'. The OH ions react to form some water again and release oxygen and electrons.

4H,0 ——— 4H'+4(0H)

g HOH) == W0 +0, I
A Electrons from water molecules are aceepted by positively charged cmmphy
 Mdlesule of Photosystem IL, filling the gap produced by th ed et 17
el 0 Phiotosystem IL, filling the gap y the two energized €00 oo
e écﬁcxency t{fplggtosy,sbem I'has been filled by electrons coming fro™ phe
is called Non cyclic electron “%.@W? o
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i |
- A
Tﬁ;nlvl
. ))"1.%1&
ol | ,. 3 ; . |
[ Wy i i ’.'"_. ary z?”ﬁ:’lﬁ 1
¥ L7 ‘;.:, n__l_n_&-_ 9, ": :
e %% a @ \
CTT e ‘z,
Splitting of water - \
releases oxygen W }

24° HO

Photosystem Il

L Cyclicelectron transpot

e Cyclicelectron transport involves only photosystem L. It occurs in rare o
if the activity of photosystem ILis blocked.

« When P 700 form of chlorophyll molecule in photosystem | absoros light, 1 5
activated and it loses electrons, which are captured by ferrodoxin roducTng
substance (FRS).

+ From FRS the electrons fall back to P 700 chlorophyll molecule through 8 S0
of electron cartiers.

produced during cyclic electron flow. o
ed back in ¥

s ATPmoleculesare
ch are ejected from P 700 molecules are cycl !
electron transpo-

o« The electrons whi
above electron transport therefore the process is called cyclic k)
. ATP synthesis during this cyclic electron flow is called cyel
photophosphorylation. b e
Water and encrgy of sunlight are used in light reaction. The products otma B
[‘L’ﬂC[iUnS arc ATPand NADPH. Both Ofthm!mtmnsmned from gmnatqsm}

yse in dark reaction.
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TORS ﬁ
: - k to “’h( mnclitlli where ADF s« onverted mtao ATP and
. .

.&':)i NK’ IJ: \I]l (c'l'lll l “ redllrlil"l I"“l'[‘,‘-i'. 'il“-‘l t ;l'l”l“ 1.. Vi ‘l'll‘ |'|‘l Il, i t
I .q l ‘ Dl '{- II'

carbon Sugar molecule of PGAI.-; "
I , ] ‘r P i

PGAL+ADI
PGA+ATP+ NADPH D A

&

L% :

PHASE 1 .
REDUCTION

Glucose and
other organic
compounds

rated so as to continue the cyc‘l,e.v’lx
Jave many alternatives. Qut o€ !
e leaves the cycle to be used by the |

nounds. The other five PGAL

. ‘.".‘;-_,- L"__\"_,.*
- -

adows¥e s
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| ' H Ihiy -
weveral intermediaton including 3.C, 4.0, el 7,‘;";:;{, ;pi,;:r;:”; 8 ¥so ey e
ATP produced in Hght reaction Iibtilone !!ill"h“”pmm of VUH;’ : the Tailably ¢
AvRept O, andl remtarts (he cyele, With the regeners he ¢ abrip ‘__m; ;
dark reactions complete.
4.3 Reaplration |

Rewpiration in defined ag oxidation-reduction processes yi, ¢ CCeny
the lving colls during which organic food is broken doy, ,Tm:“"d'
uhaml.keupiraunn 1ol two lypesi,o, nerobic and anaerobic 7 N
401 Aerobie respleation (Cellulay Hesplration)

Aerobic respiration needs free O, In aerobic respiration .
mﬁwly broken down into CO, and H,0 and the stored ener

I equation of aerobic respiration for glucose breakdown
follows:

(‘a "u”-» t60), L e b O +6HO+36A |

T an fosesd i

£y 18 releach T}IC
an be writien .

QItlcosc and oxygen are ysed and carbon dioxide and w
18 released which i« used in the

Opposite of Photosynthesis where
Xide and water are used as

aler are produced.
€s. This is just the
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_ % GO not ax,qum: direct

fes? th do ﬂ“w ¥ synthesize ATP? Tt
of glucose is released it wifl be oy great § Ts
,_]__jeatmg up of the cells and algo a large dmrp;:;
the right amount of energy avaiiable to the cel
 dow _mtoADP and inorganic phosphate: A1l s ving
ells therefore use ATP nmlcculﬁ'fﬂfmefgy RN semient,

Glyeolysis

- Glycolysis is the bre akdown ofg[ucosc, a 6-C molecule, in two molecules of
ruvate ( 3-C molecule) and anet gainof two ATP molecules. It takes place in cytosol
.-= .'..Pi”m) and is common in both aerobic and anaerobic respirations. Glycolysis
' ;mt need free oxygen.
- Glycolysis completes in two phases i.¢. preparatory phase and oxidative

aratory phase

_Iaratory phase is phosphorylation of glucose by two ATP molecules.
Glycolysm starts when glucose reacts with ATP molecule.

ATP transfers energy and phosphate to glucose forming glucose 6—Phosphat.,
and itself converts to ADP.

Gl._'"*'ose —6 Phosphate is isomerised into Fructose-6 Phosphate
ru 058-6 Phsophate reacts with another ATP molecule formmg fmctose—l-G
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Glyceraldehyde 3-phosphate
Dihydroxyacetone (GP)
phosphate(DHAP) &

2NAD .
@y o

2"'“’ 1,3 diphosphoglyceric acid
2ADP .., _

O v,
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Y ; e tinks Glycolysi
 This process is called linked reaction because it ks ¢y Colysis ¢
~ PyruvicAcid » Acetylgroup* €O, +2q Krebs cycle,

Acetylgroup + CoA ————— AmyICM
NAD+ 2H > NADH,

3 Further oxidation of acetyl - CoA takes place in a cyclic mappe, - .

~ calledKrebscycle. i g
o ¢ Kreb'sCycle or Tricarboxylic Acid Cycle (TCA’

jr In first step of cycle, Acetyl CoA produced in the linked Teaction comp;
with pre :mstmg oxalo acetic acid (4-C) in the presence of water molecule 1 flm
. citnicacid(6-C). Co-Abecomes free and is ready to react with another acety] gmupom
g Acetyl Co.A+oxaloacetate —— Citrate +Co A_ ‘

; * Citrate is converted to isocitrate

i . Citrate ——» [socitrate

FN B

g Iso-c l?l?ctaexilz ::;(:lllzfd d:o -ketoglutarate ( 3-C). one carbon of isocitrate is oxidized
. NADmeon,. ydrogen is removed which is picked up by NAD reducing into
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4 vl mp;mot-iic&TP Synthesis T
mnSpOrt Synthesis of ATP from e of chemical and osmotic processes 18 called
R . smotic theory of ATP synthesis suggests how

ADP and inorganic phosphate in the electron

lmn“"""fimces called cristae. The cristae arc P ]t_I;\]e lm?;;ﬁ?:i:gﬁ o
-Mitochondrial matrix that js filled with a gel-like substance. The carri s agg
transport system are present on the cristae. A space is present between the o

mnermﬁmbr&ne called intermembrane space.

Table No: 4.1Production of ATPs in respiratory chemical pathways

i ; | Coenzyme ATP Sourceaf ATP :
TAthway : vield | yied 1% o= :
! ; ; i ,___._._____l\. b B B ——————— & 0
Glycolysis o To begin ghycol ysis requires the mput of two ATP m Secyopiasm. |
preparatory 1 = This is the sctivabion energy oeaded 10 start tiss machion. :
o o o SNSRI (SIS [ et X 3
Glycolysis pay- 4 ATPs mude by ghyoolysis. Nowe the Net Yield for ghyoolvsis would be
off phase . [JATRS(#ATR2ATP) 2
| Thes molecules are created by Svooiysis, dak ey cmonlybe 3
! converd o ATP m S mitnchondrial disctron Tamsport chain.
2NADH - [4¢8) : : : A :
: This requires thoem o eower B mitochondris. A Soptum s fresimsoms |
4oy opanims, Indooss ATP inotes. Thiss whitcanses e |
Phpuvane oo | - o
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{ 17 Chemiosmotic ATP synthesi

ions diffuse down the inner membrane through electrochemical gradient
ermembrane space into the matrix. The passage of hydrogen ions through
ane is coupled to ATP synthesis from ADP and inorganic phosphate
TP synthase complex. This process of ATP synthesis is polf i
wis because electrochemical and osmotic events are involved.

“'ll]"'.'Tl"JfF 1] l‘!fr['I'}'I‘llliiI-‘|{‘\
§ degrade mostly glucose 1o release energy. Howe
: other food molecules such as proteins and fats to releasc energy.

ver cells can 0X idize

n and Glucose Vieiabolism !
eing arc broken down 1o amino acids, Amino group 15 removed from !
forming ammonia and the remaining molecule enters the Krebs cycle.
o the Krebs cycle depends on the number of carbon atoms of the entering |
o fat is used as cnergy source it is hydrolyzed into glyc‘?’"' “‘:‘:m'h:;: /
Ghycerol ( & 3-C compound) is converted to PGAL which rded ini !_
wpiration into the glycolytic pathway. Each fatty 8¢ ¥ dm example
fragments acetyl groups which enter into Krebs cycle. st acety]

in el that these cight ncetyl grooPs WO GERCHl Ll gy e,



4.3 3 3 Anaerobic Rcsplrahoﬂ 6053 WlthOUt the utilization of Oxygen is called

f ¢
~ The mcom;)lete breakdOWﬂe:b i reSpmnon (Fermentation) occurs in the absence
memblc respiration. Ana

foxygen. It involves incomplete b,eakdown of organic food molecule and only a
Q

small amount of energy is released. Pyruvate formed in glycolysis has two
patkways In human cells it depends on the availability of oxygen. If oxygen i
avaﬂable then pyruvic acids is completely degraded into CO, and water in
| mitochondria i.e. acrobic respiration. If oxygen is not available then anaerobic

msplratlon continues and fermentation ocCUrs. The process of fermentation consists

oftwostepsi.c. glycolys1s and the reduction of pyruvate into alcohol or to lactate.
Amemblc respiration is of two types.

a. Lactic Acid Fermentation
. This form of fermentation occurs in muscle cells of human and in many

microorganisms. It completes in two steps. In the first step glucose is broken down
into pyruvic acid which is basically glycolysis. In the next step pyruvic acid is
reduced by NADH, into lactic acid. Compared to aerobic respiration which yields 36
ATP molecules from the breakdown of one glucose, anaerobic respiration yields
only 2 ATP molecules. Despite its low yield of ATP, anaerobic respiration has its
importance because of rapid production of ATP (energy) when demanded.

A) Glucose +2ATP ——> Pyruvicacid + 4ATP

2NADH 2NAD

B cHO) kjﬁ . 2(CHO)

Pyravic Acid T * Lactic Acig

Alcoholic Fermentation vt SIS S
lcohohc Fermentaum m

S e LS
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2 (C.H,0H) + A1p
Ethyl Alcohol
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e Yoning I‘;:'l:"ht*si s needs optimul ﬁbnceﬂt!?tlon of the requirements for normal
Gpnmum = OWever one ofm:-@qmrqmem Is present in less concentration than
I e 2 Process of nhotosynthe i '_i_saﬂ'ected and slows down.
f-cﬁl‘boxy]aﬁom TX reaction of wth@sl& pormally CO, combines with RuBP
Yma Caned:ﬂmlmg PGA molecules. The process occurs in the presence of an
as %x\'_la&- tbulose biphosphate carboxylase (rubisco). This enzyme can act both
Wd O, Ifg, fmd oxygenase. The reaction depends on the concentration of CO,
Photosynthes; Concentration of CO, is more, then rubisco combines with CO, and
more, then ruES' Proceeds normally. On the other hand if the concentration of bz is
both as Ca;rbox:ico combines with O, and photorespiration occurs. (Rubisco can act
Plants 'h'a%e as well as oxygenase).
from leafio the :‘:e stomata for the exchange of gases. Diffusion of water vapours
 weather plans C-‘;ternal environment also occurs through the stomata. In dry and hot
 cannot enter the ;;S:fup stomata so as to conserve water. In such condition CO,
accompanied b o and m?h cannot leave it. Dry apd hot conditions are usually
which resalts i tense sunlight therefore light reaction occurs with maximum rate
tis fandmm‘s maximum use of CO, Since concentration of CO, lowers down in th
Ipl?of@esp!}'anon proceeds. = i
{ Ox;g(;go:;;gb Steps are t;m;ﬂved in photorespiration:
ines with RuBP (present in str
comPO;:n d called Glycolate ispl'oduced.(pr P o Mgl
2 lecolt;tzf;s goz)lerted i iy Sainte
yhes ) v mto i i : :
| Glycolate ——-—-——»gly‘(::u:;;(ii:]plw amino acid) in the peroxisome.
3 Glycine is transported to mi i
- itochondria w LT 2
; molecule of CO, is produced. hereitis converted into serine anda
Glysing ~———»  Seri
ne + Col

4.4.1 Disadvantages of Photorespiration (Consequences)

e 12y and docs nothing to 3¢ i
45 CpPhotosynthesis 810 serve the needs of the plant
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5 o e ises by means of which livin
Qmuwrgencs is the study of those processes by means of whi 4
OT@anisms store, use and release energy.

Photogymhesis is a process in which the green plants
“onvert light energy into chemical form.

The Organic molecules of food are broken down and their cnergy
isreleased in the process of respiration.

® ATPis3a key molecule of biological world which, is the main source
Ofenergy. '

® Photosynthesis has two sets of reactions. During light reactions ATP
and NADH, are produced, as end products and these reactions need
sunlight,

‘tucts of light reactions are used in the dark reactions, which
>d light energy.

“'ctive reactions of respiration release energy stored
" anaerobic (fermentation).In anaerobic

" are produced and its end products
'CO,.

aerobic and anaerobic
~d FADH, are

of photosynthesis,

a place of CO, and

. Jry days when stomata
- aaf excoeds that of O,
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EXERCISE i

0 e y
l \:\Czif‘ OUC coll the Krebs oycle oceurs 1n:
" “Wtosol b, nucleus
¢ ‘i\_}‘.f'"!x‘-:'upi‘l,;g d. mitochondria
& & ‘:\-.:‘E‘:-.?h‘ mtochondria the proton g!‘m‘licnt ll(‘t’l..‘!lf|"5 across the:
R membrane b. innermembranc
¢ T‘{wl\’_“"“:"-"i\ d. inter membranc Space g R
winch of'the following penerates more energy in acrobic respiration 4
& Ghucose = b. Triglyceride
- :‘;‘ ’E‘i‘-o.i.c::-:_ d. Sucrose _
~=+ £hosphoenol pyruvate carboxylase is used in C4 Plants to ;
3. Fix CO, b. Fix O,
. Reduce RuBP d. Reduce pyruvate molecule
: to the following questions
I. Define glycolvsis.
2. Whatis phom.rc.‘spir;u'ion'?
3. Whatdo you mean by chemiomosis?
4. State the role of carbondioxide as one of the raw materials of photosynthesis.

5. Differentiate between the absorption spectra of different photosynthetic pigments.
6. Whatisthe main difference between cyclic and non cyclic photo

C. Write in detail the answers of the following questions.

Describe the role of sunlight in the process of photosynthesis.

Give an account of the events of non-cyclic electron pathway.
Write down the main steps of Calvin cycle.

Write a detailed note on the various steps of Kreb’s cycle.

What is photores piration and what are its disadvantages?

P B O S

L -l;'.,

Projects: ; : .

. Develop the graphical interpretation of the wavelengths of licht along with the
Eeer::zmggc absorption by chlo;o'phyll ‘a’and ‘b’. | 5 & _

. Developa flow chart for explaining the events of the light-independent reactions.

. Draw the flow charts showing the events of glycolysis and Krebs cycle. |

flustrate the net ene1gy output during glycolysis, oxidation of pyruvate and_KI:éb_S-

cycle.

Scanned with CamSc



dv€
gt iﬁruses are abundant in nature and can infect and parasitize all living
organisms from bacteria to mammals. They are considered to be very simple
- biological entities composed of a small number of macromolecules pro_duced by,
and thus derived from, the organism they infect. Viruses cause many d}SeaSCS of
international importance. Amongst the human viruses, smallpox, polio, influenza,
hepatitis, human immunodeficiency virus (HIV-AIDS), measles and the Sevqll'e
acute respiratory syndrome(SARS), coronavirus are particularly well known. Wg“ -
antibiotics can be very effective against diseases caused by bactera, Et e;;
tgeatments are ineffective against viruses and most control measures re );em
vaccines or relief of the symptoms to encourage the body's own dcfensefsyshu é
Viruses also cause many important plant diseases and are responsible for hug
losses in crop production and quality in all parts of the world.

f "~
Li'or out Informaiior |
In just ten minutes, a virus may take over a cell, copy itself

hundreds of times, and kill the cell. Some viruses have a
calculated replication time of about 70 seconds. By comparison,

the fastest bacterial replicators only double their biomass every
20 minutes or so.

possess the ability to infect other living things and show irritability
Apart from these living characters viruses possess éome non livi
1ving

3.2 Diseco very of the viryg
By the late 1800's pionee iologi
rbacteriologists I i
I};ad demonstrated that bacteria cayse manygdisea;l;z L? i Pasteur, Robert KOCh
gwc‘ver, causal agents of some diseases puzzled t;)n man and other organisms.
tobacco mosaic disease. The agentof thig disease 00?1?:1- l?ne such_m?gse was
¢ transmutted Iroman 7.
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infected organism to a healthy organism of the same kind . This was first
demonstrated in 1892 by a Russian biologists named Iwanowsky,

By 1900 similar disease, producing substances had been discovered in
many organisms, both plants and animals. In 1898 it was demonstrated that virus
from the blisters produced on the diseased stock could transmit foot and mouth
disease of cattle. It was given the name filterable viruses, the viruses that can pass
through a filter from which bacter'ia cannot pass.

By 1930 most people believed that the viruses are small particles not visible
through compound microscope. In 1935 W.M. Stanley prepared an extract of
tobacco mosaic virus. Under the compound microscope, the isolated viruses

appeared as silvery crystals composed of many rod — shaped structures. Isolated,
purified extracts from the cells of the hosts revealed that TMV as dead particles.
This started a debate whether viruses living or dead? W.M. Stanley took purified
TMYV, dissolved it in water and rubbed it on the leaves of healthy tobacco plants. The

leaves soon showed the mottle condition, characteristics of TMV disease. It was
found that viruses had reproduced itself in

living cells of the host. This proved that
viruses had some living charactertics

3.3 Classification of Viruses

Viruses can be broadly classified

based on morphology and the type of host
they infect. On the basis of morphology
there are three classes of viruses,
a. Spherical Virus. e. g. Polio virus
b. Tadpole shaped virus. e.g. Bacteriophage.
¢. Rod shaped virus. e.g. tobacco mosaic
virus.

Viruses can be classified on the basis of
host:
a. Animals viruses: They are parasites of
animals and human beings and causes
diseases in them. Common diseases in man

are polio, small pox, measles, mumps and
influenza etc,

b. Plant viruses: Tpeqe are parasite on
plants and.cause diseases in them.

c. Ba.ctermphage (phage); This virys is
parasite only on bacteria_

Bnrteriophagg- "

Fig;

5.1 Different Shapes of Viruses
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5.4.1 Structure of Bacteriophage

Bacteriophage (phage) are obligate intracellular

parasites that multiply insjde

i ' ' hinery. Bacteriophages have
] aking use of the host blosynthetlc mac -
tt)x?:tt;ndaifl;gr;t sizgs and shapes. The basic structural features of bacteriophage are

as follows:

1. Size -. Most phages range in size from 24-200 nm in length.

2. Head or Capsid - All phages contain a head
structure which can vary in size and shape.

Some are icosahedral (20 sides) others are |

filamentous. The head or capsid is composed of
many copies of one or more different proteins.
Inside the head is found the nucleic acid (DN A
or RNA). The head acts as the protective

covering for the nucleic acid. ;iié r

3. Tail - Many but not all phages have tails ’
attached to the phage head. The tail is a hollow - ]
tube through which the nucleic acid passes Fig; 5.2 Structure of Bacteriophage i

during infection. The size of the tail can vary and some phages do not even have a tail

structure.

In the more complex phages like T4 have a base plate and one or more tail
fibers attached to it. The base plate and tail fibers are involved in the attachment of

phages have base plates and tail fibers. In these
ved in attachment of the phage particle to the

the phage to the bacterial cell. Not all
instances other structures are invol
bacterium.

5.4.2 TheStructure of HI \%

HIV stands for Human Immuno
annot grow or reproduce on it
infect the human cells. O
particles; the surface of ea

B

Tidbit =

An HIV particle is arou
diameter. That's about the
inch one twentieth of th
Seventieth of the diameter

s own. In order to make new copies of itself it must !'
utside of a human cell, HIV exists as rou

ch particle shows numerous spikes.

ghly spherical

nd 100-150 billionths of a metre in.
same as: 0.1 microns 4 millionths ofan
e length of an E, colj bacterium ¢
ofahuman CD4+ white blood cel

- T
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Unlike most bacteria, HIV particles are too small to be seen through an
ordinary microscope. However they can be seen clearly with an electron

microscope. HIV particles surround themselves with a coat of lipo protein kﬂO\hifll;l ::
the viral envelop (or membrane). Projecting from this are around 72 little sp thé
which are formed from the proteins (gylcoprotein) gp120 and gp41. Just below

pl7.

viral envelope is a layer called the matrix, which is made from the (matrix) protein

The proteins gp120 and gp41 together meke up the spikes that project from

HIV particles, while p17 forms the matrix and 24 forms the core.

The viral core (or capsid) is usually
bullet-shaped and is made from the protein p24.
Inside the core are three enzymes required for
HIV replication called reverse transcriptase,
mtegrase and protease. Also held within the core
18 HIV's genetic material, which consists of two

identical strands of RNA HIV belongs to a
epecial class of viruses called retroviruses.

5.4.3 Structure of Flu Virus

Influenza is an
balls to long, spaghetti-li
five different viral protei
influenza belon

: gs to the "enveloped"
ribonugleic

specifics the amino acid Sequence of on

Nucleoprotein

T

ap 120 >
gpdl

viral ..
envelope
pI7 X
p24 .

protease” 1,1
reverse —-
transcriptas
RNA}

Fig; 5.3 Human

: group of
ac1d(RNA)makeupthe in s iacs

lmmunodeficiency virus

Eight separate pieces of
me and each piece of RNA

Neuramlnidase
(sialidase)



the phage namely lytic cycle an

3.9

5.5.1  Virus Evasion of lmmnne Responses

- - - £ 7 .
r?. ROHINIC RAYTETE 6L b i WLy

Viruses have evolved many mechanisms by which they can tackle the
immune system. Some of the prominent ways are as under:

* Any foreign agent entering the body faces phagocytosis which is carried out
by macrophages and neutrophils. In certain viruses capsules, protein, and
fibrin coats do not bind the adhesion molecules used by macrophages and
neutrophils so they are safe from being phagocytosed

¢ Some viruses cover, like bacteria, their cell walls with host prpteins. Soin this |
way body immune system is unable to recognize them as foreign body.

* Many viruses produce mutants (antigenic variations) at regul'ar basis. And
vaccine developed to control the spread of one mutant virus becomes
ineffective against the new mutant so controlling them is a continuous
challenge. For example influenza virus and HIV.

5.5.2 Virusand the Host
Viruses do not possess any life sustaining characteristics, and do not require
any nutrients. In fact, without proper host viruses lie dormant indefinitely. However,
viruses are specific to a certain kind of cell. They also have preferred ways of }

method of entry is very specialized, and it is one of

the main ways a virus is able to locate it's victims. Take, for example

the stomach, the hosts would immediately be inf; :
S ected. Some viryses :
cells to be in certain stages of life. These virucec : ©5 €ven require

cells that are younger.

'-“'"_;— 2 g s S e

o g '.--o-m;; e By,
2 e e
Hnerpr fl,ﬂg n c
e e T S S :

Record the symptoms of flu in anv ; i o |

y individual, Make a list

ofnames of at least five viruses each in plants ' :
: anda

specific fora specific host. ? R iatats

g
*

= P
.‘: ] 1 ‘ 'l /) .
3.6 Lifeg Ye:ie ol a Uavtorior lig

The virus that ir_{fccté and becom '

. _OCCOmes parasite on the bacterjum is called
ar;’fCi;nophage. There are many Strains of the phage but only one king of phage will
ack only one strain or one Species of bacteria. There are two types of life cycles of
d lysogenics cycle. '

j
R :
Py
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In this cycle the phage jg regarded as virulent of master and the bacterial
cell(host)is regarded as slave. In lytic cycle the Phage first attaches itself by its tail to
the cell wall of bacterium at a point called receptor site. The phage contains an
enzyme called lysosome, which digest the ce]

. I'wall of bacterium. Thus an opening is
formed in the bacterial cell wall.-The phage ¢

: ° contracts and injects itg DNA inside the
host while the protein coat and the tail remain outside.

Inside the bacterial cell the phage DNA takes over the biosynthetic
hi of the host to synthesize its own DﬂNA and !Jrotem molecule. The phage
machinery d increases in number. The daughter pliages exert pressure on the cell
mumplflf 311 rlllrllrfl Thus the bacterial cell ruptures (lysis occurs) and ?;lle?se tgz
E:Eggter;%:ges, which are now ready to attack new bacteria and start their cy

: : ; e of
again. This type of life cycle in which the bacterium cell bursts is called lytic cycle o
the phage.

e

Daughter cell with
prophage

The Phage injects
its DNA

Cell divisions
Produce population
of bacteria infected
Occaslonally, a propha i

exits the bacterial FRage’\ with m/mhags

bacterial
3 4  Chromosome

B
= 3 J.."-  § ;:
i y @ ¥
1 - e
w4 Y

chrumosoma.
initiating lytic cycle

The cell lyses, releasing phages

Lytic cycle Lysogenic Cycle
Is induced or is entgred Prophage

QTS 1o i

b

New phage DNA and proteins
are synthesized and assembled

Fig:5.5 Conve

rsion of lytic and lysogenic cycle
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b. Lysogenic cycle
In this cycle, the phage does not kill or destroy the bacterium(host). Both the

phage and bacterium live and multiply in a peaceful coexistence. In this case the
phage becomes a harmless guest and the bacterium acts as a host. Sometimes when
the phage DNA enters the bacterial cell, instead of taking over the control of
biosynthetic machinery of the host it becomes associated and mixed up with the
bacterial chromosome in a friendly atmosphere. In this condition the bacterium
continues to live and reproduces normally. The phage DNA passes to each daughter
cell of bacterium in all successive generations.

Thus the number of phages increases without any harm or damage to the

bacterium cell. Therefore this relation is called guest- host relation. This type of
cycle is called lysogenic cycle. Sometimes, however, the phage-DNA is separated

from the bacterial chromosomes and becomes re-activated to become virulent and

hence destroy the bacterial cell and starts the lytic cycle again.
Gene of interest

5.7 Usage of Bacteriophage i
in Genetic Engineering _ ‘:’Hh & 7~ 7
Isolated genes cannot ol DNA
replicate themselves, a gene to be RO 5 Gone I ;ncorpcr;{;; §
cloned must be inserted into the . into phage DNA
DNA of suitable cloning vector ¢
~-— Gene

)7*_- Phage DNA

Iike bacteriophages. Virus DNA
(Recombinant DNA)

molecule is used to transfer a DNA
fragment from a test tube into a . [

living cell. Cloning vectors are
capable of multiplying inside of * | Recombinant DNA
Iiving cells. 'é,_;;r' enters bacterial cell
Phages can be used as cloning - & h‘:kl

vectors to introduce recombinant 51 Pt Booinsd
DNA into bacterial cells. Once e e e |
inside a cell, the recombinant DNA ' L’.';?,%",E{}',‘;’;‘,t’;"‘a‘“
may begin replication and new {’,’ a‘h(?_(?\
phages, each containing the gene | K?L’c) C, l, *

of interest, are formed. The S 22
bacterial cellular machinery ' ::::e'::‘aa:gcilflrfur:tures
synthesizes the vector system (55 % . B a5 5 T
proteins and DNA, but the S e o
ALY Y

bacterium is destroyed when the
phagcs are I'EICased. Hundreds of phages and genes are produced
Each phage can infect another bactarial cell

Fig 5.6 Usage of bacteriophage in genetic engineerisf (
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5.8 AIDSand EIVIufeetion

AIDS stands for Acquired Immune Deficiency Syndrome. AIDS is a serious

condition that weakens the body's immune system, leaving it unable to fight off

illness.

AIDS is the last stage in a progression of diseases resulting from a viral
infection known as the Human Immunodeficiency Virus (HIV or AIDS virus). The
disease include a number of unusual and severe infections, cancers, severe weight
loss, diseases affecting the brain and central nervous system A ;

The immune system is a network of cells, organs and proteins that work
together to defend and protect the body from potentially harmful, infectious
microorganisms. The immune system also plays a critical role in preventing th_e‘
development and spread of many types of cancer.Wl}en the Immune system is
missing one or more of its components, the result is an immunodeficiency disorder
AIDS.

- Lymphocytes (white blood cells) are one of the main types of immune cells
that make up the immune system. There are two types of lymphocytes: B cells and T
cells. (T cells are also called CD4 cells, CD4 T cells, or CD4 cell lymphocytes). B
cells release antibodies (proteins) into the body's fluids to attack antigens (foreign
proteins such as bacteria, viruses or fungi). T cells directly attack and destroy infected
ormalignant cells in the body.

There are two types of T cells: helper T cells and killer T cells. Helper T cells

recognize the antigen and activate the killer T cells. Killer T cells then destroy the
antigen. When HIV is introduced into the body, this virus is too strong for the helper T
cellsand killer T cells. The virus then invades these cells and starts to reproduce itself,
thereby not only killing the CD4 T cells, ’

butalso spreading to infect o '
cells. The HIV virus cannot be destroyed and lives in th b e i

: ; ebod '
oryears before any sign of illnesg appears, Y undetected for months

Gradually, over many years

Erﬁgl'essiv‘el)_' destroyed or inactivated
OPPortunistic diseases") whi

defense, cap multiply withi 10thave been able to

Convertedrtr:)mu“e System cells, releases its RNA.

ch Nterg hDSt 1 DNA during reverse transcription,
f0mosomq,) N Cell nucleus and is integrated into host cell

- @" e e e —

a'

ri
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HIV RNA 1S m
ad :
Newly made HIY g oo PrOIaSe

ey, iy
Ei—ﬁding. fI.tsI-l:;'
g\i“, Lnd entry
Qe

f i‘ — \ _

JIVRNA
e B a iy SU NS Proteins ,
‘Reverse Lng HIV RNA _
Etral'lsil:':l"ip‘l:zsaI' o5 ? oMo

]':Viral proteas

e

-

: .

Provirué
S

Nucleus

.-‘:':.‘:.
s R
: L_;\;iral lir:lt\e‘;ilras;_i

Fig 5.7 Life cycle of HIV

6. The HIV particles are then released or 'bud' from the cell. The enzyme protease
plays a vital role at this stage of the HIV life cycle by chapping up long strands of
protein into smaller pieces, which are used to construct mature viral cores.

The newly matured HIV particles are ready to infect another cell and begin
the replication process all over again. In this way the virus quickly Spreads through
the l}uman body. And once a person is infected, they can pass HIV on to others in their
bodily fluids

5.8.2 Symptoms of HIV
The earliest symptoms include: fever, rash, muscles aches and swollen lymph

nodes and glands. : VOIS
apparent. glands. However, for most people, the first symptoms of HIV will not be

..r.-:'“."
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Prevention

In general, to prevent viral hepatitis we sho‘uld: R
» Follow good hygiene and avoid crowded, unhealthy living conditions.

¢ Take extra care, particularly when drinking and swimming especially areas
with poor sanitation and water quality.

e Washhands th oroughly after using the toilet and before eating.

o Use aintiseptic cleansers to clean toilet used by someone in the family who

develops hepatitis.

\

o A : ' )
Lror (our Informciiion J

period (the time it takes for a
g exposed) varies depending on
F
periodis 2 to 6 weeks.
period is between 4 and 20 weeks,

that the incubation period is 2 to 26

For viral hepatitis, the incubation
Person to become infected after bein
which hepatitis virus causes the disea
‘For hepatitis A, the incubation
‘For hepatitis B, the incubation
‘For hepatitis C, it's estimated
weeks.

Coronaviruses (CoV) are a large family o

f viruses that cause illness
ranging from the common cold to more

S

Middle East Respiratory Syndrome (MERS-
Respiratory Syndrome (SARS-Co V). A nove
a new strain that has not been previously ide
estimates of the incubation period for CO
days, most commonly around five days,

\

ntified in hym
VID-19

evere diseases such as
CoV) and Severe Acute
L coronayirys (nCoV) is

ans. Most
fange from ]-14

Treatment

When symptoms 'are Severe or lah
sometimes necessary for hepatitis to e
the treatments available for the varioyg
used to treat hepatitis A because jt's asho

Oratory
treated in the

rt-term infect

J

tests show liver damage, it's

tal, Here's 5 quick look at
There are no medications
hat goes away on its own.

hOSpi

ion t
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atjg; FUTURE DOCTORS., .t of hepatitis

ha im"s B cap . medications. The m.atmcnt:_ t f:,hich »

aDDrO P TOveq S-Sonlctimcs be treated US‘"% two medications, only on . fected with

hepati\{.ed- for ;gnlﬁcantly with thf;"1 US: adults who have bj‘umt'b“tr]l} elrapy <ith the
€ in chil In thos le), combination

tW() 18 C (b . children. £ exa[‘np C), ) : 0/ Ofthe

Peo ST aCcidenta] needle anurya{t;an eliminate the virus in about 507

b Ple infectede treatment of choice 3

« H :

HSV, 1s an infection that causes
. us that can be transmitted from

types of the herpes simplex

Th

e ’ ;
hel’pes- The Retpes simplex virus, als0
Person 1, CIpes simplex virus is a €0

I oot T are two
Virug, erson through direct contact. There
g. and 18 generally responsible for cold

thand on the face. |
d is generally responsible for

HSV-1: Primarily causes oral herpe
SOres and fever blisters around the mou
HSV-2: primarily causes genital herpes, an
genital herpes outbreaks.
Symptoms
Herpes can appear in various parts of the body, most commonly on the
genitals or mouth region.

Treatment
Doctor may prescribe an antiviral medicine in the form of an ointment or

pills.

¢. Polio

Poliomyelitis (polio) is a highly infectious vira] dise

— children. It 1s caused by infection with the polioﬁ
on-to-person contact, by contact with infected

uth, or by contact with infecteq for :
multiplies in the throat and ; ces. The vin

ase, which mainly affects
irus. The virus spreads by
Mmucus or phlegm from the

. 1S enters through
intest ‘ ough the mo
) tlillﬁz:tt{act, and then is absorbebd and sprélz:g
mS5 .
days ; 335 days (average 7 - 14
S'Ensaud SYSpIRES
! ic polio, as i :
Pg;iltb};n(;npparaﬁ;:icltzsl%me Impljeg caug
in ! £ 10, t : 2 CS !
resultstrcam’ ,attaCkmg the ne she VITUS leqyeg }I:;ugc]e Paralysis -
blooll doESPtgetPaStthe imesti ] n abOl‘tive o lntCStmal
usulan Tecles in the :m]_bs and the g tlracL The Vi asymptom
the alty and paralysis of the am, Clesp o S may affect

Or breath

and can even
tract and enters the
e polio, the virus
the Nerves governing :
"€ causing respiratory - ﬂ

-
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roms while the infection .
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tment ; ontro o measures, €specig] its -
. The goal of ireatment i8 10 € 11 fasav ly breathi, bacte

aislise aqy neev’ ct infeCtiOHS- medicﬂti g

_ people with severe ¢ases I yf ¢ urinary ting pads, w B8 (such
course:PEOP B L ude; antibiotics 10T 5 eat (healing DS, Warm topep
help. Treatmen’s r urinary retention, M rs 10 reduce headache, musc]e pa

f" ' : In, ang
as bethanechol) 1t i ki o von i ihip el ot o
reduce muscle pain and spabmlsls P ven because they 1nCr il Slfjpi breathln
spasms (narcotics aTe not usua {,gces i orIBC“Ve shoes, pedic Sufgery to
difficulty) and physical therapy, Dract” "
help recover muscle strength and function.
Muscles commonly weakened by Polio
Shoulder
muscles
:'ti::i;'ﬁ;:,hz: +~——Muscles behind
bend hip, or that arm (we_akness
spread or straightening arm) Bacte X
close legs mn
Muscles that
straighten “Thumb .
S muscles Fl'ults’
Contractures 1a de;
Muscles that Causing tight to ey
lift foot —, Cords —
uash,

Fouse o 4 adm )
! eandp;ll:m Camp, - Ted to children
effects and| payq i o Baingg fté‘iﬁsa;emigaT S In Pakistan i$
hildren Againgg popd Wed 40U Tt 190l available to.
— Vg 110 common side
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P"Vention prevents poliom
Peop, Poliq imm (vacein® ffectwel
. ekt vV .
d Lp e(lmmu“izm?:rl?zggr%""eﬁ cotive) ies, all of
e eur) g4 g | FbegomOVirus SPECIEs, &
Sease of cotton g acomple);n ted by the whitefly Bemisia
trans .

Whic irfc?ttol? leaf cur] disease is €345
tabac; Ite simjlar symptoms in €01t
Wlthln 2-3 Weeks of

. - a pear .
i m;()tt;:ep pdownward cupping of the
e rd or downward curling of the lv:eaf
of enations on the veins, which
haped, leaf-like structures.

Sym,mﬁms

Moculation ang are initially charac
Youugest leaves. This is followed by either P .Wa
margins and swelling, darkening and formation
frequently (depending on cultivar) develop into cup-s
5.1 Prions

Prions are infectious protein particles thought to be responsible for a group of
transmissible neurodegenerative diseases. Most evidence indicates that the
infectious prion proteins are modified forms of normal proteins coded for by a host
gene in the brain. It is thought that the normal prion protein, expressed on stem cells
in the bone marrow and on cells that will become neurons, plays a role in the

maturation of neurons.
In Scrapie the central nervous system of sheep and goats is affected. The
gmission of scrapie is mainly due to the unhygienic way of feeding unhealtily or

infected food.
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. diseases: Some of these -

0
Humans are susceptible 10 several po} Bivey
below. b Disease ly symptoms ing|
CJD: Creutzfeld-Jaco il disorder. Early 3 Clude Memor, .
| Iris a fatal degeneraive 2o rdination; and visual disturbanceg.
pmblems,behavioral changes, po?r 00 .
GSS: Gerstmann-Straussler-Schemker' aiive brain disorder, A - \
This disease is a rare genetic dcge:: that may Present as unsteadineg m} "
symptom is a progressive loss _Of coordinatio s 0 |
gait, difficulty walking, dementia and clumsIness. :
FFI: Fatal familial Insomnia ' ‘ ]
It is a very rare sleep disorder. It affects the thalamus and its main symptomis [
insomnia, speech problems and dementia.
Alpers Syndrome | |
| Alpers syndrome is a neurological disorder. It Symptoms include increased ,
muscle tone with exaggerated reflexes ( spasticity ), seizures , and dementia. hl
5.11 Viroids | ;;
Viroids are even more simple than viruses. They are small, circular, single- r]
stranded molecules of infectious RNA lacking even a ’ )

protein coat. They are the cause

s lle-tuber disease,cucumber pale fruit,
The only homian d " “adang disease of coconuts

first viroid discovered was the Potato spind]e tub’:f(\lfi?rgiz E;)rg'lrd\;)s ]helif.nlt: o T;h:
- which cause

disease in potatoes. It h
ot conventiona] icag by s TS0 At eyt
a conventional virus but free RNA PSTY Micctioug agent for the disease was

nucleotide sequen ;
quence and secondary Structure hyg bS 4 Circular RNA molecule whose
“nestah);
1shed.

of a few plant diseases such as po

_ ! tato spind|
citrus exocortis disease, and cadang e

Virions rangc In gj
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iving and
e been classified as both living

history of biology:
on, is essentid

Vi
Muge ‘
n(’l‘lli&‘S are unique -- they hav

. "Mgat various points in the i
(D Tus Particle, also known as a V1Ll

11),' 4 nucleic acid

: : rcoat.
* v OrRNA)enclosedinaprotein shel'l Y s without the help of a
*Uses canpot reproduce or express their genc fEhei
* Bactey - ate intracellular parasites that XL
. aCj[erlgphage (phage) are obligate intracellu ihetic machinery.
" Mside bacteria by making use of the host biosy is composed of many

All Phages contain a head structure Whlch.
COpies of one or more different proteins. [nside
Nucleic acid (DNA or RNA). —
HIVbelongs to a special class of viruses called retroviru inidase
Influenza is an RNA virus. Hemagglutinin (HA) and neuram 4 hsoth
(NA) are stuck onto the lipid envelope of the influenza Virus an
play a crucial role in the infection of the epithelial cells of the upper
respiratory tract, -

Viruses have evolved many ways of evading the immune system.
e Viral reproduction is most fully understood through studying viruses
that infect bacteria, known as bacteriophages (or, commonly, phages).

The lytic cycle and the lysogenic cycle are two fundamental
reproductive processes that have been identified.

e The lytic cycle is a fivestage cycle which consists of
; . 0 ‘
penetration, l;‘epllczt]on, assembly and lysis. '+ aitachment
o Phages can be used as cloning vegtorg to 1 s .
into bacterial cells, ttroduce I€Combinant DN A
o AIDSIs tlﬁe last stage in a pr diseaseg i
PEY PO W as ; |
infection knownas the Humy, Immunodeﬁcie resulting from 4 viral |
s The elarlr‘est Symptoms of HIV i ot ney VII'US
form _antlbgdles againgt the Vit etlllm OCcur whe
after infection with he HIV i ween six w k
, There is no cure fo; HIV | fmls- Sand three months
prevent IIlVinfectj(m “I: CCtion op
e progression .o YeVer n
the p Of the Infect,

the head is found the

gression of
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Ac EXERCISE ¢

L] 0 i
L 0Se the correct answer in the following questions.

“Series bacter: n be recognized by its:
¥ eriophage ca b. rounded shape

*ITegular g, :
2, = taflp‘iﬂe shagge . d. rhomboidal shape |

The Infective nature of virus is due to: o
4. protein coat b.nucleic acid

C. envelope d. tail fibres

3. Which of the following is not associated with prions?

% Neuwdegenerative disease b. Leafcurl disease
& C. T(_>xic proteins d. Alper's syndrome

‘ Which statement i true of viroids?

a. They are single-stranded RNA particles.

b. They are single-stranded DNA particles

¢. They reproduce only outside of the cell.

d. They belong to begomovirus.

2. Which one of the following enzymes is present in the bacteriophage?
a. Succinic dehydrogenase b. Lysozyme
| c. Protease d. Urease
6. An infectious RNA particle without protein coat:
a. viroid b. virion ’
c. virusoid d. prion
7. Which body system is most directly concerned with vaccination?
a. Digestive b. Circulatory
c. Respiratory d. Immune
8. Tobaccomosaic virusis:
a. spherical shaped b. cuboidal
¢. rod shaped d. oval shaped
9. rfhéifégtnzt} glfdﬂ}ea fogogving is a disease caused by viroids?
, -Jacob Dj :
ISease b. Gerstmann-Straussler-Scheinker

c. Fatal familial Insomnia d. cadang- cadang disease

B. Write short answers to the following questions

1 Give a brief statug Of Viruges i classification

— st : Scanned with CamSc



‘BY FUTU Rip%gmmlophage.
o> coming inco
NA b€ Porateg

nsequenccs
1? syst em in human body?
mmune

What arc the co
orsperm ¢€

LV ]

human g8

sthei
How do viruses suppresse

host cell? |
ife cycle of HIV. {'
;mmune syStem in human body

Why do viruses needa

List down the main steps inthel
esmaintain a healthy

o the following questions.
ide a host cell protected frop, "

How lymphocyt

Write detailed answers t ing
manages to surv ive 1S

Explain how a virus
immune system?

Describe the role of bacteriop
Describe some common control measures against the transmission of HIV.

4. Describe the causative agent, symptoms, treatment and prevention of leaf
curl virus disease of cotton.
5. Write a brief note on prions and viroids.

hage in genetic €n gineering.

e

Projects

‘ tﬁ{ﬁmc created by corona virus at the dawy o(;"OZHO(;%]K 1855@3 i '
€ a presentation explaining the ¢g : = i
country with the prevalence of AIDS, trelating the social and cultural values of2

Qudilieu wit udil
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Outline the taxono "-'jpgsltlon of prokaryotes in terms» ey
v BaSESS ok e
archaea and bact éria;iﬁé;u? terms of kingdom monera.
- 3 of prokaryotes.

Explain the phylogenetic position

List the unifying archeal features tha t
Explain that mostArchaca inhabit extreme environments.

Justify the occurrence ofbateria in the widest range of hablta
List the diagnostic features of the major groups ofbacteria. i
Justify why cyanobacterla are considered as the most promine

photosynthetic bacteria. 3
Describe detailed structure:and chemical composition of bactei

wall and other coverings.
Compare cell wall differences in

hat distinguish them from bacterig

Gram-positive and Gram

bacteria.
Explain the greatd
Justify the endospore

conditions:

Explain motility in bacteria.

Desc ribe sMcMc ofbacterial flagellum.

Descri ibe genomic organization of bacteria.

Classify bacteria on the basis of methods of obtaining €I
drbon -

peser 1 autot(rgphlc and heterotrophic nutrition in bacterla o

Explain the plgtﬁent composition in cyanobacterla

L —

iversity of shapes and sizes found in bacteria. =8
formation in bacteria to withstand unfavo
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hesis mechanisms i CYangh, ¥
C

a3
y
&
L
By
i
M 1
-
"
B L

S 2 nt :

2 ., hotosy tery 1
o Differentiate between lht',bF’thria a1 %

T . a . - ]
; and other ph()to Syntheuc tena &
& in the growth ofbac g : ¥
el S « Listthephasesinthe& fre roduction 1 bacteria. :
& 1. Describedifferentmethods it P binations lend yar:

: . . etic recom N Variab);

. « Explain how mutations and gen | ty to
a3 bacterial reproduction.
_'-_! ) ;'-, ’ lI‘e-
i d «  Describe bacteriaasrecyclers ofﬂa.“. oy
1 = Outline the ecological and economic 111117'()11(”106l acteria.
g _ - echnology. :
B * Explain theuse of bacteriain researchand t gy

3 « Describe important bacterial diseases in man ¢€.g. cholera, typhoig,
tuberculosis, and pneumonia; emphasizing their symptoms, causative -
bacteria, treatments, and preventative measures.

* Describe important bacterial diseases in plants in terms of spots, blights,
soft rots, wilts, and galls; emphasizing their symptoms, causative
bacteria, and preventative measures.

P -__,:..'-fu T-_-l’- m

s Define the term normal flora.

@ .I,1st the impor%ant bacteria that make the normal bacterial flora residing {

E . In the oral cavity, respiratory and urinogenital tracts and large intestine |

- SR of man. |
- Describe the benefits of the bacterial flora of, umans

* List the chemical and

h 0
bacteria. PAySical methods used to control harmful

" N o, "‘W“"ﬁ' o
S - oudlIIeu will U
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bacte.riz;:l;g; up of lipid bilayers bu they ! |
h is

]d CO 1 2|

’ ist betW a:;g ne of b0 drates p rotes ain g
rates- inc !

. Theplasma lipids » OfcarbOhy & o OMplex cajleg i

gifferent % pacteria 1S made chae lacks thi plex. i

. ecellwa l butthe cell wall ofar J RNA different from that Ofb&Cten‘a 8

tidoglycd ' . i

om . .
saunique type? . moderate gnvironments. Those Inhabitip
ve in both extreme an® (lovers of extreme environment) ypq g, -

re known as methanogens, The
«treme halophiles and extreme
. 1 _salt environments such as Utah's

‘ve in h:gh‘
et ;iﬂs and cell walls of these archaea help to

nd Dead Sea. The prote ive 1 ini
Gre’cl_t Sa’: Is.JE‘?lli(:ﬁ:aconditi(;ms These organisms cannot survive if the salinity drops
survive 1 '

- e in very hot environments. Some of
below certain level. Extreme thermophiles th%'l . ry e
h anisms live in sulphur-rich volcanic springs as hot as where most
these org ] : , K wants
other organisms do not survive because their DNA cannot maintain its double
helical structure and many proteins denature at this temperature. Some extreme
-, . - T 0
thermophiles are found forming dense communities 1n boiling water121°Cabovean
active volcano 150 feet below the surface of Pacific Ocean at Macdonald Seamount.
- Methanogens live in strict anaerobic environment. They obtain energy ina
unique way by using CO, to oxidize hydrogen releasing methane as a waste

product. They may pe found living in marshes, lake bottoms and intestines of some
animals and water thick ice layers in Greenland. '

a e A S AN, T 2R

i, el i il s N RN .

| 6.4 Bacteria

e =

; ;.;. J s

Bacteri
living bacter: aare the mogy
a : a
& .ctenalrl ur bun

da
OUrmouth ¢, an the r;llt 0
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e akaryotes- Pr(:lkaryotes are
-bound organ
ch ip . prﬂkatwte:nd mﬂmbran‘? :;, living%)n Z“es. |
b, eter, & World s divided 7 pucle | ncient organts nev i arth. '
"karyoec s PV the absence of M 1a0t309 % Co1ve on earth. They lived ang |
t"day. :S ¢ the simplest, most ? rganisms W fore the advent of eukaryoteg '
SVolveq , Y Closely resemble the i lion year® ” ions prevailing on planet |
Th €Y hy alone on earth for over atE; COﬂf!l :oscope' Life on earth cannot ,
Carth py, a:;ls ability to cxplﬂ};::see without m;lciﬂ many essential functions -
Withor) tes are too small to - they a¢ volve - organic matter ang
Neluding ¢ S s itroglh decomPh rth atmosphere.
Photog § Xation of atmospheric ™ hof theoxygenin ca
Yothesis which is the source of M4°

I[] -
f; "”chg“
n

6.1 Tax . .
o raxonemy of Prokaryoles . :

In five kingdom system of classification of Whlttfike;; atgdpri?lkf;gyu(;tes t;:e

Placed in kingdom monera, whereas cukaryotes are distridu other !l

kingdoms viz, protista, plantae, fungiand aniynalit}. ' i |
Prokaryotes cannot casily be classified simply on the basis of their forms. |

Sufficient information on their biochemical and metabolic characteristics has been

gathered which helped in developing a satisfactory classification of prokaryotes. |

These characteristics are mode of nutrition, motility, form and method of division. |

6.2 Paylogeny of Prokaryotes
It is a challenging job to study genetic diverity : - '

pumber and difficulty to culture i Iaboratol'y is;:;y e ki | E

Jarge : ; W techn
of polymerase chain reaction (PCR), s made it pogsihe t}(‘)nlquc based on the use | (
prokaryotes: _-— study the genome of |

This has revea ed that OVer }

: Hdreds ‘13
od genes from distantly relggeq eci of millions of years, prokaryotes

acquir tion and research 1€s and

. L -
New lnﬁlﬂ;a in prokaryoptes ngld accumy, ate ;r?dcommue i
new fied and many more wij 6300 gor ould lead to rise in certain

- ot " %idengie . SPecie
iden Prokaryotcs In thejy eﬁrly ]i;‘lﬁedmtheda S of prokaryotcs have been
cestry i.e.. a'rcha(?a and hacterja. : ® on €a d-}’s to Come, 4
an haeﬂb”t jtis believed thatbothgr ttle is kﬂow IVerged into two main lines of
arc Ollps n abo
ha"'ea Com ;l - €volutionary history of
fQancestor
’ F

e

-k ... |

ﬂ..L-h:i.s:zl

6,3 A Archaea are dIStlnCnVe ]n

Sevver
aly,
ays. §
) *90
Meofthe Major differences which
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B o PRI N ) S Tl ails i
6.8 Pactorial Mora of kinna - i it
The assemblage of microorganisms that constantly and consmle_ntlycll"h?;er
the human body is called human flora. They include bactell;la, hﬁJtngl aneful o
: . e us
: sms are known to perform tasks that ar
organisms. Some of these organis : r harmful
th§ human body, while most of them protige a0 knows bencﬁzlilnger normal
effects. The microorganisms which are expected to be present 1:’:n Lo,
circumstances do not cause disease are ponsidered as member of then

6.8.1 Benefits of normal Bacterial flora

1. Normal flora synthesizes and excretes vitamins in €xcess
These vitamins are absorbed as nutrients by the human body.

2. It prevents colonization of pathogens by competing for attac iy
essential nutrients. In this way the normal flora of the human Ol'-gi}nihought sl
growth of pathogenic bacteria through competitive exclusion. This 18

the most important beneficial effect of normal bacterial ﬂor?.. :

3]:I Normalpﬂora of bacteria may antagonize other bacteria thrO}lgh p'roductlon (.)f
substances which inhibit or kill non-indigenous bacterig. The intestinal bacteria
produce many substances which inhibit or kill other bacteria. T ;

4. Normal flora stimulates the production of natural antlb_od!e§ inducting
immunological response. Such antibodies are lacking in germ-free individuals.

of their own needs-

Table: 6.1 Bacterial flora of humans

Body Part Human flora

S S T

tococci and lactobacilli.
Oral cavity Streptococci

Neisseria sp., Gramnegative rod and cocci.

i 3. l Urinogenital tract Streptococci, corynebacteria and lactobacilli.

) 4. Large intestine Helicobacter sp., Bifidobacteria, Bacteroides
sp.. Lactic acid bacteria, Clostridia and
Methanogens.

3 \ RespiraW Streptococci,  corynebacteria,

i nla-_-__._ —— @T — » 4
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Soft rots are caused by several bacteria, most commonly Pe?mbacterium
carotovorum (previously called Erwinia carotovora), Dickeya dadam:; (P’?WWS[.V
called Erwinia chrysanthemi), and certain species of Pseudomonas, Bacillus and

Clostridium.

ft rot Fig: 6.12 Bacterial gall

Fig: 6.11 Bacterial so

4. Bacterial gails : .
Crown gall is caused by a soil-inhabiting bacterium, Agrobacterium
fumefaciens, which occurs worldwide and attacks over 600 plant species in more than
- 90 plant families. The most obvious symptoms are the galls or growths that usually occur on
the twigs, stems, and roots near the base of the plant at the soil line. Gall size can vary
from small to large and are usually spongy when young, but then become hard and
woody with age.

5. Bacterial blights
Bacterial blights on different plants are known

by different names and are caused by different species
of bacteria. For example, bacterial blight of bean is
caused by Xanthomonas axonopodis pv. Phaseoli,
bacterial blight of cotton is caused by X. axonopodis
pv. Malvacearum, Bacterial leaf blight of rice is
caused by X. oryzae pv. Oryzae etc. it effects the plant
through out its growth and leaves, pods, and fruits are
affected in the process. - .
Major preventive control of the disease Fig: 6.13 Bacterial blights
includes crop rotation, use of diseased-free seeds, Insect
pestcontrol as they may serve as the carrier of the bacteria.
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g P-q". - - 2 LR . _‘ !_ A
QO it o tarf Ty f gt HEeNsS0L pf nlante
0.7 B wirreriant baeterial diseasoes of plant

L. Bacterial leaf spots

This disease is caused by Pseudomonas f-‘- e
SPp. and Xanthomonas spp. Tts host includes

| d
Chrysanthemum, Delphinium, Heuchera, ] e % . ok ",
Hypericum etc. Disease Symptoms include f maq‘ L o
water-soaked lesions on foliage that darken L o A o ? - ‘J
with age. Lesions may be bordered by the leaf ol o R PR S gt 3
venation. Bacteria on the plant surface are i i Ve 4
easily spread to nearby plants by splashing & ¥ i o 4 e

water from rain and 1rrigation. Most fungicides i. | M_* A ,,_,dw-j
are not effective against bacterjg Copper- —~ ™%

based products are hel
populations of surface-bo
bacterial pathogens,

pful in limiting Fig: 6.9 Bacterial Leaf spots
ne populations of

2. Bacterial wil¢

Bacterial wilt (BW) is yet another plant disease caused by Ralstonia
solanacearum that affects pepper, tomato and eggplant. At the early stages of
disease, the first visibJe Symptoms of bacteri- ]

i - PETIVL T e ~
wilt are usually seen on the foliage of plants, ’ ¥, - 1§.:/

. L &, .3 R . .u'i‘
These Symptoms consist of wilting of the f"f oy Q s i {
youngest leaves at the ends ofthe branches. St 'eb_én‘i ; e .3 ¥ \ ;
Another common symptom that can be 1 ‘;.Kf!' ; e }ﬁfg;{‘
associated with bacterial wilt in the field is * }H' G “‘ a ,t ik E
Stunting of plants, Preventive measures of L #, ¥, Sy §5 553
disease are: destroying the infected plants il MR T
fmmcdiately, crop rotation, control of ‘-ifnu'nmm ii& “ 4l
Nématodes and use of disinfected farm tools. s

Fig: 6.19 Bacterig] wilt
3. Bacterial soft rof
Bacterial soft rots damage succule fruits, tubers ste
and bulbs of plants ip near] eria dégrade ’ tntls
pectate
re to Cventually fa)
b affect vegetables such
10€1S, melong, g uas ‘
(e.g., cabbage, cauliﬂower) P, Pumpkins),

Scanned with CamSe¢



- T - MDCAT BY FUTURE DOCTORS - =a T o e mmmmmee e s o =2 550

1. Cholera

Cl'{olcra is caused by Vibrio cholera, a curved Gram-negative bacterium. It
enters t_he intestinal tract from contaminated water and food. Bacteria secrete a to:l(in
that. s.tlmulates the loss of fluid. Massive diarrhea is associated with cholera
Antibiotic such as tetracycline may be used to kill bacteria. In severely dehydrateti
cases oral rehydrated solution (ORS) is given to restore the normal balance of water
and salts. The most important preventive measures include sanitation personal
hygiene and care in food preparation. Immunization against the dise,ase gives
protection for about six months.

2. Typhoid fever

Typhoid is caused by a rod-shaped Gram-negative bacterium called
- Salmonella tvphi. This bacterium causes disease only in humans and is transmitted
by five Fs, flies, food, fingers, feces and fomites( an object or substance that serves to
transfer infectious organisms from one individual to another).

The symptoms of the disease are ulcers and blood in stools. The patient
experiences mounting fever and lethargy. The treatment of typhoid fever is generally
successful with antibiotics. Vaccines are available for immunization. Widal and
typhidot test is used for diagnosis.

3. Tuberculosis (TB) -

Tuberculosis is caused by Mycobacterium tuberculosis. It is a contagious
disease. Poor quality of life and overcrowding increase the chances of occurrence of
tuberculosis. The patient experience chronic cough, chest pain and high fever and
expel sputum containing blood. A hard nodule called tubercle is formed in the lungs.
The tubercle expands and the lungs slowly deteriorate. Patient must complete full
course of medication to control and not allowing bacteria to develop. Immunization

to tuberculosis is done by injecting the vaccine called Bacille Calmette Guerin
(BCG).
4. Pneumonia

Pneumonia refers to a microbial disease of bronchial tubes and lungs. It is
caused by bacteria, viruses and fungi. Over 80 percent of bacterial cases ar¢ due to
StreplOCOCCUS pneumoniae. The patient with pneumonia experience high fever,
sharp ChelSt p‘T“S, difficulty in breathing and rust- coloured sputum. The blood seeps
into the alveotarsacs of the lungs and the 1un g tissues gradually deteriorate. The drug

jven to pneumonia patien ig penicillin wi ! . 3
' SR G enicol use
forpeople whoareallergic ¢, Penicillin h tetracycline and chloramph
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6.5 Iimportanee Of Bacteyin
i. Imresearch tcchnology

Bacteria are used in biotechnology. For example,
gene cloning. Agrobacterium tumefaciens is used in pro :
such as Golden Rice which prevents blindness. Golden Rice contains beta-carotene,
a precursor of vitamin A needed for normal vision. Bacteria are modified by genetic
engineering to produce vitamins, antibiotics, hormones and other products.
Hurmflin, human insulin is produced by using recombinant DNA technology. It also
helps in producing disease resistant crop plants.
ii. Asnutrientrecyclers

Saprophytic bacteria are decomposers. The
compounds like proteins and carbohydrates into simpler compound like CO, .

‘is released in the atmosphere for recycling. It is fixed by green plants 10

photosynthesis. Other nutrients released in the process enter the soil and bc?come
available to plants, Bacteria can decompose the dead remains of plants and animals.
Because of their cleaning action they are called the scavengers of planet earth. In
sewage treatment, the bacteria bring about the break down of organic compounds
and convert them into harmless ions such as nitrates and sulphates.

iii. Rolein Ecology
Bacteria play important role in ecological interactions. They are involved in

symbiotic nitrogen fixation in the roots of leguminous plants. Herbivorous mammals
cannot break down cellulose. Bacteria live in their guts and help in the digestion of
cellulose by breaking it down. The relationship is called commensalisms. Soil
bacteria decompose the organic matter and make the soil fertile. Bacteria also pla

important role in nitrogen, phosphorus, sulphur and carbon cycles, ) §

iv. Other uses of bacte(ti'i_a . _
Bacteria are used in the preparation of diary products s

and yoghurt. Ihey are m_volved in the preparation of antibioléfchs as b
acids and proteins. Bacteria are employed in retting of fibers ang mék\_’l
1

v. Spoilage offood
Bacteria spoil the food items. Foods with

decomposed by bacteria. Eggs, fish and cooked fooq
bacterial action.
6.6 Pacterial Diseases in Tumans

A relatively small number of bacteria are

Escherichia coli are used in
ducing transgenic plants

y break down organic
which

utter, cheese
negar, amino
ng of'silage.

;ﬁh }?rotein CoOntents are
milk are g Spoiled by

the Cause

of human beings. These diseases a - 0of'm . )
" re transmitte throy ANy serious diseases

ay > Water, food and
Sed by the bacteria are

through wounds or cracks in the skin.Some of the

discussed below. diseage

S¢
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ipient

cell.

mologous sections

. ho
3 osomes syndpse'

of chrom

4. Cells separate. Section of
donar chromosome integrat
into recipient chromosome

by crossing over.

Fig: 6.8 Bacterial conjugation and recombination

Normally Escherichia coli can synthesize all amino acids it requires. It was

sed 10 shortwave radiation and two mutants were isolated. One mutant was

e:(Pb » to synthesize biotin (a vitamin) and amino acid methionine. The other mutant

unal aot synthesize amino  acids theronine and leucine. The fi i

O et P bt . our chemicals are
g ‘al e s acteria. The two mutants were mixed and cultured i

e edium lacking { reama

on M g 1n all the four compounds. None of the ¢

co™ “in the absence of essential chemicals. but ells would have

to the great astonishment of
atexchange
jua:;d NEW recombinants were

nds for growth. Later studies

W
g0 _pers, hundreds of colonjeg i
of :
I'esear ¢ has occurred thWeen —— deVEIOped_ This Suggests th

n . .
o geed which did not require the
form py electron microscope

ﬂ"':jzgatiﬂn tube between the pa
cO

two parental bacteri

4
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ansduction

i Bacterial recombination by
,nsduction was first reported by
trederberg and Zinder in 1952. A piece
:f DNA 1S transmitted from a donor
0 a recipient cell through a third
called bacteriophage. The phage
attaches itself to the surface of the
pacterial cell called donor bacterium
and injects its DNA into the cell. The
viral DNA directs the formation of
rotein coats. Sometimes a piece of
DNA of donor bacterium may become
atached to the DNA of phage, the
recombinant DNA is known as
prophage. Many phages are
ssembled in the bacterial cell which
bursts and a crop of phages 1s released
wmpleting a lytic cycle. Phages
which cause lysis are called virulent

phages.

Hos!icdcl‘peﬁﬁmo R S j
(Donor cell)

pacterial \ .
chromosom 1. Phaoe Wject ks

DNA

{Iruﬂsdu:lng phage) l

b Cell synthesizes new
phages that incorporat
phage DNA and

Transducing \ mistakenly
some host DNA

phage

Recipient host ce \
_Transducing phage
njects donor DNA
Transduced cell ‘ "
. Donor DNA is
incorporated into
recipient's
chromosomes
by recombinafion
_-—_I_

Fig: 6.7 Transduction in bacteria

Newly formed phage now attacks a new bacterium, inserts its DNA into the
bacterium which is now called recipient bacterium. The lysogenic life cycle starts.
~ Thephage is called temperate phage. The recipient bacterium at this stage contains
Sme types of DNA i.e DNA of its own, DNA of donor bacterium and DN A of phage.
. Lhm: recipient cell's chromosome becomes a combination of DNA derived fromboth
¢ € ba : . o 14 . ;
et ;lt;:alaclz;eg]sr i.c the rec?leg; ancll the donor cells. With the division of recipient
s ofd' ee types of DNA also replicate. In some daughter bacteria, SO
S onor DNA also express themselves donor and recipient bacteria. In this
the genetic material of donor bacterium is carried to the recipi '
“Ueriophage completi | ) o the recipient through 3
L Cont gecompleting the process of transduction,
"Jggation
(irg, onjugation is a recombination process in which tivs .
e which livin : into
lagr, vact and the donor cell transfers DNA to th : g-baCtena o
€ recipient cell. The DN‘

Sfer .
B 18 One w . .
sc"‘-"fchia cah:ay. The process was studied in 1946 by Lederberg and Tatu® i

i TR
i b M ——
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_— ‘In 1928 Frediich Griffith, an German microbiolpgist, ifleCICd live R-type

w5 nto the body of a healthy mouse, the mouse remalpe:'d ahvc.: and showed no

anmptoms of pneumonia, Then S-type live cells were 1njt?ctcd into t.he body of

- her Mouse, the mouse suffered from pneumonia and died. Heat-killed S-type
S Were injected into the body of a healthy mouse, the mouse remained alive,

| Mixdead S strain cells with - |
Kil the virulent $ | Iving non virvlent R #ﬂﬁﬂ |

bacterlal by healing

- l s st
g
.
g Wl 2

Results Mouse dies Mouse Healthy Mouse Healthy Mouse dies

Living $ strain cells  No bacterial cells No bacterial cells Living § strains cells
found in heart found In heart found in heart found in heart

Fig: 6.6 Experiment showing transformation principle in bacteria

These results were all according to the expectations of the researchers. But

what happened next puzzled Griffth and his associates, A mixture of heat killed § -

e and live Rjtype was injected into the body of a healthy mouse, the mouse died
from pneumonia. The autopsy revealed the presence of many living S-type cells in
s Jead body of the mouse. He concluded that the head-killed S-type cells released
- Subsﬁnc”ﬁ] Wlhl(:h changed some of the R-type non-virulent cells into S-type
"in:i[-:u(;:ntsl;)act;i:e R-type non-virulent bacteria were transformed into live S-

Later Avery and hjg CO-w . i _ .
. -worker -
forming substance as DN A i m:,: In 1944 isolated and identified the
is rele

S : : .
ﬂfamrﬂe"t of DNA s released by donor b kl'lown t.hz.lt during transfon@‘ng a small
ﬁaegplaces asimilar piece fDNA acteria and it is taken by the recipient where
itr i

T
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a -4 ] . h 3
Mutaﬁm‘l and genetic recombination okaryotic

Chromosame
in bacteria - --::‘mm;
. s e . . __membrana
The genetic variation in bactena ~—— " Cellwai
3 ‘ . upiicalion of
s achieved either by mutation or genetic Chromosomes

rccombination: h/_lutat'ion 1S a .major
source of variation in bacteria b‘l.lt
additional diversity arises from genetic
recombination. After a few round of
pinary fission, most of the offspring are
genetically identical to the parent cell.
The genctic diversity leads to fast
evolution. Genetically better individuals
qrvive and reproduce more prolifically
than less fitindividuals.

Fig: 6.5 Asexual reproduction in Bacteria

i f the cell.
Mutation changes the bacterial chromosome b.y altering the DI::I&I ge - ;111&
[n most cases, mutation involves a disruption of the nitrogen base s€q

igni ' ome.
orthe loss of a significant piece of chromos -
In bacterial recombination the cells do not fuse and only a portion of DNA

#om the donor cell is transferred to the recipient cell. A fragment of the recipient
DNAis replaced by donor DNA.

b.Sexu Iz:l Z; ; ;t er;: ::.S.;:; al reproduction occurs b).f genetic rs:cor:nbination which s a
-~ pimitive type of sexual reproduction. In genetic recoglblnatlon, DNA from two
| different sources combine. The cells do not fuse, only a piece of. DNA of donor cellis
| inserted in the recipient cell. In recipient cell, the DNA portion of the donor cell
orients itselfin such a way that the homologous genes come close to one another. A
fagment of the DNA of the recipient is knockefl off and DNA of donor is integrated
Moit, The recipient cell is now calleda recomblnant_cell. There are three methods of
"acterial recombination i.e transformation, transduction and conjugation.

- Transformation

| Streptococcus pneumonia has two strains, one causes pneumonia but the
®ris unable to do so. The cells of the virulent strain are capsulated from smootd

| :: Onies and are called S-types. The non-virulent strain is non-capsulated, forms
“ehcolonies and is called R-type.
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ap s of cells 1ncreases and reproduction

The lag phase is follo¥ed > rpe mas :
Tepresents ap fcﬁvzs:t;ge of gro¥ 'T:sses, the number of bacteria doubles. In

follows it. As each gencrati(’“ tlﬂi‘o during the
hll'l]]anS, the disease Sy]'npl()lns eve s A et

..a-""-""‘"-’—w_ |
A Stationery )
phase¢ _ |
a Death, or : |
or / 1, T
£ E:jonemiﬂl‘{ logarithmic
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2 growth decline
L phase phase
1
2
&
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o phase
- _/
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Time(hrs)

Fig: 6.4 Growth curve for bacterial population

log phase because the bacterial production attains such a high level which damages :
the tissues. Later on, the growth slows down because of the shortage of nutrients and

is called as stationary phase. Later the p :
. u
new cells formed. The population decli o dymg cells exceeds the number of

ot R i tmmsﬁones and 1t‘ is called decline phase. The decline
wastes. n of nutrients and the accumulation of toxic
6.4.8 Reproduction in bacterjy

Most common methg

d
but they can also reproduce of product

10n i oo 3 .
Sexually 0 bacteria is asexual reproduction,

types of sexual reproductj, Y genetic g
n, Ieco ich is primiti
a. Asexual repreductigy WBEston Witkeh. 18 iz
Asexual Teproductioy, i
the cell membrane gOWs o ACterig ¢

: ake :
replicates and the ce]) membrICe o jtg e Saplace by blnﬂry fission. The cell and
1 d y dC =
o e o 2 i e,
. aterjs) i € mi a
inward to separate t, nal le of the cell, Usually

o ISe 4} r ) .
foriiei 7 d‘“dingqc?lily distrip,. 2t the location of inward growth.

bu
In thig -y the_ cell wall thickens and grows
€ of division, no mitotic structure is

=,
..',x!, .
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Another type of relationship is commensalism in which one partner is
fitted while the other is neither benefitted nor barmed. Rhizobium radiciol,
jevelops @ symbiotic association with roots of legum.mous plants. It forms nodules
o the roots, fix atmospheric nitrogen and supply nitrogenous compounds to the
jant and gets food and shelter in return from the plant. _

6.4.6 Comparison of Photosynthesis in Bacteria and C yanobacteria

The process of photosynthesis in photoautotrophic bacteria is different from
cy‘rmgbm:tcria. In photosynthetic bacteria, oxygen is not relcas:e_d as by product
whereas the cyanobacteria release oxygen during photosynthcs.ls. The source of
hydrogen in bacteria is hydrogen sulphide where as cyanobacteria, like plants, get
hydrogen from water.

Photoautotroph bacteria have photosystem I but lack photosystem IL In
hacteria cyclic electrons flow is the sole means of generating ATP and NADPH bot.h.
Bacteria possess bacteriochlorophyll “a” whereas the pigment complex in
cyanobacteria consists of chlorophyll “a”, phycocyanin, allophycocyanin and
phycoerythrin.

64.7 Growth in Bacteria

| In case of bacteria, growth means the increase in the total population
ather than increase in the size of organism. Bacteria grow very fast and their growth
is affected by temperature, availability of nutrients, pH and iqnic concentration.
Under favorable conditions, a bacterium divides afterevery 20 minutes.

~ The number of cells doubles at the end of each division. It i.s called
tiponential growth and the interval between two successive divisions is called

generation time. It is different for different species of bacteria.

Phases of growth
In E typical growth curve of bacterium, four distinct phases of the curve are

"ognized, The lag phase COVCIS the first few hours when there appears 1o
Bowth, D;.lring this period, the bacteria become accustomed to their new

Wironment,

pene

E & h _
1

(bt ) =

The generation time for Escherichia coli is 20 gy_lnut =

4 the division goes unchecked, after 36 hours there would

bacteria to coverthe faceof theearth. i d il
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T

BT o e VA R
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€8¢ bacteria do not use sunlight as ch as hydrogen sulphide,

ubstances su

Cne : . - ——
'8Y by the oxidation of inorgani¢ S ds. Such a process of food formation is

Mmonig, hitrates, nitrites and iron coMPOY
called Chemosynthesis.

b. E‘Eeiﬂl‘m’?‘{lp‘lift Bacieria ’ ; btai

These bacteria are unable to prepare their own foqd. T'hese organisms obtain |

energy from organic compounds prepared by other organisms. There are three types [

of heterotrophic bacteria i.e. saprophytic bacteria, parasitic bacteria and symbiotic |

bacteria. |
I. Saprophytic bacteria

| Saprophytic bacteria, commonly known as

dead organic matter which is derived from

bactefia possess a powerful enzyme g

.saprobes, feed exclusively on
plants and animals remains. These

nth Pes are called recyclers of Dutrientg

a ro St e cl x -
_ palso called the scavengers of eargyy Y clean the earth by their action, they
g grasitic bactef'z
ii. arasitic bacteria dq
T::tfer of their live hOSt:(;h.OSS?SS the enzyme
organ-“?c pacteria cause diseageg ang ¥ nclyge um System for the breakdown of
l mbiotic bacteria e calleq Pathg 03, plants and animals. Many
jiie “Symbiosis” means Jjy; gens,
. chi with other Organj

O8ether

4 .

i on . 3 mS, ymbl ] % :
r 613.“61_5 and1® e mu‘fuahsml The re]ﬁtion;);:‘c baCtena develop a nutritioﬂal
p? P

May be beneficial to both
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Endospore may develop near the end or in the centre
of the cell. It contains little water, The cell
membrane grows in to seal off the developing spore.
It is further pProtected by thick layers of
peptidoglycan. When the external environment is
faVOUr?ble the protective layers break down and the
spore is released which acts as a vegetative cell.
Endospore formation 1s not a reproductive process m———
asavegetative cell forms a single endospore which e Memeane
later on produces one vegetative cell.

Fig: 6.3 Structure of Endospore

Tidbit ) —

. 'El i
"

s Live spores have been recovered from the intestines of
gyptian mummies. Archaeologists found the endopores alive from

7518 years old sediments of Minnesota's Elk Lake. s
AR

6.4.5Mode of nutrition in bacteria

. Bacteria, like other organisms, require food for growth and other vital
activities. They need carbon and energy for their nutrition. Bacteria are divided into
two groups on the basis of their nutritional approach i.e. autotrophs and

heterotrophs.

a.Autotrophic bacteria . my
Autotrophic bacteria synthesize their food from simple carbon sources. They

use inorganic carbon compound such as carbon dioxide and ions like carbonates,
nitrates and sulphates. Energy needed for the synthesis of food comes from sun and

chemical reactions occur in cytoplasm. |
The autotrophic bacteria are further divided into two groups namely

Photoautotrophs and chemoautotrophs.

L Photoauivtophs
Photoautotrophic bacteria possess chlorophyll and can manufacture their

f00d. The source of energy is sunlight which they capture through chlorophyll. The
Chlomphyll is not contained in chloroplasts but it dispersed in the infolded region of

“llmembrane in cytoplasm.

y

MSc
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b. Bacil);

+ Bacilli (sj , )
}l;(s?:lgular: bacillus) cia, Most rods occurs singly but some form pairs

. af::lh are‘rod-shz'apf:d bactfs - ning (?hams are kno.wn as streptobacilli.
¢ called diplobacilli, Oﬂlc nd (lostridium tetani causing tetanus are bacilli

Salmonellq 1yphi causing typhold #

bacteria.
_,--';"'" Curved Forms Other Shapes
Rod-shapé

NS
Loircular

Staphylo-(cluster) | Mycobacteria Spirochete (spiral) |  Streptomyces

Fig: 6.2 Different shapes of bacterig

c. Spirilla (singular: spirillum)
They are corkscrew-ghy | I
, Ped bacter;
at the ends. Spirila nevey . i acteria. They are motile and flagella are attached !'}
i

. . ter :
complete twist, look like co Sor COlOmes :
644 Endospores " Watecalleg g0 SPirlla have less than one

Some Gram-positive bé , .
|

endospores. The spor Cleria
- A €S remai. . Produyc . "
conditions with regardedtot;n M aliye © highly fesistant structures called !

earth in its earl I' map
M Petature radiationsy Yjars under extremely harsh ,
and water gh 1
Ortage prevailing on |

o
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. Ribosomes . : o
" Ribosomes are RNA-protein bodies found freely dispersed within the

cytoplasm. They are associated with the synthesis of proteins. They are smaller in
size than the ribosomes of eukaryotic cells.

bh. Genomicorganization

I DN‘I he genome of bacteria is different from a eukaryotic genome and possesses
ess DNA. It consists of a single circular i
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Fig: 6.1 Structu

Gram—negative bacteria have at

dye easily when rinsed with alcohol. Cell W2

complex; the thin peptidoglycan layer 1S

lipopolysaccharides. Gram-negative bacteria are m

bacteria because the outer layer of lipopolysace
antibiotics.

c. Flagella R
Many species of bacteria possess thin hair-like appendages which help them

in motility. Flagella are anchored I:Il the cell wall and spin like a propeller, pulling the '
cell through water. A flagellum is composed of three parts i.e. a basal apparatus |

sociated with the cytoplasmic membrane and ce]] wall; a short curved hook and a

as
helical ?hmcnt. The hook ancllthe filament are made up
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with the increase of oxygen, the amount of ozone also Increased 1n t.he upper layers
of the atmosphere. The thick layer of ozone acted as a screen protecting the protejpg

and nucleic acids from destruction by ultraviolet radiation from sun. It encouraged
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Nostoc are involved the fixation of atmospheric nitrogen.
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6.4.2 Structure of bacteria

a.Capsule ,
Many species of bacteria possess a tight protective covering around the cell

:;ljled cagsulc. It is a very §ticky, gelatinous structyre made up of polysaccharides
proteins. These bacteria are called Capsulated bacteria. The cI;psjllJle prevents

dehydration of bacterial cell
- A capsule which ; ; .
ommonly called glycocalyx. hich is less tightly bound to the cell is

*peptiq -y and also piye ;
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G Gamma-proteohacteria . , —_—
The group includes sulphur bacteria which obtain energy by oxidizing

Major

acteria and includes photoautotrophs,
oteobacteria are acrobic while others

H,S instead of water.

d. Delta-proteobacteria
This subgroup includes the slime-secreting myxobacteria. When the soil is

dry or food is scarce, they aggregate into fruit bodies releasing resistant
MYyXOSPOTES. The members of the subgroup may getattached to other bacteria.

e. Epsilon proteobacteria
Most species included in this sub-group are pathogenic and cause diseases in
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anteal of ! inen: Tal Dacteria
6.9 (,(ié: i ._;; 1; i ALEETREL Y Al '
Although the disease producing nature of bacteria become known 10q

years after their discovery largely because of the research of L0u1§ Pasteur and
Robert Koch, however the early civilization used some crude tephmqucs such as
salting, smoking, picking, drying and exposure of fo_od and clothing to sur}llgh[ to
control microbial growth. Today microbial growth is controlled by physical and

chemical methods.
a. Physieat meihod
1. Heat treatment

Heat kills the microbes by denaturing their enzymes and other proteins.

Autoclave chambers used for sterilization of surgical instruments.
Pasteurization is a process to prevent the spoilage of beverages such as

juices, milk etc. A more effective method of pasteurization of milk is through ultra
high temperature (UHT) in which milk is treated at 140°C for 3 seconds and then
cooled suddenly in a vacuum chamber. Milk treated by UHT can be stored at room

temperature for several months,
Incineration is dry heat treatment of sterilization of disposable items such as

paper cups, dressing etc. the contaminated items are placed in an oven at 170°C for 2
hours to kill microbes,
ii. Filtration
Filtration is the removal of microbes by passage of a liquid or gas through a
screen like material with pores. It is \used to sterilize heat sensitive material like
vacceines, enzymes, antibiotics etc. : ﬂ
i Low temperature treatmeni rr
Refrigeration at temperature 0°C to 7°C reduces activities of microbes; they
cannotreproduce or produce toxins. Itis called bacteriostatic effect.
iv. Desiccation
Water is extracted from the contaminated material. In the absence of water
bacteria cannot grow or reproduce. ’
V. Osmotic pressure treatment
The high concentration of salt or sugar in food increase its osmotic pressure
and creates a hypertonic environment which helps in controlling the growth of
microbes. :
vi. Radiation
Three types of radiation i.e lonizing radiation, ultraviolet light and
microwave radiation are used to kil microbes,

. D
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EXERCISE &

A. Choose the correct answer for the follow

Ls The first forms of life on Earth were thought to be:
b. prokaryotes

ing questions.

a. protista
c.insects d. dinosaurs
2. Dead sea are home to which of the following groups of organisms?

b. Thermophiles
d. Phytoplanktons

of proteobacteria?

a. Halophiles
c. Halophytes
owing subgroup
b. De]ta—proteobactena_
d. Epsilonproteobactena

3. Rhizobium belongs towhich of the foll
a. Alpha- proteobacteria
c. Gamma- proteobacteria

4, The first organisms that oxygenated the atmosphere V\fel' e o
a. cyanobacteria b. phototrophlc organisms
d. saprophytes

c. anaerobic organisms
ome which makes it di fferent from the

One of the feature of prokaryotic gen

3.
eukaryotic genome 1S :
a. itis madeup of DNA only
b. itis madeupof RNA only
c. itis madeup of Jarger ribosome
d. itis madeup of smaller ribosomes
6. Organisms most likely 10 be found in extreme environments are:
o fungi b. algae
« viruses d. archaea
7. Pebtidoglycan s a characteristic of the walls of : _
a. cukaryoticcells b. bacterial prokaryotic cells
c. archaean prok aryotic cells d. bacterial and archaean prokaryotic cells.
8. The ]ipopolysaccharide layer (LPS)isa characteristic of the wall of’:
b. Gram-negative bacteria

a. archaean cells : _
c. bacterial prokaryotic cells  d.eukaryoticcells
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EXERCISE

An extra-chromosomal DNA ring in bacteria is called

9.
a. Nucleoid b. Plasmid
¢c. Pili d. Mesosome
10.  Inphotoautotrophic bacteria the source of hydrogen in photosynthesis is
a. H,O b. H,S
c. HO, d. H.SO,
I1.  Inbacteria fastest growth occurs in the phase called
a. Log phase b. Lag phase
¢. Stationary phase - d. Decline.phase
10. The reproduction in which the geﬁetic material is transmitted from a donor to
arecipientbacterium through a phage is called
a. Transformation b. Conjugation
c. Binary fission d. Transduction

B. Writeshortanswers of the following questions.
1. Why has monera become obsolete?
2. Whatisadomain? Why is this term coined?
3. Whatis therole of prokaryotes in supporting life on carth?
4. Whatare main differences between archaea and baC‘teria?.
5. Whatare plasmids and what are their importance?
6.  Whatis the function of endospores?
7. Whatdo youmean by genetic recombination?
8. Whyare the bacteria called nutrient recyclers?
9. Discuss therole of radiation in controllin g bacterial growth,

Write answers of the following questions.

Give anaccount of the structure ofa bacterium.

Discuz;s various methods of sexual reproduction of a bacteria.

Dfascrlbe the mode of nutrition in bacteria.

gwe artl) account ofbacterial diseases of plants.

3 :gc;ll'lle ; :she normal flora of some Important organs of humans and also discuss

I

g
i .
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ng various products.

b. Chemical v othons
als are used for disinfecti
bacteria in nurseries but

Different groups of chemic
Phenolics are effectively used against Gram-positive
their excessive usein infants is harmful.
ii. Among halogens, chlorine is used to disinfect drinking water and pools. Tincture
iodine is one of many antiseptics used.
iii. fonn_aldehyde (formalin) is widely used to preserve biological specimens. It
inactivates bacteria in vaccines. Glutaraldehyde is less irritating but more
. effective than formalin. Itis used to disinfect hospital instrument.
iv. Ethylene oxide kills all microbes and endospores but requires 4-18 hours

exposure.

1.
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List tp_e Qhamctgﬂsﬁiés-'lthat distinguish fungi from other groups
and gw%neasogswhyﬁmgl are classified in a separate kingdom.

T e, (S
C@ss@..ﬁxngl Mto Zygomycota, ascomycota and basidiomycota
s and givethe diagnostic features of cach group.

yeast as unicellular fungi that are used for baking and
g and are also becoming very important for genetic
arch.

o Namea few fungi from which antibiotics are obtained, ™

.

Explain the mutualism established in mycorrhi:
associations. - i

Give examples of edibl

S - 4l

«  Explainthe pathogenic role of fungi.

Scanned with CamSc



MDCAT BY FUTURE DOCTORS

Introduction _

= Fowkiots ace "hc sumplest ma’?m""-’ PfOf‘iStS are not animals, plants; or
fungi. The protist kingdom is sometimes called the “trash can kingdom. It includes
all enkaryotes that don't fit in one of the other three eukaryote kingdoms: Animalia,
Plantae, or Fungi. The protist kingdom is very diverse. There are thought to be
between 60,000 and 200.000 protist species. Many have yet to be identified.
Proftists range from single-celled amoebas to multicellular seaweed. Protists may
be similar 10 animals, plants, or fungi. Scientists think that protists are the oldest
eukaryotes. If so, they must have evolved from prokaryotic cells. Fungi include
some of the most imporiant organisms, both in termps of their ecological and
economic roles. By breaking down dead organic material, they continue the cycle
of nutrients through ecosystems. In this chapter you will study a brief over view of
the kingdom Protista and Kingdom fungi.
7.1 Protista

Most of the protists are unicellular but some are multi-cellular or colonial.

Many have mitochondria although some never possessed any while some have later
lost them. It 18 thought that ancestral prokaryotic cells, which then became
mitochondria in the eukaryotic cells. The process is called endosymbiosis, Many
protists possess chloroplast for photosynthesis. Chloroplast may also have
originated this way with eukaryotic cells engulfing photosynthetic bacteria. The
common ancestry of protista seems doubtful. The group of organisms has long
independent evolutionary history stretching as far back as two million years, They
seem 1o have 2 polyphyletic origin. Some groups are probably placed together more
for convenience than as a reflection of close kinship. But the genome analysis,
added 1o other criteria, enables us to postulate some groupings, St

 Protista can be categorized into three main groups:

a4 Animal like Protists (Protozos)

b PlantlikeProtists,

Scanned with CamSc



MDCAT BY FUTURE DOCTORS

['hese protists move by us 111"1}1(,11 whip-like flagella, Manyofthmprm
live in the bo rflt s of other organisms 28 ey could harm thclrhostbyhaymgammc
I i.ull-m:.fllp or at other times l]’l{:y are mutuahsuc Wlth thcll' bost
[rypanosomes is a parasite which is a cause of many serious human diseases. The most

familiar being trypanosomiasis, also kn()wnaSAfI‘lcans]eepmgdweascs

‘Nucleus
Anterior Flagellum *
granular G dtn
re y
icylnm, Flagellum
: B associated
P reticulum

- Fig: 7.1 Structure of Trypanosomes Fig: 7.2 Termites feed upon wood

One of the example of mutualistic relationship in this group is between
termites and trichonymph. Termites feed upon wood but they cannot digestitdueto
the absence of a specific enzyme which brmgb about the breakdown to digest the
wood eaten by termite. Trichonymph lives in the digestive tract of termites and
produce an enzyme thathelps in the digestion of wood. S
~ 2. Amoeboid protozoan or sar codines g
- ~ Their organ of locomotion are pseudopodia 3 52
which are temporary protoplasmic outgrowths.
"These are also used for engulfing food articles.
Sarcodines are mostly free-living, found in fresh
water, sea water and on darnp soil. One of the familiar
_ example is amoeba. It is soft, shapcless masses of
~ cytoplasm. The change in shape is brought about by': A
~ cytoplasmr iming which _llcxtenswns i

.3. Apicom plexes ors
Aplcomplexes are
apicomplexes because of uni
other cell organelles at one .end__;__
parasite Plasmodium, Fgmale _
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en an infected female Anopheles mosquito bites a person, sprorozoites are
cted into the blood stream. Sporozoites are carried to the liver where they stay
divide forming large number of merozoites. Merozoites emerge from the liver
invade red blood cells and start producing more merozoites within these cells.
infected red blood cells burst releasing the merozoites which again enter other
blood cells. The host at this stage starts showing the symptoms of malaria
1ding chill and fever accompanied by nausea, vomiting and severe headache.

Sporozoites 7 o>

Salivary glands H

Ookinites
Zygote

Gametes P

Fig: 7.4 Life Cycle of Malarial Parasite
Some of the merozoites develop into male and female gametes. If the
cted human host is again bitten by a female Anopheles mosquito, these gametes
aken up by the mosquito and sexual reproduction starts. The male gamete
izes the female gamete to produce a zygote. The zygote reaches the mid gut of
nosquito and then encysts forming an oocyst. The ooeyst produces a number of
ozoites and transfer to the salivary glands of the mosquito. When this mosquito
a healthy person, the sporozoites are discharged into the body of the host and a
cyclestands.
Aliates

Ciliates protozoan develop a number of cilia during a part or whole of the life
>. They use cilia for locomotion and driving food. Cilia are usually arranged in
itudinal rows or in spirals around the cell. Ciliates possess cellular organelles
perform functions similar to the organs of multicellular organisms.

4
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& The fwo flagella beat in two grooves, one encircling

\|l ciliates have two different types of nuclei within the cells. Small
micronucler and larger macronuclei. Macronuclei are essential for the physiological
function whereas micronuclei are needed only for sexual reproduction.Ciliates form
vacuoles for ingesting food and regulating water balance. Paramecium, a well know
ciliate, sweeps the food into its gullet, from there it passes it into the vacuole where
enzyme and hydrochloric acid help in digestion. The digested material is absorbed
nto the body and the vacuole empties its waste material into the anal pore located in
the pellicle. The waste material then leaves the cell by exocytosis.

Food vacuole
i Contractile vacuole

_ : Micronucleus
P lliéfé Rl AT ' : Macronucleus
e e 3 o /

Cilia !

Cytostome

i —

Fig: 7.5 Ciliates a. Paramecium
£

b. Balantidum col;.

Paramecium reproduces asexually by transverse fission. It also und

_ 11y by ergoes a
type of sexual reproduction called conjugation, Most ciliates

live in freshwater or

intestinal tracts of pigs and rats. People
infected by Balantidum coli,

b. Plantlike Portists | P
Plant like protists are divided into the following important groups:
I. Dinoflagellates L heEEE e peran oA OVDS
Dinoflagellates are unice_l'l_q[ar-'.autotmphs,_
possessing chlorophyll a and ¢ in-'.'aﬂﬂiti‘gn— to
carotenoids. They live in both marine and freshwater
environments. The cell wall is generally missing but
when present, it is hard and made up of cellulose, They
have two flagella of unequal size inserted lateralls

~thecell like a beltand the other perpendiculartoit,
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t, the encircling flagellum causes the organism to spin like a top: the

r flagellum makes the organism move in a particular direction. In the
, the poisonous and destructive “red tides” occurs frequently. These
ciated with great population explosions or “blooms” of dinoflagellates
> the colour of the water to red.

diatom is made up of two shells made of silica which are strikingly and

sally marked. The shells of diatoms are like small boxes with lids, one

ell fitting inside the other. Their chloroplasts containing chlorophyll a

1 as cartenoids, resemble those of dinoflagellates. The shells of fossil .
nform thick deposits on the ocean floor which is called diatomaceous

s used in water filters, paints and nail polishes. Most diatoms reproduce

xual reproduction is not common.

Fig: 7.7 Diatom Gallery

1%
algae are the most conspicuous seaweeds. They possess air bladders
m afloat during high tides. The life cycle of brown algae is marked by
of generations between a diploid sporophyte and. a haploid
<elps are brown algae possessing large leaf-like thallus. They are
ce of food for fish, bird and other marine animals. Some genera of
sngth of about 100 meters. They are qttachcd to the rocks on ocean
root-like structure called holdfast.

'M‘I (i Sc
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he reddish colour of the algae is due to red accessory pigment calied
>hycoerythrin which masks the green colour of chlorophyll. But red zigae do not
Jways appear red. Some exhibit different colours depending upon tae type and
amount of photosynthetic pigments present in their chloroplasts. The red algae play
a major role in the formation of coral reefs and produce glue-like substances suchas

z:gai'_illlﬁi carrageenan that make economically important.
o

Dilyid

Chlorophyta include both unicellular and multicellular forms. ,‘\41’03?.- fom
are aquatic but some live on moist places on land. They show many similarities to
land plants; they store food as starch, cell wall is made up of cellulose and possess
similar chloroplast structure containing chlorophylls a and b. it is because of these
similarities that chlorophyta are considered ancestors of plants.

Pyrenoid

Nucleus

Spiral
Chioroplast
Vegetative
cell

Fig: 7.8 a. Volvox b. Spirogyra filament

- Chlamydomonas is a unicellular genus whereas volvox represents the
colonial form. Spirogyra is a multicellular, filamentous green alga in%abitin the
freshwater. Each cell of spirogyra contains one or more spiral chlo%o lasts Asegmal
reproduction occurs through zoospores. Sexual reproduction is conjugpation'

¢. Fungus like Protists e :
Main groups of this category of protests are
i. Plasmodial slime molds (Myxomycota) = i S
Slime mold takes many forms. The most comracs fore o = 11
ot commo _ f re
small purple or black ball attached to a blade of gl‘assorarn e e
white, yellow-orange, purple, or gray jelly-like mass situated on

given below.

't.h_e*lawn;f__ .

— e Ten
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The coloni€s of slime mold living on logs and bark mulch can be strikingly
i yellow, orange or red. A{ one stage of their life cycle, they form a mass
»‘“I“rdl jasmodium which grows in size but does not become multicellular and

alled @ 7 ole mass of cytoplasm which is not divided by plasma membrane. It

ny diploid nuclei. :

cont! This “supercell” (plasmodium) is the product of mitotic nuclear divisions
.. are not followed b]g cytokinesis.

Wit e cytoplasm in plasmodium streams back-and-forth which helps in

jistributing nutrients and oxygen. The plasmodium extends pseudopodia through

moist soil, |eaf litter or rotting logs engulfing and c}lgesting food particles, bacteria

1nd yeasts by phagocytosis. When the food or moisture exhausts, the plasmodium

qops growing, mMOves to a new area and produces fruit bodies containing spores.

Veiosis occurs 11 flagellate gametes. The gametes fuse in pairs and form a new

plasmodium by mitosis.

).0Oomycota (water molds)

All the members of oomycota are either parasites or saprophytes. They are
fistinguished from other protists by their zoospores which bear two unequal flagella,
me pointed forward and the other backward. Because of some similarities,
somycota were previously placed with fungi, but there exist many differences
between the two groups. In oomycota cell wall is made up of cellulose whereas itisof
chitin in fungi. Although oomycota descended from plastid bearing ancestors, yet
they do not possess plastids and cannot bring about photosynthesis. Water molds
living as parasites on aquatic animals produce white fuzz on the body of their host.

Importance of Protista to Humans

Protista play fundamental role in the ecosystem of world. These organisms
ifﬂfm the foundation for food chains, produce the oxygen we breathe and play
"lPortant role in nutrient recycling. Some protists are harmful but many more are
U:""ﬁ,ﬂal- Many are economically useful as well. As many more of these unique
rga.“lsrns are discovered. humans will certainly enjoy the new uses and benefits
Protista provide. 2
form thAlgat_: are the protista which play the most beneficial role for humans. Many
% foe basis of food chain which drives the wheel of life on earth. They prepare
on&_qu;nomer organisms through photosynthesis. It has been estimated that upto
Dlg kigy er OfWOrld's photosynthesis is performed by algae and its associates. The
majﬁrity Gfli';ay-a major role iﬁ__ﬁ_hotOS&nthGSis in aquatic ecosystem. The vast

. A

tons in the"dcga;;:'cpﬁs'i'a;t of various protists.
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Protista are also responsible for
decomposing the organic matter and l‘ccycling b
the nutrients. Euglena 1s used to treat Sewage §
because of its ability to switch from an et
autotrophic to a heterotrophic mode of nutrition. | B
Protists form a wide range of symbiotic &
relationship with other organisms.
Trichonympha lives in the digestive system of
terminates and produces cellulose, an enzyme
that enables termites to digest wood.

Fig: 7.9 Trichonympha

Animal-like protists are responsible for diseases such as malaria, amoebic
dysentery, African sleeping sickness and giardiasis in humans. PhJIfOPht{jo’ﬁ;;_ :
infestans causes late blight of potato and great potato famine of Ireland in 1840s was
due to the destruction of Potato crop by this protist. Sa

Some protists have medicinal and industrial uses. Carrageenan, a glue-like
substance from algae is used to produce a thicknening agent in ice cream, pudding
and dairy products. Chemicals from algae are used to manufacture waxes, plasﬁcs
and lubricants. Other chemicals made from protists are utilized in medicinesusedin
the treatment of ulcers, hypertension and arthritis.Many species of red al 7

- consumed as food in some countries. Red algaearerich in vitamins and n inerals.

- 7.2 Kingdom Fung:
- Fungi were regarded as plants because of the presence of certain chs
- since the last many decades, but detailed
characteristics that distinguish fungi from plants. Fungi lack chlorophy
plants have this pigment: wall of 2 fungal cell is arboh
chitin not found in plant cell walls: though generally filamentous, fun

multicellular like plants, because the cytoplasm of one funegal ce

through pores with the cytoplasm of adjacent cells: and
eukaryotes, while plants are autotrophic. It is mainly beca
fungi are placed in their ownkingdom fungi, e

- Fungi are generally saprophytes and are the mo

terrestrial ecosystem. Many fungi are also known as pas

years ago.
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Armillaria st Yae
(Honey Mushroom)
World's g rgest organism

Ol Most parts of the fungus lie hidden beneath the ground. Tt
periodically produces edib

L : le fruit bodies (mushroom) above the
ground. \

7.2.1 General Characteristics of Fungi
1. Fungiareheterotrophic

Fungi obtain their food by secreting di

gestive enzyme into substrates. Then
they absorb the organic molecul

esreleased by the enzymatic action.
2. Fungihave several cell types

Multicellular fungi are filamentous and the fi
slender structures called hyphae. Sometimes the fi

hyphae are arranged in complex structures such as m
3. Chitin cell wall

The cell walls of fungi are made up of chitin, a nitro
polysaccharide, which is more resistant to decomposition than celly]
4. Nuclear mitosis

laments are in the form of long

lamentous form is lost and the
ushrooms.

gen containing
ose.

Mitosis in fungi is different from that in plants and animals. The nuclear

nvelope does not break and reform. Mitosis occurs in nucleus with nuclear
membrane intact,

722 Classes of Fungi and their Diagnostic Features

. Zygomycota

. . 1 hae

b f'the class are all terrestrial. They possess coenocytic hyphae.

Theorlrlleic:rsi:g organic material. Zygomycota are chal:actenzcd by the

of sexual spores called zygospores formed by the mating hyphae. Both
asexually produced sopores are dispersed by air.

They tive
Ormation
Sexual and

A
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- bakers and brewers.
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Some members of the class are responsible for the rotting of bread, peaches
str;wbcmcs and sweet potato during storage; other live as parasites or symbionts oi‘
animals. Rhizopus stolonifer, the common bread mold, is an important member of
zygomycota. The hyphae form a white or grey mycelium on bread. In asexual phase
upright sporangiophores arise each of which bears a sporangium at its tip. Thousands
of spores are formed in each sporangium. The haploid spores are dispersed by air.
Spores, when land on moist food. grow into new mycelia.

b. Ascomycota

The characteristic feature of ascomycota is the production of sexual spores
called the ascospores within saclike asci (singular, ascus); thus, they are commonly
called sac fungi. Unlike zygomycota, the most ascomycota bear their sexual states in
fruit bodies called ascocarps which range in size from microscopic {0 macroscopic.
Asci are produced in ascopcarps. Most of the ascomycota also reproduce asexually
by means of conidia, produced in chains at the end of a conidiophores. s

- Some of the ascomycota parasitize crops and ornamental plants causing
powdery mildew.

Certain members of the class are extremely
beneficial. Many ascomycota are the decomposers of [ESEEs
plant material. More than 40% live with green algac and JSS8
cyanobacteria in beneficial symbiotic associations
forming lichens. Some form mycorrihizae with roots of §
higher plants. Penicillin, the wonder drug, is obtained
from a fungus called pencillium. Yeast is useful for both

¢. Basidiomycota Fig: 7.10 Pencillium
Basidiomycota not only include mushrooms, i
puffballs and shelf fungi but also important pathogen like rusts and smuts. They are
also known as club fungi because of their club-shaped basidia. The mycelium in
basidiomycota exists in three forms i.e. primary, secondary and tertiary mycelium.
Primary mycelium is also called monokaryon in which each cell is unicucleate
possessinga halploid nucleus. Secondary mycelium is formed by an interaction with

primary myceliam. _ 2D
: It consists of dikaryotic cells in which each cell possesses two haploid

nuclei. When the mycelium becomes more complex and gives rise to fruit bodies
(basidiocarps), it is called tertiary mycelium. Club-shaped basidia are arrang
inside a fruit body called basidiocarp. Karyogamy occurs in basidium W
followed by meiosis forming four haploid nuciei which are incorporatet

basidiospores.
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gexual reproduction occurs through classical methods found in other groups

of fungl. Sexual reproduction in basidiomycota differs from all other groups of
fungi. No reproductive structures such as antheridia and oogoina are formed. The

sc.\‘llﬂ]
hase by various methods.

Importance of Fungi
Fungi in pharmaceuticalindustry

Fungi have been used medicinally since ancient times. Ergot
from claviceps purpurea is used to facilitate delivery of babics and also used to
relieve migraine headache. Pencillin, the first discovered antibiotic is produced by
pcncillium chrysogenum and other related species. Cephalosporin is most widely
used broad spectrum antibiotic, obtained from cephalosporium acremonium and
related species. Griseofulvin is an antibiotic used effectively against fungal
infections of hair, nails, skin, athlete's foot and ringworm.

[t is obtained from a species of Pencillium. Broad spectrum antibiotic

cyclosporine used as a immunosuppressant drug in organ transplantation is also a

fungal product.

reproduction involves the conyersion of monokaryotoc phase to dikaryotic

?
amine obtained

2. Fungiin food industry
Yeast has been used by humans throughout recorded history. Saccharomyces

cerevisiae, (yeast) is used in baking and wine making industry. It has got the ability to

ferment carbohydrates, breaking down glucose to produce ethanol and carbon

dioxide. It is fundamental to the production of bakery products, bear and wine.

3. Fungi used in research projects
Yeasts are mostly used in the biological research projects due to their rapidly

increasing generation time and increasing pool of genetic and biological information.

In soft drink industry aspergillus Sp: is
used to produce citric acid for colas.

4. Edible fungi

Mushroom is considered
popular food throughout the world.
Mushroom pizzas are famous for their
taste. The peculiar flavor and taste of
certain types of cheese come from the
fungi used in the processing. The
ascocarp of Morchella esculanta (2
morel) and Tuber melanosporum (3
truffle) are highly prized for their
complex flavor. -

Fig: 7.11 Mushrooms

s 0000

y
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Ectomycorrhizae of some plant families are also edible. Ye_a;inlisn;ﬂ:gdu:;g Etlssa
nutritional supplement because it contains high levels of B vi ut 50

g

percent of yeast is protein.

Fui velt v symbiotic associations with other organisms licheng
)ycorrhizae are the ex ;::nplr‘:s ofthis !‘elationship.

sdCaaCll,

ga 1s the photosynthetic partner. It is an excellent example ofmutuahsm}n Wh15:h
both the partners are benefited. Most of the visible body of the lichen consists of its
fungal partner. Interspersed with the hyphae of the fungus, there are found
cyanobacteria, green algae or sometimes both. Specialized fungal hyphae penetrate
the cell walls of algal partner and transfer nutrients directly to fungus. 3101_081031'
signals sent out by fungus direct its algal partner to produce metabolic substances
that 1t does not produce when growing independent of fungus.Lichens are known as
pioneers in ecological succession in extremely harsh habitats. Lichens are often
strikingly colored because of pigments that play a role in protecting the
photosynthetic partner from the destructive action of the sun's rays. These pigments
can be extracted from lichens and used as natural dyes. £

ichen. a fungus develops a symbiotic association with an alga in which

Fig: 1.12 Lichens are common primary coloniz :
rock surfuce has a variety of lic éns growing together and a Sk
with one another. s e

h. Mycorrhizae _ Akt R e

The roots of about 80% of all known species of vascular plants normally are
involved in mutualistic symbiotic relationships with fungi. The associationiscalled
mycorrhizae, The fungus ina mycorrhiza increases total surface area of root system
for soil contact and absorption, , R ST b 2ah ey T

e g AT
7 » > 0 . { 2w S
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V§veosrhizza helps ia the daroct iramster of phosphores, 7iec, copper and other
e T

et from e Soul 1980 e TOAS. [ Te vascuiar piany suppiacs orgamc cCarbon 5o

- "'_.,_g'a-&

f L & - F oty Fr— ) i = -
Vore AFC TWO pfl‘!‘:ﬂ_.';';:z. BYpes OFf Iy COTrheras 5 endv e orTenzar . the w
8 = -2 ry i e i L : 2
e penetrate the ouler oells of e plast roof. formmeng cods, sweilimes and manuie
: g e i P ”""d g swadey ¥ . mamae B2 1 2 3 " .
_anches and 2iso cxiend ol o e swrousdeny ol s ecsosmvoerhizar. the

. ohae surroand but do not penetraie the oell walls of e poots.

) a8 recycler

Fung 2na bactena are the principz] decomposers m baosphere. Sapsopivies

~xceed parasites wm number in the ecosysiem. They decompose the orpamic mmaster and
. = o v £ . z . B T 3 L 3 s & S—

reiease the substances locked in the dead bodaes of planes 20d 2oarmails for cirruliation

i P

n the ecosystem. They possess 2 powerfisl enzyme sysizmn which heips m bresking
down tough organic compounds like lignin. 2 moior comstuest of wood The
substances thus released become availabile to the next geperarion of orpamiss Fa
recycile the nutrients in nature and are called recy chezn the za
removing the organic matier and because of this characieristic they heve earned S

N2mMe SCAVENTSY.
=

7. Fungi as food spoilers
Fung;i also destroy food which is not properiy preserved It mcindes beead

o

Pathogenic fungi
Fungi can cause different fatal disease in living

organisms. Some of the significant pathogenic effects
of fungi are discussed below.

2. Plant disecases

i;“-‘lﬁnttimes. thgiaa'eﬂlesericmagricuhmﬂpm
- 05t common fungal diseases of cereals are rusts and
“muts caused by species of Puccinia and Ustilago
;’njlgecﬁvciy- Sometimes about 50 percent of world's
leaf mmuhumﬁmplmmmm
Mﬂ?ﬁmwmmmﬂﬁemd
lomato au o) S BAICADE, potato blight, late blight of ®
fangi, D ovcdiscases of plasts s coumed by
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h. Animal diseases 7

Ringworms in dogs and horses are
caused by the species of Trichophyton and
Microsporum. Aspergillus sp. cause
abortion in many animals Saprolegnia
parasitica is the parasite of carp and salmon
fish

| Almost all parts of human body are
infected by fungi ¢specially the skin
;{J{jxrf;)st and Mucor species cause Iht’:
Infection of lungs, brain and gastric tissues
I_hg cause of dandruff js Micm.s;porzm;
jzf;;/w: Candida sp. cayse throat and mouth
dlgcascs, pulmonaw infection, diseases of e e
nails and genlu.]l organs. Neurospora and F, usarium cause infection ofwm{ﬁsm
of eye. ﬁspergxl]osis? whose symptoms resemble those of tuberculosis. is cansedby
Aspergillus sp. Athletet's foot is also a fungal disease. a

‘ig: 7.14 Ringworm mdeg. '

AL Dy

i e s

___-A___
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KEY POINTS

o The kingdom protista consists of prokaryotic organisms including
unicellular, colonial or very simple multicellular ones.

e In the coastal areas, the poisonous and destructive “red tides™ are
associated with great population explosions or “blooms” of
dinoflagellates which change the colour of the water to red.

e Apicomplexes have unique arrangement of fibrils, microtubules.
vacuoles and other cell organelles at one end of the cell. The best-
known apicomplex is the malarial parasite Plasmodium.

e Kelpsare brown algae possessing large leaf-like thallus.

e The shells of fossil diatoms often form thick deposits on the ocean
floor which is called diatomaceous earth.

* Oomycota are either parasites or saprophytes. They are
distinguished from other protists by their zoospores which bear two
unequal flagella, one pointed forward and the other backward.

e The reddish colour of the algae is due to red accessory pigment
called phycoerythrin which masks the green colour of chlorophyll.

e Chlorophyta show many similarities to land plants; they store food
as starch, cell wall is made up of cellulose and possess similar
chloroplast structure containing chlorophylls a and b. Because of

these similarities that chlorophyta are considered ancestors of
plants.

* Choanoflagellide are most likely the common ancestor of the

sponges and all animals. They include three groups i.e. Amoebas,
Forminaifera and Plasmodial slime molds. '

* Algae are the protista which play the most beneficial role for

humans.
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EXERCISE

o |
A. ~ Choose the correct option of each statement and encircle it. ;
1. The protist which lives in the gut of termites and digests wood belongsto the
~_ group:
~a. Euglenozoa b. Kinetoplastid
c.  Stramenopila d. Rhodophyta
2: Which of the following is the infective stage of malarial parasite?
a. Merozoite b. Sprorzite
Ci Oocyst d.  Ookinite
3 Plasmodium of slime molds contains:
a.  Onehaploid nucleus b. Two diploid nuclei
c. Many haploid nuclei d. Many diploid nuclei
4. Symptoms of malaria appear when: o
a. Gametesareproduced "'b: = Is burst
c.  Sporoazoites enter the liver = _ : %
Y Presence of air bladder is associated w1th which of the followmg orgamsm‘? —
a. Paramecium b. Euglena
C. Volvox d. Kelps
6. In nuclear mitosis of fungi, the nuclear membrane:
a. dissolves b. remains intact
o7 shrinks d. fuses with genetical material
7 Dikaryon is a cell in fungi containing:
a. onediploid nucleus b. Twodiploid nuclei
C. Onehaploidandonediploidnucle d. Two haploid nuclei
8. Mitochon fria most likely evolved by:
a. Photosynthetic cyanobacterium b. Cytoskeletal elements
¢. Endosymbiosis d. Membrane proliferation
9. The closest relative of fungi are probably: |
a. Slimemolds b. mosses
c. Greenalgae d. Animals . :
10.  What term describes the close association of a fungus with the root ofa lree? i
a. Rhizoid b. Llichen |
¢. Mycorrhiza d. Endophyte
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spOI‘CS?

a. Chytridiomycota b. Basidiomycota

c. Glomeromycota d.Ascomycota :
A Write short answers of the following questions. :

MDCAT BY FUTURE DOCTORS

Members of which phylum produce a club shaped structure that contams

What were the consequences of cells undergomg the process of
endosymbiosis?

What do you understand by red tides? e
Why asexual reproduction is critical for the survival of fungi?
Why fungi are considered a threat for crops? SR
Discuss the role of algae in maintaining the oxygen balance in the biosphere. i
What do you understand by symbiosis?

How will you justify the name scavengers given to fungi?
Discuss the medicinal importance of claviceps purpurea.
Discuss the economic importance of yeast.

Write answers of the following questions in detail.
Describe the salient features of class ascomycota.

Discuss the general characteristics of fungi.

Given an account of the class basidiomycota.

Discuss the beneficial aspect of fungi.

Gwenanaccountof humanandammals diseases caused by fung1
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Dlver5|ty Among
Plants

: t thf‘fof this chapterithe studends will be able to:

: m%e the general characteristics of bryophytes
« Outline the life cycle of moss.

EET | scnbe the general charactenstlcs of vascular plants'

= List the characters of seedless vascular plants with examples of whisk ferns,
i club mosses, horsetails and ferns.

ie

ﬁgi,f?'ﬁip]ain the evolution of leaf in vascular plants.
. Outhne the life cycle of ferns.
ser | ,-_f vascular plants as successful land plants,

. Summanze the1i umportance of seedless vascular plants.
Descnbc the evolution ofseed.
. Descnbe fae general characte sﬁcs anduses of gymnosperms

T i
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I N R
ptroduction - A e S 2
Virtually all other living creatures depend on plants w survive. Plants 2ez found

on land, in oceans, and in fresh water. They have been on Earth for millions of years. In

order to study the billions of different organisms living on earth, biclogists kzve sored =

and classified them based on their similaritics and differences. All plants are mciuded = - dE

one kingdom (Kingdom Plantae), which is then further divided mto smalier devisions :

based on several characteristics, The majority of the plant specics are flowerimg berbs.

Some are non vascular and other are vascular based on the presence and abseace of |

conducting tissues. Still there is a group of plants that reproducss from spores s rather : i

than seeds, and the other that reproduces from seeds. Indeed this dversiy of plamts isof 2T

great importance and invites careful study. ' 1

8.1. Evolutionary Origin of Plants o
Since the origin of life on earth, varicus organisms have svolved 2nod domingsed "

the earth at different times. The fossil records of different orgznisms show the tme

period on the geological time scale when they were present zbundantly on carth The

discovery of the three billion years old bacteriz by Barghoon 2nd Schopt confirmed

that life even existed before that and is not younger than the origin of the earth itself.
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rough theu fution. The dcwcndam l;mpul.umm have a mqemblance with
SnCcosIons I many respects as well as their immediate descendants in a cer

Phylenc lineage provides a link between the present day organisms w
TOIROS PEST SNCSSTOTS T ~c link has been established on the basis of the fossil re

doh piants and animals as well as bactena. Today almost two million specles
ECENISNS IR :i:‘_':‘.‘;"_ and about 0.5 million plant QPECICS have been 1dent1ﬁ 1D
D:0:057ss whure stuli 2 large number is left unidentified. e

5.1.2 Diagnostic Features of Plants %
Some of the distinctive characteristics of plants are as fallows*

e Higherplants possess. independent sporophytes, which may be
hﬁhs(;gm:‘. ¢ members are trees, while shrubs and erbs

s.ﬁ’:'ﬁ‘ﬁﬁ‘.‘i\ 91 more ad\. anced)

gi545

e "Thea'odlsmmrmﬁﬂedbyﬁrmcell-wallsmadeof cellulose.

813 Evoluﬁon of Alternation of Generations

oompataﬁvc study of the life-cycles of various plant' g ,
- tendmmemlatwc development ofthml
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In higher cryptogams, e.g., Lycopodium, Selaginel

gwnnnSPCfm-“' and angiosperms, the relative dcvclog’meniaégg::xg pmm >
eVerse of that as dcsc_rlbed abpve. The sporophyte is more prominengt, smwt;.n::llls
complex and autotrophic, contains chlorophyll and is differentiated into root, smang
leaves, traversed by vasgular bundles, while the gametophyte is smaller and v
simple in structure. T_he clln.:lax of this expansion of the sporophyte and reduction of?hi
,ametophytc 18 evu!ent in angiosperms, where the sporophyte is a complex
independent plant while the gametophytes are tiny, microscopic structures, devoid of
chlorophyll and totally dependent nutritionally upon the sporbphytc,. Another
conspicuous feature-is the presence of vascular tissues only in the sporophyte; the
gametophytic generation in no case being provided with a vascular tissue. -

8.2 Non-Vascular Plants

8.2.1 General Characteristics of Bryophytes

The phylum Bryophyta include Musci - Mosses, Hepaticae - liverworts,
Anthocerotae - hornworts as classes. Bryophytes are the first plants which migrated to
land Bryophytes comprise the small and simplest non flowering land plants which
usually occur in moist shady places, rocks, walls and bank of rivers etc. They are non
vascular plants. Thus the transportation of food, water and minerals occurs by
diffusion. The plant - body is green branched thallus, lacking true roofs, stems or
leaves, but posse