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peroxisomes and glyoxisom

«  State the structure and functions of the cs in

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

lysosomes.
» Explain the external and inte

withits function. .
« Explain the external and internal structure of chloroplast and nterii

mal structure of mitochondrion and interlink 1t

nk 1t

with its function.
«  Describe the structure, composition and functions of centriole.
fcytoskeleton.

Describe the types, structure, composition and functions 0
Explain the structure of cilia and flagella and the mechanisms of their

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

« Compare the chemical composition of nucleoplasm with that of cytoplasm.
Explain that nucleoli are 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 wallin a 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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|n(roductinu
One of the most important concepts in biology is that the basic unit of

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

Stmc » "R Sa'm
carry out all activities of life. Cells are the building blocks of complex mulliccllulﬁr
orgnmsm. : ila
The modern theory of cellular rﬁdb" )
organiznlion states that, _ | L
|, All living organisms arc composed The oldest accurately dated life form
of one or many cells. a microorganism, I-,’ubaclcrlll"’
e cells arise from by the isolatum which dated back 350
division of pre existing cells. ) Lllll"iun_\'c;u.\ )
3. Cells contain the hereditary
material of an organism which is passed from parent 1o daughter cells.

4 All metabolic processes take place within cells
.1 Techniquesusedin Cell Biolog)
Microscopy makes a very valuable contribut
However, techniques are also needed if the functions of organelles are to be studied.
Various techniques have been used for isolating and examining various cell
components. Of these, differential staining, centrifugation, tissuc culture,
chromatography, electrophoresis ctc are the most common techniques. The
examination of a cell and its component depends upon the magnification pOWers of
two convex lenses to produce a ma gnified image ofa very small object.

ion to our understanding ofce.llS.

Table 1.1 Magnification of the Microscope

Objcctivm; o _l?yc picce lens | Magnification of
. | object
x 10 Tﬁr ’ | x 60
[x 40 [RBi e | x 240
[ x 10 ’-‘_\E_lﬂ e leOO
x 40 | X 10 = l x 400

1.1.1 Resolution versus magnification of microscope
The biologists who study cells, use different devices and precise techniques in
descriptions of cells and their parts. Their most

their efforts to develop exact ¢ ) _
important tool is the compound light microscope. Itis very useful but itis limited by

the nature of the energy it uses 1. light. The limitation of any microscope defined as

resolving power; the ability 10
another.

distinguish close objects as being separate from one




[ution power 1s about

s 250nm. This reso |
an differentiate berween tWO points

The resolving power of light microscopes i

500X is that of naked cye. The human naked eye¢ 1 IWO p
atleast 1.0mm apart, Different light microscopes have been developed with different
resolution and magnification powers. Magnification is a m of increasing the

With a light microscope

apparent size of the object being viewed toa reasonable size. o
a specimen could quite ¢ ch as 1000 to 2000 times.

asily be magnified by as much ;
Fortunately, we are not dependent only lving powers of the light

on the reso
' - : TEM
microscope. We now have the Transmission Electron Microscope (':' fn,:gv:g;n "‘w
can magnify an object upto 1,000,000 ( | million) MES- O";.rccc:siona] imagc’s of
Scanning Electron Microscope (SEM) has produce three dime

whole objects.
1.1.2 Staining : of
Most biological stru rent so that some techniques
obtaining contrast between ; : specimen
common method is staining. It is a process of trealing a : o
: e
under the microscope with a reagent of dye. This makes certain structurci v\':rlxbiln
without affecting others. ins used 1n lugl)t microscopy are s own
table 1.2. Certain stains when used in low concentration are pon-toxtc to lmqg
tissues and can therefore be used on living materials. Two stains may .bc used n
which the first stain is called principal stain and the second as counter stain. Counter
stain is stain of a contrasting color used to color the components 1n a MICroscopic
specimen that are nol made visible by the principal stain. These stains arc called vital
stains. For example, met

hylenc bluc and neutral red. Two stains may be used in
which the second 1s called cou
Table 1.2 Profile of Permanent Stains

ctures are transpa

nter stain.

Stains [ Final Colour Suitable for
['i. Aniline blue | Blue Fungal hyphae & Spores b
['ii, Borax carmine Pink Nuclei, Obelia colony |
' iii. Eosin Pink / Red Cytoplasm / Cellulose = |
| Red / Purple DNA (particularly during cell

iv. Feulgen's stain
division) 1.e. chromosomes

Red / Pink / Blue Blood cells

vg': Methylene blue Blue Nuclei |
vii. Safranin Red/ Purple Nuclei, lignin & plant tissucs’_:‘

Table: 1.3 Profile of Temporary Stains

v. Leishman's stain

Final Colour Suitable for |

Yellow Lignin et

_ | Blue-black Starch |
e fQ!_lO\y / Blue / Lignin, Cutin, Protein. / Starch/ |
1 Blue or Violet Cellulose N




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

Dividing the cell into its parts or fractions s called cell fractionation. It 18
done in a centrifuge and the process is called centri fugation. Cell fractionation can
isolate various components of cells including organelles according to their
particular size and density. This process is accomp

complished in the following manner.
o The first step is grinding up the tissue in a |

concentration to forma homogenate, which is

s stan differently by different
a mleﬂSC()lw,

Iquid medium of proper osmotic
then put in a centrifuge and spun.

[nitially it is spun at a relatively slow rate to separate out the larger, heavier
part of the homogenate, such as any remaining whole cells and the nuclel.

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

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

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

‘ |§
— - -,-.\
|y 7y

LR ‘ ™
Differential centrifugation _ R

Homogenization

g 1.1 Cell fractionation technigue.
L4 Tissue Culture Fig e

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



sections a listorapparatus and main steps of tissue culture are given:

A, Tissue Culture Apparatus
o Cell culture hood (i.c., laminar-flow hood or biosafety cabinet)
Incubator (humid CO, incubator recommended)
Water bath
Centrifuge
Refrigerator and freezer (-20°C)
Cell counter
Inverted microscope
Liquid nitrogen ( N. ) freezer or cryostorage container
Sterilizer (i.¢., autoclave)

p steps in tissue culture

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

. 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 variety within a species has particular
medium requirements that must be established by trail and error.
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.

The callus may be subdivided anumber of times.

The shoots are transferred to a growth medium with relatively higher auxins,
in ratios which results in the formation of roots,

re deflasked and hardencd off by gradually decreasing the
his is necessary as many young tissue culture plants have no
Rmvcmwalcrloss.

separating one type of molecule from others.
lly as a liquid or a gas, over astationary phase

'R

paration may depend on a range of chemical
ey,

M{as_solubility and molecular mass.
wrrying out the separation.

mthetic pigments, sugar or amin?

ip and then dipped into 3

1i¢8
0k




ific yent which moves
;’:;ocﬂlcs with it- Similarly. a lh(ill:rl(') ugh the paper b
b Colllmn (..hrﬂl“iﬂﬂ":rup'“ ‘l},cr‘,'.ﬁilit;’ man "; ("’p’“.lf? action carryin the
[t 1S more commonly used e Y be used instead of paper. £
rting matrix held inugl.:\.:“d whiok ovolves :
ass ormetal tube ves the mobrle phase flowing

ctrophoresis

1.6 Ele
jtisa technique used
. to separate
Under the parate molecules of diff l harg
erent electrical charge:
harged 1008

ce of different electric:
Bl move m'\:;lrﬁul ficld, negatively and p
§a AN v and positively €
node (+) and cathode (-) r“"l‘cc\(:\lvil; g

(Molecules)
¢ d with which¢
hich charged molecules move toward lectrod
¢ towards an electro C.
wement & vIce versa)

aﬂcCtth
cam ¢
Th ount of charge (greater charge, faster me
- movement & Vice versa)

1)
") The s‘zc omeICCUICS(Snlullcr nIUICCUlC\ fuste
|.|-7 ’?.hCC'roph()l()nu'lc[ \ , uslc
is techni S
que 1s used to measure the change m percentage lrnnsmlssion of
" amino acids by

(Op!ical density) of the sus
the optical density. The detert nation ol
fic light absorphi©

eric analysis 1S based upon spectiic
rphion exhibited D

light

proportional to
n, Such analysis
y their color

photomel
of the amin® acid generally depends upon abs¢
derivatives.
'0108 MiCTOdissct‘liun
It refers 10 @ variety of techniques 1 ™ hich microscope is used 10 aid the
process of dissection cells or It organelles. Different kinds of techniques involve
microdissection:
. Chromoson]e miCT()(“SSCC“U" se of hine glllSS needle under 8
microscopc to remove a poninn froma complete chromosome
o Laser micro dissection yse of 8 Jaser through a microscope 10 dissect
selected cells . .
e 1 capture mic Odjssccliun : use ot 8 laser through @ microscope 10
cause sdectcd cells o adhere 104 fili
17¢ with the micumnpt)
(¢ ace ment of the real
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you 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

each magnification.
it

Eyepiece reticles and sgaFc micrometers
Overlaping reticle
and micrometer scales

0.0

Slide —=
Eyepiece -
(ocular) a1
0.2
0.3

0.4

W 3 NN W N ~-DO

= Stage
0.5 micrometer

Fig 1.2 Stage & ocular micrometer

1.3 Cell Walland 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
s of neighboring cells are held together by an intercellular substance called

* middle lamella.
- Cell wall varies greatly in morphology and chemical composition but its
p cs have a close relation with the age and function of the cell on the basis
ppment and structure.

e

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

| D) Nitrocellulose (Explosives)

ary | 2) Rayan (Textile fiber)

| 3) Cellophane (Partially permeable membrane)
|#) Plasticsincluding celluloid's & cinematography




The cell walls have three fundamental parts namely i) Middle lamella i) PAmary
wall ii1) Secondary wall. ¥ el ‘ :

Middle lamella cements together the walls of the neighboring cells. 1t 18
usually thin and about I pm in thickness. In woody tissues the middle lamella is
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 development. Itis
laid down inside the primary wall. Its thickness is about $-10 pm, 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 modern 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 membrane by electron microscope. This model
explains that “the membrane is like a sca of lipids in which protein are floating”.

a. Role of Proteins
The proteins are not arranged in sheet but as globes 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.



b. Role of Glycolipids and
Lipids, proteins
diversity of the membranes. L
pcgmcablc barmier that allows |

and

vents ionic materials. Membrane proteins on

pcrmcablc barrier that select
materials according to cell’s need. If
concentration 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
proteins also called as “permeases”
regulate diffusion, osmosis and
active transport of ionic materials.

;\“

Glycoprotein
carbohydrates

ipid bilayer makes th
he transport of non-pol

are responsible for functional
¢ membrane differentially
ar materials across it and

the other hand makes it sclectively

(your Informne
ments towards Fluid

embrane
Two layers of lipid

Chronological develop
Mosalc Model of Plasma M
« Gorter & Grendel 1925:

molecules only
+ J F Danielle & Davson 1935:-Lipid bilayer is

covered with proteins & protein pores
« Robertson 1959:-Unit membrane model
e S)Singer &GL Nicholson 1972: - Fluid

mosaic model

_J

Integral (intrinsic)

ohydr:

: ;plnocytosls (drinking of the cell). Thus

Hydrophilic (polar) head
of phospholipid
Hydrophobic

phospholipid

Penpheral (extrinsic)

Proteins brotein

"’ ; : Fig: 1.4 Fluid mosaic Model

&lmplds and glycoproteins provide receptor
g ot uli like Hormone Receptor Sites (HRS).
nition of antigen and food materials thus inform the

ates are also responsible for Endocytosis 1.¢.
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-

fatty acid tail of
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Cytoplasm

~.-° h"i“S contents of cukur,\'nm cells are divided into nucleus and
S, the two together forming the protoplasm

Piash ~Yioplasm is aqueous (water
ntaIning) substance containing 4 —
iety of cell organclles and other Lysossme
L such as il\SO'Ublc wasles and Pl oo

R€ products.

The soluble part of the cytoplasm §\ 4 endoplastnis
%ms the ground substance between the a §
Alorganelles and is called cytosol. It is |
Ormed of about 90% water and forms a
Mution which contains all the
'daments biochemicals of life. In
molecules and ions may

Secrebry vescles  Cywoplasen

, ’ tep u‘)_ .

- : > of vital chemicals, the gr'ound'

from acting as Szl:g"‘c pathways, such as glycolysis, In living cells
Sileofceﬂ:els‘:':l cell organcllcs such as cmlioplasmu: reticulum,
Qqnlémel::mplcx. nuclclfs- Pl:“":"l‘:‘?; ::?vsc{ I abo:n’in thml ps "“"1 G:‘:
M-.‘. o the cytOS°| mitocho :,»..-\I
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Jasmic streaming movements. This is an active mass movement of cytoplasm
wluch is called cyclosis.

Nucleus Nucleolus
Chromaty

mitochondria
Vacuole
Chloroplast

Nuclear po
Nuclear envelope

Ribosomes

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

Fig: 1.6 Plant cell

. Cytoplasmic Organelles
A ,, ndoplasmlc Reticulum
- Under the electron microscope a net work of channels is seen running
th rj:fr?&, the cytoplasm of all the cukaryotic cells. These channels are often
CH """"4 1s with plasma membrane and also appear to be in contact with the nuclear
brane. The whole system of channels is said to be endoplasmic reticulum.
branes vary widely in
,'» f om cell to cell. These Nuclear envelope
§ are separated from the
,matenals by the
or tubular membranes one
the r.fa. , called cisternae
e are two morphological
o1 endog. ,' mic reticulum;
rm with at bed ribosome

Nucleus

Rough endoplasmic
reticulum

Smooth endoplasmic
reticulum

£ “‘ el 8Ynthwls Fig 1.7 Endoplasmic reticulum
er stored ln the cytoplasm or exported out of the cell through h

T
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Ribosomes amt {
: died b ';hcl:s(ci are uny Cc." organclles, about 20 nm in diameter and Were first
¥Rn ade (1955). Eukaryotic ribosomes are composed of almost equal

' qum of RNA (ribonucleic acid) and protein, hence they are ribonuclcoprotcin

icles.
The RNA present in

_ribosomes is ribosomal-RNA.
ibosomes exist in two forms; either @Smﬂ subunits
- freely dispersed in the cytosol or )

attached with RER as tiny granules

and are the site of protein synthesis.
' »e'kibosomes are synthesized 1n XD 1.0 sobaii
nucleolus of the nucleus. An example

e——

¢ of protein synthcsizcd by free
ribosomes 1§ Haemoglobin in youns T
RBCs. Each ribosome consists of two Rl Josomes
. subunits; one large and one small as
shownin fig 1.8. - ' .
Sedimentation has revealed Due to small size ribosomes are the last
organclle to be sedimented in a

two basic s of ribosomes called : g
type CS 30S(60S anfl centrifuge requiring a force of 150,000

70 (50Sand 30S) _ :
'403)(ribosomcs (§ = Svedberg unit “m:‘ gravity for 3 hours. Chloroplast
used in ultraccmrifugation). The 70S :igoso'::;’chonqﬂa c?nl.ins 708
ribosomes are found In prokaryotes \ s . showing their prokaryotic

while slightly larg

The two subunits on a}lpchmcnl with
each other require Mg 1
ribosomal units. A group 0

L P —




Golgi apparatus (Dictyosomes)
The Golgi apparatus was
discovered by Camillo Golgi in 1898,
using special staining techniques. This
tus which was found virtually in |
-all eukaryotes consists of stacks of |
flattened, membranc bounded sacs
called cisternac. These cisternae
together with associated vesicles are |
called Golgi-complex. It is a complex |
system of interconnected tubules

around the central stack.

The Golgi complex consists of |
units called dictyosomes. Each S W :
dictyosome is formc):'d of bundles of g LY S Appe
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

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
andglycohplds Secretory vesicles produced by the Golgi apparatus may play an

importantrole inadding surface area to the plasma membrane.
iv.  Lysosomes
Lysosomes (lyso—splitting; soma — body) are cytoplasmic organelles found

iii.

and in the

e

nlrmoateukm'yotes and are different from others cytoplasmic organelles due to their
logy. These were isolated as separate components for the first time by De

D;ﬁvel{l 5949 They are surrounded by a single membrane and are simple sacs thal
A lll’gevanetyof food digesting enzymes called hydrolases. Any foreign
: qntry with in the cell are immediately engulfed by the lysosomes

ken down into digestible pieces. This process is known as
are very abundant in those animal cells which exhibit

8 QQMpMIS.
’bounded by single membrane and contain numerous

10sphatase enzymes. These enzymes are synthesized on RER
in the Golgi apparatus. The processed enzymes are buddc d

€S and are called primary lysosomes. These contain those




es which can digest the
o l-\ - v o i d pelio r
OC)'IOSCd food pamclcs. :‘":!l'l?t;:mc : e 7,
A

During ﬂu[ophagy (SCI ' food vacuole UW
ing) some / : 4 gulfing
eating) old worn out parts engulfimen ¥ » amaged
" of the cell are also digested. In o pprics s --‘x‘; 7 organelle
this way, matenals of cell may £ '
3 - 1) ’ 1.4
be recycled and cell may be 1= 57 ”p,"’,,,m,
5 f transpott vesicle g = —~
mcwed. Their enzymes can e (contaimng it et ‘)«’
: b active hydrolytg 5
also result in degeneration of foodl\ 25ve bydrolys 3 Pr
cell, as may occur dunng the : - /)Lf;,
e
developmental processes. . 9
— ”
—r , rough ER

a. Malfunctioning of Lysosomes ys050mes
Several congenital discases have been found to be due to accumulation of

substances such as glycogen or various lipids within the cell These arc also called
storage diseases 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
ar filled with glycogen with in membrane bound organelles. In this discase, an
hat converts glycogen 10 glucose, is absent. Similarly Tay-Sach's discase
is involved in the catabolism of lipids. Accumulation of lipids in brain cells lead to

mental retardation and even death,

Peroxisomes and (_;I}'l)\iSlblllt‘\
The peroxisomes are small sub-cellular bodies approximately 0.5um in

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

appe
enzyme t

V.

Plasma
Membrane

Urte Oxidase

crystalline v




g plants and animals which are also called microbodies. In animals they are
R n liver and kidney cells. They are similar to lysosomes, but they are

jore dense and have different enzyme systems. For example, the enzymes
es are known to break :
n peroxide into oxygen

otecting cells from its
s. In the leaves of green

Glyoxisomes only present during a
short period in the germination of the

piration may occur in

3 lipid rich seed (castor oil seed) and is
xisomes are present only absentin lipid poor seed such as pea.
It contains a number of \
luding glycolic acid
talase .These organelles are most abundant in plant seedlings. The
y of the glyoxisomes is the conversion of fatty acids to carbohydrates.
, Ehas soyabeens, glyoxisomes provide sites for the breakdown of
elles are absent in seeds poor in lipid.
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g;uj bodies anq centripleg
‘microfilaments, Where a¢ mt
cell shape and inte
a. Microtubules

These are long,
important function i
the spindle structures g,
b. Microfilaments

c. Intermediate filaments
They have d
They help in maintaj
vii. Centrioles
Animal cells, ce
example mosses, liverw

(about 0.3-0.5 um long & abo

yclosis ang amoch

1ediate ﬁlamcms

gration of Cellular ¢

2 unbranchcd slende
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lls of some microscopic org

| orts ete, contain two
centrioles located near the surface of the nucle

o1d Movements

; are b
are involye ccauses

Omponents. din determination of

I tubulin

; _ Protein structyre
irrole in the 7

s. One very
assembly and di

sassembly of

up of contractile actin
a membrane They are involved in

hose of microtubules and microfilaments.

anmisms and lower plants for

us. These are small hollow cylinders

ut 0.2 um in diameter) that oceur in pair.

In cross section each centriole consists of cylindrical array of nine
microtubules. However each of the nine microtubules is further composed of three

tubules (fig 1.13).

The two centrioles are
usually placed at right angle to
each other. Just bcforc_: cell
division, its centrioles
duplicate and one¢ pz}c;f
migrates to the opposite sidc
of the nucleus. The spindle
fibers formation takes place
by using centrioles as MTOEs
(microtubule orgu_m‘z.llhg
center) located oulsxfk e
nucleus. They are :dbb-c*mla
higher plants. Centrioles plhz
an important role |(l1‘uring
location of 'fu;m;:?lgin e

1V1S10
(t:‘(frli:\a(tii'o\:x of ciliaand flagella.

centriole pair

microtubule
triplet

Fig 1.13 Centrioles
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- Although cilia and flagella are [ 1 mHeh o 0 1ants, cells seem ol

ume they were given different . / :
e be,forcythclr stgruclures were | 2 8an1ze microtubules at sites
oA ically, cells possess one or distributed all around the nuclear
n; ﬂlgcllu whereds ciliated cells | aVsiope: However, Laey do use the

special tubulin (gamma tubulin) to

" have many short cilia. For example, the
Wﬁﬂ spermatozoon has a single nucleate microtubules, just like the
X Jlum, the unicellular green alga centrioles do in animal cells. 5

" nas has two flagella, and
ugicellular protozoan Paramecium is covered with a few thousand cilia. Ciliary
ar beating is characterized by a series of bends, originating at the base of

\ "sﬁucmrc and propagated toward the tip. Virtually all eukaryotic cilia and
¢ a are remarkably similar in their organization, possessing a central bundle of
nllctohlblﬂ&s called the axoneme, in which nine outer doublet microtubules
mn'ound a central pair of singlet microtubules. The bundle of microtubules

compnsmg the axoneme is surrounded by the plasma membrane.

uter
Microtubule C entral
: Microtubule
. _(Axoncmc)

."' (he cytoplasm of all eukaryotic cells,
h as mature RBCs, they may be absent. They
001 in 1850, They are known as the power
n microscope, mitochondria appear (0 be
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Although their number, shape and internal structure vary widely, 8 X
ion is bounded by two membranes, the outer one is smooth, while the =
ser membranes form infolding into the inner chamber called mitochondnal —
atrix. These in folds are called cristac (sing: crista). The membranes have the : pr
emical nature as that of ccll membrane. The presence of ribosomes and DNA
side mitochondria indicate that some proteins are synthesized in it, soitis a self . -3‘5\,
plicating organelle.

Mitochandrial DNA
Ribosome " 2

Matrs  Inner \)\ﬂﬂ’

Membrane /Mcmhranc

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 mnorganic 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 organclles found only in plant cells.
T;me are three main types of plastids: ~ a) Chloroplasts
Cc

. b) Chromoplasts
Leucoplasts
i il

~ In photosynthetic plant cells, these are membrane bounded structures

containing a 1 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 um.

Under electron microscope they appear to be heterogeneous structures with small

granules known as grana embedded in the matrix. Chloroplast shows three main
tomponents, the envelope, stroma and the thylakoid (fig 1.16). The envelope is
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fi!!“ 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.

Cuticle
Epidermis
Palisade cell

— Chloroplast

Nucleus

Vacuole
Cell Wall

Outer Membrane
Inner Membrane
Thylakoid
Stroma

Fig 1.16 Location and structure of Chloroplast

1ds are the flattened vesicles which arrange themselves to form

ISR A i 1 appears to be a pile of thylakoids stacked on each other like coins.

3 J_'.% lre 50 ormore thylakoid piled to form one granum. On the layers of

_ dllONphyll tpoleculcs are arranged and that is why granum appears

€0 granum s inter-connected with other by the non green part called
lasts are also selfreplicating organelle like mitochondria.

0 impart colour to the plant parts other than green. They are
SRl f the flower and in the ripened fruits. They help in pollination

)

lasts a T:Qolorless.’l‘hcyarc triangular, tubul
IStsare » lubular or of some other shape.
*oUndin the underground parts of the plants and store food.

» .; N, ', v
eofcell nucleus was reported in 1838 by Robert Brown. Its carly



~ discovery was due to its prominence in many cells, where it stands out as sHg

darker than the surrounding cytoplasm. They are typically about 10 um in di ametet
Itis one of the most important organelle because it controls all the m aL

- activities and has the genetic information in the form of chromosomes and

‘They may be irregular or spherical in

- shape.

'l 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

- tobe multi-nucleate.

Parts of Nucleus: Nucleus consists of |

the following parts: S

a. Nuclearmembrane
b. Nucleolus

Chromatin

envelope

c. Nucleoplasm Y
d. Chromosomes
‘a. Nuclear membrane Fig: 1.17 Parts of a nucleus ; '
The outer membrane of the nucleus is the nuclear membrane which separates b
the nucleus from the cytoplasm (eukaryotic cells). The nuclear membrane is actually YB

the nuclear envelop, composed of two membranes. The outer membrane is
continuous with the endoplasmic reticulum (RER), while the inner membrane 5
“encloses the nuclear contents. These membranes are not c ntinuous, leaving certain
' pores at points, the nuclear pores. Nuclear pores allow the exchange of materials
“between the nucleus and the cytoplasm.

~ b. Nucleolus
B It is darkly stained body within the nucleus and is without any membranous
L.;boundary to separate it from the rest of nuclear material. There may be one or more

‘nucleoli in the nucleus. The rRNA (ribosomal RNA) is synthesized and stored inthe
nucleolus. It is composed of two regions; the peripheral granular area COmORLSE
precursor of ribosomal subunits, and the central fibrillar area consisting of large
- molecular weight RNA and rDNA.

€. Nucleoplasm ‘ | .

The nucleoplasm is a colloidal mixture of organic and inorganic salts and
ns. It serves as a matrix in which nucleoprotein complex (chromatin) is suspended.
Italso serves as storage place for enzymes, raw material needed for DNA replication
and synthesis of RNA.
d. Chromosomes . e :

During cell division chromatin material is stained as dark thread like

'
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dircctly submerged in the cytoplasm. Prokaryotes include bacteria and blue gree”
algae, while cukaryotes include all other unicellular or multicellular organisms such

as protists (amoeba, paramecium, and Ti!ﬂi e
cuglena etc), animals, plants and fungi. —
Detailed studies show that Undifferentiated cells such as €28

prokaryotic cells generally lack many of have about 30,000 pores per m'c‘el‘i‘s
the membrane bounded structures where as _differentiated ce
: ; : (erythrocytes) have only 3 to 4 pores
which are present in eukaryotic cells. | pernucleus.
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 1t
%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
< o'ng 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 asa 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.

_ The cell wall of bacteria has murein (as mentioned earlier), it is rigid
st J_‘and ermines the shape of the bacterium. It also protects the cells from
,)‘1/ erial cell unlike eukaryotic organisms lacks discrete
chromosome and nuclear membrane. The nuclear material (DNA) in bacterial cells
OCCUpIES a pos

ior ;.t_o, the center of the cell. This matenial is a single, circular
and double stranded DN A molecule. Kic

Bacteria only have ribosomes, composed of RNA an (oo rrdh I
; g posed o A and proteins. There are
thousands of ribosomes in each healthy growing cell. Sexual reproduction

bacteria involves the exchange of DNA. This process occurs in three different wa;i g

in
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EXERCISE 2

pse the correct answers in the following questions.

@fthe following is best suited stain in order to study chromosomes?
a.  lodinesolution b. Leishman's stain
[ t, rl’_c,\llgeu s stain d. Aniline blue

.’~ o veugen'or'Dlgcstwebngs ofacellare .

- chromosomes b. centrosomes
lysosomes d. ribosomes

[ wi ing are the functions of cytoskeleton EXCEPT:

~ Maintaining cell shape b. Movement
Contraction d. Respiration

[den ify the mismatch in the following pairs:

{ SR ‘Mitochondria - cellular respiration
b.“ ) .srLymome- intra cellular digestion
x_Mlct?ﬁlmenl - cyclosis
Glyoxisome- deamination

ominen écﬂomneﬂeofahacmdoellomeﬂhmDNA is:
Mesosome b.  Ribosome




9. The organgllé which is absent in animals cell:
a. Plastids b. Centriole
c. Lysomes d. Nucleolus

10. Thespecial proteins which carry lipid —insoluble large molecules through pores
of plasma membrane are called :

a. Permeases b. Catalases ‘.

c. Arginases d. Amylases ' "1;' 2
11. Themembrane enclosed spaces of endoplasmic reticulum are called: Fia

a. Lamellae b. Cisternae

c. 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. Listfourmain 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.
Cell is 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 v s




C. Write the answers of the following questions.

. Differentiate between a prokaryotic and eukaryotic cell.

_.Ducnbe the fluid mosaic model of plasma membrane.

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

~ Explain critically the role of lysosomes in human body.

‘Wme anote on cytoskeleton.

W do you mean by tissue culture? What are t

rocess of tissue culture?

fo the cell organelles work together to keep us alive.
bdw the structure of specialized animal cells is

he main steps involved in

related to their

1 mosaic modelofplumnmembnne -

naterial of your choice and measure the size of its cells by micrometry.
sare in tabular form, the functions of organelles with the processes
inlnnmlsandplantsonachaﬂandsharextmthcclass




able to
* Introduce biochcmisl

Ty and describe (he approximate chemical composition of
protoplasm,

* Distinguish carbohydrates. proteins, lipids and nucleic acids as the four
fundamenta| kinds of biologicy| molecules.

* Describe ang draw sketches of the dehydration-synthesis and hydrolysis
reactions for the making and breaking of macromolecule 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 of ice) 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 stereoisomers of glucose

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

* Distinguish the properues and roles of polysaccharides '.md relate them with the
molecular structures of starch. glycogen, cellulose and chitin,

B jusm‘y that the laboratory-manufactured swcctfucxs are "Icft-hnndcd" Sugars
and cannot be metabolized by the “nght-handed cuzymc.s.

*  Define proteins and amino acids and flm\\ .1hc alrfxclut.ul tormula of amingo acid,
Outline the synthesis and breakage of I‘CPWC l"“\*"ll.t_‘*-‘ | »

*  Justify the significance of the sequence of amino acids through the EXample of
i moglobin. |

. 2::];:; ;::::cjng as globular and fibrous proteins.

.

Listexamples and the roles of structural and functional proteins,
Define lipids and describe the properties

1C slesiof acylglycero)s,
Phospholipids, terpenes and waxes,




Introduction

All material things in this world

clements are composed of atoms. The atoms.are joined together forming molecules
and compounds. The bodics of living organisms arc made up of sofic of these
chemical elements. The most common elements in the bodies of lwing organisms are
carbon, hydrogen, nitrogen, oxygen, phosphorus and sulphur. Of these, carbon,
hydrogen agd OXYygen constitute about 95%, of human body by weight. Other elements
are present in small proportion. Biochemistry is the science of biology that deals with
the structure, composition and function of molecule

he . : s that are present in the bodies of
living organisms and chemical processes occurring iy

1 them.
The bonding of hydrogen, Oxygen, nitrogen and other atoms to carbon atom

fonns 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
different compounds present inside it

arc made up of chemical clements. These

percent composition of

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

Contents Bacterial Cell Mammalian Cel)

Water 70 70
Proteins 15 18
Carbohydrates 3 4

Lipids 2 3

DNA I 0.25

RNA 6 1.1
Enzymes, Hormones etc 2 2
Inorganic lons elc | |

o



4 B’

‘ﬂ?’ Fundamental Biological Molecules
- ’;”.“»- There are four types of fundamental biological molecules present
toplasm. These are carbohydrates, proteins, lipids and nucleic acids.

es arc distinguished from one another on the basis of their chemical structures,
osition and functions.
~ The organic molecules in living things such as fatty acids, amino acids, and
drates 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.

~Inorganic 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

anic salts are present in small quantities but they are important for most

sl Ly

‘brochemical functions.
iﬁﬂ@l‘lﬁbndensmon
~ Large organic molecules are called macromolecules or polymers. These are
£ @nnedof panlcular types of small organic molecules or subunits called monomers.
- Two monomers join together when a hydroxyl group (OH) is removed from one
romer and a hydrogen (H) is removed from another. This is called condensation

delgxdratmn) In the process water molecule is removed e.g.

.'f

1ino acids join together to form a molecule called a dipeptide. The OH from

Ay oo

1 group of one amino acid combines with a hydrogen atom from the amine
e other amino acid to produce water (blue) in the equation below.

]

HRH O

H




2.1.2 Hyvdrolysis (Hydro-water; Ivsis-splitting)

o hP(()llryx’nct:s (mgcromolcculcs) are broken down into monomers by @ proces®
ca ydrolysis. It is the reverse of condensation. In this process hydroxyl groupP
glo;x;d \;at::o attgchcs to one monomer and a hydrogen attaches to the other. This 15

ydrolysis reaction because water (hydro) is used to break (lyse) a hond €.£-

Sucrose + Water —————» Glucosc + Fructose

Both condensation reactions and hydrolysis need 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
prqtoplasm cannot survive ifits 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 are S0 designed that they are
absolutely important for the vital processes of life.

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

bearing a partial negative charge and the hydrogen end is clectropositive bearing a

partial positive charge. Water 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 na

and is therefore regard

ture of water it dissolves almost all types of polar substances
ed 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. Cohesive and Adhesive Force of Water
The water molecules remain attached together and do not separate because of
hydrogen bonding. This develops cohesive forcc 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.



s
Oxygen
N\
| &
rogen Hydrogen Distriution of partial
"”Ehctrom from hydrogen charges in a water
molecule

a. Electron shells In a walor
molecule

Fig:2.2 Chemical configuration of water

d. High Specific Heat and High Heat of Vaporization

Water has high specific heat Specific heat is the amount of heat energy required
to raise the temperature of one gram of water by one degree celsius. [t means that
water absorbs or releases large quantities of heat energy with Ittle change
lemperature. This is why the temperature of water rises and talls more slow lv as
compared to other liquids. This Property helps the Iganisms to maintain body
internal lemperature and protect them from rapid lemperature Changes. W aleralso has
high heat of vapourization. Heat of vapourization of water js the heat
convert one gram of liquid water into vapours at jts boiling point, High heat
vapourization helps animals and Plants to et rig of excess bods he %
and transpiration respectively. '

.Th_c Presence of hydrogen bonds among the water molecules cayse Water 1
remain liquid rather than change to ice of Steam. Without hydroge ‘1 A it
would boil at — 80 °C and would freeze 3y 100°C. In such congirs . ONdS: Water
organismswouldbccomcimpossiblc. ‘ Raitions life for iy o

required ¢

atduring sweatir .
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o. Water Expands at Low Temperature
qucr has a unique property. as it expands when temperature falls below 4
C. Water 1s most heavy at 4 'C. Therefore ice (solid water) 1s less dense than llqﬂld

water and this is the reason that ice floats in liquid water. Water body freezes on the

surface at low temperature.
f. lonization of Water ) .
Water molecules may ionize into hydrogen 1ons (H ') and hydroxyl ions (OH ').
of ions 18

Very few molecules out of a very large number may ionize. The presence

important for the normal functioning of enzymes.
2.3 Carbohydrates
' Carbohydrates are polyhydroxy aldehydes
yield such compounds on hydrolysis. Carbohydrates conl

ketone as functional groups attached to one of the carbon atoms. The
- ormore hydroxy! groups. They arc the most abundant organic biomolecules in nature.

Carbohydrates are organic compounds that are mainly c ymposed of carbon, hydrogen
y are hydrates of carbon in which

and oxygen. The name carbohydrates means that the

hydrogen and oxygen is present in the same ratio as in water that is 2; 1. Butnow many

carbohydrates are known that contain hydrogen and oxygen in different proportion.
h. cellulose ete. Carbohydrates

Examples of carbohydrates are glucose, sucrose, stare
are classified into three groups, i.c. monosaccharides, oligosaccharides and

polysaccharides.

or ketones or substances which
4in cither aldehyde or
y also contain two

)
Y
T /‘\
Aldehyde group

3
O
" o

H—C




Monosaccharides: (Mono =one; Saccharum = .?'ugarl)’ s
Monosaccharides are simple sugars. They are not hydroly/.cd( ro c? Tohwn
¥ ."if? on of water) into more simple units. [hey are ':;mIy.sqlublc‘m'wau,r. | c);
:fé aste. They have empirical formula (CH ( ), containing lh:. sakme ratio o
nand oxygen as in water, i.c. 2:1. They contain cither aldehyde or keto g{rohup.
ye carbon backbone that may contain from three to seven carbon atoms. They
pes which end in—ose. Those with three carbon atoms are celled trioses, with
0ses, with five atoms-pentoses, and so on.

; H=C-OH
~ CHOH fructose

Fig: 2.4 Fructose containing keto group

© simplest monosaccharides with three carbon atoms.
with a dehyde group. Ribose is a pentose. It also contains
its keton '»c form. Glucose, fructose and galactose are
formula (CH,.0,) but different structural
ipirical formula byt different structures are
€ fructose is ketone. Therefore glucose,

~LN
nler-

S are white crystalline
ers are joined up in the
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CH,OH
/4“‘0\
H—'.'.' '# ";l H 0, H;—OH ”9 H \H
¢ § oH H
TR HO OH " ik
H H H  OH
Glyceraldehydes Ribose Glucose
(Glycerin) (Pentose) (Hexose)
(Trios)

Fig: 2.5 Some examples of various ty pes of Monosaccharides.

2.3.2 Oligosaccharides
Oligosaccharides are hydrolyzed

] H
to form (break up) from two to ten oy Lo
simple monosacharide units. The | . et e
units or monomers are bonded o4 o i R
together by glycosidic bonds. The s =g 7/ H
oligosaccharides that are |H—¢ on HW=C—OH o— ¢ HARR)
hydrolyzed into two simple units | #-¢ on H=C—om uo\c_ oM
are called disaccharides, those H—Jl —on H=C—OH b
hydrolyzed into three units are 1 "
trisacchrides and so on. Fructose ((:Ll:ﬁm” G_luco;e
Disaccharides are the most (ning form)
common oligosaccharides. Fig: 2.6 Isomerism and stereoisomerism in glucose.

Common disaccharides are . : .
sucrose, lactose and maltose. Sucrose is present in sugarcane and is hydrolyzed into
glucose and fructose.

CH,.0, CH,0, C.H 20,
o o synibesis 0 0
——l
— + HO
OH HO
glucose . fructose : sucTose * Water
monosaccharide + monosaccharide  ——= disacchande ¥ water

Fig: 2.7 Formation of disaccharides from monosaccharides monomers

e —
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Sucrose + Water + Sucrase (enzyme ) —P> Glucose + Fructose +Sucrase
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—-_’
actase

The covalent
glyc

Glucose + Galactose

fisaccharide found in fruits. It is composed of two glucose units and is
gestive tract asaresult of starch digestion.
Hydrolase

Maltose + thcrmﬂlucose + Glucose

polymers of monosaccharide units (monomers). They are

re than ten monomers of glucose units. They are tasteless and are
er. Examples of polysaccharides are starch, glycogen, cellulose, chitin
arides act as macromolecules (polymers) for the carbohydrate
ants %glucose during photosynthesis, which is immediately
starch. plant needs glucose, starch is again converted into
rch is stored in plant cells. Starch is a polymer made up of many glucose
together forming unbranched or branched chain. Glycogen is stored in
-Itisalso a polymer made up of glucose monomers forming extensively

~ Cellulose is another polysaccharide, formed of unbranched chain of glucose
ts. It is the buildin, material of green plant cell walls and is probably the most
in nature. The bonds linking glucose units in a cellulose
;g{]iﬂﬂ‘gcnﬂyfromstarchandglycogcn.Celluhscmfmtoampof

. \_},hydrolynccllulooe.lnhmdigesﬁvesystanthismzyme
arc example of cellulose. Chitin is a polysaccharide. It is
_W‘@y‘mmmuisalsoapolymerof
1,) group .‘ia ittached to each molecule. Like cellulose chitin

units. |

lllll



Cellulose fibers

Cellulose structure

CH,OH ~ CHOH k|
H B
O m
H
= OH CHOH " oH A"

Fig: 2.8 Cellulose is a polysaccharide, formed of unbranched

chain of glucose units.

Storage Molecules

Carbohydrates
27 % glucose. Honey

are stored in the cells as reserve food. Grapes contain as much as
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.

OUf infr)rgv

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.)




Structural Building Materials

Cellulose a complex carbohydrate is the major structural component of cel|

walls of green plants, Similarly chitin another complex carbohydrate is the structural
omponent of exoskeleton of arthropods.

B Proteins are the most abundant organic compounds of the cell. They play most
ortant role in cellular functions.

0 They contain elements carbon, hydrogen, oxygen
d nitrogen. Some proteins also contain sulphur. Proteins are macromolecules
olymers) formed of units (monomers) called amino acids. A large number of amino
e known. Of these, only twenty different types of amino acids combine in
humber and different sequence forming hundreds and thousands of different

SA5F

ﬁy&éogan

SR 0 S
R
R-group
(variant)
~ Fig: 2.9 Structure of Amino Acig
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 f ur different groups attached to
roup, hydrogen of alpha carbon
he alpha carbon are constant
1 one i.e. R-group is



Glycine

» (Gly) N\,
H
0
+ | /7,
HN'— ¢ — (‘\/
H 0
H.N S Lysine

Phenylalanine

| 7 (Lys) ~
Gy = £ A
!
CH,
i
CH
2 O
=g /,
HN—C—-c”
- I N
H 0

~ o (Phe)
-
CH, 0
& s
HN:=6=CC
H O

Fig: 2.10 Different types of amino acids
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mp HO
Reaction
"\ H O H o
womed wogether o make a protein. The N_é-;-:g;g}e-N-—G—c\OH
order of the ammno acuds determines H” [ fg‘ ,,’, -
w hach protem will be made. When two RIS R
amino acids are joined together, a Peptide group
dipeptide 1s 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 witd

won atom
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r
e
R
M ——

TR St o B
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lf.:m amino acid 15 not occupying its specific position in a protein molecule it will
fail to pcrf.nrm is func_llon. For example if one out of 574 amino acids if a
hncmugh.)hm molecule is not present in its specific position then h:ncmogiobin
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 haemoglobin
molecule glutamic acid is replaced by valine. Such type of haemoglobin cannot
perform its function and the person with sickle cell h:;cnmgluhin dies.The size O
protein molecule depends upon the number and kinds of total amino acids present
in the molecule. '

1D

Sickle cell anemia is a blood disorder that affects

heamoglobin. Sickle cell anemia occurs when a person i
inherits two abnormal genes (one from each parent) that ’
cause their RBCs to change shape. Instead of being 3
flexible and disc-shaped, these cells are more stlfT and

curved in the shape of the old farm tool known as a
sickle — that's where the disease gets its name. The ,
shape is similar 1o a crescent moon. Red blood cell Normal red :

: s A WX q. Cl 00U CClis blood cell Sickle CO“
with normal haemoglobin(haemoglobin A, or HbA)move
easily through the bloodstream, delivering oxygen to all
the cells of the body. Normal RBCs are shaped like discs or doughnuts with the centers
ttially "scooped out” and are soft and flexible. They can casily “squeeze” through even very
all blood vessel. -

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 are 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, R

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

s

-



globular proteins are hemoglobin, albumen of egg white, enzymes, antibodies and
the proteins of cell membranes. ]

e .

2.4.3 Levels of Structure (Organization)

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

each tYl’e of polypeptide chain bends, folds and twists in particular way within a
protein m°l°c‘fl°- This gives protein molecule a characteristic structure that
classifies protein 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 d
: structure. When a polypeptide chain of amino acids become spirally
coiled, the structure is called a secondary structure of protein. When tj)é
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 S~

Proteins perform the most important functions in the life of livingorganisms
f cellular membranes called

Proteins are the structural and building matenals o
They speed up biocltrn'l'i&l'

lipo-protein membranes. All enzymes are proteins.
i of living organisms. The digestive enzymes are

important for the process of digestion. Without their presence food cannotl:g
digested. Some hormones such as insulin are proteins which regulate bnocheuieal
processes. Myosin and actin fibers play an important role in the contraction of
and movements. Haemoglobin is oxygen-carrying protein of red blood

ost structures such as skin, nails, hairs, claws,

muscles -
_In animals’ proteins form m j law:
colls . stored in most seeds for the future ggﬁ‘do,‘fﬂp

proteins are d
embryos e.g. bean, pulses, pea elc. A

L are a group of different types of organic compounds. They €CHE-E
carbon, ligid(:)gen axﬁo oxygen. Other elements such as nitrogen and f short
may also be present in lipids. Most lipids are no:)-polar and are insol
(hy obic). They are easily soluble in organic solvent such as €

petrol, alcohol etc. They usu
oxygen as compared to_carbqby
such as acylglycptol, phospholipids, waxes,



2.5.1 Acylglycerol

Acylglycerol are lipids which are composed of glycerol and fatty acids.
The most common acylglycerol are triglycendes containing one glycerol
molecule and three fatty acids. Glycerol is a three-carbon compound, 10 each
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 be
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__f!;__n
o)
R COOH + HC—OH -ca—taﬂ& HC _.o-—g——n' + 3H0
- 0
R"COOH HC—OH u,c—o—'cl:—a"
l-‘::y":dds 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
rbon atoms (C=C). In such molecules the number of hydrogen is less than tvo
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.



The triglyceroids
have high caloric value
and usually yield twice
as much energy per gram
as that of carbohydrate.

2.5.2 Phospholipids

\

For yMaﬂon

Ghee with saturated fatty acids is prepared from
vegetable oil by passing hydrogen through it. Intake
of ghee should be minimized as it may store in blood
vessels reducing their flow capacity increasing risk of

\hean attack. v

Phospholipids are composed of one glycerol molecule, (WO fatty acids and
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 layerin 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
buckbone 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
antmal cell membrases. Cholesterol is also a precursor of all steroid hormones
such as abdostorone. wx hormones and vieamin D Aldosterone helps to regulate

the sosbium .onmewt of the

characterivtin +

Ml Sex hormones help 1o mamtain male and female
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a. Cholesterol bh. Aldosterone

c. Testasterone

Flg: 2.14 Some l’l‘[)l'rwnl.\uw exumples of the sterolds.

2.5.5 Terpenoids

Terpenoids are lipids that like the steroids do not contain fatty acids. They are
lipid soluble and water insoluble substances The terpenoids are formed of units called
isoprenoid units. They join by the process of condensation and give rise to different
types of compounds such as rubber, carotenoids, etc.

CH,

2.15 An Isoprenold units

Fig:




J— T e—

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
“aldosterone, testosterone. '

2.6 Nucleic Acids

Nucleic acids are polynucleotide chain (polymers) formed by the linkages
of units called nucleotides. There are two types of nucleic acids i.e.
4 -.. ibonucleic acids (DNA) and ribonucleic acids (RNA). DNA is formed of
de xynbonucleoudu while RNA is formed of ribonucleotides.

.6. | Nucleotides

In a typical nucleotide, the NH,
ﬁ--;- ous base is attached to carbon N /Cl\
IC <I of pentose sugar while phosphate = C// ('i \I;I
{-‘ ; lsat!achedtocarbonNo 5 ofthe S o
pentose sugar. The bond formed (l) N~ = N=
between phosphoric acids (H,PO,)and | = | itrogenous
dr 'yl (OH) groups of pentose 0 ﬁ O-CH, o base

leonde chain one phosphonc Phosphate. H
anached to the OH group of |  group

No 3 of pentose sugar while OH OH

acid is attached to Sugar

Fig: 2,16 Skeleton of a nucleotide

H

ses are classified into two main types, Pyrumdmw and
msle ﬁng componnds while Purines are double ring

.‘.,



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. b, Phosphodiester linkage
Adenine base linked to pentose sugar (ribose) OH

forms a structure called adenosine. When

adenosine is bonded to a single phosphate it will O=—=P=—0H

form a nucleotide called adenosine |

OH

hosphate. This reaction needs energy.
e ¢. Phosphoric acid

Pyrimidines

n.ﬁ
N "

Purines
"\,‘/“

Fig: 2.17 Chemical structures

‘




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
ydenosime 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 "

~ 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
E and P and almost 7 Kcal energy is produced.
n T

ATP + H;O — > ADP + P + 70K Cal

.’1

2

cnosi Triphosphate Adenosine Diphosp Phosphate
NN OOD = Q| + @ -TKal
I ATP_ T — ADP + (P+ Energy

\f s " Fig: 2.18 Hydrolysis of ATP molecule.

e G,

~ ATP molecules are produced during respiration when food molecules are broken
down into simpler substances and the stored chemical energy is released. This

en usec }in the generation of ATP molecules.

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

'+ b
R 144
v

:
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The adenine dinucleotide n

cc.)mbl.nallonr with .dlffcrcnl NiFOlﬁﬂllﬂll}lCi\':l vitamin called nicotinic acid
vitamins orm  important (n,ac,n)_ Flavin is also s vitamit dtiod
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.

= = — |

[ g
\P

P P Nicotinic Acid
\ s / R S /

Structure of NAD : Structure of NADP

Adenine Adenine

| P\S/

Nicotinic Acid

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,




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

3,‘;,- of nucleotides. These nucleotides are named after the base present in them

ey are: Adenine deoxyribonucleotide, Guanine deoxyribonucleotide, Thymine
soxyribonucleotide and Cytosine deoxyribonucleotide.

- These four types of nucleotides are used as building blocks of DNA molecule.
N Leotldes in the DNA molecule are bonded to one another in such a manner that
k he sugar of one nucleotide is linked to the phosphate group of the next one. In this way
e nu geohdm form a linear molecule called a strand in which the backbone is made
up of s garaltcmanng with the phosphate group. The bases are projected to one side of
- .'{ d. The sequence of the nucleotide in one type of DNA is constant while it is
differen ﬁ'om other type of DNA molecule.

Sugar (deoxyribose)

Phosphate group

Sugar-phosphate
backbone

n T, m oppome direction to each other
by N bonds between purine and
wnth ademnine in the
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There are two hydro
gen bonds between adeni :
bonds between guanine and c)'tosincc.cn adenine and thymine and three hydrogen

2. Ribonucleic Acid
Ribonucleic acid is also a
RNA contains pentose sugar as

adenine ribonucleoti : . :
ribonucleotide 1;\?‘:‘:;' g‘.’:"".‘c "bO"UC'CO"dc, cytosine ribonucleotide, uracil
. cotides in the RNA molecule are linked in the same manner as

in the DNA molecule. RNA is a s . :
occurs instead of the base lhylrf\?nimglc polynucleotide strand. In RNA the base uracil

-
G

N S e
gt

> 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.



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,
W on Avery, Mcleod and McCarty provided experimental evidence to prove
llm the virulence of Preumococcus, which is due to its outer surface, can be
fransmitted through DNA to bacteria that have lost their virulence.

~ Allgene ic information 1s encoded
A e 1€ ot Yoy, TP e n lhc DNA mOlCC 1
Bene 18 a unit of heredity i - (:. - : ule in the form
b -B’%@ gf ,_aheredj. .ty na living Organism, AJ| living things depen d(:)n g:f. icnc.
hey: spec , as

ns. Thcsc information are

{
“1,"“\

o Protemns and functiong) RNA chaj
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Uy UCuU A G
Phe AU uG U
U [Yued ™™ ucc Tyr Cys
U Leu UGG — AA Stop/UGA Stop A
 |cuc |, cccT CAU i |CG U
Fist |G [Syx |-eu|SSC |pro|CAC™ CaC (arg | C
position cucd |ce CAA lGin [CGA A Third
(5'end) — G- CA CG G_| position
AUU ACU — AAU |, |AGU U | (3%end)
AUC e |ACC Mc__'m AGC ’ Ser
A s Thr aGc_| Ser| ¢
I |ACA lAAg],_ys AGA T arg| A
AUG ACG - AA AGG_ G
GUU™ GCU™ GA Asp GGU™ U
G [SUC |val |GCC |aia [GAC [P lGGC gy | C
GUA GCA GAA 1y, GGA A
. GAG |GGG .. G |
Amino acids names
Ala = alanine Gin = glutamine Leu = leucine Ser = serine
Arg = arginine Glu = glutamate Lys = lysine Thr = threonine
Asn = asparagine  Gly = glycine Met = methionine Tp=
Asp = aspartate His = histidine Phe = phenylalanine Tyr = tyrosine
Cys = cysteine lle = Isoleucine Pro = proline Val = valine
Fig: 2.2} 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.




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 involved in the
ransfer of genetic information from DNA to synthesize proteins. This transfer of
spetic information takes place in two steps:

i B

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

' the transfer of the genetic code from a mRNA toa sequence of
imino acids in a polypeptide.
gugated Molecules
A conjugated molecule is defined as a molecule that is formed by the
of two different molecules belonging to different categories. For
en a carbohydrate molecule combines with protein, a conjugated
| glycoprotein is formed. Other cxamples are nucleoproteins.

are formed by the combination of lipids and proteins. Lipoproteins
tural framework of plasma membrane and all other types of

s are formed by the combination of nucleic acids with proteins. A
rosome is basically a nucleoprotein that is formed by the DNA and

htly acidic and soluble in water.
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KEY POINTS

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

In higher plants inorganic compounds are obtained from the environm
and are used 1o make different organic compounds,

Water is one of the best solvents, regulate temperature of the body and has
high absorbing capacity to absorb different matenials.
Condensation is a process in which large organic molecules are
synthesized and water molecules is removed.

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

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 Jhydrogen and oxygen.

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 nitrogen as four essential

ent

n down

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

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

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

Lipids are mainly composed of carbon, hydrogen and oxygen and some
other elements particularly phosphorous and nitrogen and include animal
fats, vegetables oils, waxes, steroids etc.




|

e 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.

 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).

DNAhnfourniuogmbawsmmelymne.gumine.cywweand

~ 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 (t RNA).

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

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

‘three phosphate group ¢.g. Adenosine triphosphate (ATP).

. ‘Whenmaethantwonucleouda;omwgmmeyformpolynucleondes

a.g.DNAandRNA.

ofconjuguemleculecmglyeoptuuns.nnclmm




EXERCISE 7.

Choose the correet smswers fuw i 1.0 -

A.
; 1. Which of the following w & B harige
¢ Frectone
b. Lacw | d Galactose
2. :/mélh of the following has the greatest number of glycosidic S "
" ucose €. Cellulose
., SUCrose d. Maltose

3. The main.com_ponent of cellular membrane is:
a. nucleic acid ¢. carbohydrates

b. cellulose d. protein
4. The kmds of amino acids which are involved in the synthesis of
proteins are :
a. 20 c. 40
b. 30 d. 50
5. Amino acids mainly differ from each other by the difference n
their:
a. R —group ¢. amino group
b. carboxyl group d. alpha group
6. Keratin is a type of protein found in:
a. silk fiber c. blood cells
b. nails d. muscle cells
7. DNA is more or less present in all of the following EXCEFT
a. nucleus ¢. nbosome
are mt a0 v ommodated Dec s o

b, Presenceof double
'€ Presence of triple bon

B L coc of bond between carben s
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EXERCISE

% “energy as compared
9. Lipid molecules have the capacity to store double d"n(;un;:y::’bzrof{:. "
R to same amount of carbohydrate bccau;c Orhlg(" 'll-l bonds
a. C-Cbonds ; »nds
é -O bonds
¢. C-Nbonds d. = l ient away from
erifa g'n cules orien ‘ay Irg
10. The "tails™ of the hydrocarbons in the pOSpRONIpIE IO el o8 < fr:)m \.\ ater?
. 4 3 o L » v /& L' -
water. Which of the following describes the tail's movm.lcnt away
a. Polar G
c. Hydrophilic g1 yCophobic

L1. Lactose is a disaccharide formed by the formation of a glycosidic bond betw cen
glucose and

a. glyucose
C. Sucrose

12. Ester linkage is a bond which involves a chemi
4. H,PO, and COH

¢. H,PO, and COOH
13. How many nitrogenous base

b. galactose

d. fructose

cal reaction between:
b. H,PO, and CH

d. H,PO, and OH
sareinvolved in the form

ation genetic codes?
a2 b.3
c.4 d .5
B. Write short answers to the following questions,
I. Define the following:
(a) condensation
(b) hydrolysis

2. What are diffe nt kinds of carboh
3. Compare the isomers and stereoi

ydrates? Give two €xample of each
SOMers of glucpge.

glycosidic bond.

on-synthesis and hydmlysis feactions g
Snihen A re used
6. Outline the is and b, mlymm




C. Write detailed answers to the following questions. 7 d

1. Explain how the properties of water make it important for life? f
2. Describe the properties and roles of disaccharides. -~
3, Classify proteins. List examples and roles of structural and functional proteins- '~q.

4. Describe the properties and roles of acylglycerol, terpenes and phospholipids- J
5. Define conjugated molccule and describe th roles of common conjugated moleculeS:
6. Explain the double helical structure of DNA as proposed by the Watson and Crick.

Projects:

« Make amodel exhibiting the hydrogen bonding.

« Make asimple model of ring forms of alpha and beta glucose.

« Create a 3-Dimensional model of Watson - Crick Model of DNA.
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pﬁmys in which a series of interrelated step .

S;l"'&xyme Structure

‘while w of the protem acts as "tnmcwork" Thc amino acids around .
&_Mhﬁe substrate molecule and hold it in position while the reaction
| > This makes the enzyme specific for one reaction only, as other mole
hm the active site.

£ Enzyme Action
Foitowmg two hypotheses explains mode of enzyme action

: Loct and Key Hypothems
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(h) Induced-1ir maodel
A Reaction Mechanism substrates
Inany chemical reaction. il ‘.
d substrate (S) is converted into 4 5 W ' j} . R
pl"l\]UCl(P)I g’_, |
enzyme 'nzyme-substy RZVIDe product |
S~P omple .
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There may be more than one substrate and more th
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producusrelegsed. This mechanism can be shown as in the Fig 3.2 The enzyme is th
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o1 Ve ﬂic Ofﬂlﬁ enzyme molecule like a ey

ae slightly, distorting the molecule

2 product. For exampleif a
: = cnzyme makmu

SR e ﬁp"';ubstmtc molecule fit
ﬁ,"-,'m“wulock Once there, the enz v
in the acﬁve site, and making it more likely to chan;
;' “mdmthe substrate is to be broken, that bond rmght
;},more likely to break. Alternatively the enzyme can mﬂb
~ active site quite different from

;;haseoumde(suchaspﬂ water
" concentration, charge), so that

‘the reaction is more likely to
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, £ S P Wofm and rrmlecak:fs that join with earymes
m”‘:’:‘, making them functional. One can think of these cofactors as
%% for activating an enzyme. If the cofactor is 2 aon-protem ike 2
mma.e.m, copper, or iron ) it is referred 1o 25 2 prostheticgroup. Some
s are small organic molecules called coenzymes. Like enzymes they zre not
tly altered in the reactions.

3 Mmy of these coenzymes are derived from vitamins and minerals that are |
ﬁir life. The absence of these cofactors can lead to vitamin and mineral
di B produces beriberi . Examples of coenzymes

diseases e.g lack of Vitamin
FAD’, NADP

fizymes but not all end in the suffix “ase”. (exceptions:
e namec formcsubstmzetheyactonortheactionﬂty erfon
are the six major enzyme categories. i
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Table 3.1 Enzvme Nomenclature by Substrate

Substrate * Enzyme

L Lipid Lipase

: Urea Urease
; Maltose . . Maltase
R
Ribonucleic Acid RNAase

L (RNA)
ATP ATPase
. 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.

- 3 Isomerases
This is a heterogeneous group of enzymes which catalyze several types of
intermolecular rearrangements. E pimerases and mutases are the ex amples.

e

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
- thermophilic bacteria enzymes work at a temperature of 90°C.Upto the optimum
Wﬁtﬁemte increases geometrically with temperature (i.e. it's a curve, not a
- sira it line). Them;e..ipcreases because the enzyme and substrate molecules both have |
¢ hneheenenysp collide more often and also because more molecules have
clent energy to overcome the (greatly reduced) activation energy. The inereaseinmale
il tampm mtecanbe quantified as a Q 1O, which is the relative increase fora_¥099’§§%§-_" e
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\ he rate is not zero at 0°C, s0 €nZymes stili work in the refrigerator (and foddstill
goes ofl), but they work slowly. EnZyYmes can cven work in ice, though the rate 1s

extremely slow due to the very slow diffusion of enzyme and substrate molecules through
the ice lattice. i et .

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

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

: (physw!ogegl pH of most cells), but Enyzme pH Optimum 1

a few enzymes can work at extreme _Lafpase (Pancreas) 8.0 ,
G ¥E <uch 2 pmm ase enzymes in M(Stomach) 4.0-5.0
LD g Lipas'e (Castor oil) 47
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pH 1. The pH affects the
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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

¢

ln'croasing’ ’
concentration does
not affect reaction rate

Rate of Reaction

Substrate concentration
} 5 Fffect of substraie concs ntration

of reaction

E. Inhibitors

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

(a) A competitivein hibitor 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 act as competitive inhibitors.

(b A non-cmnpentive inhibitor molecule is quite different in structure from the

Fasis _submw molecu!e and does not fit mto the actwe site. It binds to another part of the
. anging the shape of the whole enzyme, including the active ite, -
st es nhibitors that bind weaklyandesti
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The activity of some enzyjhes is controlled by cc.n:firx m(‘wlccule bmding o a

specific regulatory (or allosteric) site on the enzyme, distinct from the active site.

Different molecules can inhibit or activate the enzyme, allowing sophisticated control 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 it is
needed. '

3.6 Feedback Inhibition

. .. ~An9thcr kind of inhibition is called feedback inhibition. In feedback
h «;her is a second binding site on the enzyme where the inhibitor binds, so
oy .u.. nénqt,gsc&ssardy similar in structure to the substrate. The absence or

e;;" ibitor at this second binding site activates or deactivates the

S enzyme, hﬁngng’theconformatlon of the enzyme so that the active site is made
- available or unavailable to the substrate. The inhibitor is usually the product of a
i mhonformed during the metabolic pathway.
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l- KEY POINTS

Enzymes are organic chemical substances produced by the living organ e
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 active 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

hars accumulated to a certain level, thereby balancing the amount provided
withthe amount needed. - '
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EXERCISE %

‘ ( hni)S( ibl Correc 'an“'érS‘n 'h" follow; ing (!H\ SUIOnS

1. Which one enzyme catalyzes the oxidation-reduction reaction?
a. Oxygenases b. Transmethylases
‘ ¢. Lyases d. Peptidases
2. Enzyme catalyzing reamngemcnt of atomic groupings without altering
molecular weight or number of atoms is:
a. ligase b. isomerase
c. oxidoreductase d. hydrolase
.3. Enzymes are polymers of:
| ~a. hexose sugar b. amino acids
e v fattyacxds d. inorganic molecules
& lich one forms the raw material for coenzymes?
- 1S - b. Carbohydrates
G eins d. Metals
Rat vill happen n to reaction if enzyme is added?
B te of reaction decreases b. Rateofreactionincrease
§5 R CL ‘_ﬂwmteofreacuon d. Reactionisreversed
Whatxs induced fithypothesis? PRI N

‘)-,

a. When enzyme change shape due to absence of sﬁhstrate
~ b.  When enzyme do not change shape due to absence of substmte




- a. Enzymes concentration gt fi "}12:1? ‘;oﬂc
- b. Substrate concentration % PCrature

1. Theoptimum pH value forpepsm to work is: .
SSRGS e 5.
- bias : _ d.1.5

lWﬁte short answers to the following questions.
1. Whatisacofactor? Give examples.
2. What are metal activators? Give three examples.

10 thehoneofthefoilowmgfactorsdoeg &ct ascite °fe“2mmw

- Induced Fit Hypothesis/model?
4 How pH ofa cell affects the enzyme activity?
, .W rite detailed answers to the followi ing questions.
Descnbe the characteristics of enzymes.
St 2 Explam the process of enzyme inhibition.
~ enzymesinhibitors,
- 3. Writebriefly the mode of action of an enzyme
| 4_ How do the enzyme and substrate conc

Make a list of somecoml;m 7

3 Differentiate the key difference between the Lock and Key Model and
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Table 3.1 Enzvme Nomenclature by Substrate

Substrate * Enzyme

L Lipid Lipase

: Urea Urease
; Maltose . . Maltase
R
Ribonucleic Acid RNAase

L (RNA)
ATP ATPase
. 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.

- 3 Isomerases
This is a heterogeneous group of enzymes which catalyze several types of
intermolecular rearrangements. E pimerases and mutases are the ex amples.

e

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
- thermophilic bacteria enzymes work at a temperature of 90°C.Upto the optimum
Wﬁtﬁemte increases geometrically with temperature (i.e. it's a curve, not a
- sira it line). Them;e..ipcreases because the enzyme and substrate molecules both have |
¢ hneheenenysp collide more often and also because more molecules have
clent energy to overcome the (greatly reduced) activation energy. The inereaseinmale
il tampm mtecanbe quantified as a Q 1O, which is the relative increase fora_¥099’§§%§-_" e
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\ he rate is not zero at 0°C, s0 €nZymes stili work in the refrigerator (and foddstill
goes ofl), but they work slowly. EnZyYmes can cven work in ice, though the rate 1s

extremely slow due to the very slow diffusion of enzyme and substrate molecules through
the ice lattice. i et .

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

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

: (physw!ogegl pH of most cells), but Enyzme pH Optimum 1
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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
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ln'croasing’ ’
concentration does
not affect reaction rate

Rate of Reaction

Substrate concentration
} 5 Fffect of substraie concs ntration

of reaction

E. Inhibitors

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

(a) A competitivein hibitor 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 act as competitive inhibitors.

(b A non-cmnpentive inhibitor molecule is quite different in structure from the

Fasis _submw molecu!e and does not fit mto the actwe site. It binds to another part of the
. anging the shape of the whole enzyme, including the active ite, -
st es nhibitors that bind weaklyandesti
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The activity of some enzyjhes is controlled by cc.n:firx m(‘wlccule bmding o a

specific regulatory (or allosteric) site on the enzyme, distinct from the active site.

Different molecules can inhibit or activate the enzyme, allowing sophisticated control 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 it is
needed. '

3.6 Feedback Inhibition

. .. ~An9thcr kind of inhibition is called feedback inhibition. In feedback
h «;her is a second binding site on the enzyme where the inhibitor binds, so
oy .u.. nénqt,gsc&ssardy similar in structure to the substrate. The absence or

e;;" ibitor at this second binding site activates or deactivates the

S enzyme, hﬁngng’theconformatlon of the enzyme so that the active site is made
- available or unavailable to the substrate. The inhibitor is usually the product of a
i mhonformed during the metabolic pathway.
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l- KEY POINTS

Enzymes are organic chemical substances produced by the living organ e
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 active 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

hars accumulated to a certain level, thereby balancing the amount provided
withthe amount needed. - '
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1. Which one enzyme catalyzes the oxidation-reduction reaction?
a. Oxygenases b. Transmethylases
‘ ¢. Lyases d. Peptidases
2. Enzyme catalyzing reamngemcnt of atomic groupings without altering
molecular weight or number of atoms is:
a. ligase b. isomerase
c. oxidoreductase d. hydrolase
.3. Enzymes are polymers of:
| ~a. hexose sugar b. amino acids
e v fattyacxds d. inorganic molecules
& lich one forms the raw material for coenzymes?
- 1S - b. Carbohydrates
G eins d. Metals
Rat vill happen n to reaction if enzyme is added?
B te of reaction decreases b. Rateofreactionincrease
§5 R CL ‘_ﬂwmteofreacuon d. Reactionisreversed
Whatxs induced fithypothesis? PRI N
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a. When enzyme change shape due to absence of sﬁhstrate
~ b.  When enzyme do not change shape due to absence of substmte




- a. Enzymes concentration gt fi "}12:1? ‘;oﬂc
- b. Substrate concentration % PCrature

1. Theoptimum pH value forpepsm to work is: .
SSRGS e 5.
- bias : _ d.1.5

lWﬁte short answers to the following questions.
1. Whatisacofactor? Give examples.
2. What are metal activators? Give three examples.

10 thehoneofthefoilowmgfactorsdoeg &ct ascite °fe“2mmw

- Induced Fit Hypothesis/model?
4 How pH ofa cell affects the enzyme activity?
, .W rite detailed answers to the followi ing questions.
Descnbe the characteristics of enzymes.
St 2 Explam the process of enzyme inhibition.
~ enzymesinhibitors,
- 3. Writebriefly the mode of action of an enzyme
| 4_ How do the enzyme and substrate conc

Make a list of somecoml;m 7

3 Differentiate the key difference between the Lock and Key Model and







Introduction

fundamemal Metabolj
going on all the timeg inSidet;\
chemical reactions thyy - € bodj

This chapter deals with the most
photosynthesis and respiration. Bioenergetic
in biological systems. Metabolic processes rc .
of living organisms. These processes involve R CONCemeq
with making or breaking of bonds in the molecules: “_‘f ”T“L'dl bondsare broep,
energy is released and when bonds are formed, enef.gy 15 stored. All living cejig use
energy for performing functions. Sunlight is the main SOuTce of energy Maintaining
all life forms on the earth. But no organism can make use dfr ectenergy of sunlight
source of energy for metabolism. All organisms usc chemical energy stored in food
molecules such as carbohydrates, fats etc. Photosynthesis is carried out by green
plants which capture solar energy, transform it into chemical energy and is stored in
organic compounds.

4.1. Photosynthesis

Photosynthesis is the process in which green plants synthesize organic foed
from carbon dioxide and water using energy of sunlight. CO, and water are 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 into
chemical energy. .

Photosynthesis acts as energy capturing and storing process. Energy of
sunlight is used in the fixation of carbon dioxide to a carbohydrate. Thisserves as.fqod
not only for plants but for the entire life on the planet earth. Therefore all hymg
organisms, directly or indirectly depends on photosynthesis. Autotrophic organisms
which are the green plants are able to carry out photosynthesis. Heterotrophic

organisms cannot carry out photosynthesis and are unable to use diree! encrgy Of

sunlight. They, therefore, are dependent for their energy requirement O green plants.
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Overall reaction n{'plu)((’sy%t;’:

(chiorophyl)

oL 60, 6 H O

Photosynthetic Reactants 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
~energy tqchat travels in the form of electromagnetic waves of different wavelengths,
- Italso acts as beam of particles of different frequencies called photons. There
 widerange of waves for synthesis of organic food molecules (wavelengths occurrit
~ between gamma rays and radio rays). Energy content of photons is inver ely
onal to the wavelengths. Short wavelengths are more energetic lehave 4 o
‘than long wave lengths. A portion of the solar radiation is called

isa

e

are sensitive to only a small portion of this solar radiation i.c. visible
nges from about 390 nm to 760 nm in wavelength. Photosynthetic
orb and utilize a portion of the visible spectrum. Wavelengths shorter
e light i.e. ultraviolet radiation are more energetic and are dangerous to

n break organic molecules. Wavelengths longer than visible
low 'm-cantentthatcmmota&'ect,p osynthetic process.




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 (sun)

s dura An naba. Aayah: 13
“Blessed is He Who made constellations in the skies, and

- placed therein a Lamp and a Moop giving light;

R o Sura Al-fur’yan Aayah; 64

wavelengths are mostly reflected therefore chlorophyl! appears ga

oids which are called accessory pigments absorb light in the visible spectre™
wtasvathetic Pigments PR ___8 i34

Photosynthetic pigments aheneh «

n. There are two types of ;

nthesis. These are chloronholl
ithetic pigments are located i
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A chloroplust conststy of three components: A o0, most covering
(énvelop). granma (singular granum) and "’"“”"_" Hhe outer most covering (envelop)
af the chloroplast is formed by a double membraric structure that encloses the grang
md stroma. A granum consists ot‘many flattened Haid-filled lnuinhz..nu.m b SACS Or

: ; disos called lhylukoids which form stacks and resemble a pile of coins. Fhere are

Wiy many grana which are interconnected by lamellae called intergrana, The £rana are
iﬁﬁblc under the light microscope as grains, Chlorophyll and other photosynthetic

pigments (carotenoids) are present within the membranes of the thylakoids, These
membranes are the sites of 1 ghttrapping 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. Chlorophviis
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

I—

S,

Kno:

- Photosynthetic prokaryotes lack
loroplasts but they do have unstacked
losynthetic membrances, which

thylakoid membrane.
attached to the thylakoid : g W

thylakoids
Fig:4.2(‘hiur0plast

: i5 arrangem mp i .'-’W‘?ﬁ?‘;[t*ﬁﬁs!s in several forms
St plants and green algge, Ghjopppie rophyll “b” is found inall

ofalgae, Bacteﬁo-chlorophyj{ iSF S “&"nre&um}mv '
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Chlorophyll molecule is
composed of two parts, i.e. head and tail.
The head contains a central magncmum
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
functional groups bonded to the
porphyrin. Chlorophyll “a” has methyl
group (-CH, ) while Chlorophyll “ b” has
carbonyl group (-CHO).The empirical

formulae of chlorophyll “a” and “b” are
Chlorophyll “a” ( C H,, O; N, Mg)
Chlorophyll “b” (C,,H,,O,N,Mg)
b. Carotenoids

They include carotenes and

xanthophylls. They are yellow, orange,
tedorbrown pigments. Carotenoids play
~ two important roles in plants. They
- absorb light and transfer light energy to

 chlorophyll “a”. Therefore, they are
ﬁlled accessory pigments. Carotenoids
~ Protect chlorophyll from intense light
Mfrom ox:dauon by oxygen produced




'.' ‘rhe absorption spectra ofﬁbﬂ‘ of these dm: ophylls are somewha different frony
gachother. This is clcarfmmm&&ffefem PEaKs as shown inthe following fig4.4.

!

Carotenoids

Wavelength of light (nm)

Fig: 4.4 Absarption 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 absorptlon 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
‘ amount of light that passes through the solution. The amount of light can be

culated from the amount pmjected on the solution and the amount of light
eived at the other end after passing through the spectrophotometer. This gives the
1ent of the absorption spectrum of a particular pngment Chlorophyll “a”
1 w diffe ’ﬁtabsorptlon spectraasshown above
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4.1.5 Role ol CO 2

The carbon of CO, is fixed in organic compounds in photosy nthesis, Car
JTHIESIS, Carbon

IS MOst iImportant component of organic compounds. ( arbon-carbon chain forms th
¢

and symmetric

compound. Carbon makes bonds with oxygen linking the monosaccharide of

back bone of the long hydro-carbon molecule and makes a stable

carbohydrates. It makes bonds with nitrogen linking amino acids of protein
molecules. Carbon dioxide is used as one of the raw material for photosynthesis. In
the absence of carbon dioxide the process of photosynthesis does not oceur

4.1.6 Reoleofwaterin photosyn

Water is one of the raw materials used in photosynthesis. Water molecule is
broken down into hydrogen and oxygen. H ydrogen combines 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 i
}\;;;r ;]Z r(t;:)e‘asef)xygen as a by-product. The idea of Neil was supponcfi bc\;]':l::;
& served that when isolated chloroplasts were given light In 4 Other
"‘;:z:setsolitcc?lciz?' 50",1; ]:)gf ogen acceptor was present oxygen is rc:fd;;w( "
i Biological rescalr::"w M o of"dn lsowp'“‘"g I

- as made. Water and carbon dioxide cont?!

”Ygfn sotope O were prepared in the laboratory.

cavy”




in one group were supplied with H.O contain;,
O" dEx_Ll);rén(m)enm] tgﬂ;:::;t:ﬁt; :;?)[?1?110%1 oxr;gcn 0", Plants in the second
and with CO, contal o
were supplied with water containng
O". It was found that plants of first group p
did not. :
Groupl (C0O,)" + 2HO : — o
Groupll 0"+ 20" —

Efoup
common oxygen O but with CO, containin,
roduced O" but the plants of second group

CHO +HO +0O
HO +0

4.2 Mechanism of Photosynthesis

51 f two distinct steps; one that
. f photosynthesis cOnsists o b i
requires.rll'll;h?di:ccﬁlr:zr:;g(;;tl:eacﬁon and the other that does not require light called
dark reaction.

4.2.1 Li 't ight dependent reaction) St
-k ﬁ;;ﬁ::;gg: ét;?;)lacepin the granum of chloroplast. It is initiated when
photosynthetic pigments capture light energy. Photosynthetic pigments are
organized into clusters called photosystems. There are two photosysten}s 1.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 acceptor and electron carriers.

Electron transfer




P e 1

Photosystem | absorbs light of 700 nm and 1s e P700| thrcas p
- o o : : electy
absorbs light of 680 nm and is called P680. The primary €lccirgp ace

clectrons from the reaction center and then passes them on to Serieq

carriers. There are two possible pathways of the electrons iy the lighy 5
P 2N r‘

photosynthesis. They are called non-cyclic electron transpory and cyc“‘cﬁct'
transport ' Clectrg,
2. Non Cyclic Electron Transport of Light Reaction

a This reaction starts when sunlight strikes the photosystem (P 680
absorbed by the chlorophyll molecules which loses its two electrons and bego, 3. En:rgy i
charged with a deficit of two electrons. 3 DOsm.,qy

N The lost high energy electrons are captured by an electrop accepy
Plastoquinone (PQ). OF calleq
B _From plastoquinone the electrons pass along a series of electron transport chy;
which includes cytochrome 'b', cytochrome 'f' and plastocyanin molecuyleg, x
. Each molecule in the electron transport chain is alternately reduceq when it gaing
electron and is oxidized when it losses electrons.

) When electrons are passed through electron transport chain, they |ose energy. This
energy isused in making ATP from ADP and inorganic phosphate using energy from sunlighs

“

n a‘pmcess called as photophosphorylation.

*  The electrons from plastocyanin are received by another photosystem called
photosystem I (P700).
. 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

~ electrons are passed to oxidized NADP (Nicotinamide adenine dinucleotide phosphate). The
~ reduced NADP receives hydrogen from water and is converted into NADPH,

% When photosystem II absorbs light, water molecule splits (photolysis) into OH and

. The OH ions react to form some water again and release oxygen and electrons.

-~ 4H0 — 4H'+4(0H) ,
. 4O0H) —— 2H,0 + 0, orophyl
ns from water molecules are accepted by positively chamﬁ,,cm - The
otosystem IL, filling the gap produced by the two energized ™™

hoosystn s ben by clectons conin 1087




Splitting of wat |
releasos oxygen

I. [t occurs in rare condinoss

(yclie electron traaspeort

h.

» . Cycliocipaton transport involves only photosystem
if the activity of photosystem I1is blou:ked. %

2 Wben P 700 fqrm of chlorophyll molecule in photosystem | absorbs light it 5
activated and it loses electrons, which are Capmrc;i & f‘xrwdw“- ;ed; 3
substance (FRS). y ferrodoxin of

s From FRS the electrons fall back to P 700

: chi 5 OIS
of electron carriers. orophyll melecule through 3 S0

s ATPmoleculesare produced during cyclic electron flow

o The electrons which are ejected from P 700 i aoe cyclai back @ e
above electron transport thereforethe process s called cyclic electron tramspor

o, ATP synthesit. S this cyclic electron flow is called cyel€
photophosphorylat_ion. e hos
Water and encrgy of sunlight are used i R % of g

reactions are ATP and NADPH. Both of these are ¢ el The PW“':“ qroms &

yse indark reaction. R R .ﬁ"“‘ grana







- (Nlb“"" where ADF s ¢ onverted into ATP and
ADPand NADP rcmm backlou‘h uction process fixed carbon s reduced to a b

NADP is reduced intoN pPH. In
carbon sugar molecule of PGAL

HO
AL
PGA+ATP+NADPH W A

Light @"g.-,«. 2 e

) K‘» PHASE 1: CARBON FIXATION

\""t". N ‘._:‘

Glucose and
other organic
compounds

‘)Oec'rllnnromufcmmplm

? .'.soastoconnnuethecycle.The
ternatives. Out of every

> many
theqyeletobeusodbythe
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! E} s

| }”‘3 e
o ' i foul” 7,C ele. P Hiking e
weveral intermediaton including 3¢, 4.0, 6, I 0 g |

”’ H'!V’ i1 -
| hosphate N Y ailaby
metion. Ribulose biap jon of Rusip e 1.,
WA" ':.;:';‘:::l ‘r':':::::: :'ll:"(l yole, With the regeneration o he ¢ ahrin Cyele o
¥y .y
dark reactions complete.
4.3 Resplration

‘11 f‘)’,‘:‘%%ﬁ wh’,“
Respiration in defined ag nuidntionﬂrcdl;ﬂ‘"m:) z)kc" o b gy i
the living celly during which organic food |

b " energy i
. obic
Reapieation s of 1w typesi,e. nerobic and anaero
: wplration)
400 Aerobie respleation (Cellulay Resplrn = : .
Aerobic respiration needs free O, In aerobic respiration ITganic food i
completely broken down nto €O, and H,0 and the stored energy iy relca@, The
equation of aerobjc respiration for glucose breakdown an be writen a8
Aollows:

CGHL,0,460, — 6CO, +6H,0+36ATP

Glucose and OXygen are used and carbon dioxide and waer are produced.
18 released which i used in the synthesis of ATP molecules. This s just the
opposite of photosynthesis where glucose and Oxygen are

produced and carbon
Xide and water are used as raw materialg.

1
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i W0 refease ¢ tored :

w oty ;m'.ergy stored i organic food

: Y wving cells do not acanire a:

1657 Why do they synthesize arp s oot
nolec £ Wiy dothey sym}y:sachTP’!This s
of glucose is released it vif] be to0 great f'
g 1 el & heati of the cells and i
dual reactions, This will eanog up o ® and also a large amount

il bs wisted: A’l’i’ ; ﬁ‘!gpghi amount of energy available o the cell
functions when it is broken into ADP and inorganic phosphate: Al living

. \ : yr energy requirement,

we i whole amount of energ

- Glycolysis is the breakdown of glucose, a 6-C molecule, in two molecules of
ruvate ( 3-C molecule) and a net gain of two ATP molecules. It tzkes place in cytosol
toplasm) and is common in both aerobic and anacrobic respirations. Glycolysis
snotneed free oxygen.

~ Glycolysis completes in two phases i.c. preparatory phase and oxidative

Glycolysis starts when glucose reacts with ATP molecule.

AT P transfers energy and phosphate to glucose forming glucose 6-Phosphatzs
nd "ts_elf converts to ADP. ey

! 0se —61 Phosphate is isomerised into Fructose-6 Phosphate. i
is fos -6 Phsophate reacts with another ATP molecule forming fructose-1-6

e




Fructose1, 6-diphosphate

== Glyceraldehyde 3-phosphate
Dihydroxyacetone (GP)
phosphate(DHAP) 1‘

2NAD ‘
@) e

zm. 1,3 diphosphoglyceric acid 2

2ADP



. transters high energy phosphate 1

S-musphoghme —.u'?
ﬂn2-m:spixmol pyruvate {PEP) with the

. 2PEP+2HO
. EMMW'WMMADPIM:;&,IP”:

Pyruvic acid .In this step phosphoennl pyruvase gives up 2 phosphate group 0 ADP
generating ATP mdmdfox@hmaad_

Twomoiemisofmn&_ﬁm ofglycohm Since e




ﬂ‘;”ﬂnsptocess is called linked reaction W‘tﬁ’h Glycolysis the

o Pyravic Acid iw'ﬁ’+(‘.0,+2" KrebScyCle.
~ Acetyl group + CoA ———— AC“YIC‘A
NAD+ 2H » NADH,

Further oxidation of acetyl - CoA takes place In a cyclic mapp,. This cyce ;

called Krebs cycle. : &

¢ Kreb'sCycle or Tricarboxylic Acid Cycle (TCA) g

8. InﬁrStStepofcycle,AcetylCoApl'Od“cedmthe]mkedmcﬁonc
with pre existing oxalo acetic acid (4-C) in the presence of water mg]

citricacid (6-C). Co-A becomes free and is ready to react with another

Acetyl Co. A+ oxaloacetate — Citrate+Cg. A
o Citrateis converted to isocitrate

VRl LRI e

Ombines
ccule to form
acetyl group

POTAR

S ek g A

Citrate ——— [socitrate

_ ate ] -ketoglutarate (5-C). one carbon of Isocitrate is oxidized
- tocarbon dioxide and hydrogen is removed which is picked upbyNAD reducing into

:
:
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%"?‘A:"Synthesf"

 transean  SYnthesis of ATP from
- Manspory SYStem through the joint eVt

ADP and inorganic phosphate in the electron
of chemical and osmotic processes is called

oo ch'émiosmoti : . «motic theory of ATP synthesis suggests how
R CA is. Chemiosim {
AT i TP synthesis. C

Pl tion j ith the energy ¢ :
Mltot:hondﬁa a:: ;?;gfrfdgtgy double membrane. The outer mgmbranef is smooth
While the inner membrane forms enfolding which are shelf-like projections or
pmmbefances called cristae. The cristae arc present in the inner chamber or

nitochondria] : i iers of electron
mitochondrial matrix that is filled with a gel-like substance. The carriers o
. ransport system are present on the cristae. A space 1s present between the outer and

@§t~membrane called intermembrane space.

Table No: 4.1Production of ATPs in respiratory chemical pathways.

= . Plthwav CON\Z}' me J -\1 P Sourceaf ATP
: D vield . vield
e . AN SRRl kS _— Ao
* Glycolysis : 3 To begin ghycol ysis reguires the mpat of two ATP from the cywplesm.

:rhsc o ' b This is the activation energy aoadad 10 start thes maction.

e E—— - —— *’ -— ———--1 T T N 2
Glyeolysis pay- f 4 ATPs made by ghycolyss. Nowe the Nz Yield for 2iyoolvsis would be
off phase ! JATRS (ATR-2ATR)

Theso molecules are cressad by gvooiysis, Y ey canomly de
| c\\u\mm:\nhkmh\e&n&iﬂchmmt_&.

P h&mhumumaw“kﬁam..

Oganims, and coss 2ATP inodhes This s whtcanses e

i 4 diffbrences in the Not yiekd of aerobic sespission
z S :

POCARROR e 0. ads




NADH

Fig - 4.13 Chemiosmotic ATFP synthesis

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

spiration of Proteins and Fats |
s degrade mostly glucose 1o relcase energy. However cells can oxidize
 other food molecules such as proteins and fats to relcase energy.

n and Glucose Vietabolism f
sing are broken down to amino acids, Amino group 15 removed from

' ini le.
rming ammonia and the remaining molecule enters the Krebs €Y<
o ot : fthe entering

o the Krebscy ¢le depends on the number of carbon atoms 0 {

¢ is used as energy source it is hydrolyzed into glyce e
zlf;‘ccfol ( a 3-C compound) is converted to PGAL 'Yh:m::imo
wpiration into the glycolytic pathway. Each fatty acid 15

| , acetyl groups which enter into Krebs ¢yele
4 iy a fatty acid with 16 carbon atoms. It brea 5 down into '8

gl
BN s



;1 7_‘4.3.2 Anaerobic Rcspinﬁon:;-,.. o5 »wlthout the utilization of oxygen is caljed
~ The incomplete breakdown of glieS®

mpmnon (Fermentation) occurs in the absence
breakdo“m of organic food molecule and only a

pymvate formed in glycolysis has two
on the availability of oxygen, If oxygen is
letely degraded into CO, and water in

. mxtochondna i.e. acrobic resplranon If oxygen is not available ther.x oSO
e fespiration continues and fermentation 0CCUTS. The process of fermentation consists
“"-'oftwo stepsi.e. glycolysis and the reduction of pyruvate into alcohol or to lactate.

;iif.-ff Ame.roblc respiration is of two types.

 anaerobic respiration. Anaerobic
fof oxygen. It involves mcomplote
small amount of energy is relea
~ pathways. In human cells it depellds

."avallable then pyruvic acids is comp

"a. LacﬁcAcld Fermentation
- This form of fermentation occurs in muscle cells of human and in many

mwmorgamsms It completes in two steps. In the first step glucose is broken down
mnto 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
1mportance because of rapid production of ATP (energy) when demanded.

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

Z2NADH 2NAD

B) 5 ACHO) {iat e s
! ~ Pyruvic Acid v 2(GHO,)

"‘""‘ | Lactic Acid







o . Phog % concentration of the requirements for normal
:;1? "hon;ng(;?;otﬁ?mneeds %t is present in less concentration than
Ptim e \,u N is affected and slows down.

in me e Wmm normally CO, combines with RuBP

(Carbox,\’iaticm‘) for;acn;é:f molecules. The process occurs in the presence of an

AzZvme calleg ﬁbu‘osnlg) . 1 -1 te carboxylase (rubisco). This enzyme can act both

as Caf"ooxx, Se an d 0: :phosphiﬁ;e reaction depends on the concentration of CO,

O, H the concex.lg—;;nasz%co is more, then rubisco combines with CO, and |

S¥ynthesis Proceeds ::rmally.zon the other hand if the concentrati.on of O, is |
HOTe, then Tubisco combines with O. and photorespiration occurs. (Rubisco can act

S carboxylase as well as oxygenase). 2

Plants haye stomata for the exchange of gases. Diffusion of water vapours

from leafio the external environment also occurs through the stomata. In dry and hot

- Weather planis close up stomata so as to conserve water. In such condition CO,

— Ok enter the leaf and O, cannot leave it. Dry and hot conditions are usually
“which

, by intense sunlight therefore light reaction occurs with maximum rate
resalfs in maximumuse

.....

L T g e
P ¢ P TR
Y
-

of CO, Since concentration of CO, lowers down in the
leafand photorespiration proceeds. ,
The following steps are involved in photorespiration:
I

Oxygen combines with RuBP (present in stroma of chloroplast) and a
compound called Glycolate is produced.

RuBP + O,—— Glycolate
2

Glycolate is converted into glycine (simplest amino acid) in the peroxisome.
Glycolate ———  Glysine
3. Glycine is transported to mitochondria where it is converted into serine and a
molecule of CO, is produced. |
Glysine ———  Serine + Co,
4.4.1 Disadvantagesof P hotorespiration (Consequences)
1. Photorespiration is just the reverse of photosynthesis hampering the fixation of
i COphoRIIless. L e , |
. 2. Theprocess wastes energy and does nothing to serve the needs of the plant.







' KEY POINTS

Bmenergeﬁcg is the study of those processes by means of which living
Organisms store, use and release energy.

PhOlOsynthesis 1S @ process in which the green plants
cOnvert light energy into chemical form.

The organic molecules of food are broken down and their energy
isreleased in the process of respiration.

ATP is a key molecule of biological world which. is the main source
Ofenergy. '

AAL L

and NADH, are produced, as end products and these reactions need
sunlight.

Photosynthesis has two sets of reactions. During light reactions ATP

ducts 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,

4 place of CO, and

© o Jry days when stomat
e »,_“‘qr'- : dafexm that Of CO:>







EXERCISE.

S kay & s
UYOUC coll the Krobs eyele oceurs in:

1y )
k\' '\:!“ SN

¢ \:‘iz:\\:‘l ; b, unylcus |

bl \\'izfup,m}\:d:i d. ll]ll(‘("?()ll('l'nl o
2 outer ‘]‘I.::‘=t~~‘f‘i1(\l\\i| ta the proton gradient dc'vclup.s across the:
& fratey | lhrane b. innermembrane

12 \\"‘\"a‘\“{‘;.\’\?\k.( | d. mtcrmcmlwu’nc.\'|?uc9. i
5 Ghace ‘“‘w ollowing generates more energy in acrobic respiration;
SRR b. Triglyceride
b pr'\‘ig‘!‘;‘. - Y AR

13, ?h\\\‘;\h\\;,l e d Sn}mm o O e
F!\.CO HolpyTuvate mrbox_vlusg isused in C4 Plants to :
ot SR, b. Fix O,

B o s ouceRuBP d. Reduce pyruvate molecule

g nswers to the following questions

Define glycolysis.
Whatis phoro.rcspir;uion'.‘
\:‘s"hat do you mean by chemiomosis?
bt.i'e Ih; role of carbondioxide as one of the raw materials of photosynthesis.
Di .ﬁer?nnate between the absorption spectra of different photosynthetic pigments
What is the main difference between cyclic and non cyclic photo :

.O\ r)‘ -‘- Ill 'J ot N

\X'! ite in detail the answers of the follow i.‘ii;_‘, qug stions.
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 ph otorespiration and what are its disadvantages?

fl\:&a:ulJHﬁ

Projects.

. Develop the graphical interpretation of the wavelengths of 1 i
e atigh absorption by chll O_rqphyll ‘@and ‘b’ g ight along wlth the
. Developaflow chart for explaining the events of the light-ind :
. Draw the flow charts showing the events of glyc,olysisgand Kreetl:: 233: s
. Tilustrate the net €ncrgy output during glycolysis, oxidation of pyruvate and Krebs -~

cycle.
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1" yiruses 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 produced by,
and thus derived from, the organism they infect. Viruses cause many d.lseases 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. “;1}“ :
antibiotics can be very effective against diseases caused by bacteria, lt esn
treatments are ineffective against viruses and most control measures I¢ );cm
vaccines or relief of the symptoms to encourage the body's own defeﬂsefs}’shu .
Viruses also cause many important plant diseases and are responsible for hug
losses in crop production and quality in all parts of the world.

e —
':Li’r)r four Inf«)rmqnm,J

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.

5.1 Status of viruses
Viruses lie on the border line betw

are considered as living because viruses po
of reproduction. They can undergo muta

een living and non living things. Viruse
. s
ssess DNA or RNA. They have the ability

tion and genetic recombination and also
ngs and show irritability,

pioneer bacteriolg
had demonstrated that bacterja Cause many

r
However, causal agents of some diseases
tobacco mosaic disease. The agentof thig

g(;l_sts like Louis Pasteur, Robert Koch
S€ases of man and other organisms.
%l.lZZ]ed them. Ope such disease was
1S€ase could be transmitted from an f




infected orgapism 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 bacteria 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. Isol.ated,
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

5.3 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:

These are arasit
¢
plants and cause dis 3 =

c€ases in them.

¢. Bacteriophage (phage);
parasite only on bacteria

This virus is

Bncterioph;ge
Fig; 5.1 Different Shapes of Viruses
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4 Strueture of chesome Represeniative Vires
5.4.1 Structure of Bacteriophage

i iply ins;
' 1 lar parasites that multiply inside
i ¢ (phage) are obligate mtrace.llu - r
b tg?ac :Jen:)npa};:;ﬁg Elpse gf the host biosynthetic machinery. B?gg:zggg;%)zz lexa:;:
r:;ny diffgrent sizes and shapes. The basic structural features o

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 composeq of
many copies of one or more different proteins.
Inside the head is found the nucleic acid (DNA

or RNA). The head acts as the protective
covering for the nucleic acid.

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_
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 pl
fibers attached to it. The base plate and tail fi

the phage to the bacterial cell. Not all phages
instances other structures are involved j

5.4.2 TheStructure of HIV

HIV stands for Human Immunodeficiency Virus. Like al] viruses, HIV

¢annot grow or rep

! roduce on its own. In order to make new copies of itself it must
infect the human cells. O » HIV exists as roughly spherical

( utside of a human cell
particles; the surface of each particle shows numerous spikes.

" Tidbit |

ate and one or more tail
bers are involved in the attachment of
have base plates and tail fibers. In these
n attachment of the phage particle to the
bacterium.

\J
An HIV particle is aro
Qiameter. That's about th

€ same as: 0.1 micro
inch one twentieth of

und 100-150 billionths of a metre in
ns 4 millionths of ar

)
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Unlike most bacteria, HIV particles are too small to be g througlt] ;‘2
ordinary microscope. However they can be HEEK Siourhy Wltht 12 kc:}gatr‘as
microscope. HIV particles surround themselves with a coat of lipo proze['ttle spikes,
the viral envelop (or membrane). Projecting trom this aee-eround 7 lt below the
which are formed from the proteins (gylcop PoLSI Ep 120 dui givtl. Jhet ) protein
viral envelope is a layer called the matrix, which is made from the (matrix) p

s L The proteins gp120 and gp41 tqgcihcr m/;m up t};]e spikes that project from
HIV particles, while p17 forms the matrix and p24 forms the core.
The viral core (or capsid) is L}Sllaily o ;32 e H
bullet-shaped and is made from the protein p24. - S s
Inside the core are three enzymes requxr'cd for envelz’;’ e >
HIV replication called reverse transcriptase, g;; ~f4,
integrase and protease. Also held within the core

. e -.‘-,
is HIV's genetic material, which consists of two s “'
identical strands of RNA HIV belongs to a

transcriptasg..-
: : : RNA :
epecial class of viruses called retroviruses.

-

3.4.3 Structure of Flu Virus Fig; 5.3 Human Immunodef;

ciency virus
Influenza is an RNA virus which may exist in dj
balls to long, spaghetti-like filaments, The ge

: : ‘ nome of this virys i
five different vira] proteins and is surrounded b s
influenza belongs to the "e

fosloperd Y?lipid membrane, w
. : _ €d” group of vi .
ribonucleic acid (RNA)make up the inﬂuen:;z)a irus g Light R

ssociated with
hich meansg that

S arate pieces of
iicsth ino aci €no .
Specitics the amino acid sequence of one and sometin%es t‘:}:)eoi‘?g::?r};p,’ece ?f .RN A
§.S proteins,
Nucleoprotein
; Ne
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5.5.1 Virus Evasion of lmmune Responses

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. Sointhis
way body immune system is unable to recognize them as foreign body.

* Many viruses produce mutants (antigenic variations) at regular 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
entrance into their hosts. A virus' method of entry is very specialized, and it is ope of
the main ways a virus is able to locate it's victims. Take, for example, a virus that
targets host cells located in the stomach. If a person inhaled such viryg particles they

e~ —-,
- . Uy
&

<.
= LA £

Record the Symptoms of flu in any individual, Make a list
of names of at least five viruses each in plants and animals that are
Specific fora specific host.

The virus that infects and ‘becom '

- ‘becomes parasite on the bacterium is called

ftﬁcfnoi)hage. There are many strains of the phage but only one kind of phage will
ack only one strain or one species of bacteria. There are two types of life cycles of

the phage namely lytic cycle and lysogenics cycle,




rsion of lytic and lysogenic cycle

a. Ixticeye!

yele the phage js regarde
cell(host)is regarded as slav

d as virulent or master and the bacterial
: €. In lytic cycle the phage
the cell wall of bacterium at a poi

A takes over the biosynthetic
ize i DNA and protein molecule. The phage
i e host to synthesize its own N and .
mac}}m.ery Ofdﬂi]ncreases in number. The daughter piiages ex..r} p:;s:ﬁae roerll ;:SZ c;}é
mumplfl?az?erium Thus the bacterial cell ruptures (lysis OF;‘;;’ A stiet thieir evele
0 gtef hages, which are now ready to attack new bgcteg is called lytic cycle of
daug Thps type é)f life cycle in which the bacterium cell burst
again. Thi
the phage.

1

Daughter cell with
prophage

Cell divisions

Produce population
Occaslonal!y,

of bacteria infected
: a prophage
exits the bacterial
P

with pro hage
chromosoma, /
ke initiatlng a lytic cycle
& <'«.u2,:,~') e 2

bacterlal
Chromosome

The cell lyses, releasing phages

The bacterium réproduces
Copying the Prophage and
Lytic cycle  Lysogenic cycle transmitting it 1o daughter
\ Is induced or s entered Prophage Cells

New Phage DNA and proteins
are synthesized and assembled
4 into Phages

Fig:5.5 Conve
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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. 'l_"hiS 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

MY g p s$oapey e! BT
5.7.bmf,c UAE:udf.lL.l inphage 5~ Phage DNA
in Genetic Engineering 0 /‘d‘ P
Isolated genes cannot i . )
g Phage . _ DNA ,

replicate themselves, a gene to be ™ Gene Is incorporated
into phage DNA
}

cloned must be inserted into the

DNA of suitable cloning vector
. . X Co— G
like bacteriophages. Virus DNA __.P:;'so ek
# (Recombinant DNA)

molecule is used to transfer a DNA
fragment from a test tube into a . 1

living cell. Cloning vectors are :
capable of multiplying inside of - Recombinant DNA
Iiving cells. /:7 enters bacterial cell
Phages can be used as cloning P ky‘\\d .
. o 1 ~ - | Bacterial
vectors to mtrodu.ce recombinant R ca LA & U R irckroge s
DNA into bacterial cells. Once -
inside a cell, the recombinant DNA e B alo?%e‘,%fg':np‘:'cmd
may begin replication and new - ) (_) A\
e { (Lac) i
phages, each containing the gene L L 4 J
of interest, are formed. The "'""""“‘"T b
. . ew a
bacterial cellular machinery e ' bacte':ials:;u?ur:turos
synthesizes the vector system o o T ey
- I A e TR/ NG 7 BN
proteins and DNA, but the Ky Y . VYUY :) |
bacterium is destroyed when the R e 3
phages are released. Hundreds of phages and genes are produced
Each phage can infect another bacterial cell
Fig 5.6 Usage of bacteriophage in genetic engineerisf L




5.8 AlDSand EIViufection

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 ;

The immune system is a network of cells, organs and proteins that work
together to defend and protect the body from potgqtially ha'rmfu.l, inf_ectious
microorganisms. The immune system also plays a critical role_ in preventing thf:
development and spread of many types of canc_er.W}}en the immune system is
missing one or more of its components, the result is an immunodeficiency disorder

DS.
= 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

s bt L lthese cells and starts to reproduce itself,
reby not only killing the Cells, butalso spreading to infect otherwise h
cells. The HIV virus cannot be destroyed and lives j b s
oryears before any sign of illness appears,
Qradual]y, over many
Progressively destroyed or inactivated, o

Converteq tomune system cells, releases its RNA.
DNA during reverse transcription.

s
Chromosomal DNAOSt cell nucleus anq js integrated into host cell
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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 human 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: fey
nodes and glands. However, for most
apparent,

er, rash, muscles aches and swollen lymph
people, the first symptoms of HIV will not be

T
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Prevention 1d:
In general, to prevent viral hepatitis we Sho.u ' living condss:
» Follow good hygiene and avoid crowded, unhealthy living conditions,

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

e Wash hands thoroughly after using the toilet and before ea.tm g. |
* Use antiseptic cleansers to clean toilet used by someone in the family who

develops hepatitis.

o A : i w1
Erdl’ (oyr Informr;mrmJ W

For viral hepatitis, the incubation period (the time it takes for a
person to become infected after being exposed) varies depending on
which hepatitis virus causes the disease:

‘Forhepatitis A, the incubation periodis 2 to 6 weeks.

‘Forhepatitis B, the incubation period is between 4 and 20 weeks,

‘For hepatitis C, it's estimated that the incubation period is 2 to 26
weeks.

Coronaviruses (CoV) are a large family of viruses that cause illness
ranging from the common cold to more Severe diseases such ag
Middle East Respiratory Syndrome (M ERS-CoV) and Severe Acute
Respiratory Syndrome (SARS-CoV). A novel Coronavirus (nCoV) is
a new strain that has not been Previously identified jn humang, Most
estimates of the incubation period for COVID-19 fange from [-14
days, most commonly around five days,

)
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Virys, rson through direct contact.

HSV, is an infection that causes
rus that can be transmitted from
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There are tWO

and is generally responsible for cold

hand on the face.
generally responsible for

::)SV‘I‘ primarily causes oral herpes;
res and fever blisters around the mout
HSY'Z: primarily causes genital herpes, and is
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.
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S.10 Prions
Prions are infectious protein particles thought to be respo nsible for a group of
transmissible neurodegenerative diseases. Most evidence indicates that the
infectious prion pro;cins 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
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' It is a fatal degenerative
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This disease is a rare genetic deg e '
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gait, difficulty walking, dementia and clumsiness.
FFI: Fatal familial Insomnia

It is a very rare sleep disorder. It affectst
insomnia, speech problems and dementia.

brain disorder.
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he thalamus and its main symptom s

Alpers Syndrome
Alpers syndrome is a neurological disorder. It Symptoms include increased
muscle tone with exaggerated reflexes ( spasticity ), seizures , and dementia.
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4 | hoose the correct answer in the following questions.

“Series by : be recognized by its:
, acteriophage can b. rounded shape

& Uregylgy g,
B C.tadpg]e s;azse . d. rhomboidal shape

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

€. envelope d. tail fibres

o Which of the following is not associated with prions?

% NeurOdegenerative disease b. Leafcurl disease
i C. Toxic proteins d. Alper's syndrome

: Which statement is true of viroids?

a. They are single-stranded RNA particles.

b. They are sin gle-stranded DNA particles

¢. They reproduce only outside of the cell.

d. They belong to begomovirus.

P 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. Tobacco mosaic virusis: .
a. spherical shaped b. cuboidal
¢. rod shaped d. oval shaped
9. Which one of the following is a disease caused by viroids?
a. Creutzfeld-Jacob Digenge b. G :
c. Fatal familial Iy - Gerstmann-Straussler-Scheinker
Omnig d. cadang- cadang di
g- cadang disease

B. Write short answers to e following questions

{ Give a brief statug of Viruseg in classification

“
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Explain how a virus
immune system?

Describe the role of bacterio
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. Wnite a brief note on prions and viroids. 5
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phage in genetic en gineering.
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Justify the occurrence ofbacteriain

List the diagnostic features of the major groups of bacteria.
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photoqynthetlc bacteria.
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wall and other coverings.

Compare cell wall differences in
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f prokaryotes.

hat distinguish them from bact o
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position of bacte 1 ell

Gram-positive and Gram;-.n

bacteria.

Explain the greatdi
Justify the endospore formation in bacteria to withstand unfavoraoié
conditions- v
Explain motility in bacteria.

Describe structure of bacterial flagellum.
pescribe genomicorganization of bacteria.
Classify bacteria on the basis of methods of obtaining €1 9
carbon: g
ibe auto ;
pescr! '(T",Phlc and heterotrophlc nutrition in bac:tefla ‘ |

nthe
g pldl_y,' pléfﬁent composition in cyanobactena

versity of shapes and sizes found in bacteria.. as
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is mechanisms i S
the photoS)’“‘heS's - L cya“Obacteria k‘{ ;
ween .

1thetic pactena-

cteria.
rowthof b2 =k ,
1 gt . freproduction in bacteria.
etho

o

and other photosy!
List the phases in tl
Describe differentm
Explain how mutation
bacterial reproduction.

Describe bacteria as rec - —
Outline the ecological and economic importance ol bacteria,

Explain the use of bacteriain research and technology.

Describe important bacterial diseases in man e.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.

ccombinations lend Variability
0

yclers of nature.
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Define the term normal flora.

.Lnst the important bacteria that make the normal bacterial flora residing

. . i . {
In the oral cavity, respiratory and urinogenital tracts and large intestine |
of man. ‘5
Describe the benefits of the bacterial flora of humans

List the chemical and ph

sic .
bacteria, Ysteal methods used to control harmful



bacte_;if:;’;(‘;; up of lipid bilayers byt ¢, ey con

i . lain
bohydrates-protein o

deup OF " cks this complex. Mplex calleg

: ism
ofl wall inbacter? | of archd :
The¢ butthe ell wall I A different fromthamfbacteﬁ&

: 0 :
unique type 0t 1! derat® environments. Those inhabj
vers of extreme environment) apq the
known as methanogens, Ty,
alophile :
hiles are further divided 10t0 extreme h phtles and extreme
extremolsl i CE by . . high-salt environments such as Utah's
5. EXIre :
thCm:OSP lt1 Eake and Dead Sea. The proteins and cell walls .Oft}.lese arch.a ¢ahelp to
B :sms cannot survive if the salinity drops

™ : s il
survive in saline conditions. These org 5 i
below certain level. Extreme thermophiles thrive 10 very hot environments. Some of

these organisms live in sulphur-rich volcanic springs as hot as 90°C where most

other organisms do not survive because their DNA cannot maintain its double

helical structure and many proteins denature at this temperature. Some extreme

thermophiles are found forming dense communities in boiling water121 °C above an
active volcano 150 feet below the surface of Pacific Ocean at Macdonald Seamount.
» Meth:nogeps live in strict anaerobic environment. They obtain energy ina
que way by using CO, to oxidize hydrogen releasing methane as a wasie

product. They may be found living i
; g 1n marshe . :
animals and water thickioe layessin Gl‘eenlanfj’ lake bottoms and mtestm_es of some

extreme _
other group livin
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otes. Prokaryotes are

I o |
s e
lm flon - d  mbrane-bound organelles,
ch Ivip o IO an isms living on earth
p. Factey;, "8 World is givided i"° P el ancient e Th gl‘ ‘
Tok by the absence of daﬂt an vOlVe on earth. ey lived and
to€ the advent of eukaryote&

t Oteg ' :
Oday, Sy alre the simplest, most agtO anis™> pefore =4
®Volyeq i Closely resemble the fif lon ¥ ars ditions prevailing on planet
The :\}:one on earth for over athe parsh €01 -:roscope' Life on earth cannot

€ abil; Joit ; aml . .
Okaryotesal o e)l(lpto be seen Wlth.OUt jved in many essential functions
re too sma re IDVO ion of organic matter and

: . 10ut proka because theY osit
1 otes bec : om
cluding fiyagioy orfyatmospheric sogen, 96O en in earth atmosphere.

6.1 Taxon, : ,
L Lai0nomy of Prokarvoles ‘ .
In five kingdom system of classificatlon of Whlgfike_rl; igdprizki‘;yu(;te: t;re

Placed in kingdom monera, whereas cukaryotes are 1striou er

kingdoms viz, protista, plantae, fungiand anima]ii,l' - 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.

This has revealed that over hung

; s from distant] reds of i

acqu1fe;i %z::ion et researcyhre‘l:teds ecies ang ¢ ;nllllon§ of years, prokaryotes

New mo(L e in prokaryopis Ould g, s n}’dContmue to do so even today.
- se in certain

new | nd many more wil
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archa‘ez‘but " hatbOthgmupZ;ms kn‘)Wna sfged into two main lines of
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g5 Archac® eacon 9 e €volutionary history of
0.- Archaea are dlstlnctjvc in n anCestOr.
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Of the Major differences which
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6.8 Pacterial Ploraof kinnais ot Jih b
The assemblage of microorganisms that (?onstantly and gonsxs en ?:d p
g IARNE e L ﬂorakThey tmcpl:;jffmt: gl P iy
isms. Some of these organisms are known 1o :
?}:ga}?:xmsn iody, while most of them produce no known beneficial g; rhzmll
effects. The microorganisms which are expected to be present and un Sl ilore. °
circumstances do not cause disease are g:onsidered as member of the norm

6.8.1 Benefits of normal Bacterial flora N
1. Normal flora synthesizes and excretes vitamins in excess of their
These vitamins are absorbed as nutrients by the human body. it ot Fob
2. It prevents colonization of pathogens by competing for attachment bt
essential nutrients. In this way the normal flora of the human ofgfmshm el
growth of pathogenic bacteria through competitive exclusion. This is thoug

the most important beneficial effect of normal bacterial flora. )

3 Norma{)ﬂora of bacteria may antagonize other bacteria thropgh p'roductxon qf
substances which inhibit or kill non-indigenous bacteria. The intestinal bacteria
produce many substances which inhibit orkill other bacteria. ” )

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

Table: 6.1 Bacterial flora of humans

Body Part Human flora

Oral cavity Streptococci and lactobacilli.

Streptococci,  corynebacteria,
Neisseria sp., Gramnegative rod and cocci.

Respiratory tract

3. Urinogenital tract Streptococci, corynebacteria and lactobacilli.

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

d— g




Soft rots are caused by several bacteria, most commonly Pectobacteriym

tovorum (previously called Erwinia carotovora), Dickeya dadantii (p,:evzously
Sl cies of Pseudomonas, Bacillus and

called Erwinia chrysanthemi), and certain spe
Clostridium.

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
pest control as they may serve as the carrier of the bacteria.
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A Lireriant bacierinl ('-‘-f::.":!r»a-;\'(.-é'.; iants
L. Bacterial leaf spots

This disease is caused by Pseudomonas E S e g
Spp. and Xanthomonas spp. Its host includes “ & ' Lk j
Chrysanthemum, Delphinium, Heucherq, | . - M B o g
Hypericum etc. Disease symptoms include ;' r’v«&“ . AgT " ' V\;
water-soaked lesions on foliage that darken RO A Fone oY
with age. Lesions may be bordered by the leaf :' . ":"“';"‘7-“‘"‘/""?i"{? whigh G j
venation. Bacteria on the plant surface are : ?\ el !
easily spread to nearby plants by splashing ¢ 7 )
water from rain and jrri gation. Most fungicides " " *"’ S AT w—j
are not effective against bacterig Copper- —— ™~

based products are helpful in limiting Fig: 6.9 Bacterial Leaf spots
populations of surface-borne populations of
bacterial pathogens.

2. Bacterial wilt

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 visible Symptoms of bacteri- ]

: o SRS T T Lutn "
wilt are usually seen on the foliage of plants, < A Yi.-/ PET T PR i/‘
These symptoms consist of wilting of the & AT B T T
}'Oungestleavesattheends ofthe branches. 2 LA "'7"“’".%"' ' s

4 :
Another common Symptom that can be & K ‘_"
associated with bacterial wilt in the field is :5., ) ¢~‘.i’ g > R l "
Stunting of plants. Preventive measures of { 7 P N 2 M
disease are: destroying the infected plants
immcdiately, crop rotation, control of & &

Nematodes and use of disinfected farm tools.
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3. Bacterial soft rot
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1. Cholera

Choolera is caused by Vibrio cholera, a curved Gram-negative bacterium. It
enters the intestinal tract from contaminated water and food. Bacteria secrete a toxin
that stimulates the loss of fluid. Massive diarrhea is associated with cholera
Antibiotic such as tetracycline may be used to kill bacteria. In severely dehydrateci
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 disease gives
protection for about six months.

2. Typhoid fever

Typhoid is caused by a rod-shaped Gram-negative bacterium called
- Salmonella typhi. 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

3 fieumonia 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
Str ep"’}cl‘e’;c“:ip"e‘{moniae. The patient with pneumonia experience high fever,
?hamhz alveilanrss, :clfﬁculty in breathing and rust- coloured sputum. The blood seeps
into't Softhe lungs and the lung tissues gradually deteriorate. Thedrug

jven t0 PREUMONIa patient jg poyioane . Gt
' Wik ie icol use
for people whoare allergic ¢, Benisilii ith tetracycline and chloramphen



6.5 Importance of SBacteyin
i. Imresearch tcchnology .
Bacteria are used in biotechnology. For example, Escherichia coli are used in
gene cloning. Agrobacteriym tumefaciens 1S used in producing transgenic plants
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.
Humu}in, human insulin is produced by using recombinant DNA technology. It also
helps in producing disease resistant crop plants.
ii. Asnutrientrecyclers
Saprophytic bacteria are decomposers. They break down O
compounds like proteins and carbohydrates into simpler compound like Co; :
‘is released in the atmosphere for recycling. It is fixed by green plants 1n
photosynthesis. Other nutrients released in the process enter the soil and become
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 di gestion of
cellulose by breaking it down. The relationship is called commensalisms. Soil
bacteria decompose the organic matter and make the soil fertile. Bacteria alsc; I

importantrole in nitrogen, phosphorus, sulphur and carbon cycles. play

iv. Other uses of bacte(;i? .
Bacteria are used in the preparation of dia g

and yoghurt. They are in.VOlved in the preparati:)};.p ;g(;?l(l’ltglsl:(:h as butter, cheese

acids and proteins. Bacteria are employed in retting of fiberg anOdlcs, vinegar, amino

v. Spoilage of food making of i) age.
Bacteria spoil the food items. Foods with

decomposed by bacteria. Eggs, fish and cooked fooq

bacterial action.
6.6 Bacterial Diseases in [ Tumans
A relatively small number of bacteria are

rganic
which

2l:fih protein contents are
milk are g spoiled by

the cayge

of human beings. These diseases ar : ofm :
through d :  are transmitte thro Ny serioys diseases
gh wounds or cracks in the skin.Some of the : air
¢ diseageg » Water, food and

ay
Sedby the bacteria are

discussed below.
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il to
connects donar c€
recipient cell. CopY of donar
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move fo recipient

cell.
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mologous sections
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4. Cells separate. Section of
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by crossing over.

Fig: 6.8 Bacterial conjugation and recombination

Normally Escherichia coli can synthesize all amino acids it requires
expOS° to s?}?e:ga\: rgdiatio.n aqd two mutants were isolated. Onec‘l rlxlir:t:;nltt b
ynab eto s.)'r1mm$i.zec 1ot{n (a v1t§m1n) and'ammo acid methionine. The oth P
d otfsythe amino acnd.s theronine and leucine. The fi - i
seﬂ al for tf growtp of.bactcna. The two mutants wer i FarCaEmicnls ar
cimﬂ‘on medium lacking in all the four compounds. N ¢ mixed and cultured in a
;T"“m i fhlfuil:iizgce of essential chemicals, but t or}:e of the cells would have
cchers: sofcolonies of bacteria de\;elope: "lEhe ok of
- “ IS Suggests that exchange




’ sduction
il- 77 gacterial recombination by

ansduc!ion was first reported by
trederberg and Zinder in 1952. A piece
of DNA is transmitted from a donor
ll 108 recipient cell through a third
called bacteriophage. The phage
nes itself to the surface of the
pacterial cell called donor bacterium
and injects its DNA into the cell. The
Jiral DNA directs the formation of
rotein coats. Sometimes a piece of
DNA of donor bacterium may become
ttached to the DNA of phage, the
recombinant DNA is known as
prophage. Many phages are¢

" gssembled in the bacterial cell which

attac

pacterlophage
Host bacterial cell
(Donor cell) \

paclerial
m
chromose® 1. Phoge injects i
DNA
| 0
/Ig ‘“

. Phage enzymes

donor DNA ‘
(ransducing phage)

b Cell synthesizes new
phages that Incorporat
phage DNA and

Transducing ‘ mistakenly
phage some host DNA
Reclipient host ce \

Transducing phage
njects donor DNA

Transduced cell ‘ .

. Donor DNA is
ncorporated into
recipient’s

chromosomes

by recombination
s

hursts and a crop of phages 1s released
wompleting a lytic cycle. Phages
which cause lysis are called virulent
phages. 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.
The phage is called temperate phage. The recipient bacterium at this stage contains

| ﬁfﬁc types of DNA i.e DNA of its own, DNA of donor bacterium and DN A of phage.
- Nowrecipient cell's chromosome becomes a combination of DNA derived from both

| ;h:czagterial cells i.e the recipient and the dopor cells. With the division of recipient
gen%n;n . all three types of DNA also replicate. In some daughter bacteria, S0
vy 1 donor. DNA a!so express themse!ves flonor and recipient bacteria. In this
s ;glenetlc mater.xal of donor bacterium is carried to the recipient through 2
. 0er ag.e completing the process of transduction.
Jggatmn
g, Ugation is a recombination process in which livi : i
 contact and the donor cell transfers DNA tohtl}clh llvmg bacteria come 7
e recipient cell. The DN.

Ser js o
1S one way, T ed i
sche"chiacol,; y. The process was studied in 1946 by Lederberg and Tatum® i
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icrobiologist, injected live R-type
In ; : German microbiologist, xmecte
Cell ingg thegiidl;"i)dfn: }}]1 G{:Eﬂ;:;]se the mouse remained alive and showed no
ca ?

symptoms of pneumonia, Then S-type live cells were injected into t.he body of
Anothey rnousep the mou:;g suffered from pneumonia and died. Hez.it-kxlle.d S-type
Cells wera inj ec,ted into the body of ahealthy mouse, the mouse remained alive.

Methog

Mix dead $ straln cells with ]

¢ R ltoln;g |

lxumm:msmm’ . living non virvlent R st ]
bacterial by heating . et S

Living §
Strain

Injecfion‘

" Y
’ ’" 2
les
Mouse Healthy Mouse Healthy Mouse d
Results :?z:;esil:;ln cells No bacterial cells No bacterial cells Living § sirains cells
found in heart found in heart found in heart found in heart

Fig: 6.6 Experiment showing transformation principie in bacteria

These results were all according to the expectations of the researchers. But

pat happened next puzzled Griffth and his associates, A mixture of heat killed S -
w e and live R-type was injected into the body of a healthy mouse, the mouse died
m pneumonia. The autopsy revealed the presence of many living S-type cells in
fro dead body ofthe mouse. He concluded that the head-killed S-type cells released
the e substances which changed some of the R-type non-virulent cells into S-type
e ent cells. The live R-type nop_yirulent bacteria were transformed into live S-
yird virulent bacteria,
- Later Avery and hjg Co-worker-in 1944 isolated and identified the
orming substance as DNA ¢ is now known that during transforming a small

anSf . . nit
e ment of NS released by donor bacteria and it is taken by the recipient where
es a similar piece of DNA .
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Mutation and genetic recombination Prokaryotle

in bacteria Chromosame
. 3= ‘Plasma
The genetic variation in bacteria 2 s
. C . . ell wail
s achieved either by mutation or genetic Duplication of
Chromosomes

recombination. Mutation is a major
SOUrce of variation in bacteria but
a'dditional diversity arises from genetic
recombiuation. After a few round of
pinary fission, most of the offspring are
genetically identical to the parent cell.
The genetic diversity leads to fast
evolution. Genetically better individuals
qrvive and reproduce more prolifically
ihan less fit individuals.

Fig: 6.5 Asexual reproduction in Bacteria

Mutation changes the bacterial chromosome by altering the DNA of the cell.
[nmost cases, mutation involves a disruption of the nitrogen base sequence in DNA

orthe loss of a significant piece of chromosome.
In bacterial recombination the cells do not fuse and only a portion of DNA

fom the donor cell is transferred to the recipient cell. A fragment of the recipient
DNAis replaced by donor DNA.

j, b.Sexual reproduciion

| In bacteria, sexual reproduction occurs by genetic recombination whichisa
.~ primitive type of sexual reproduction. In genetic recombination, DNA from two
i flifferent sources combine. The cells do not fuse, only a piece of DNA of donor cell is
Wserted in the recipient cell. In recipient cell, the DNA portion of the donor cell
ients itself in such a way that the homologous genes come close to one another. A
; f;?:g!pent of the DNA of the recipient 18 knockec.i off and DNA of donor is integrated
‘i 0it. The recipient cell is now called a recombinant cell. There are three methods of
i

o TSR

ba . . < . " 1
" ;tenal recombination i.e transformation, transduction and conjugation
ransformation |

i Streptococcus pneumonia has two strains, one causes pneumonia but the
tis unable to do so. The cells of the virulent strain are capsulated from smooth

- Wlonjeg 4 -

nd are called S-types. The non-virul o
oy ; P ent strain i 5 rms

8hcolonies and i called R-type. s non-capsulated, fo

l

i
4

e -




Wﬂvof fast growth called log phase. [t T

eriod

ed by 2P s of cells increases and reproductiop
The lag phase is folloW “The ma he number of bacteria doubles, In
TCpresents an active stage of 807" 1asses, ;
follows it. As each genefatioﬂ f 0 during the
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st {
‘ r// Stationcr"’. ' |
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Fig: 6.4 Growth curve for bacterial population

log phase because the bacterial production attains such a hi gh 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 number of dying cells exceeds the number of

6.4.8 Reproduction in bacterjy

Most common methog of reproducti
but they can also reprodyce sexual] uction
types of sexual reproductioy Y by genetj
a. Asexualreproductioy

Asexual reprody,

In bacteria is asexual reproduction,

¢ recombination which is primitive

the cell membrane . Jacterjy

replicates and the ce]glmwS e to it t-akes Place by binary fission. The cell and
. membl‘an S Size, accumy] : '

mesosome is attacheq ,, the © Qrows i Mulates nutrients, chromosome

When the nuclear mayey - Vlagy; 431 at the middle of the cell, Usually 3

inward to separate th,, 5. . 'S €q l rane at the | _ ' ot
formed. d'V'dmg ce] 3} distrip,¢ ocation of inward gr

"0 thig =, the_ cell wall thickens and grows
=0 division, no mitotic structure is
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Another type of relationship is commensalism in which one partner is
enefitted while.thf: other is neither benefitted nor harmed. Rhizobium radiciolq
jevelops @ symbiotic association with roots of leguminous plants. It forms nodules
1 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 Cyanobacteria

The process of photosynthesis in photoautotrophic bacteria is different from
cyanobacteria. In photosynthetic bacteria, oxygen 1s not release_d as by product
whereas the cyanobacteria release oxygen during photosynthesis. 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 both.
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

uther than increase in the size of organism. Bacteria grow very fast and their growth
is affected by temperature, availability of nutrients, pH and ionic concentration.
Under favorable conditions, a bacterium divides after every 20 minutes.

The number of cells doubles at the end of each division. It is called
exponential growth and the interval between two successive divisions is called

gneration time. It is different for different species of bacteria.

Phases of growth .
In a typical growth curve of bacterium, four distinct phases of the curve are

®ognized. The lag phase covers the first few hours when there appears no
Yowth. During this period, the bacteria become accustomed to their new

Wironment.

| fdbii ) ==

, The generation time for Escherichia coli is 20 minutes,
£ the division goes unchecked, after 36 hours there wouldfgigf;gn
 bacteria to coverthe face of the earth, SRS LL S
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r. Sulphur is releaseq j,,

8
the,, Ulce sulph
¢ proCeSS |on y d!‘()gcn is hydrogen

Sead of oxygen.

C Sunlight (CH0) .-
OI*H,S /
chlorophyll ulphur bacteria, suluphur bacteria
:I;):irrl\eozt.ter photh\utotrophic bacterid 21° pul'Ple |
il Che UWphur bacteria, '

O2utotrophs ource of energy. They derive .the
light s @ S drogen sulphid
¢ bacteria do not use U bstances such as hydrog phide,

e 3 y - . .
ReIgy by the oxidation of inorgani¢c S¥ Such a process of food formation is
4Mmonia, Nitrates, nitrites and iron compounds-

called chemosynthesis.

bo }:C‘L‘r()tr(]phfch..,.;,,..:.l S X

L i : rganisms obtain
These bacteria are unable to prepare their own foqd. These org o

energy from organic compounds prepared by other organisms. Thet-'e are three typc?s

of heterotrophic bacteria i.e. saprophytic bacteria, parasitic bacteria and symbiotic

bacteria. _

I. Saprophytic bacteria

' Saprophytic baChl?na,_ commonly known as saprobes, feed exclusively on

dead organic matter w ich is derlved'from plants and animals remains. These

pacteria possess a powerful enzyme g

com
. rocess. eco ‘ ‘
in thzlfes are called recyclers of nutrientg. Meavailable to other organisms. The
sapr

Ast
1socal led the scavengers of eary, hey clean the earth by their action, they
arc a:rasiﬁ ¢ bacteria

The parasitic bacteriadg t

> :
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Endospore may develop near the end or in the centre
of the cell. It containg little. water. The cell
membrane grows in to seal offthe developing spore.
It is further protected by thick layers of
peptidoglycan. When the external environment is
favourable the protective layers break down and the
spore is released which acts as 2 vegetative cell. _
Endospore formation is not 5 reproductive process — e .

as a vegetative cell formg 5 single endospore which s
later on produces one vegetative cell.

Fig: 6.3 Structure of Endospore

A Tidbit - ——

. : ,:‘v“ .‘f/ f

: Live spores have been recovered from the intestines of
Egyptian mummieg. Archaeologists found the endopores alive from
15 I8 years old sediments of Minnesota's Elk Lake. s J

6.4.5 Mode 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 e, AR
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’hum;miuiup!as :
Photoautotrophic bacteria possess chlorophyll and can manufacture their

f00d. The source of energy is sunlight which they capture through chlorophyll. The
chloTophyll is not contained in chloroplasts but it dispersed in the infolded region of

“llmembrane in cytoplasm.



b. Bacil; (Singular: baciltus) ost rods occurs singly but some form pairs

Bacilli are rod-shaped bact nnmg chains are knoyvn as streptobacx.lh:
and are called diplobacilli, oth d Closfffdi“"’ fetani causing tetanus are bacilli
Sahnonella typhi causing typhOl

bacteria.
‘/—‘d"’_r'curved Forms Other Shapes
wircular Rodft‘_a_p,e,.—-—

Coccobacilli (oval)

— Streptobacilli

Staphylo-(cluster) [  Mycobacteria Spirochete (spiral)

Streptomyces

Fig: 6.2 Different shapes of bacteria
¢. Spirilla (singular: spirillum)
They are corkscrew-gha pedb ;
a :
at the ends. Spirilla never form m clusterg ctena They are motile and flagella are attached

complete twist, look like cop Mmgg Colonies. Some spirilla have less than one
6.4.4 Endospores dare Called vibrios. d

Some Gram-positiye
endospores. The Spores re tia Prodyce
conditions with regarg. dio énln alive for mahlghly resistant structures called
earthinits early days, MPeratype 1Y years under extremely harsh

»Tadiaty
llons anq Water shortage prevailing on
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Ribosomes , 4 L

v Ribosomes are RNA-protein bodies found freely dispersed within the 1
cytoplasm. They are associated with the synthesis of proteins. They are smaller in
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h. Genomic organization r
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Cell wall

Cytoplasmic,”
membrane

Ribosomes ;

Pilli %} il

rial cell
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Gram-negative bacteria have a th ive b i
: g acteria are more
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plex; the thin peptidoglycan lay ore resistant than Gram-positive

lipopolysaccharides. Gram-negative bacteria are m ;
bacteria because the outer layer of lipopol)’sacchandCS impedes the entry of

antibiotics.

c. Flagella .
Many species of bacteria possess thin hair-like appendages which help them

inmotility. F lagella are anchored fn 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

ated with the cytoplasmic membrane and cel] wall; a short curved hook d

filament. The hook and the filament are mage up of i g
: POlaprotein called flagellin.
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and nucleic acids from destruction by ultraviolet radiation from sun. It encouraged
" theother autdtrophs to appear and survive on earth. Some members of this group like

Nostoc are involved the fixation of atmospheric nitrogen.

f great transition that changed the conditions op earth
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64.2 Structure of bacteria

a.Capsule ,
Many species of bacteria possess a tight protective covering afound the cell

::(Ijled capsule. It is a very §ticky. gelatinous structure made up of polysaccharides
proteins. These bacteria are called capsulated bacteria. The czps{ﬂe prevents

dehydrati '
yération of bacterial cell. A capsule which is Jegs tightly bound to the cell is |

“mmonly called glycocalyx.
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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

myxospores. The members of the subgroup may getattached to other bacteria,
e. Epsilon proteobacteria
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‘anieol of e lisl :.,'.':ff“;l.,’."gi'l
- (‘(;\Iithéliglh the disease producing nature of bacteria becoxpe known 100
years after their discovery largely because of the research of Lou1§ Pasteur and
Robert Koch, however the early civilization used some crude tef:hmques spch as
salting, smoking, picking, drying and exposure of food and clothing to sunlight to

control microbial growth. Today microbial growth is controlled by physical and

chemical methods.

a. Physical meihod

L. 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

baper 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
vaccines, enzymes, antibiotics etc. ;
iii. Low temperature treatment
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 ionizing radiation, ultraviolet light and
microwave radiation are used to kill microbes.
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EXERCISE §
A. Choose the correct answer for the following

ks The first forms of life on Earth were thought to be:
b. prokaryotes

questions.

a.protista
c.insects d. dinosaurs
2. Dead sea are home to which of the following groups of organisms?

b. Thermophiles
d. Phytoplanktons

p of proteob acteria?

acteria
bacteria

a. Halophiles
c. Halophytes

owing subgrou
b. Delta-proteob
d. Epsilon prote©

3. Rhizobium belongs to which of the foll
a. Alpha- proteobacteria
c. Gamma- proteobacteria

4, The first organisms that oxygenated the atmosphere v\{ere: -
a. cyanobacteria b. phototropth organisms
d. saprophytes

c. anaerobic organisms
ome which makes it different from the

One of the feature of prokaryotic gen

5.
eukaryotic genome is
a. itismadeup of DNAonly
b. itis madeup of RNAonly
c. itis made up of Jarger ribosome
d. itis made up of smaller ribosomes
6. Organisms most likely t0 be found in extreme environments are:
a. fungi b. algae
o viruses d. archaca
A Pebtidoglycan is a characteristic of the walls of :
a. eukaryoticcells b. bacterial prokaryotic cells
c. archaean prokaryotic cells d. bacterial and archacan prokaryotic cells.
8. The lipopolysaccharide layer (LPS) is a characteristic of the wallof :
b. Gram-negative bacteria

a. archaean cells » !
c. bacterial prokaryotic cells  d.eukaryoticcells




10.

11.

EXERCISE &

An extra-chromosomal DNA ring in bacteria is called

a. Nucleoid b. Plasmid

c. Pili d. Mesosome

In photoautotrophic bacteria the source of hydrogen in photosynthesis is
a. H,O b. H.S
¢ HO, d. H,SO,

Inbacteria fastest growth occurs in the phase called
a. Log phase b. Lagphase
¢. Stationary phase - d. Decline.phase

The reproduction in which the genetic material is transmitted from a donor to
arecipientbacterium through a phage is called

a. Transformation b. Conjugation
c. Binary fission d. Transduction

Write short answers of the following questions.
Why has monera become obsolete?
Whatis a domain? Why is this term coined?
Whatis the role of prokaryotes in supporting life on earth?
What are main differences between archaea and bacteria?
What are plasmids and what are their importance?
What s the function of endospores?
What do you mean by genetic recombination?
Why are the bacteria called nutrient recyclers?
Discuss the role of radiation in controlling bacterial growth.

Write answers of the following questions.

Give anaccount of the structure of a bacterium.

Discuss various methods of sexual reproduction of a bacteria.
Describe the mode of nutrition in bacteria.

Give an account of bacterial diseases of plants.

iets)cn b; the normal flora of some important organs of humans and also discuss
s benefits
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gvarious products.
a in nurseries but

b. Chemieal v lethods
Different groups of chemicals are used for disinfectin
Phenolics are offectively used against Gram-positive bacteri
their excessive usein infants is harmful.
ii. Among halogens, chlorineisused to disinfect drinking wate
iodine is one of many antiseptics used.
iii. fonpaldchyde (formalin) is widely used to preserve biological
inactivates bacteria in vaccines. Glutaraldehyde is less irritating
' effective than formalin. Itis used to disinfect hospital instrument.
iv. Ethylene oxide kills all microbes and endospores but requires

exposure.

i.
rand pools. Tincture

specimens. It
but more

4-18 hours
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» maJOr groups of protists.
Justify how protists are 1mpoxtant for humans.

_"'_‘_',,'_f_'that distinguish fungi from other groups
yfungl are classified in a separate kingdom.

gl m“to 7ygomyc0la, ascomvcota and basidiomycota

) ame a few fungi from which antibiotics are ebta
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Introduction
Proftists zre the simplest eukaryotes.. Protists are not animals, plants; or

fungi. Theprotist 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.
Protists range from single-celled amoebas to multicellular seaweed. Protists may
be similar 1o 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 2 brief over view of
the kingdom Proftista 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 is 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 25 4 reflection of close kinship. But the genome analysis,
added 10 other criteria, enables us 1o postulate some groupings, :

Q' Wzmbecﬂegonzcd into three main groups:

-

il ke Protiss (Protozon) e i e
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) ticls

I'hese protists move by using their whip-like flagella. ManYOf
live in the bodies ululll(lUl;.'.ll)lx]ns [h‘v)"—OUIdhdnTlthen'hog;

~ the absence of a specxﬁc enzyme which brings about the breakdown to dlgwt h
s WQQd eaten by termite. Trichonymph lives in the digestive tract of tenmtes
~ produce an enzyme that helps in the digestion of wood.

-Eumeboid protozoan or sarcodines

Thelr organ of locomotion are pseudopodia
~ wh ch 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 damp soil. One of the familiar
f‘;example is amoeba It is soft, shapeless masses of

plosi The change in shape




— R N B A R R R L A N D A O e e

ien 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.

”'Ookinites
Zygote

Gametes .

e
v T g
. -
04 - »
N - -
v
‘ ZZ

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 4up 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
n0squito and then encysts forming an oocyst. The oucyst produces a number of
0zoites and transfer to the salivary glands of the mosquito. When this mosquito
a healthy perédh, the sporozoites are discharged into the body of the host and a
cyclestands. =~ =
iliates

| Ciliéigs.ﬁotozqan develop a number of cilia during a part or whole ofthe life
. They use cilia for locomotion and driving food. Cilia are usual ly arranged in
itﬁdiﬁilﬁf%ﬁws‘br?in spirals around the cell. Ciliates possess cellular organelles
perform functions similar to the organs of multicellular organisms.




\Il 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
into 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

Contractile vacuole

Micronucleus
Macronucleus

Cilia

Cyloplasiﬁ

Fig: 7.5 Ciliates a. Paramecium

intestinal tracts of pigs and rats. People
infected by Ba/antidum coli.

b. Plantlike Portists i 2
Plant like protists are divided into the
1. Dinoflagellates R

following important groups:
Dinoflagellates are ﬁniééllijlar‘r',-:.aizl,i:totrdph's:z o

possessing chlorophyll a and ¢ in addition to
carotenoids. They live in both marine and freshwater
environments. The cell wall is generally missing byt
when present, it is hard and made up of cellulose, They

have two flagella of unequal size inserted late __
~ The two flagella beat in two grooves, one encirol;
 thecelllike abeltand the other perpendicular to i,
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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
I as cartenoids, resemble those of dinoflagellates. The shells Qf fossil
1 form thick deposits on the ocean floor which is called diatomaceous
s used in water filters, paints and nail polishes. Most diatoms reproduce
cual reproduction is not common.

Fig: 7.7 Diatom Gallery

¢
;lgae 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 Qiploid SpOl'Op!lyl'C and. a haploid
<elps are brown algae possessing large leal-like thallus. They are
se 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_ ————



. ~11
rhe reddish colour of the algae 15 due to red ar;r.:cesor}/ "::1,_:’”1‘-'1’?' C:-’Jiﬁd
! ;.v:'.‘lhrm which masks the green colour of chlomph;«ﬂ. But r-.;o ilb’aﬁ G;Ji‘)é
lwavs ;-:;WI)CZXF red. Some exhibit diff(:rcnt'col()u.rs 'dcvﬁflf_!’l"'ig ’fff_)'""ré‘(‘j"al"ész “12
amount of photosynthetic pigments present in their cnlor'op!df:f—\:- ‘;33 Z m‘:'\;}; a:;
a major role in the formation of coral reefs and produce glue-like substances suc

agar and carrageenan that make economically important.

Horophyta : <t 2

Chlorophyta include both unicellular and mu%ticc!]ular form:i._ M’?b'—"f’OI:fm

are aquatic but some live on moist places on land. They show many 3”:”‘ ATIUCS 0

land plants; they store food as starch, cell wall is made up of c_el.lulfJSfi and possess

similar chloroplast structure containing chlorophylls 2 and b. it is because of these
similarities that chlorophyta are considered ancestors of plants.

Pyrenoid

Nucleus

Spiral
Chloroplast
Vegetative
cell

Fig: 7.8 a. Volvox b. Spirogyra filament

Chlamydomonas is a unicellular genus whereas volvdx represents the
colonial form. Spirogyra is a multicellular, filamentous green alga inhabiting the

freshwater. Each cell of spirogyra contains one or more spiral chloroplasts. Asexual
reproduction occurs through zoospores. Sexual reproduction is conjugation.

¢. Fungus like Proftists 2 7 _
Main groups of this category of protests are given below.

1. Plasmodial slime molds (Myxomycota) =~ = =
Slime mold takes many forms. The most commq

mon forms on turf resemble
small purple or black ball attached to a blade of grass ¢ r a readil ‘noticeable creamy-
white, yellow-orange, purple, or gray jelly-like mass mmatedﬁnthelawn. i &




The colonies of 52'2: ;:c‘l)li:“’mg on logs and bark mulch can be strikingly
forful in yello(;\./, omnﬁich o»'vs -one stage of their life cycle, they .form a mass
c0l0f plasmodium W gr In size but does not become multicellular and
callee ; a single mass of cxtoplasm which is not divided by plasma membrane. It
ins many diploid nucle. :

1 This “supercell” (plasmodium) is the product of mitotic nuclear divisions

+-pare 0Ot followed by cytokmes1§.

wh The cytoplasm 1n plasmodium streams back-and-forth which helps in
jisributing nutrjents and oxygen. The plasmodiurp extends pseudopodia through
moist soil, leaf litter or rot.tmg logs engulfing and digesting food particles, bacteria
and yeasts by phagocytosis. When the food or moisture exhausts, the plasmodium
{0ps growing, moves to a new area and produces fruit bodies containing spores.
\feiosis occurs 11 flagellate gametes. The gametes fuse in pairs and form a new
plasmodium by mitosis.

). Oomycota (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,
oe pointed forward and the other backward. Because of some similarities,
somycota were previously placed with fungi, but there exist many differences
wetween the two groups. In oomycota cell wall is made up of cellulose whereas itis of
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.

0

Importance of Protista to Humans

: Protista play fundamental role in the ecosystem of world. These organisms
m the foundation for food chains, produce the oxygen we breathe and play
""Portant role in nutrient recycling. Some protists are harmful but many more are
0,;: ficial. Many are economically useful as well. As many more of these unique
PTOtiI;:sms are discovered, humans will certainly enjoy the new uses and benefits

aprovide.
form, thé\:)gat_f are the protista which play the most beneﬁc_ial role for humans. Many
fo0q gy, oS Of food chain which drives the wheel of life on earth. They prepare
Onequanoﬂler organisms through photosynthesis. It has been estimated that upto
pla,,kmnser of world's photosynthesis is performed by algae and its associates. The
Mjorigy ofp laY a major role in photosynthesis in aquatic ecosystem. The vast
Planktons in the ocean consist of various protists.




Protista are also responsible for B
decomposing the organic matter and recycling |
the nutrients. Euglena is used to treat Sewage §=
because of its ability to switch from an ¥
autotrophic to a heterotrophic mode of nutrition. JEe
Protists form a wide range of symbiotic £ '
relationship with other organisms. SRS
Trichonympha lives in the digestive system of 2% :
terminates and produces cellulose, an enzyme
that enables termites to digest wood,

o

Fig: 7.9 Trichonympha 2

Animal-like protists are responsible for diseases such as malaria, amoebje

dysentery, African sleeping sickness and giardiasis in humans. Phyt0phthoﬁz : ‘f
infestans causes late blight of potato and great potato famine of Ireland in 1840swas |
due to the destruction of potato crop by this protist. Pl

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, plastics "
and lubricants. Other chemicals made from protists are utilized in medicinesusedin
the treatment of ulc

ers, hypertension and arthritis.Many species of redalgﬁe“are

some countries. Red algae are rich in vitamins and minerals

~ consumed as food in

Kingdom Fungi
o = Fungi were regarded as
~ since the last many decades

g1 from plants. Fungi lack chlorophyll
plants have this pigment; wall of a fungal cell e 1433

chitin not found in plant cell walls; though generally filamentous
multicellular like plants, because the cytoplasm of one fungal
through pores with the cytoplasm of adjacent cells; and fungi
eukaryotes, while plants are autotrophic. It is mainly because of the
fungi are placed in their ownkingdom fungj, |
termestrin "L %€ generally saprophytes and are the most
terrestrial ecosystem. Many fungi are also known as parasit
They are found everywhere. They also develop symbio
organism. Recent finding are that fungi are more ¢
plants. It is believed that fungi evolved from a unje,
ancestors of fungi and an; ' pe
years ago,

is made up of a carbohydrate call

1oLl

S =



Armillaria osto yae
(Honey Mushroom)

World's largest organism

old. Most parts of the fungus lie hidden beneath the ground. Tt

periodically produces edible fruit bodies (mushroom) above the
@ound. :

7.2.1 General Characteristics of Fungi
1. Fungiare heterotrophic
Fungi obtain their food by secreting digestive e
they absorb the organic molecules released
2. Fungihave several cell types
Multicellular fungi are filamentous and the fi
slender structures called hypha
hyphae are arranged in complex
3. Chitin cell wall ;
The cell walls of fungi are made up of _
polysaccharide, which is more resistant to decomposi
4. Nuclear mitosis

nzyme into substrates. Then
by the enzymatic action.

laments are in the form of long
e. Sometimes the filamentous form 1s lost and the
structures such as mushrooms.

chitin, a nitrogen containing
tion than celluloge,

Mitosis in fungi is different from that in plants and an

imals. The nuclear
envelope does not break and reform. Mitosis occurs in nucleus with nuclear
membrane intact,

7.2.2 Classesof Fungi and their Diagnostic Features
a. : A .
Zy%(;rl::eﬁg;:s of the class are all terrestrial. They possess coenocytic hyphae.

on decaying organic material. Zygomycota are chax:actcnzed by the
Omation of sexual spores called Zygospores formed by the mating hyphae. Both
SeXxual and asexually produced sopores are dispersed by air.

i

They live
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Some members of the class are responsible for the rotting of bread, peaches
str;nvbcmcs and sweet pofato 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 fo 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. .
‘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
plant material. More than 40% live with green algae and
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

- bakersand brewers.
¢. Basidiomycota Fig: 7.10 Pencillium
Basidiomycota not only include mushrooms, ke
puffballs and shelf fungi but also important pathogen like rusts and smuts. Theyare
also known as club fungi because of their club-shaped basidia. The myceliumin
basidiomycota exists in three forms 1.e. primary, secondary and tertiary mycelium. -
Primary mycelium is also called monokaryon in which each cell is unicucleate
possessing a halploid nucleus. Secondary mycelium is formed by an interaction with -
primary mycelium. oSS e 3

It consists of dikaryotic cells in which each cell possesses tWQ'-h@P, oid

nuclei. When the mycelium becomes more complex and gives rise to fruit bo
(basidiocarps), it is called tertiary mycelium. Club-shaped basidia are ari
inside a fruit body called basidiocarp. Karyogamy occurs in basidium
followed by meiosis forming four haploid nuclei which are inco

basidiospores. A




gexual reproduction occurs through classical methods found in other groups

of fungi. Sexual reproduction in basidiomycota differs from all other groups of

fungi. No reproductive structures such as antheridia and oogoina are formed. The

sexua
hase by various methods.

7 2.3 Importance of Fungi
Fungi in pharmaceutical industry

Fungi have been used medicinally since ancient times. Ergot
from claviceps purpurea is used to facilitate delivery of babies and also used to
relieve migraine headache. Pencillin, the first discovered antibiotic is produced by
pcucillium 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.

It 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 use
cerevisiae, (yeast) is usedinb
ferment carbohydrates, brea
dioxide. It is fundamental to th
3. Fungi used in research projects
Yeasts are mostly used in the
increasing generation timeand increa
In soft drink industry aspergillus sp. is
used to produce citric acid for colas.

d by humans throughout recorded history. Saccharomyces
aking and wine making industry. It has got the ability to
king down glucose to produce ethanol and carbon
e production of bakery products, bear and wine.

biological research projects due to their rapidly
sing pool of genetic and biological information.

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 (a
morel) and Tuber melanosporum (a
truffle) are highly prized for their
complex flavor.

Fig: 7.11 Mushrooms

N
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s ible is also
Ectomycorrhizae of some plant families are also ed}bl;-Bina;‘m‘isns e du:l(:gut:ssg
nutritional supplement because it contains high levels o

percent of yeast is protein.

Fungi develop many symbiotic associations with other organisms licheng
and mycorrhizae are the examples of this relationship.

7 @ lichen. a fungus develops a symbiotic association with an alga in wmch
alga is the photosynthetic partner. It is an excellent example of rputuahsm n whxf: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 fungu}. Blologlcal-
signals sent out by fungus direct its algal partner to produce metabolic substances
that it does not produce when growing independent of fungus.Lichens are anWDaS
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. ‘

R

lehens are common primary colonizers of surfaces. This
rock surface has variety of HERens growing together and adjacent _
with one another, 7 : ~ | | s
h. Mycorrhizae s il e

The roots of about 80% of all known species of vascular plants normally are
involved in mutualistic symbiotic relationships with fungi. The association >
mycorrhizae, The fungus in a mycorrhiza i
for soil contact and absorption,

” )
m-' e 2




PR
Vi yeonrhizza helpe 1n the daoct wamsier of phosphonss, 7iec, coppes aad othes
eTitd rr';r,, the sotl mto the rocts. The vascular PiETr SUppiEt: OFgATIC CArvom 10
’j'l./
. e are two primcipal types of mycontezae. In e 'r:«'.v"-,- vorrkazae, the Sangal
h ,md,r pETErZIE d’tu_d't’ eils of Ghe plart rooe, formmng oo 2t raclimgs and manue
_nches znd 2lso extend out mio *:r vaTOEnGing wul Im ecwmrvoorrhazae, the

.. vhae survound but do not penetrate the oell walls of G rooks.

| as recycler

Fung and bacteria are the principz] decomposers i biosphere SapropEyiss
exceed paras asites in number in the ccosysicm. 1hey decx CEIpOSE e OrpATa __.aaamd
reiease the substances locked in the dead bodies of plaaes 2ad 2eaemais for caro

-l o - -

in the ecosystem. They possess 2 "ffiv""?-- enzZyine sysiem wasch helips m beezlomy

S el

down tough organic JI.’."I{?’ﬁ.‘ﬁC_: ke Bgnin. 2 major comstiuent of wood The
substances thus released become 2 ‘,_- ie 1o the next generasion of orgaseseas. Fangs
recycle the nutrients in nature and are called recvciers. The e o =
removing the organic matier and because of this cheracienistic they heve carned the

- 5 A BT
name sCavenger.

Fungi as food spoilers
Fungi also destroy food which is not pro

jams, cooked food etc. Fungi secreie substances i
a;_ﬂf‘x’;/' le, carcinogenic and poisons

DS

5. Pathegenic fungi
Fungi can cause different fatal disease in lhiving

ganisms. Some of the significant pathogenic effects
of fungi are discussed below.

a. Plantdiseases
Fmgaldmmsesofpmmkmwnmnsm
ancient times. Fungi are the serious agricultural pests.
?J&mmbft;zm&mofmkmmm
Caused species of Puccinia and Ustilago
;.esm"’dy Sometimes about 50 percent of world's
oo Jarvest is lost to fungal attack cach year. Peach
fr‘mc‘“‘»mlafspotandmldewsnﬁcm&'

toma R"““"‘W potato blight, la



caused by the &
Microsporum. ;

abortion in many a
parasitica is the parasite of cary
fish. 1

¢, Fungaldiseases : ’*ﬂ{ :

Almost all parts of human bodyaté
infected by fungi ¢specially the skin.
Rhizopus and Mucor species cause the
infection of lungs, brain

The cause of

ns. Neurospora and Fusarium cau:

of eye. Aspergillosis, whose Symptoms resemble those of

Aspergillus sp. Athletet's foot is also a fungal disease.




 humans.

The kingdom protista consists of prokaryotic organisms including
unicellular, colonial or very simple multicellular ones.
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.

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.

Kelps are brown algae possessing large leaf-like thallus.

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.

The reddish colour of the algae is due to red accessory pigment
called phycoerythrin which masks the green colour of chlorophyll.
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. | SR

Choanoflagellide are most likely the common anoestbr of the

L6

sponges and all animals. They include three groups
Forminaiferaand Plasmodial slimemolds.

Algac are the protista which play the mo

= FEC LIy




10.

EXERCISE

- Choose the correct option of each statement and encircle it. 3
The protist which lives in the gut of termites and digests wood belongstothe
group:

a.  Euglenozoa b. Kinetoplastid
c.  Stramenopila d. Rhodophyta
Which ofthe following is the infective stage of malarial parasite?
a. Merozoite b. Sprorzite
C. Oocyst d. Ookinite
Plasmodium of slime molds contains:
a.  Onehaploid nucleus b. Two diploid nuclei
C. Many haploid nuclei s5od Many diploid nuclei
Symptoms of malaria appear when: e
a.  Gametesareproduced "bl‘ = Redblood:‘:mj" =

Ci Sporoazoxtes entertheliver d.  Oocystis formed ""v':i’; ;
Presence of air bladder is associated with which of the following orgamsm"

a. Paramecium b. Euglena

C Volvox d. Kelps

In nuclear mitosis of fungi, the nuclear membrane:

a. dissolves b. remains intact

C. shrinks d. fuses with genetical material
Dikaryonisacell in fungi containing:

a. onediploid nucleus b. Two diploid nuclei

C. Onchaploidandonediploidnucle d. Two haploid nuclei
Mitochon friamost likely evolved by:

a. Photosynthetic cyanobacterium b. Cytoskeletal elements

¢. Endosymbiosis d. Membrane proliferation
The closest relative of fungi are probably: |

a. Slimemolds b. mosses

c. Greenalgae d. Animals .

What term describes the close association of a fungus with therootofatree?
a. Rhizoid b. Llichen

¢. Mycorrhiza d. Endophyte
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Members of which phylum produce a club shhpéd-.sw that

a. Chytridiomycota b. Basidiomycota
c. Glomeromycota d.Ascomycota
Write short answers of the following questions.

What were the consequences of cells undergomg the pg
endosymbiosis? :

What do you understand by red tides?

Why asexual reproduction is critical for the survival of fungi?
Why fungi are considered a threat for crops? ,
Discuss the role of algae in maintaining the oxygen balance in the biosphere. L
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. e
Write answers of the following questions in detail. =
Describe the salient features of class ascomycota. e A,

Discuss the general characteristics of fungi.
Given an aocount ofthe class basidiomycota.
stcuss the beneficial aspect offmgl

= -Gwenanaccountof humanandammalsdlseas&scaused by ! _
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Dlver5|ty Among
Plants

P Al the end of this chapter the studends will'be able to:

Ry AW TSt~ N

- De crl'be thc general characteristics of bryophytes
. Outlme the life cycle of moss.

ges) uses ofbryophytes = .
ﬁescnbe the general characteristics of vascular plants

* List the characters of seedless vascular plants with examples of whisk ferns,
club mosses, horsetails and ferns.

ﬁ?::.;i_‘Explam the evolution of leaf in vascular plants. . ‘
e Outline the life cycle of ferns. ; il
. Deséube vascular plants as successful land plants.
e Summalrize the importance of seedless vascular plants.

« Describe the evolution of seed.
- Descnbe tae general charactenstlcs and uses of gymnosperms.

‘» Define angiosperms andexpla" thgdxﬁ‘e nc@betweenmonocots gnd
. Explam the life cycle ofa ﬂoweqngplan e



ntroduction B e e tatli . ,v ,& ‘;'
Wrtuallyallotherhvmgctmeldepaﬂo-phllwm Muw 5
on land, in oceans, and in fresh water. Theymbemon&tﬁrm#mh »
order to study the billions of different organisms living on earth, biclogists kave sorted.
and classified them based on MW“&M“M&M-
one kingdom (Kingdom Plantae), which is then further divided mto smaller davisions

based on scveral characteristics, The majority of the plant species are flowering herbs.
%mcarcnonvascularandothaamvawnhrbﬂonﬁaewaﬂw‘ :
conducting tissues. Still there is a group of plants that reproduces from qﬂﬂi
than seeds, and the other that reproduces from seeds. Indeed this diversity of plamis isof
great importance and invites careful study.

8.1. Evolutionary Origin of Plants E
Smcetheongmofhfeon&rh»anmsorgznsns!nv evolved 2nd dommated

ﬂueearthatdlﬁ'erenttlm%.Thefossdrecordsofdr&:emms&ﬁ the tme

penodonﬂaegeologwalnmesalewbenmevwercprmm on czxih The

discovery of ﬂlethreebﬂhon)wsoldmabvBamhoonmdSchq:cm :

thathfeevenemstedbcforethmandsnotyoungerthmﬂzeongmoftbms& ‘ P

periods
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I
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lflrd.:
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Hoptites

Gymnosper:
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R 1.1 Phiotic dneage

1 os the seguence of armangement of species from ancestors to the
hrough e evolution. The descendant populations have a resemblance wif h
anoestons mm omany respects as well as their immediate descendants in a ce

Phyie lincs : srovides a link between the present day organisms with
FOTON PEST SN0SSTOTS. e link has been established on the basis of the fossil record
' ‘ < 2s well as bacteria. Today almost two million speci |
S s.sd about 0.5 million plant species have been 1d_‘

2 large number is left unidentified.

DOEREG f the distinctiv e¢ “haracteristics of plants are as fallow o

B

-

-
.
=

= ’édkmmmmdedbyﬁrmcell-wallsmadeof cellulose

8.1.3 Evoluﬁon ofAltemation of Generations .
A comparative study of the life-cycles of vanous plant

proncuncedcvoluuonayfl;;ndinﬂwm lative develop
, A / uch a: 5} Al
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8




> ’

In higher cryptogams, €.g., Lycopodium, Selagin

gymnospcrms and angiosperms, the relative dcvenofmgltaéfeﬂrﬂ,s&"g : haw‘fgamf’»‘
[everse of that as dcsqnbed ab_ove. The sporophyte is more prominmgmm is
complex and autotrophic, contains chlorophyll and is differentiated imo:’ :
leaves, traversed by vascular bundles, while the gametophyte is smaﬁ:rt’ stedmand
simple in structure. T.he clirpax of this expansion of the sporophyte and reductia:n o‘i,‘etl?e
gametophyte 18 evident in angiosperms, where the sporophyte is a complex
independent plant while the gametophytes are tiny, microscopic structures dcvo?d of
chlorophyll and totally dependent nutritionally upon the sporoj)hyté. Another
conspicuous feature-is the presence of vascular tissues only in the rophyte; the
gametophytic generation in no case being provided with a vascular tissue. et

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 roots, stems or

leaves, but possessing hair like rhizoids instead of roots.
The plant body is gametophyte, which bear multicellular male and female

reproductive organs called antheridia (singular antheridium) and archegonia (singular

archegonium) respectively. The sex organs produce male and female gametes by
mitosis. The male gametes are called sperms which are motile while the female gamete

is called egg or oosphere whichis non motile and one in each archegonium. The sperms.
swims towards the archegonium being attracted by the sweet fluid secreted by the neck
ofarchegonium, and fuses withitto formdiploidzygote. obeeh
Fusion of sperm with the egg to form oospore or zygote is called fertilization.
The zygote rests in the archegonium for some time and then deve "
diploid embryo. Bryophytes are therefore, called embryophy
The embryo develops into diploid sporophyte which pr
by meiosis. The spores th ;
attached to the gametop
alteration of generatior




b. Anthoceros

8.2.2 The Life Cycle of Moss 3

. . 8 . . v-‘ﬁ:’
Life-history may be studied by referring to Funaria or Polytrichum. Moss
occurs most commonly on old damp walls, trunks of trees, and on damp ground during
n habit; wherever it

the rainy season, while in winter, it is seen to dry up. It is gregarious i
- grows itforms a green patch or a soft velvet-like, green carpet.
B - Moss plant is small, about 2.7 cm or so in height, and consists of a short axis with
- spirallyarranged, minute, green leaves which are crowded towards the apex: true roots
- are absent. It bears a number of slender, multicellular, branching rhizoids whi
perform the functionsofroots. The axis may be branched orunbranched. #
Reproduction, The moss plant is the gametophyte, i.c. it bears gameii?s‘f and
reproduces by the sexual method. For this purpose highly differentiated male and
female organs are developed at the apex of the shoot. The male organ is known as the
antheridium and the female organ as the archegonium. These organs are someﬁiﬁg |
intermixed with some multicellular hair-like structures, known as the paraphyses
(para, beside; physo, to grow or an off shoot). Antheridia and archegonia may occur
together on the same branch or shoot or on two branches of the same plant (monoecious)
or on two separate plants (dioecious). | =
The antheridium is a multicellular, short-stalked, club-shaped body which 15
filled up with numerous small cells (Fig.8.4) known as antherozoid cells. The

antheridium bursts at the apex and the antherozoid cells are liberated through it in &

mass of mucilage.




I

(he mucilaginous walls surrounding e
ntherozoid cells dissolved in water and the ‘
antherozoids arc set free. They are  very
minute in size, spirally coiled and biciliated;
Jfter liberation they swim in water that collects
1 the apex of the moss plant after rains.

Fhe archegonium is also
multicellular body, but it is flask-shaped
appearance. It i8 provided with a short, |
multicellular stalk and consists of two portions: Fig:8.3 Funaria 1
the lower swollen portion is known as the vente rlr, Ily), and the upper rche-!.ke portion
as the neck. The neck is long, narrow and straight. Within the ,;f;;:f-fq-,-;._ esa larg:s -f*e!l |
which is the ovam (egg-cell or oosphere) or female gamete: above this f:.‘:,\‘ a small
ventral canal-cell and higher up in the neck there are 4 fewneck canal-cells. E the i
ovum other eells mentioned above are functionless and soon get disorganized. The neck |
at firstremains closed at the apex by a sort of lid, but as the archegonium matures, the hid |
opens and allows the antherozoids to enter and pass through it i

j

. Mitosis and
development

* & Sperm(n) (released from
their gametanginom)

oy,

Spores 'g:
nje @ @
2

Gametangium
contzining the eggin)
(remains within
gametophyte)

—— ""?f‘t;“f'" ,‘;- = 1
|

HAPLOID

Meiosis




Egg and sperm fuse to form zygote which develop into sporophyte. The SPOIOphy'téi
plant produce haploid spores by meiosis. The spores give rise to new gametophyte
plant. Examples of mosses are Funaria and Polytrichum. 5

\

£ 70U Iniordiion

Peat bogs and their Importance e
Peat bogs are areas of great natural beauty, as well as beingrichin §
wild plants, insects and animals. Peat bogs are fed by rainwater and = |
the soil builds up its own water table and acidity. Sphagnum mpsTSAes;“__;._v 3
grow and decay eventually forming layers of peat, then peat mo.unlqs.__;.
many metres deep. This process takes thousands of years,'whlch is §

-~ why sustainable large-scale peat extraction is impossible; the :

- extraction is always faster than the growth. Habitats like these

simply take too long to grow back. Peat bogs are rich in diversity of § s

plants and wildlife, some of which are unique to these environments, J

8.2.3 LaundAdaptation by Bryophytes

Bryophytes had invaded the land from water and therefore, they are called the

first invaders of land among the plants, They show the following adaptations for life on
land or terrestrial habitat. - e

a. Multicellular plant body and conservation of water %3
When the bryophytes migrated to land from water, ﬂi‘eﬁp
dehydration due to evaporation. To cope with this problem they develo
structures which prevented loss of water or dehydration. Plant body or thallus's
made of many cells which kept the needful wafer with in them for successfyl li
Moreover for protecting dehydration due to ¢vaporation from the surface of the e
they formpd a4 waxy waterproof layer called cuticle (made of cutin) on the epidermis:
In spite of these adaptations, if some bryophytes are dry, they become brittle and fum
green soon after getting water from rain orany other source of water. T
b. Absorption of carbon dioxide ?
Bryophytes have evolved elabor
dioxide. The epidermis is provided w
and oxygen. This carbon dioxide i absorbed by the w
cells for the life processes of the bryophytes.

ate structures to absorb sufficient of cat

ith many pores for the diffusion of carbon dio¥I®®
cLsurfaces of the photosynthe!®

N —
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K1g2: 8.5 Structure of thallus of by ophyte showing multicellular

Rhizoids

plant body and conservation of water

sorption of water

Bryophytes have no roots or root-hairs for absorbing water from the soil. They
have developed long hair like structures called rhizoids from lower surface of the thallus
to absorb water from the soil which enables the bryophytes to live on land
d. Heterogamy

The universal occurrence of sexual reproduction of heterogamous type
involving the union of sperm and egg in green Plants like brygphytes is the most
successful type of reproduction. The large, non motile egg formed in heterogamy 1S full
of stored food. After fertilization this stored food is used to nourish the early st{lgfgs ll:
the development of new offsprings. The heterogamous sexual reproduction is bes

suited for life on land.
Protection of reproductive cells i .o for the
iRe;)(r)oducti\‘r)e cells should be safe and protected from aﬁi}' ki;gd :;;g{“gmgc o

plants to live on land. Fortunately the bryophytes possess tllssare sierms and egg or
which enable them to survive land habitgt. The reproductive ;;theri diumand the egg in
oosphere. The sperms remain protected in male sex organ o:eveilt od from drying by the
the female sex organ or archegonium. The ‘SCX'Q:gt::ss‘l‘;r:o'I:S which bear the SeX °'sgaa"mf |
leaf like structures and sterile hairs produced a ~oted from drying. SPore !
Moreover the spores of these land plants |
Produced inmplticellular sporangia.

arealso well protected ot




S T e N W e Rl ATV
8 \_.-/'-? g e ~% Pe=

R N mbrvo for aation = ‘ R

= f Em”blmr;g;?;gsthwpems are transported to the egg a;xg mnltesm

- fomale reproductive structure, Azygoteis formed here which developsi
The embryo remains protected in the female organ from sg;ymg out sl
mechanical injury. In this way the chances of survival are increased.
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Fig: 8.6 Formation of Embljya
g. Alternation of generation |

The life cycle of bryophytes shows clear alternation of ger
survival on land. Alternation of

generation is an adaptation to land
ensures diversity and variation
and survive the land habitat.

s in characters. These variations he]
8.2.4 Usesof Bryophytes

Bryophytes have many useful economic valuese.g.
J3 A kind of moss - Sphagnum or peat moss is used (when

material by the horticulturists, for it can take up and hold large
water. Remains of this moss become peat which 1s used extensively asa fuel
Through their chemical and physical actions, rocks are broken down i
simple soil - constituents.

3 The decay of their dead bodies builds up the much needed organic mat

't\_}

so1l.
4. Make habitat suitable for new plants,
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racheids are water - conducting cells of xylem. In tracheophytes the sporophyte
II-‘ cration is dominant and the gametophyte small reduced and short lived.
.l".:,'l:.i,mphytcs form successful group of land plants because they can adapt themselves
.\,‘cn to rough land as _WC“~ They ¢an save themselves from high temperature by
:rnnspirulion and can gain a large helght Wlthoul. fe}cing any problem of water supply.
vascular plants are divided into two major sub - divisions namely lower vascular plants
and higher vascular plants. In the lower vascular plants seeds are not produced. They
ceproduce by spores e.g. Rhynia, Psilotum, club mosses, horse tails and ferns.
The higher vascular plants are seed producing plants i.e. gymnosperms and
an@iosperms. :
~ Tracheophytes furnish us with the very necessities of life - namely all of our
food, wood for construction of our houses, fibers for clothing, medicines and fuels such
ascoal. The herbs shrubs, and trees are tracheophytes.
The phylum tracheophyta is further divided into the following four sub - divisions or ;
sub-phyla, or major groups.

natel B die it 0 5510 oK,

. Sub-Phylum: Psilopsida )
2. Sub - Phylum: Lycopsida '
i. Sub - Phylum: Sphenopsida
+. Sub - Phylum: Pteropsida

I. Sub - Phylum: Psilopsida

This is the oldest group
of most primitive rootless,
leafless vascular plants. The
Sporophyte body shows little
organ differentiation. The
Stem is differentiated into an
underground rhizome and an
aerial part. The rhizome grows

Orizontally in soil and may _ : = ‘—f e
bearrhizoids but no roots. | Fig: 8.7(:%) a. R__h_vmq._ T .C‘gok;oma

The upright stem shows dichotomous or forked (Y - shaped) branching. The
*Productive organs are sporangia (singular: sporangmm)whlchareproduceda‘t:the
'IDs of the branches, The spores are formed in the ‘The two ltving gencra are
$ilotum and T, mesipleris. s ai G ineitir e s .
Psityy, ZXApIes of Psilopsida are Rhynia,

Umand Tmesipteris. e

e S Lt
R
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Fig: (B)8.7 a, Psilotum b. Psilo;

2-Sub - Phylum: Lycopsida (clubmoss) . -~ =i
Lycopsida includes both the living and fi y
Lycopodium, SeIagirgeIla, {soetes and Ph '

DIa ad Si

Y] O 1

 dichotomous. The spores din the sporangia. The gametophyte of lycc
large, underground and independent. The sporangia de elop singly on the upper sid
the sporophylls. The sporophylls usually form strobili. At the base of sporophyl
present a small outgrowth called ligule to retain moisture. In some lycopsida sug
Lycopodium, the ligule is absent. .
Lycopsida are commonly called club mosses. They are not mosses but called
clubmosses because their strobili are club shaped and their leaves resemble the mosses
One example is Selaginella. v A R e ‘
Selaginella
General Characters . i ik e
Selaginella comprises over three hundred species
and grow abundantly on hills. Selaginella grows in damp places in the
plains. It is a slender, much-branched plant, either creeping on the v
ground. i R T

-

N




I < .
. e slender stem bears four rows of leaves--two rows of small leaves on the upper 3
Yihis and two rows of larger leaves at the two sides. A long slender, root-like organ is =
"".":',‘ ‘: :, |:|'f‘|-01n the stem which is known as the rhizophore (root-bearer).
g Selaginella plant is the sporopnyte. It bears two kinds of sporophylls -
i crosporophylls and megasporophylls. Both. kinds of sporophylls may occur
(oucther in the same cone, or they may be borne in two separate concs cither on the
same plant or on two separate plants. All the sporophylls are nearly of equal size and
spirally arranged, usuall_\f in four rows, round the apex of the reproductive shoot, in the
form of a more or less distinct four-angled cone, called the sporangiferous spike or

strobilus. The sporophylls are similar to the vegetative leaves in appearance, but are
smaller in size.

Fig:8.8 Selaginella denticulata

3. Sub - Phylum: Sphenopsida (horse
tails)

This group includes both extinct (e.g.
tes) and living plants e.g. Equisetum, the
only surviving genus. In this group, the individual
P}ant Is seldom more than a few feet high. The
Eniinlt 'S sporophyte, distinguished into roots, stem | %
urro(\::’:/j e The Stem 3 pot S’."O"?h .but has ridges, e
intemosd orribs, and divided into Joints,nodesand |
A hes. Therefore these plants are also called |
2 l‘rang% d)’_tes. The leaves are reduced to scales and
i 't whorls at each node. Sporang
“WPacked to form terminal cone trobi

L S R N .
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Sub phv}um picropsida constitutes a group of the best knowr ot

carth. Pteropsida is a heterogeneous group, consisting of three
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moist and shady places. The plant bodv
LIS el e nrizr-> PR 3 T et i : ¢
have a subterranean rhizome.

Roofs are developed from the base of rhizome, Leav&are

they have branched veins. Leaves or fronds are almplewnhapeuolg: Jox

central axis or rachis, The immature and young ﬁ'gmd is co od. -
characterof this group. =




a: Maiden-hair fern (Adientum) b. Dryopteris (Aspidium)
Fig: 8.11 Some representative of ferns)

.,/'

L

wmosporous. Ga mcmph\u is small, heart shaped and photosynthetically independent.

he sex organs are antheridia or archegonia, produced on the under surface of
ametophyte. The class filicineac comprises nearly 10000 specics, which are widely

hstributed. Common example of this class are Adiantum, Pleris, Drvopteris and

ericinni,

8.3.1.1 Evolution of leaf

Leaf is a green mostly flat structure borne at the node on the stem or on its
branches in all the vascular plants. The primary function of the leaf is photosynthesis, It
-~ also helps in transpiration. Another activity of the leaf s respiration which involves the
L absorption of oxygen and liberation of carbon dioxide. The primitive vascular plants
b lacked leaves. The stem being green was photosynthetic. Itis the evolutxon of leaf which
| resulted in efficient photosynthesis. 3
1 How did this unponang rgan of the plants arise, when none was present in the
i e answer this question, we must dlbtmgulsh between

‘;:; r‘ a9 --1

R

megaphyllous leaf w1th many veins.

porangia are grouped to form sori on the under surface of leaves. Most of the plants are

‘among vascular plants. One kind is nuscrophyllous_ o




One possibility is that this lca{oﬁgmatedaunwowﬂ:, acking
the naked branches of the primitive plant. With increase in size,
transport o vascular tissue in the form of one vein appeaml“
microphyllug leaf was formed, §e.
Another possibility is that the microphyllus leaf Iginate
size of a part of the leafless branching system of the primitive va

Fig: 8.12a,b: A dizgrammatic summary of two different ¢ =
evolution of single veined leaves. SRR

In any possibility, this simple kind of leaf became well cstabhshed
primitive plants such as club moss and horse tails.

b. Evolution of Megaphyllous leaf aes
Megaphyllous leaf is found in many plants suclr 1S

examine the leaves, we find thatth are evoly

the forked :br nching S Ui

organ, now a leaf, looked supert' clally tﬁe webbed foot of a
changed into veins which resulted in many veined leaf or megaphynous eaf.

Fig:8.13(a) Primitive three dimensional (b) Branches are-aliahgn
branches become filled with tissue. The Principal steps in the evolut
Much evidence from fossils of ancient vascular plants supports the st

gi%i;{\'/ E R T
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diariteern (ViaiGen~-Rair ern)

Adiantum is a common fern, growing wild in places along the walls of wells and
water courses. It i§ a small. herb; Qonsisting of a stgm, rpots and leaves. The stem
is a short, thick rhizome, lying horizontally in the soil. It is usually unbranched and is
covered by persistent leaf bases. The stem and the petiole are covered with numerous
brownish scales known as ramenta.

The roots are fibrous adventitious and arise from the lower side of the rhizome.

The leaves or fronds are large and compound. They arise from the upper side of the
rhizome. Each leaf consists of leaflets or pinnae. The pinnae are further divided into
pinnules. Each leaf consists of a stalk like portion, the stipe, which is continued above
into the rachis.

ife Cycle of Adiantum
Adiantum is sporophyte. It has asexual reproductive organs called sporangia
which contain spores. Sporangia are arranged in groups called sori. The spores are small

and light, and are liberated from the sporangia in dry weather. When a spore falls on a
suitable soil, it begins to germinate in about a week's time and produces a haploid

gamctophyte called prothallus which is capable of manufacturing its own food.

Adiantum
P
EMBRYO
OOSPORE SPOROPHYLL
S — — ~~-”_“ <
FERTILIZATION (SYNGAMY) %, %o
Qv,;\ o, SORI
SN 3
AN ;}
%\ Q '
EGG ANTHEROZOID 6«,)\ o S
\ 6‘\\ 2 SPORANGIA
P
O/\
ARCHEGONIA  ANTHERIDIA M SPORE MOTHER GELLS
\
PROTHALLUS

¥~ SPORES=#"

TURG i RS AN
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T-c prothallus is green, small. flat and heart shaped structure. &
-~ the nrothallus arise a number of thizoids. The rihzoids fix the
and ;I;sx“tb water and mineral salts from the soil. The prothall :
bearing both the antheridia and archegonia on its under snrﬁ:oe
CORIEINS Sperm mmher cells or spermatocytes which gives rise:
mm Each archegonium is a flask shaped body consisting ofa
as=! swollen venter. Thg venter contains a single long naked cel
gosphere Ferilizati 100 OTCurs W hen the soil is thoroughly wetv«_m}l _

e venier i_xes W xzh oo<phere LO form oospore or zygote Whlc RS
\iternation of Generation in {digsrune

The life history of Adiantum includes two quite dr '
. ?o;op!:me mnon and me gametophyte generation.

The cametophivis df\'elops amheridia and archegonia, which
respectiv -Ev T‘-e oo<p0re recuhino from thefusi(m of th’e pe

vascula mvade the habltats as a tl’dl‘lSlthHal commum' s du
t succession and hence perform a major role in the establ i\

8.4 SeedPlants

8A4.1 Evolution of Seed E
Seed may be defined as a fertilized and ripened ovule. 1 he evolution of S

the most ermtam process in the gxghm‘onroj:g(mumiﬁ '

structure which can survwe under unfav yrab



e velopment of heterospory R i 7T
All the seed plants arc_hcter,OSpqgous. They produce two types of s
sospores and megaspores. The microspores produced in the micr
"mncn sac) germinate into male gametophyte and megaspore produced
( P"‘u asporangia (ovules) germinate into female gametophyte (embryo sacy,
'l"",}:.'“,,,gmn of megasporeinside thesporangium 0 e

Bl ! AT, < Ry ol ;
the lower plams,

Instead of being shed from the sporangium like th‘e of the |
he megaspores of the seed plants are permanently embed Miﬂﬁﬁfg“%ﬂ ed inside the
negasporangium. Here the megaspore develops into a small female gametophytes.

e

-

!
i

T

\\ Microspore

| )\ : Me’ggspo’re Meggspgre

| = Female

| " .gamat‘oggxﬁa
— e * Nucellus

 Reduction to Sporangium

‘one megaspore :
Heterospory and endospory ' . ?&:ﬂ:&:ﬁg =

 Formation of integument around the megasporan;
i ... The fossil record shows that ther |
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The non vascular plams and the lower vascular plants require water for
fertilization. They produce motile flagellated sperms that reach the non motile egg
through water from rain or dew etc. However the seed plants do not depend on water for
fertilization. The evolution of pollen tube parallels the evolution of seed.

The egg produced in the ovule is enclosed and protected by the integuments and
the sperms would not be able to reach the egg. This obstacle is overcome by the
development of pollen tube that acts as a vehicle for the transport ofsperms to the egps
inside the ovule ensure fertilization. Thus the seeded plants can grow in a variety of
terrestrial environments from the alpine environments of the mountains to the arid

rcgions ofthe descrt.

; 3
i 3 1 'v’=.~"‘.;;$n‘

£ oY ALY O

’ ERSS &4 ¥Rkl USEITL Al 8T
1 Gymnosperm is derived from two words,
gymnos means naked and sperma means seeds.

2. Gymnosperms produce seeds without fruit,
borne on the surface of the scales which form a

cone. |
3. They bear their ovules exposed on open

carpels.

4. The plant body is a sporophyte, in the form of
tall woody perennial trees or shrubs. Fig: 8.16 Male Cone Fig: 8.17 Female coné
5. Therootis well developed and persistent. |

6. Leaves may be dimorphic i.e. foliage leaves and scale leaves. The leaves are

evergreen with thick cuticle. Stomata are sunken in pits.

7. Secondary growth occurs by the activity of cambium.
8. The reproductive structures or cones are unisexual. Both the male cones and female

cones lie on the same plant (monoecious plants).
9. The plants are heterosporous i.c. producing microspores or pollen grains and

megaspores or embryo sacs.
10. Fertilization is single and development of embryo is partial because only % of

oospore is concerned with the development of embryo.
11. Polyembryony (the production of many embryos \um\lmmously) is.

occurrence but finally a single embryo matures.
[2. Thenumber of cotyledons in the seed is variable from one to many

13. Thereisa clearalternation of sporophytic and gametophytic generation.
14.The significant character showing advancement over the pteridophytes 1S

permanent retention of the megaspore in the megasporangium fertilization
development of embryo inside it. This feature has given rise to seed habit.

and
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monocotyledonous has trisnerous symmetry.

6. In the dicotyledonous stem. the vascular bundles are arrans=2 in -
are coIJalcmlanuuf n .-’.'.'...u nocotyledonous stem, the bundles are sc
ground tissue and they are coliateral and closed. Also the bundies are mon

monocotyledons than in dicotviedons. Further, the bundles are mors ¢
monocotyledons and wedge-shaped in dicoty ladons =
7k In the dicotyledonous root. the number of xylem bundles vag

seldom more, but in the monocoty!edoncu; root, lhcx are numeroul
number(wlo 8)
8.




4 LifeCycle of Anglospen_ns Gy :
8.4. The angiospermic plant is a diploid sporophyte which is composed of root,
,m. leaves and flowers. Flower is the reproductive organ, while stamens and the
S,fmas are its reproductive parts. Stamens are male reproductive parts while the
:;;Sels are the female reproductive parts. Each stamen consists of an anther with four
pollen sacs. A large number of miCrospores are produced by meiosis in each pollen sac.
The wall of microspore becomes thick and is known as pollen grain.

During pollination the pollen grains are transferred to the stigma of the carpels.
The pollen grain germinates and develops into male gametophyte or
microgametophyte. The nucleus of the pollen grain divides into a generative nucleus
and vegetative or tube nucleus. The generative nucleus divides into two male gametes.
The pollen grain sends down a tube called the pollen tube which contains two male

gametes and tube nucleus. The pollen tube together with the two male gametes and a
tube nucleus constitutes the male gametophyte.

e

pistil

Z
i
i

S

. g gr oA camm. o

o Fig: 8. 20 Structure of  typlcal flower =
OVUl:a"Pel consists of a basal swollen part, the ovary, whi
88 LHS ovule consists of a tissue called nuce

C R - nges 1

Sac, egaspore generauy:‘ deye

(Aiplojg ;.- these seven cells.
Ploidin nature) twe synoreid,




..Pollen grains disperse
via wind or animals

Mitosis

Meiosis ‘
.Hapldld (n) ﬁ“m 5
Boipioid (2n) Anther  from pollen grains

e \
.- , Nutritive *
Mature 4 ;. tissue
sporophyte . (3n)
(2n) 3s | iy
{7 1 Developing
75X sporophyte
. (2n) Seed (disperses Fruit (develops from ovary

via wind or animals) wall) containing seed
Fig: 8.21 Life cycle of an angiospermic plant.

The pollen tube enters the female gametophyte. The tip of the pollen tube ruptures and
the two sperms are released into the female gametophyte. One sperm fuses with the egg
to form zygote or oospore and the other sperm fuses with the endosperm mother cell to
form fusion nucleus. The fusion of one sperm with the egg to form zygote and that of the
other with the endosperm mother cell to form fusion nucleus is called doubl
fertilization, which occurs only in the angiosperms. g

The oospore develops into an embryo which consists of a radical, hypocotyle,
plumule and one or two cotyledons.

The fusion nucleus develops into a nutritive tissue called endosperm. After
fertilization in ovule matures into seed. The integuments of the ovule form the s;_ed
coats called testa and tegmen. The walls of the ovary develops into fruit on ripening:
Under favourable conditions, the seed germinates to produce seedling which o
development becomes sporophyte, The two kinds of generation i.e. gametophyte an
sporophyte, oneafter the other show alternation of generation. i

Angiosperms are successful because they can adapt themselves to almost &
kinds of environments. Moreover they produce flowers, fruits and seeds which shO‘_‘{;\:
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l:ipt;uior].s for dispgrsal over large areas. Double ferti]. See)
 rrence. T hey range in size from Imm up to 100 m (Wolfia lzéitlon 1; of common

QL
ey posses broad leaves and SR
100 m)- They] may be annual, biennial or perennial.

\ :r'iq)ll< 1’(

inflorescence and its major types
[n some angiosperms individual flowers are quite large and are b i
icel. Such flowers are termed as solitary flowers %n mo a;re e SR
are small.and occur in groups. Such cluster of ﬂox.,vers arringtelglgrslptehr;nfsl =
led an inflorescence. Cluster of flowers in some way ensures ollinats)ral
ertilization and thus the reproductive success of the species. : e
The inflorescence may be racemose or cymose. In a racemose inflorescence the
main axis continue (o grow indefinitely until the last flower is formed at its apex. The
oldest flowers are toward the base of the inflorescence and the youngest ones toward the
avex. In a cymose inflorescence the main axis soon ends in a flower. One, two or more
clop below the terminal flower, each ending in a flower like the
ase the term'inal flower is the oldest and the lateral flowers are

the PCd
flowers
ax1s is cal

lateral branches dev
main axis. In this ¢
younger.
Chieftypes of racemose inflorescence are:
I

|. Typical Raceme
umber of

In a typical raceme the main axis is elongated and bears laterally a n
flowers. Each flower hasa pedicel or stalke.g. Cassia fistula (amaltas)
The spike
The spike is a race
raceme but the flowers are sessl

mose inflorescence in which the main axis i elongated like
le i.e. without stalk €.8. Achyranthus (puth kanda) and

bottle brush.
3. Catkin &5 : Examples are
It is a spike that usually bears only pistillate Or staminate flowers Sl

mulberry and willow. - ' ’
4, Corymb fihe loy WCLS are
In this case the main axis is compar atively short and t‘k:le satﬁlf;:tglxel;“l’iergcz:bout the
longer than those of the upper younger ones. As 8 1¢* ? |
same level e.g. /beris (candytuft). S ]

- ¢ to shortening of

, Du
stalked rahmi booti). In

. y m
In umbel the main axis 1S shortened. Flpwers 1 (b
Jevel €8 Hdracod Such a compount

main axis, the flowers appear to arise at one 1€V o main axis:
some cases a number of umbels are presenton mesgdouglbel e.g carrot
inflorescence is called umbel ofumbelsorcOmpOTEE o
6. Panicle L iy A ' ‘fmangaﬁnd :

Abranched racemﬁ-}:i_&‘CauedP@ 1_»_3’* g AR

5. Umbel




Flowers all at one leve] |
Umbel _ 1
: Pedicels all arising |
Raceme Spike Corymb at one level like
Fig: 8.22 (a) Types of inflorescence
_.F
Q :
ebellet. 7 @0?? U 9700 00e,
A et W N/ i ,I/’/ -8
- - A% K e~ =%
i B ., ; > :
\\ \ | — bz y o ~ pedlcel
' e peduncle
Simple umbel Compound umbel , ‘ |
Fig: 8.22 (b) Types of inflorescence 2 SRS |
7, Capitulum < Eriies ot R
In capitulum or head, the flowers are sessile and are crowded'togethgggg@.vety

short axis. It looks like asingle flower e.g. sunflower. .

~ Chieftypes of cymose inflorescence are:

1. Uniparous Cyme (Monochasial Cyme)
In this case the main axis ends ina flower below which it produces one daughtet

axis only. The daughter axis as well as each succeeding one again end in flower &

gives rise to one daughter axis only €.2. Begonia, Tradescantia.
flower

W
o

i { pediccl
i . ope-snded A, ¢ bract
| g (monochasial) ,
L cyme Axis T
as in Tradescantia (peduncle)

L capitulum

Fig: 8.22 (c) Types of inflorescence
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. Biparous Cyme (Dichasial Cyme) 98

L s cyme the main axis ends in a flower and produces

n biparou : : : produces two daughter axi

Fach of the two daughter axis again ends in a flower and produces twogda.ma):;‘
o ~ 4

axis which may continue the branching in the same manner e.g. Silene, Ipomoea
: : : |

Multiparous Cyme
In multiparous cyme the main axis ends in a flower and produces three or more
s each of which continues the branching in the similar manner e.g.

3.

daughter axi
Euphorbia.

d. Benefits of Angiosperms for Humans

Angiosperms contribute huge quantities of food and of great variety, e.g.
cereals such as corn, wheat, barley, rye, rice; legumes like beans, peanuts, soybeans;
fruits, vegetables and nuts, etc., Besides food, they also supply fibres such as cotton,
limen (flax), jute, Indian hemp, Manila hemp, Sisal hemp, etc.,which are used in the
manufacture of rope, string nets and bags. The most important of these fibres are the
cotton fibres, used in the manufacture of clothing. Uses of plants in various industries
and as medicines contribute to the well-being of mankind. Various articles of daily use
and of economic importance are obtained from the flowering plants. Some of these,
such as wood for building and furniture, fats and oils, fibres, cereals, fruits, sugar,
drugs, (e.g. quinine, digitailin, morphine, cocaine, etc.), dyes (indigo, haematoxylon,
saffranin, chlorophyll, etc.), tea, coffee, spices, tobacco, paper, tannins, resins, gums,
essential oils, rubber, fuel, alcohol, etc. Green flowering plants are also responsible.for
purifying the atmosphere as they absorb carbon dioxide and give out oxygen during

photosynthesis.

One of the important aspect of angiosperms is their

prominent plants in this regard are discussed below:

1. Cannabis (Cannabis sativa) o
Used medicinally for thousands of years, today 118 used
sleeping disorders, autoimmune diseases and glaucoma.

2.Coca (Erythroxylon oG |

: xylon coca) fosk
icocame was widely used as a local anaesthetic 11 the.19
 taken for altitude sickness in South Americd.

3 Dﬂﬂm ( Narci
. arcissus spp.) :

gatl antamine hydrobromide, a comp
A reat Alzheimer's disease. ¥
- Deadly nightshade (Atropa belladonna) _romely toxic chemicd
':&lopélrts of this plant, éspe;Ci‘ally the berries, conf‘aﬂ‘;g‘;:;‘nd{? stop muscular

medicinal nature. Some of the more

in the treatment of

th century and coca Jeaf tea

und deriv;ad i"mxﬁ daffodil bulbs, is being used
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5. Fever tree (Cinchona succiruba) L TEuEy
A native of Latin America, the bark of the fever tree produces quinine, which is useq

| to treat malaria.

8.5  Vascularplants as successful land plants

Angiosperms form one of the most highly evolved sub-classes of
j Spermatophyta (Seed plants), the other being gymnosperms. The spermatophyta haye
been recently estimated to include about 300 families, 12500 genera and 300000
already known species. New species are being added each year by the exended survey of
the vegetation of the earth and by a more critical examination of the older materials.
Evidently, the angiosperms constitute a rapidly expending group which dominates the
world of plants today.

3 To this vast assemblage of flowering plants must also be added thousands of new
varieties, races or strains, etc. which owe their origin as also their perpetuation to man
and to the care be bestowed upon them on account of their economic or commercial
importance. The most successful and important of these plants belong to Gramineae or
the grass family with 7500 species, which have colonized great areas of the earth surface

in practically all sorts of soil and climatic conditions and constitute the main source of
man's food supply.

The factors responsible for the succes f ¥ ; 7 7
; : P el DO Yt knov@
anglosperms are;

1. Their adaptability to all kinds of environments. Do fia

2. The production of flowers, fruits and seeds which 8%, 0L pAIa AN
: : : Cedar (Cedrus deodara)

show various adaptations for dispersal over large | . ;

a5 1s the National tree of

The conifers (gymnosperms) and other Pakistan.

 vascular plants (Pteridophytes) though widely

~ distributed are, however, not found to flourish in such

diverse habitats as do the angiosperms.




KEY POINTS

The fossil records of different organisms show the time period on
the geological time scale when they were present abundantly on
earth

Phyletic lineage provides a link between the present day organisms
with their remote past ancestors.

In plants such as mosses and liverworts, the gametophytic
generation is larger, dominant and autotrophic due to the presence
of chlorophyll, while the sporophytic generation is smaller, less
complex and heterotrophic, being partially or totally dependent
upon the gametophyte.

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.

Bryophytes had invaded the land from water and therefore, they are
called the first invaders of land among the plants. e
Tracheophytes have cells called tracheids which are water S
conducting cells of xylem. e
The phylum tracheophyta is further divided into the Sub - Phylum: -..-1
Psilopsida, Lycopsida, Sphenopsidaand Pteropsida. 5

Mlcrophyllous leaf is with a single vein and megaphyllous leaf is
with many veins. it
Psilopsida, a group of seedlm vascula
importance as they repreSQRt connectmg
‘andpterxdophytes = o e
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Choose the correct options from each statement and encirele i,
In bryophytes the male reproductive organ is known as:

. A
' !

a, Stamen b, Antheridium

C. Carpel d. Archegonium
The plants in which the seeds are enclosed in the fruit are:
a. Gymnosperms b. Anglosperms

C. Bryophytes d. Tracheophytes

The flower in which both the male and female reproductive parts are present is
termed as: ' ' :

a. Staminate b. Pistilate
C, Hermaphrodite d. Heterogamous

The microspore produced in the microsporangia germinates to form:
a. Male gametophytes b, Female gametophytes

o Sporophyte d. Embryophyte

Gymnosperm is characterized by: L

a. Having fruits b. Having seeds : SRR

G: Lacking ovaries d. Having vessels
Male gametophyte of angiosperm is represented by:

a. Pollen grain b. Anther

C. Microsporangium  d. Pollen mother cell

Which one of the following is triploid structure?

a. Integuments b. Pollen grain

C. Antipodals d. Endosperm

Embryo sac is termed as ,

a. Megasporangium b. Megaspore = .
el Female gametophyte d.  Femalegamete. .
The plants which have naked seeds belong to the group: e e
a. Tracheophytes b. Gymnosperms

C Angiosperms d. Pteridophytes

Double fertilization is the characteristic feature of only the:

a. Angiosperms b. Gymnosperms

(oA Pteridophytes d. Bryophytes

A



14.

15.

16.

17.

18,

~p

a. Catkin SR e
The female gametophyte of the flow. erin gpl,’ wtsisal
c.  Embryosac e d Plicénts
Which of the following characteristics differentiates
gymnosperms? A A i e S e A

Theinflorescence ofmu1bew andwlllb

a. Productionofseeds b, | Formationof archegonia
c. Productionofpollentube  d. ' Alternation of generation
Theliverwort and mosses belong to which group of plants?

a. Thallaphytes ~b. | Bryophytes

¢ Pteridophytes d

. Gymnosperms
The Tracheophytes include which of the follésﬁin'g groups of plants?

a. Thallophytes and Bryophytes o athe s
b. Bryophytes and Pteridophytes : s
Pteriodophytes and Spermatophytes o7
Thallaphytes and Spermatophytes
ich one of the following vascular plants i
a. Rbymia =8 muniris b pasc
c. Selaginella s e O
Mycorrhiza is a common feature of the sporaph;
a. Philotm =5 " S ai g S g
C.  Pinus

c.
d.




C. :
I~ Describe the adaptations shown by bryophytes to land life.
2. Explain the life cycle of flowering plant. ,
3 Write detailed note on any two of the following.
a. Psilopsida
b. Sphenopsida
c. Lycopsida |
4. Give important characters of liverworts and hornworts.
Projects .

2
3i
4

them on cards and write their taxonomic classification for every collected plant.
Take guidance from your teacher for identification and classification of your plant
collection. ;

Answer the following questions in detail.

; Teacher may plan a trip to nearby area with natural vegetation and ask
his/her students to collect plants in the following manner. | :

I

BxeRcise

Two examples of bryophytes.

Two examples of fern.

Five examples of angiospermic plants.

Three examples of gymnosperms

Take guidance from the teacher for proper preservation of plants.

Make a medicinal plant collection present in your local environment. Paste



Describe the general characteristics of animals.

Classify animals on the base of presence and absence of tissues.
Differentiate the diploblastic and triploblastic levels of organization.
Describe the types of symmetry found in animals. | g
Differentiate pseduocoelomates, acoelomates and coeloma@._ »
Classify coelomates into protostomes and deuterostomes.

Describe the general characteristics, importance and exampl&e of spong&s,
cnidarians, platyhelminths, aschelminths (nematodes), moltusks, annelids,
arthropods and echinoderms.

Describe the evolutionary adaptations in the concerned phyla for
gas exchange, transport, excretlon, and coordination. @

Describe the charactenstlcs of mvertebrate chordatm’

List the dlagnostlc charactenstlcs of ]awless fi
bonyﬁshes VRABEG S s S SaEs




Introduction b7 e P e i
Kingdom Animalia include all the animals found in this world. The worq
Animalia is derived from the Latin (anima means soul or breath). All those animals jn
which the outer most covering of the cells is a “cell membrane” (not a hard cell wally
are classified as member of kingdom Animalia. According to the recent reports
kingdom Animalia is comprised of more than halfa million species of animals. Some
important characteristics of animals can be described as follows: i
e Animals develop from two dissimilar, haploid gametes i.e. a larger egg and a

P

smaller sperm.
e Theoutermost covering ofall their cells is a cell membrane.
e They have a multicellular body.
e Theyaremade ofdiploid eukaryotic cells.

e An.ime.lls are heterotrophic and they ingest their food. . &
Evolutionists believe that animals have been evolved from the single celled organisms

included in kingdom Protoctista, but it has yet to be decided that from which groupof
protoctists, they have evolved. Their ancestry is still a topic of hot debate amongthq

biologists.

9 > —~ 3 ° g o A
E IACSSITICSTIIOnN NT Animale
« 4 CIASSHICAUIoON Ol ANIMaIS

O N

Being a very diverse group, animals need to be classified for the convenience
of study. In ancient times when the knowledge of cells and facility of microscopic

studies were not available, scientists roughly divided the animals into two groupson =
the basis of presence or absence of the vertebral column. -

~ S
VX

a. Vertebrata: This group includes all those animals which possess a back bone ori_d__'
vertebral column. Vertebrata included fishes, amphibian, reptiles, birds a.nd¢

|
o

-3
.’L
3
B
ik

mammals.
b. Invertebrata: All those animals which do not possess backbone were included in

this group. Invertebrata was divided into following phyla.
Phylum Porifera
Phylum Coelenterata
Phylum Platyhelminths
Phylum Aschelminths
Phylum Annelida
6. Phylum Mollusca
7. Phylum Arthropoda | o e
8. Phylum Echinodermata SRR
9. Phylum Chordata (excluding subphylum vertebrata) =
Few invertebrate animals which do not fitto any of the above menti

QR R



fed into “phylum ctenophora” and “minor phyla” but the number of animals
o classtt ecies present in these phyla are so much less that they are generally
and ! clfT;‘;y are inhabitants of deep seas and we know very little about them. ,
is“"fchnimals have also been classified on the basis of the cellular composition of
dy into following thref groups.
Protozoa: : : 3 57 55
I Animals haveasingle celled bo<!y which performs all the vital functions of the
1o c.g. amoeba, paramecium, plasmodium, tryponsoma etc. (In recent classification
:,lr;to'zoa has been treated as a separate kingdom Protista). oo
) Parazoa: 2 PR b
" These are simple multicellular animals believed to evolve from protozoa.
. They are just collection of cells which are not differentiated into tissues and organs.
Forexample, porifera. : :
% Metazoa: Animals of this group are composed of many cells. The cells are g
arranged into tissues, organs and organ systems. This group includes all other phyla i
from coelenterates to chordates. for example, metazoa are kept in a subkingdom g%
E' Eumetazoa. | f
| Another way of classifying animals is on the basis of arrangement of theircells Gl
- into layers. In this classification all those animals in which body cells are arranged
- into two layers ectoderm and endoderm are called diploblastie. Names of these two
f layers are the ectoderm and the endoderm. The only diploblastic animals are
[ coelentrates. The animals in which the body is composed of three layers of cells i.e.
:

their DO

E,
F
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ectoderm, mesoderm and endoderm are called triploblastic. All the phyla from
platyhelminthes to chordates are included in this group.

9.2 Complexity in Animals = | _ ~
Eumetazoa are classified into two groups on the basis of symm

Those having a radial symmetry are included in grade Radiata. T
vided in to equal parts in more than one plane. These animals :
mals of phylum coelenterata (cnidaria) are included in this group.
N Animals with a bilateral symmetry are included in to grad
SCanimals can be cut into two identical halves on a

right ang left sj =
of the bi] side of the

- body.
~ bedi
. Ani




present called mesogloea. Although they have developgd szmz lc;rf:::ll;;; éh% Z};(:lw -

ializati system is not w : o

lesser degree of specialization, hence the organ n¢ ey

stem is in the form of a network of

not posses any transport system and the nervous Sy . i
neufons with)cl)ut any central control (brain). Their bpdy cont;x:}t:; 23(\:;?1;:1 l;g::g)y
called coelenteron or gastro-vascular cavity. The anterior end of this y o
0 not posses any anus that is why the

through which water and food enters. As they do not poss : why t
undig%.sted food is also excreted through the same opening. Thl; gp:sg)f(' :;lgl;sgzg
system is called as sac like digestive system. They reproduce bo

sexually. 1ls called
: el is composed of three layers of cells ca
In"triploblasticiantm i Ee A ¢ animals the cells show greater

ectoderm, mesoderin and endoderm. In triploblasti aLyIne Y (s
degree of specialization in to organs and organ systems. Thelr digestive syste et
like and most of them have a separate opening for taking food and excretio

undigested wastes respectively. Th
The ectoderm forms skin (integumentary system) and nervous system. 10€

endoderm forms the lining of the digestive tract and associated glands. Rest of the
organs are formed by the mesoderm like muscular, reproductive, excretory and
skeletal systems etc. Triploblastic animals may be classified into acoelomates,

pseudoceolomates and coelomates.

a. Acoelomates are those animals which do not possess a body cavity or coelom. In
these animals instead of forming parietal and visceral layer the mesoderm forms a
loose, cellular tissue which fills the space between epidermis and gastrodermis. This
loose tissue is called mesenchyma or parenchyma. Function of mesenchyma is to
support and protect the internal organs by filling the spaces between them like a
packing material.

Acoelomates do not have much developed body systems. Only excretory and
nervous systems are developed to certain extent. Animals of phylum platyhelminthes

are classified as acoelomates.

b. Pseudocoelomates: These are the animals which although possess a fluid filled
body cavity, but it is not a true body cavity formed between the layers of mesoderm. It
rather develops from blastocoel and not from the archenteron of gastrula.
Pseudocoelom is not lined by coelomic epithelium. It is rather lined externally witha
muscular layer and internally with : -
the cuticle of intestine.
Pseudocoelom has no relation with
reproductive and excretory
systems. Animals of phylum
Aschelminthes are included in this

group.

T ——




¢ are the animals having a true body cavity or coelom. The cavity is
lomlC fluid. All the animals from phylum annelida to phylum chordata
Coelomates are classified as Protostomes and deutrostomes.

(mollusks annelids, and arthropods) develop so that the first opening in
s the mouth (protostome = first mouth). Protostomes are bilaterally
_ have three germ layers, the organ level of organization, the tube-within-
sym body plan, and a true coelom. Deuterostomes (as exemplified by the
a-tube derms and chordates) develop the anus first, then the mouth at the other end of
d?":;nbryo Deuterostomes are coelomate animals having the following
[::;bryologlcal characteristics:

Radial cleavage in embryonic cell division: the daughter cells lie on top of

coelo

body covering
(from ectoderm)

tissue layer

‘ lining coelom
digestive tract antd suspending
internal organs
(from endoderm) (from mesédsrm)
(a) coelomate

body covering
(from ectoderm

pseudocoelom muscle layer

(from
mesoderm)
igestive tract
(from endoderm)
r(b) pseudocoelomate

body covering tissue-

(from endoderm) filled region
(from

“ mesoderm)

AriL =iy
ey b oA S

S

Irdas
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previous cells. :
. Fate of cells is indeterminate; if embryomc cells are separated, each %
develops into a complete organism.
° The blastopore is associated with the anus, and the second embryomc Openmg
dis associated with the mouth

9.3 Subkingdom Parazoa
The only phylum included in this subkingdom is Phy]um porlfera

3.1 Phylum Porifera

Word porifera is derived from Latin: Porus means mlnute holes or tm}'
openings and ferra means to bear. Hence animals of this phylum bear small holes or
pores all over the body. These pores are called ostia. Their bodies are made of groups
of cells but the tissues and organs are not present. They are the most primitive

“metazoans and are commonly called as sponges. All the members of thxs phylum are
- aquatic mostly marine. o

T
"
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Acoelomate phyla Pseudocoelomate phyla

numerica il nematoda rotifera
platyhelminthes and others

\ ‘modermn surviving animal phyla

e
arthropods 4

radiate phyla (600-300 million years ago)

cnidaria '\ 7‘
protostomes
ctgnophor:k : \ /

Pgrazoa

annelids g
= molluscs :

> ectoprocta

—> brachiopods

B
B
s
W

(600-500 million
- years ago) -




E 7 The ostia are part of canal system in
_ater circulates gnd brn)gs' food to
‘\'f This food is digested inside body
107" ollular digestion) as well as in the
el m‘”‘“O o] (extracellular digestion).
>i"m-gu;‘bporifcra includes phytoplanktons,
FooC ,Ulkton& protozoans, crustacea and
/\j”l"l‘,‘:nall organisms but the major part (80
ﬁ;]crj_ the food is comprised of dead
,";),.lfving organic matter. Sponges are
\-l:;_‘i]’c (stationary) and do not contain any
;;;omotary organ.Their dlspersa! takes
jace during asexual reproduction by
rudding and gemmule formation or by
«xual reproduction through the formation
of eggs and sperms. Process of excretion
ukes place by diffusion.

Ascon type canal system
(Leucosolenia)

Fig: 9.2 7.5 of sponge
body to show canal system
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~ Sponges also lack any nervous system, Neurosensory cells and neyrog

{ound which are believed to coordinate the ﬂow of water, |
All sponges except class mykospongida have skeleton. The skeleton congy

of carbonate of lime or silicon in the form of spicules or of spongin (a fibrous proge;,
in the form of fibers. Sponges are economically important animals 2s they are usedg,
washing and bathing by human beings from ancient times. Evmafterﬂlepf%
and availability of artificial sponges, still natural sponges haVB dmrdemandnﬁ,
market and they make a considerable proportion of the total business zll over fae
world. Sponges found in the warm waters of Mediterranean S&ﬁcm
more important, Sponges are used in surgical operations because of their ability 1
absorb blood and other fluids. To reduce the noise pollution and to make the building
sound proof, sponges are used to absorb sound waves, Examples are sycon (2
common marine sponge), spongilla (a freshwater sponge) leucoselenia (atubuh
marine sponge), Euplectella or Venus flower basket (a very beautiful, delicase

siliceous sponge appear to be made of glass frameworkjetc.

5

e

Predatory sponges have recently been discovered
near the lip of a mud volcano in Barbados trench,
5000 meters beneath the sea. They belong to family
Cladorhizidae. They are very large, about the size ofa
large dog. They stab passing crustaceans with their
spicules and consume them.

9.4 Subkingdom Eumetazoa
a. GradeRadiata

Animals of grade radiata have radial symmetry and can be divided i

halves in many planes. The only phylum included in this grade is phylum cox

also called phylum cnidaria. =

I. Phylum Coelenterata (Cnidaria) =

The word coelenterata is derived from Greek: Kolios means Hollow,

means intestine, and hence the animals of this phylum have a hollow,

intestine. Phylum coelenterata is also called cnidaria because the an

group have certain specialized cells, cnidocytes which give rise
(special stinging cells). ,

e i

.......



ce exclusively aquatic; majority live in marine environment but some i

P
lerates ¢ =
coclen! ras well, B
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tentacle

epitheliomuscular

cell , e §
gastrovascular chd |

cavity
gastrodermis

mesogles

longitudinal

pidermis
i muscle fibers

mesoglea
gastrodermis

At

gastrovascular nerve net ‘
cavity |
; epidermis S
circular S ORI Bz
muscle
fibers

Fig: 9.4 T.S of Hydra

_ Coclenterates have a diploblastic organization in which the cells are arranged
o tissues and organs. The outer layer is ectoderm and the inner layer is endoderm. In
l?elwcen the. two layers a jelly like, noncellular and nonliving material is present,
ﬁ?:lCd‘ mesogloea. The ectodermal cells are not only protective in function but they
;el gaivz rise to nematocyst. The cells of endodenp are specialized for digestion, Th
& ise1gtosstwe enzymes and also absorb thg digested food. The only cavity i
talsy v'; :}:‘on or gastrovascular cavity which is associated not only wit
surrOUnde(li b many other functions of t'he body Of;}}anii‘nal. In coelent
Nemagq Yy number of tentacles which bears organs of offense
9 Cyst. As soon as an organism tou S ¢
Gstroyn. ment of tentacles the animals it

again th-mWh’om
fecty endodgw,li-. -
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arrangement is found in Obelia and the animals of order siphonophc

are carnivorous. Their food varies according to their size from zo0plasiicton,

crustaceans, insect larvae to small fishes. Both the type of digestion ie. Intracellyiy,

and extracellular is found, In coelentrates locomotion is performed 1n many Gifferom
ways. Although many coellentrates, especially colonial forms, are sessile znd TeTna
attached with certain object in the water e. g obelia, corals etc. but 2 large number of
coelenterates can move acti vely. Coral reefs are the buge volumes of caleing
carbonate in the sea formed by the skeleton of stony corals.

Physalia pelagica, commonly known 2s “Portuguese Man of War™, can swing
atarate of 12.1 cm/sec by the rhythmic contraction waves. Jelly fishes are fast moving
coclenterates. They release water with force from their umbrella like body and mose
in th backward direction. This type of locomotion is called Jet-propulsion method.
Respiration and excretion takes place by simple diffusion. Both asexuzl 2nd sexual
reproduction is found in coelentrates. Asexual reproduction is more common. I i

performed either budding or regeneration or rarely by fragmentation Sexmal
reproduction takes place by means of cggs and sperms which are produced in ovaries
and testes. In most of the coel enterates, the sexes are separate.

A very important characteristic of coelenterates is the presence of
polymorphism (Gr: Poly-many, morphe-Form). The existence of a single species m
more than two morphological forms (individual types) 1s termed as polymorphism
These individual are called as zooids. Two major types of zooids are Polyps (tube like

body) and Medusae (Umbrella like body). Another very important phenomenon
nesis. In this

found in coelenterates is alternation of generation or metage
phenomenon asexual generation alternates sexual generation.

Tentacles ~
 {\ Mouth




” R R R S DTSN
m :W—-’— ;
:’%‘ Jle in Obelia, the polyp form, called l_)luslostylc reproduces in to saucer
ol ‘-\.ull! jusac. These medusae develop gonads in which egEs or sperms are formed.
ghaped M fertilize the eggs and the planula larva is formed which grows into a new
(he SPE -.:;;\' way the polyp produces a medusa and the medusa produces a polyp.
polyP h\“mn.c common example of 1|\l!~: phylum are Hydra, Obelia, Jelly fish, sea
~and Corals. Corals are economically very Important as they form coral reefs.
"""m‘”.‘l:&:: arc caten as delicacy. Some of them are poisonous and cause serious health
1shes €

olly nd swimmers, Corals live in colonies and they make huge structures

(hreal for divers i
alled coral reets.
L

Fig: 9.6 Corals Fig: 9.7 Sea anemone
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b. Grade Bilateria
Animals included in this grade have bilateral symmetry. Body of
these animals can be cut into two identical halves only in one plane that is they have a
right and left side of the body. All the phyla from platyhelminthes to chordates are
bilaterally symmetrical. They are all triploblastic as well. &
| Phylum Platyhelminthes :
o Body of all the animals included in this phylum is dorso-ventrally flattened,
l:u L«'nl like or paper like hepce called flat worms. They are bi]atgrally §ymmct1:1cal.
T L\/,l;rc the. first tnplobl_astlc metazoa and are acoelomates. 'I‘.hexr‘ bodies are cither
i\’inz l]:]-"ed or superficxfilly. §egmente§, and true segmentation is »abse’nt. In free
thic c(:':(mflhe ¢ctoderm is ciliated but in parasitic forms the cilia t}rc_abﬁe}ly!_._?{}g‘ 8
orm of 1 0 kcuucle 1s present for protection. Ol‘gansOf’liltt&whl‘ﬂﬁm“"el""”s°<')tl;3‘t i:
Parasitje fo i suckers. Digestive system in free living form 41§TV§§Y“1°95§;1.£GM
195 Castod, Ny it Po0rly developed (Class Trematodu) or completely absen
With foyy hﬂ?n:)c'el;llo circulatory or respiratory system is pre ent. Wi 'diiﬁcsfiié &
A Cayig -Clls (flame cell is astruc_tmj&“‘; h thin elastic wa W{ﬁ;dpplswhit:h
~ bral ganglia and a ‘

-,

Open a{ o aining many long cilia flicker
excretory pore, Nerv'o'us?.Sy s’t‘q mi{

Sl




ventral ganglion connected by nerve ring and one or three nerve cords. 1

nucleus A 1
of cap ccll——qﬁ_“ ;
i

&3

eyespot
cilia

Interstitial flui
astrovascular filters through

cavity membrane where
cells interdigitate

i "' 'R
T,

lﬁbulcs tubule-,— ¥
¢ ,./’/ :
nephridiopore
: in body wall
;’5‘ 5 f’& 9.8 mm"l Fig: 9.9 Planaria showingexcretory system
G P e e

- Muscular layer is well developed in free living forms which help in
locomotion. They are hermaphrodite i.e. both sex organs are found in the same animal
Reproductive system is well developed with gonads, their ducts and copulatay
organs. Eggs are small with yolk and are produced in very large number. Selfand cross
both types of fertilization is present among platyhelminthes. Fertilization is always
internal. The fertilized eggs are passed out which either directly grow into a new
individual as in planaria and tape worm or different type of larvae are formed asit
liver fluke. R
Regepcration ability is present in Class Turbellaria (Planaria) but
frematoda (liver flukes) and Class Cestoda (tape worms) being parasitic do
any regeneration. All the members of this phylum are solitary i.e ot fou
colonies. R R ‘

remain attached with the help of scolex (h vhich i R
suckers. D x (head) which is proy ldeﬂ



Pl dtyhelmmthcs is a diverse group with about 15000 species ranging in size
millimeters (Planaria is about 10 mm) to many feet (tape worm reaches to 16
bout 5 meters). Economlcally they are very lmponant Liver flukes and tape
et OF “C quse serious diseases in sheep, goat, cow, buffalo, pigs, horse, donkey and
WO :101nestlcated animals causing heavy mortality which inflicts great economic
o Human tapeworm Taenia saginata is a serious health hazard in poor and
J scls0 g countries of Asia and Africa. Its infection results in retarded growth,
L °::eapwc1ght loss, abdominal pain and nervous disorders (resembling eplllpsy) and
case of children death may also be caused.
S common examples of this phylum is Planaria (Dugesia), Liver fluke
7. hscrola hepatica), Tape worm ( Taenia solium) etc.

phvlum Aschelminths (Nematoda)

~ The word nematoda is of Greek origin which means thread. Nematodes are
lso called as round worms. In nematodes the body is long and cylindrical tapering at
both ends. They are bilaterally symmetrical and are triploblastic. They are
'_‘ udocoelomates i.e. the body cavity is not a true coeclom. The body is non-
egmented.

: Nematodes do not have any cilia on their body. A hard laycr of cutlcle 1S
senton the body for protection. No respiratory or circulatory system is present. The
id contained in the body cavity performs the function of the blood. The ahmentary
al is well developed with an anterior opening (mouth) and posterior opening

anus).
. The excretory system consists of two longitudinal canals on each side which
pen on the ventral side by a small excretory pore close behind the mouth. Nervous
m consists of a nerve ring which encircles the pharynx and sends its branches in
ifferent parts of body.
~ In nematodes the muscles are arranged in four longitudinal bands. C_u'cular
les are not present in these worms. Therefore, they show specnﬁc Vp
ping movements. i
Sexes are generally separate. Males are smaller than females Powg
erationis absent. L R
~ In male the testes is a long, coxled thread wnh a' e,,
fiorly opens in to rectum by a short ejaculatory du
© a pair of very much coiled ovaries passing int
o Horly forming vagina which on the




are separate. The t:emale is 8-16 inches long but the male is 6-12 inches in length !
The anterior part of both male and female is similar that is pointed {,ut

posterior part of the male ascaris is curved with two spine like structures calleq Pen:
setae. In female the posterior end is not sharply pointed. i

male

Fig: 9.10 Ascaris

Enterobius vermicularis is another human parasite commonly known as
nworm. It mostly parasitizes children which ingest its eggs with soil or in some other
ty. It lives in the caecum, colon and appendix of its host. e

It causes severe itching of the anus, inflammation of the mucus membrane of
lon and appendix. This results in sleeplessness (insomnia) and loss of appetite.

Nematodes are found every where in fresh and salt water, in soil etc. A lump!
) soil may contain thousands of nematodes. Many of them are free living but som
parasitic on plants and animals including man. ' peris or
These parasitic forms cause great economic losses in terms of expen
Ith sector and crop destruction. Free living soil nematodes decompose Of
ter and play a major role in soil fertilization. ' ey
Nematodes are an important part of most food chains and food
efore economically very important. RGNS e AR
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- kidneys and anus open. They respire through gills present in man

- Cavity is a haemocoel. Blood vascular system consists of as

Fig:9.11 Pinworm
3. Phylum Mollusca
Name of the phylum has been originated from a Latin word “

which means soft; hence animals in this phylum have soft bodies whic
protected by calcareous shells. This is the second largest phylum of

having more than 80,000 species (in addition 35,000 fossils forms are a
General characters of molluscs are following:

_ They are soft bodied, triploblastic animals ‘
They are coclomates. Most of them are protected by a shell of calcium carbonate
(CaCO,) secreted by the mantle. The shell may be in one piece or two pieces. In some
molluscs the shell may be internal, reduced or totally absent. The body can be
differentiated into a head, a dorsal visceral hump and a ventral muscular foot. The
body is covered by a tough, fleshly membrane called mantle which also secrets shell,
The space between the body and mantle is called mantle cavity in which

molluscus™
h are mostly
invertebrates
Iso reported).

possessing bilateral symmetry

SR ntle cavity.
a rasping tongue called radula. The digeSﬁve'syStem is well developed.




Common examples of this phylum are garden snail (Helix aspersa), slug (Limgy
maximus), Freshwater mussel (4nodonta grandis), marine mussel (Mytilus ea’ulis)
oyster (Ostrea lurida ) which makes pearl, squid (Loligo pealii), cuttle fish (Sepiq
officinalis) and octopus (Octopus bairdi).

In certain molluscs like octopus and cuttle
fish a blue coloured respiratory pigment
haemocyanin is present. The blue colour of
the pigment is due to the presence of a
copper molecule (as iron in haemoglobin).
Haemocyanin can transport three times more
en as compared to haemoglobin.

Fig: 9.14 a. Oyster(strea lurida) b. Mussel (dnodonta grandis),

“ :




\nnelida (First true Coelomates)
s

The word annqlida is. of G.re'ek ori.gin; anpelus means little ring, the animals of
m have thelr.bOFilCS‘ divided in to rings (segmented body) hence called
(his "d" Body of annelids is bilaterally symmetrical. The body may be cylindrical as
;nnclllb\'vonn’ or dorso-ventrally compressed as in neries. Body is metamerically
in Can,:te d i.e. the organs areé repeated in every segment. They are triploblastic. They
“gn.‘gelomates having a true coelom They have a closed circulatory system. In
are ;\\fom] four to five pairs of hearts called pseudo-hearts are present, which
B hythmically to keep the blood moving in the system. Colour of the blood is

actT Gl .
::;gue to haemoglobin dissolved in the plasma. |

The digestive system is well developed especially in free living species.
pifferent digestive organs are well formed. Excretory system consists of
netamerically arranged nephridia. Nephridium opens to the exterior through
nephridiopore. The body is covered with glandular epidermis, which secretes mucus
and keeps the skin moist. Locomotary organs are setae (in earthworm) or parapodia
(in neries). Respiration is through general
surface but some annelids e.g. neries have gills
under parapodia. The body is covered with
cuticle.

Annelids are mostly hermaphrodite
1.e. the same animal contains both type of sex
organs; ovaries and testes but cross
fertilization is common. Trochophore larva
is formed during life cycle of some annelids
especially in marine species. They are found
¢verywhere in damp soil, fresh and marine
Waterand some species are parasitic too.

In annelids like earthworm every
*gment of the body contains a blood vessels,

a. Neries

:ﬁ:idefmal structures (like setae etc.), nervous
i eretory organs. This pattern is repeated | |
Most of the segment with some variation. |
inmm_tan:;\nnelids are ecdﬁ‘dn’_i;i’@ll_y very
makes gy 2OUP Of invertebrates. Earthwo




(earthworm), Hirudinaria medicinallis (medicinal leech), Neries etc.
5. Phylum Arthropoda

The word arthropoda
is derived from two Greek
words; Arthoros means
Jointed and Podos means
limbs or legs hence,
arthropoda includes all those
animals having jointed
appendages. This is the most
successful group and the
largest phylum of the animals.

They are triploblastic
and bilaterally symmetrical.
The body is metamerically
segmented. They have jointed
limbs and generally every
segment of the body has a pair
of legs (also called limbs or
appendages). The body is
covered with an exoskeleton
in the form of thick cuticle
chemically made of chitin.

Science Technology :
The exoskeleton provides and society o

not only protection but also a
surface for the attachment of Frocessing of organic materlals by
earthworms mto homogeneous and httmus-

muscles with the help of which
Thls __1s acomplexmlxtutev

by swimming, ¢ Img;«,j.glkmg or

- flying. The chitinous exoskeleton is ;natter ofeatfhworms and mlctoor ANiSMS

considered one of the reasoﬂg for In vermlcomp ostmg sy Pk e i
act as voracious feeder-;

their success among the animal
kingdom.

Body can be differentiated [J§€°™P OSItlon of orgamc was
into three regions; head, thorax and fjreducing its organic carbon
abdomen. Body cavity is fand retains more mt
haemocoel. Circulatory system is of @potassium, phosph )
open type. Blood does not contain

any respiratory pigment. Blood is called haemolymph because (n"‘:
oxygen) it only carries food to different tissues of the body

nephrostome nephridopore
Fig: 9.16 Nephridium




— Head Th(irax Abdomen
. 1 Re— B wn i it B i o . ~\r L anssand l
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ANeNNA Ty mpanum Forewing

Fig: 9.17 Grass hopper showing morphological features

Respiration takes place in aquatic forms through gills and in .terrestrial forms
(especially insects) through trachea. Trachea are air tubes.which divide repeatedly to
form numerous fine branches distributed to all the tissues of the body. They
communicate with exterior through openings on each side of the l?ody known as
Spiracles. Arachinids, a group of arthropods including scorpion, spider etc. respire
through special structures, arranged side by side like books in a book shelf, hence
called book lungs.

Excretion takes place cither through malpighian tubules (as in insects) or
green gland or coxal gland (as in crustacean). Fertilization is internal. Sexes are
generally separate. Sexual dimorphism is generally present i.e. male and female can
be differentiated from each other on the basis of their morphology. During
~ development they exhibit either complete metamorphosis or incomplete
- metamorphosis. Some insects like honey bees, ants, termites etc. show social

aorta ovary dorsal :
crop | ———— ? heart . tracheal - 8if sac
trunk
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behaviour. They live in colonies and divide their work among;hf fcrcgt‘tg'roufps, .

Nervous system in arthropods is well dcvclopc?. tdc/(in;sa; ?“o a pair o |
cerebral ganglia (simple brain) connected to a double nesve C‘)fct- thcg:, w}%olonbls Present
in each segment and nerves arising from these ganglia conne € body, Tha

; . are eyes and antennae,
responses are well coordinated. Sensory organs are eyes and a

a. Metamorphosis in Arthropodes 22k '
All the changes occurring from the fertilization of an egg to the formation ofan

adult are collectively called metamorphosis. During metamorphosis 2 lary,

Sth moult
Sth stage /
nymph
4th mmM

—-
4th stage f

nymph

3rd muult\
- hatching
3rd stage %
nymph

2nd stage nymph ‘ Ist stage *
2nd mh m_/ Symph g

yini eggs

Ist moult

' Fig: 9.19Incomplete metamorphesis in Cockroach

undergoes a series of changes called ecdysis or moulting in which it casts
(removes) its skin many times to attain its maximum size, The'stage"s between ecdysis
are called stadia (singular stadium) and the form attained by an insect larva i
StI?: i bgtwienbtwo ccdyses is termed as instar, The fing] instar is the adult of
“Imago”. On the basis of the metamorphosis arthro ified into following
three groups, : pods are clasmfieq ;n:to:-f?ll

a. Ametabola are the insects in which no metamorphos;i S
other primitive wingless insects are example. = o ot_:gu:s. JC__,Qllel:,_I_l l 5
b. Hemimetabola are the insects in which incomplete met
This type of meta morphosis is found in insects like Cockroaches. Wi
¢. Holometabola are those insects in which complete metamormhe:
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: \ 1st stage
¢

larva
pupa hatching
l1st moult
2nd stage
m .aVa
5th mouit
1 2nd mouit
5th stage _ o 3rd stage
larva Gl L b SN ORELTTE ava
3rd moult
4th stage
larva -

Fig: 9.20 Complete metamorphosis in butterfly

(_L Sclence Technology =~ )
and society )

Apiculture is the scientific method of rearing honeybees. “ It is the care and
Management of honey bees for the production of honey and the wax. In this method of
apiculture, bees are bred commercially in apiaries, an area where a lot of beehives can be
Placed. Apiaries can be set up in areas where there are sufficient flowering plants.
lshenculture, or silk farming, is the cultivation of silkworms to produce silk. Although
¢Ie are several commercial species of silkworms, Bombyx mori (the caterpillar of the
omestic silkmoth) is the most widely used and intensively studied silkworm.

Members of Onychophora, a group of arthropods, are believed to be
>wParated from the main evolutionary line of the arthropods. They
share characteristics with both annelids and arthropods, hencell
beheveq to be the most primitive arthropods and are considered af§
f:gﬁ“ ccting link between Annelids and . ods. 8§

tains only about 70 species classified in 10 g¢

)
4
:
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Mostinsects are holometabolites like flies, butterflies, moths, beetles etc. ‘
6. Phylum Echinodermata

Name of the phylum has been derived f“rom two Greek words; ekhingyg
spine and derma means skin. Animals of this phylum have spiny g
characters of phylum echinodermata are as follows.

Echinoderms are exclusively marine, tr1p10_bll?S“SC ;‘;Zlnilc&l'r Y 21
bilaterally symmetrical in the larval stage but are radia a}is z:vith distizrllctas adu,
Usually five arms are present. They are coelqmate amnll{n e oral 4,
aboral surfaces. A water vascular system including organs kno eet ]

sfo
used for locomotion. They have a spiny skeleton made of calcareous plate

o S. Bog
shape is rounded to cylindrical or star like, with simple arms radl_atm.g from
body. .

a cenyy

: m
kins, Gengry

Body consists of an outer epidermis, 5
peritoneum, Alimentary cana is A

Fmis, a middle dermis and an nner e
al is usually 5 coiled tube opening at mouth and an%

P esenalsopalled he i degarar e i v
of echmodermsconsxstiv, of

typical circulatory system is Isystem. o 1o

Digestive system ' Qfashortcoﬂed tube; l
alimentary canal with tep pairs of Pyloric \ecae, the chgestlve gtands |
echinoderms including starfish are carnivores. Food ma F Sotisista of il _G§wa5-
as oysters, clams, mussels etc. Fish, crabs and other sma] animals are als 0 tal‘ e
food. Tube feet help to capture prey. e e menedndey

RN



ration.

iration oC

Respl

curs through a variety of structures e,
a urchins, genital bursae in brittle star

2. papule in star fishes,

\tory tract in sea urchins. Tube feet also
Nervous system is primitive consisting of
ed into the radial ganglia containing nerve

yncentrat

g€ organs are poorly developed.
¢

r cloped. Fertilization is external.
¢ ldor:/mcm is indeterminate including
ve

reristic larvae called bipinnaria larva
h,raC

undergo metamorphosis into the radially

trical adults.

Amoeboid cells known as amoebocytes
aming about in coelomic fluid absorb waste

r:)aterial and make their way out through the wall

g( rectal cecae. The amoe.bocytes are constantly

produced in the body for this purpose.

Beside many nerve cells which lie among
the epidermal cells, the radial nerve cord run along
the ambulacral groove and unite with a nerve ring
encircling the mouth.

The apical nervous system consists of a
trunk in each arm which meets the other trunk at
the centre of the disc. These trunks innervate the
dorsal muscle of the arm. The tube feet are the
principal sense organs. They receive nerve fiber
from the radial nerve cord at the end of each radial
tnal, the radial nerve cord ends in a pigmented

re usually separate with few exceptions.
;1 is usually sexual but power of regeneration is

mass known as eye which is a light perceiving

organ,

Ie
ctkable power of regeneration, A single arm

With p

The star fish and other echinoderms have a

art of ¢

dnimg)

Echi""del'ms:

Echingg

?)hy]a‘ Som
i)

i

eofth
€y have g

Cyare a|)
They e marine,

entral disc regenerates into a new

Ancestry and Evolution
°Tms are very different from other
edifferences are:

pmitic member.

Unique in having bilateral

ig: 9.23 Examples of Echinoderms
h. Ophiothrix fragilis (brittle star)
y, Arbacia punctulata (sed urchin)

. Thyone briareus

(sea cucumber
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symmetry in larval stages but radial symmetry in adult stage which seems to ba of l
secondary phyllogenetic origin.

Although they are very different from all invertebrate phyla, still they hay, ;
strong affinity to phylum chordate especially to subphylum Hemichordata. Ciliageg
larvae of certain Hemichordates (e.g. Tonaria larva of Balanoglossus) and bipinnagi,
larva of echinoderms are very much similar in shape and structure. Pattern of cleayage
of fertilized egg, formation of mesoderm, anus, mouth and coelom in echinoderms
and hemichordates is similar. Creatinine phosphate in the muscles of bog,
echmoderms and chordates are similar which produce energy for muscular activity,
On the basis of these similarities the echinoderms and chordates appear to be closely
reiated and evolved from a
common ancestor. For this reason (5 5 o
these two groups are placed near fedol
cach other. Examples of this =
phylum are Asterias rubens (star
fish), Ophiothrix fragilis (brittle

Brittle star is called brittle because if can break

off its arm if it is injured. This “autotomy”
: . llows the animal to leave its arm behind and

star), Arbacia punctulata (sea ¢ ;

urchin), Thyone briareus (soq | °2P€fTomanenemy to save life. The broken

cucumber) efc. arm regenerates rapidly into a new brifttle star.

Phylum Hemichordata: : -
Hemichordates are worm like animals found in shallow ocean bottom. They
are closely related to chordates but show many similarities with echinoderms. They
are included in the group of animals called deuterostomes along with echinoderms
and chordates. General characteristics of this phylum are as follows: ™~
Body is soft and worm like and is divided into three regions, an anterior protosome,
middle mesosome and posterior metasome or proboscis, collar and trunk. Every
region 1s with a coelomic compartment. Body wall is made of unicellular epidermis
with mucus secreting cells. Digestive tract is complete and consists of a long straight
tube. Circulatory system is composed of a dorsal and ventral vessel. Gill slits are
present behind the collar which performs the function of respiration. A single
glomerulus connected to the blood vessel constitutes the excretory system of
hemichordates. Brain occurs in the mesosome and the main nerve tracts are present in
mid dorsal and mid ventral line. Notochord is absent. Cleavage is holoblastic and
radial. Tornaria larva is formed during the life cycle which resembles bipinnaria
larva of echinoderms. Many hemichordates make colonies. Examples are
Saccoglossus kowalevskii, (Acron worm), Balanoglossus sp. etc. =

8. Phylum Chordata R s e e
Name of the phylum has been derived from thewordNotochordwhlchis
found in all the animals of this group (chord means thread(n*mpe)‘analsofﬁ“s

|
|

\ ™




l poSSes following three basic characters generally termeq ,¢ chordate
pylu™ , ~

churﬂffr:sal stiff rod is found in all the
A dO

. 2 o called as n.otochord.. In l.ower
chorda s it is retameq but in higher
chordate (vertebrates) this rod is replace

cporS::f:bral column.
ya | chordates have a c_entratl, dorsal,
121511(/::*’ nervous system which lies aboye
IheI'IOtOChord- : :
i All chordates develop gill slits
f;ometimes called perforated pharynx) at
last in the embryonic stage. In some
chordates these are non functional and are
afterwards closed while in others they are
still functional as in fish and amphioxus.
Phylum chordata has been classified into
twomain divisions and three sub phyla
Division 1. Protochordata or A crania
These chordates do not posses
canium (skull). They are also called as

lower chordates. They are further divided
into two sub phyla;

Sub phylum Urochordata:

~

~ Notochord is present only in free
Wimming larvae and is absent in adults,

They are a150 called tunicate as their body
8 Covered by 3 sheath called tunic which is

:}e’]emlcally made of tunicin, a substance Flg:9.24'Saccoglossus kowalevskii
f'“ed. to celluloge. Laryae are free

Sw ' .
arelglfnmg. but adults are sessile. Examples
10ng thiestinaljs, MOlgula etc.

Sul
'Phylug Cephalochordata:

POintedNOtOChord is well developed in adults, Their body is in the form of a long,

‘hrough 10d, hence called as sea lancelet. They have a hollow nerve cord which runs
filtey t”ee:?]ut the length of bog

i ir are
y. They are free living and swim about in water. They
: Wisign § rs(.‘ E’ Xamples is Branchiostoma (amphioxus).
“~Taniatg
Thege ¢

1 it e R e .The are
hordates posses a cranium or skull in which bram is present. They

- P



Fig: 9.25 a.Ciona intestinalis,

included in sub phylum vertebrata.
9.5 Sub phylum Vertebrata

Vertebrates are divided in to following five groups or SUper classes:
[- PiscesorFishes S
Amphibia
Reptilia
Aves or Birds
- Mammalia

. Class Pisces
Fishes are aquatic vertebrates which respire through gills and perform

scomotion with the help of fins. Fishes are the largest group of vertebrates and
snstitute about 48 % of the total vertebrates. The number of living fish species S
ore than 29000, They are divided into three classes.

Class Cyclostomata or Agnatha
These are the most primitive jawless fishes having circular mouth. These
ihes have a long, eel like body. Skin is naked i.e. without scales. They lack paired
1s (appendages). Seven pairs of gills are found which open separately to the outside
d are not covered with operculum. s
Their skeleton is of lower grade, fibrous cartilage. They do not posses @
ymach because of their parasitic way of life. Mouth is adapted for sucking. Sex> are
sarate. Examples are Petromyzon marinus (lamprey) and Maxine ghutinosa (hag
C)lass Chondrichthyes: (cartilaginous fishes) i
Their skeleton is made of cartilage. They havestreamhnedbodles.
»ndrichthyes live in marine environment. Their mouth is ventral. Their

Fig: 9.26 Branchiostoma
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e hllnters_ sepamtely. Most of t Pairg
««im bladder is absent.
\;\1& are separate and many ofthem,
Sl

oviviparous. Examples are sharks, 13ys, skates and Chimaergg

. Class Osteichthyes: {bony fishes)

: These fishes have 3 skeleton made
of bone hence called bony fishes They are
the most successful group of fishes and
mhabit all types of aquatic habitats. Their
body 1s covered with scales of different
types; Median fins i.e. dorsa] fin, anal fin,
caudal fin and pair

ed fins i.e. pectoral and
pelvic fins are present in bony fishes.

A specific 0rgan swim
bladder is found which is hydrostatic in
function and provides buoyancy to the fish
In water. They respire through well
developed gills which are covered with a
ony cover called operculum.

Jaws may be with or without teeth.
Brain ig developed with 10 pairs of cranial
voves. Heart consists of an auricle and a
:emride' Blood contains haemoglobin as
®Spira

tory pigment and its colour is red.
Shan: Sexes are separate and except few b,
pe.c"‘?s the fertilization is external.
0tity of y fishes are oviparous but
€are OVo-viviparous and viviparous. o
:,.273-"“” mouth)
:‘;‘wmﬁ" the chesher
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Darsal Fins

Caudal Fin

Fig: 9.29 lung Yishes are

considered 1o be a :
cannecting link between fishes and amphibians
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i wub clpgs Dipnol are called lung fighe
|'ishes “_‘.“.., left in the world, These fishes aestivate in the holes
thre€ "';;“, mud for few dry months and during this period rczpi.n;
dug m.h (he extremely vascularized swim bladder which acts 45 4
;h::;'u;.\.w“.,, the rainy season comes again they come out and start
ung

their normal life in which they respire through gills like all other
8
hony fishes.

‘e
v

i There are only

A very prominent feature of the some fishes is their migration to

reach their feeding or breeding grounds. They travel thousands of
kilometers in this process. For example, salmon fish.

).Class Amphibia
Name of the class has been derived from a
Latin word Amphi which means both. The animals of
this class have characters of both aquatic and
lerrestrial animals. Amphibia are considered on the
border line of these two groups. Transition from
dquatic life to terrestrial life is clearly indicated in
umphibia. It is believed that certain lobe fin fishes of
the group dipnoi came to live in shallow water. They
Sarted crawling from one pool to another in search of
‘;‘\1?:1 and to avoid overcrowding apd competition. In
fish "2y they used to spend some time on land. These
Harebelieved to give rise to amphibians. |
\,enebr:t\mphibia are poikilothermic (colgi.blo.odec.l)
tXtemal e_;-h Sexes are separate and fertilization is
tadpote g breed in water and their larva called
0 sy rva lives in water apd respires through gll}s
After ev:;lth.the help of their laterally flattened tail.
Ome gyt ooplng gills during metamorphosis, they
Mphit {a i“’zter and start a terrestrial life. In some

lhrOUgh ecturus the gill Biied
e} gills are retain
utlife. They are tetrapods having two




pectoral and two pelvic limbs. Some forms are legless e.g. caecilians. They have‘

webbed feet but fingers are without claws. Their skin is_ pigmcntec_i, SmMooth
glandular which is always kept moist and help in respiration. Heart in amphjhj, is
three chambered; two auricles and a single ventricle. Two additional tubes (SometimeS
considered chambers) truncus arteriosus and sinus venosus are also present. Their
circulatory system is not very perfect as mixing of oxygenated apd depxygenated
blood takes place in the ventricle. Most amphibians hibernate during winter. I this
process they dig deep in the mud and survive by getting energy from the fat bodieg
deposited around their kidneys. Examples are frog, toad (tailless) and salamander,
newt, necturus (tailed) :
3. Class Reptilia
Reptiles are true land vertebrates. Their bodies o
are bilaterally symmetrical and can be divided in to four [£222
regions; head, neck, trunk and tail. They are
poikilothermic, pentadactyle (having five fingers)
tetrapods. They are terrestrial but some species &
secondarily has adopted aquatic life like aquatic snakes
and turtles. They are lowest amniotes i.e. their embryos §
are surrounded by a protective covering amnion. Other
protective: membranes called extra embryonic
membranes i.e. yolk sac, chorion, and allontoise are |
also found. '
Sexes are separate and fertilization is internal. They are
oviparous and lay shelled eggs with considerable
amount of yolk which provide all the nutritional
required by the developing embryo within the egg,
hence there is no larval stage and the young ones hatch §
out fully formed from the egg. Their skin is thick, scaly
and devoid of glands. This is why skin is very dry and
impervious to water.
Exoskeleton is present in the form of nails and =i _ : o
epidermal scales and digits are with claws, Teeth are |12 9.31 Lizards, snakes, :
s - : ., tortoises, turties and Tuatar;
present on the jaws except in turtle and tortoise. All reptiles are carnivorous. Heartis
four chambered with two auricles, a 5
completely or partially divided
ventricle and a pair of systemic arches,
Colour of the blood is. red due to the st of the Lhe;;rer ket
presence of haemoglobin as respiratory e T AR S
: 2y their life. They survive with conserving
pigment. Respiration takes place the water present in their food.
through lungs which have spongy e elrfoods” s5
texture. Gill slits appear during
embryonic stages but gills never

% Yk <
e ————— e s
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65 millig
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alsocalled living fossi].
4.Class Aves

modified in to flying wings,
Tail with twWo rows of feathers,

Skull large with a single occipital
“ondyle.

1~
Iv-

V- Jaws elongated to form abeak.
~Plilian chq
1~

e . s
archacopteryx i
One specxmep 0 L
present in Berlin museum
racters of archaeopteryx Bt

Sence of scales on the legs.
li-

ones solig and heavy without air
Spaceg,
iii" WS With teetly Presentin sockets. '
Y A long. tapering lizard like tail
“Onsist 0f2( Caudal vertebrae.




v- Nine to tencervical vertebrae.

vi- No fusion of trunk and sacral vertebrae.

vii- Sternum not keeled. Free cervical and abdominal ribs are also present.
viii-Simpie brain with cylindrical cerebral hemisphere and unexpanded

cerebellum.
ix- Fore limbs with three clawed fingers.
The above evidences prove thatarchaeopteryx wasa connecting link between

reptiles and birds. Birds gradually evolved and became one of the most successfil

group of vertebrates
a. Distinguishing Characteristics of Birds

They are homoiothermic i.e. warm blooded animals because they can
maintain thelr body temperature. The body is covered by different coloured feathers
which are ep1derma1 exoskeleton. Body is fusiform (streamlined) to allow better
movement in air with less resistance. Fore limbs are modified into wings for flight.
They have adapted a bipedal life and hind limbs are used for walking on land. The
aquatic birds posses webbed feet. Skin is without epidermal glands except for
uropygial gland present at the base of tail.

Bones of the birds are hollow having air spaces which make them hght mn
weight. Sternum is well developed in to a keel which not only helps in cutting the air
during flight but also provide additional area for the attachment of muscles. Jaws are
without teeth and are modified in the form of a beak. Digestive system has a crop to
store the food and a gizzard to grind it. —

Heart is four chambered with two auricles and two ventricles. Asmgle aortic
arch is present which curves to the right side. Blood is red due to haemoglobin

contained in oval, nucleated RBCs. |
Vocal cords are not present in larynx but a special sound box syrinx is present
at the junction of trachea and bronchi. Lungs are prov 1ded w1th extra air sacs Th&se

air sacs are extended in to viscera.
Eyes are provided with a thlrd eyehd the nictntating membrane which can be drawn.

across the eye. Arudlmentary pmmus presem outside the external auditory opemng ‘
Excretory organs are metanephnc ludneys. Ureters Oper;m common cloaca :

LR “, 3 >
s ‘;‘ Vo S
5

and nitrogenous wastes are excreted in the form of semi solid .ﬁgfes o
Sexes are separate and sexual dimorphism is found in 1 ,- ny

internal. Female has only left ovary and oviduct i is weﬂdee'Ifé nales hay vesh
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Aving Birds
-ds are those which do not fly 1 :
y n the air. The
. They are called running bi
g birds

clightie’s Bi
.r""- ;"' £ h‘\, 1
5 inste0 of mb} (hey secondarily has adapted a running mode of lif
__« hollow 28 ster i ; Or l11¢, i
1 hollow 2 d sternum 1s Not keeled, Tail feathers are irregularl Their bones
y arranged e.g.

arich, €Mt L iwi, cassOWary, penguin etc

2

a. ostrich b, emu .c"-‘“”o“"r)"
Fig: 9.32 Flightless Birds
i Flying Birds are the birds with strong wings for flight and keeled sfernum. Thexr
vones are hollow. Tail feathers are well developed and are used for steering the bird 11
';” ‘é”fiﬂg flight. e.g. pigeon Sparrow; parrol, eagle, oWl €te
. Class Mammalia . i with milk
Mammals are the animals 10 which females n0uﬂ§h th;lr :::;fs :;stcm in
‘r’r:()duced by mammary glands.. e developmen of b daltlhe; 5 the 1OP of the
evdmm.als is the most remarkable character which bas P
Oluu(,nary tree. being the most lntl)’
: Becaus . : 2 nes an : and comp ete.
g oo ) et 2 i S
Yammals are believed to be evolved from f."'Pgl:; glnl(;d nmnm“l like reptiles:
Jurassic peﬂod- gndenr = ;

Simu}
taneously with reptiles i




fossils animal (named varanope) has been recovered fro‘m Tc'xas whi.ch has 509, '
mammalian characters. The ancestors of mammals were of the size of.n!xce and live;
on trees. Mammals became dominant in Cenozoic era. Today we are living in the age
of mammals.

Following are general characteristics f mammals: :

Mammals are warm blooded, air breathing, tetrapods which are most]
terrestrial. Their body is covered with hairs which insulate the bo.dy and help i,
maintaining temperature. Mammals have two pairs of pentad'actyle.llfnbs Which are
adapted for walking, running, climbing, burrowing, swimming, gliding. In aquatic
orders hind limbs are absent. Skin is glandular with sweat glands and sebaceqy
glands and mammary glands in females for secreting milk. Brain is well developed
with two large cerebral hemispheres and 12 pairs of cranial nerves. Sense organs are
well developed. Eyes are protected by movable eyelids. Ears have an external pinna
for collection of sound waves. Internal ear contains a set of three bones viz. incus,
malleus and stapes which are the smallest bones of the body. Sense of smell, taste and
touch are also well developed.

Respiration takes place through lungs which are spongy in texture due to the
presence of air sacs. Larynx is well developed with vocal cords. Heart is four
chambered and a complete separation of oxygenated and deoxygenated blood is
maintained. Only left aortic arch is present. Colour of the blood is red due to the
presence of haemoglobin in biconcave, non nucleated RBCs. Nitrogenous wastes are
filtered by highly glomerular kidneys and are excreted in the form of urine. Teeth are
present in jaws which have their roots in the jaws. Canine, incisors, premolar and
molar type teeth are found in varying numbers in mammals.

Sexes are separate and sexual dimorphism is prominent in most mammals.
Testes of male mammals lie in scrotal sac outside the body. Fertilization is internal and
they are viviparous. Embryo is kept inside the body of the female for development, the

process is called gestation. To absorb nutrition from the body of mother a glandular

tissue develops between foetus and uterine wall of the mother called Placents:

Mammals are also amniotes. The extra embryonic membranes help in the formation

of placenta. Parenti care is highly developed in mammals.

Mammals are divided into three sub classes.

a. Subclass Prototheria or monotremata

b. Subclass Metatheria or marsupials

a. Subclass Eutheria or placentalia

a. Subclass Prototheria or Monotremata e
These are the most primitive mammals and are also called as egg W‘”

mammals. They have certain characters of reptiles like they lay eggs but these cgss“g

kept in long oviduct where they are fertilized and later on development@kﬁﬂ’?lwfd-

these mammals there is no connection between the body of mother and foetus * e

e T

_mactas



jents- :
Fputric ?mals are more rightly be called as gvo.-
>~ immature form and are nourished by th
o birth B0 males until they grow enough to

€ teats present on the ventral
survive and start taking their

Fig: 9.33 Platypus and spiny ant eater

prototheria are restricted to Australian
region and are found in Australia,
Tasmania, New Guinea and their
neighbouring islands. They are
insectivorous, borrowing, nocturnal
animal. In adults teeth are absent and a
horny beak is found. Their body
iemperature varies between 25- 28 °C.
Example of these mammals are duck
billed platypus ( Ornithorhynchus) and
$piny ant eater ( Tachyglossus).
‘Subclass Metatheria or Marsupials
These mammals are also called
| Pouched mammals, Females of these
s :}?lmals bear a pouch or marsupium on
© Ventral side of the belly in which

opossum

| (§) .
r t ung oneg are kept as they are born in a .
Yage, Teats fv}floped and immature 5 :32%\:“)0 -
e g arsupia
PESent in the e AMMMAry glands are

1y dey Pouch from which the babies suckle milk. In these animals placenta is
elop@d and babies come out of the body earlier in immature form. Y

Ong lpeci:smumal’? are also confined to Australian region with the ;xc;‘:;l?:n‘;strial.
mwing o ‘“;l;lcan Opossum, Their body is covered with hairs. They

ete, - Poreal (living in trees) in habit. Examples are Kangaroo, Opossum,
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c. Subclass Eutheris or Placentalia
These animals are the true mammals having the highest degree of evolutiongs

brain and body structures. They are also called placental mamrr}als as placents of
different types is formed in these mammals with the help of which the developin, ~
embryo gets nourishment and oxygen from the body of mother and removes it
metabolic wastes. Young ones develop inside the uterus to a relatively mature stage
After birth mother feeds them on her milk produced in the mammary glands with wel|
developed teats. Teeth are present in jaws. Cloaca 1S absc_:nt and ur 1no-genital dyct
opens independently of rectum. Testes are in scrotum hanging outside the body eithe;
throughout life or at least descend to scrotum during breeding season.
Eutheria are divided into sixteen orders. Some important orders with examples are
mentioned below: 52
Insectivora: Feedoninsects, includes moles and shrews.
Chiroptera: Flying mammals like bats, flying squirrels.
Cetacea: Aquatic mammals e.g. whale, dolphin. porpoises, sed lion etc.
Carnivora: Flesh eating like dog, cat, lion. Wolves
Rodentia:  Cutting habit like rats, mice, squirrel, beavers etc.
Fdentata:  Adults with no or poorly developed molar teeth like South

American anteater, sloths.
Pholidota:  Body covered with large, overlapping, horney scales e.g. Pengulin
Proboscidea: Have along trunk like elephant.
Perissodactyla: Odd- toed hoofed mammals like, horse, zebra etc.
Artiodactyla: Even-toed hoofed mammals like cow, goat, deer etc.

Primates:  Mammals withy highest brain development like lemur, monkeys,
apes, tarsiers, human beings etc.

Markhor is the n
Pakistan.
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als have been evolved fr :
om the single celled organisms includ
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protoct
have evolved.
. fnaming of animals is called binomial n
According to modern classification simplest ani ‘;m?ndatﬂl‘e-
ding sl imals whi et

OrgqmzLd into organs belong to subkingdom Parazoa Ac!1 i
are included 1n subkingdom Eumetazoa Ao
[n diploblastic animals the body is composed of two layers of cell

| o g . YErIs OI Celis.
[n triploblastic animals the body is composed of three layers of Il

. la | A . : YIS CClIS.
Triploblastic animals may be classified into acoelomates pseudoceolomates and
5. DS es |

System 0

Porifera possess skeleton in the form of spicules.
Coelenterates possess a body cavity or ceolenteron or enteran.

Flat worms (platyhclmemhcs) are bilaterally symmetrical triploblastic,
unsegmemed and hermaphrodite. Organs of excretion in flat worms are flame

cells.
Round worms and thre

triploblastic, unsegmen
Annelids have bilaterally symmetrical bodies.
Arthropods pOSSES pairedjoimcd appendages.
Organs of respiration in arthropods are the trac
Insects belong (0 class insecta (phylum Arthrop
divided in to a head, thorax and abdomen. The tt

wings and three pairs of legs.
in insects are malpighian ubules. :
generally provided

bilaterally symmetrical,

ad worms (nematodes) are
exes are separate.

ted animals In which the s

hea, gills or book lungs.
ods). Their bodies are
yorax bears two pairs of

Organs of excretions :
Molluscs are fundamentally bilaterally symmetrical
with shells of various types:
, . % AT sof

Echinoderms are radially symmetrical with calcareous aket:rmvgscﬁ:rn:\'stﬂ“
locomotion are the tube feet which are connected with \OV:d L y
Phylum chordata characteristics are presence of notpume Sithers gition and
embryonic condition, presence of gills slits at Jeast 10

tral nervous system.

presence of dorsal hollow cen




EXERCISE ‘.1

A. Select the correct answers in the following questions.

1 Animals are believed to be evolved from:
a. Non living matter b. Higher plants
C. Water Plants d. Prokaryotes
2, The most important and basic category of taxonomy 15:
a. Phylum b. Class
C Family d. Species
3. An animal found from ocean was observed to have no tissue organiz;.
1s most likely to be the member of phylum.
a. Porifera b. Coelentrata
Ci Echinodermata d. Hemichordata
4. Cells of the inner lining of the endoderm in diploblastic animals are call:
a. Cnidoblast b. Choanocytes
(5 Pinnacocytes d. Amoebocytes
5: Animals found in more than one morphological form are said to
exhibit:
a. multigenecity b. polymorphism
C. pseudomorphism d. isolation
f A flat worm was divided into three pieces during an experiment and s

képt in the nutrient medium. All parts grow into new worm. The animals ma¥
be: s

a. liver fluke b. tape worm
c. planaria d. hydra
2 Group of vertebrates in which placenta is formed
a. Fishes b. Amphibia
c. Aves d. Mammalia
g Organs of excretion in annelids are
a. Flame cells b. Nephridia

c. Malpighian tubules d. Kidneys \ ‘




EALR S
E | j: ‘

" - - r ' > S CveS
viembers of the order ‘perissodactyle’ are als
, . 4150 named as:
yngulates ) . ik
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: sutheria : 3
PEer d.  Alloftheabove
ates are characterized by:

AC O&lnm
the absence of brain.

the absence of mesoderm

a0 " 0 F W1 ‘ avr
, solid body withouta cavity surrounding internal organs

4 coelom thatis not completely lined with mesoderm

d.
Which of the following characteristic is probably most responsible for th
ation of insects on land? ? sponsible for the

b. Antenna
d. Exoskeleton
aracteristics EXC EPT:

greatdiv ersific
a. Segmentation

Bilateral symmetry
s share all of the following ch:

~

VMammals and living birds

a. endothermy.
b. descent from common amniotic ancestor.
C: a dorsal, hoallow nerve cord.
d. an archosaur common ancestor.
13 Archacopteryx shows features of:
a. reptiles and mammals. b, reptiles and amphibians.
C; reptiles and aves. 4. avesand mammals.
B.  Write short answers to the following questions.
|. Why certain animals ar e called living fossils? : o ofmany
). What is the reason for the formation of 1ary a during the life cy© .
pot fishes: Why

animals? hism
Jymorphis

3. What is the importance ©
qr fish are ln ‘
of 1C acld

4. Cuttle fish, jelly fish, st R
. nahy invertebrates are calle sh' . the form OF U™
3. Why the reptiles excrete nitr trogeno wastes 10

crystals? :

6. In what heamolymph 1$ diffe

‘—;_




EXERCISE 3.

7. Differentiate between Proterostomes and Deuterostomes

Why alternation of generation is required
Q. What is the difference between haemocoel and coelom?
List down three organisms, each representing radial symmetry and bilater

symmetry?
1. Differentiate between prototheria and metatheria.

Write down the detailed answers of these question.
1. Describe the importance of classification in animal kingdom. What are

different categories used for classification?
What are the salient features of phylum Annelida? Describe their economic

2.
importance as well.

3. Describe the parasitic adaptations in phylum platyhelminths.

4. Compare the structure of heart in different phyla of animal kingdom and

especially in different classes of vertebrates.
Discuss the dlstmgmshmg characters of phylum arthropoda. How will yan

evaluate the economic lmportance of class insecta?
What adaptations are found in birds for aerial life? Describe evohmenaty

history of birds with special reference to the fossil birds.
7. Write short notes on the following. |

a. Binomial nomenclature

b. Parazoa ST
c. Poikilothemic animals ¥ e

Projects
¢ Make a collection of insects present in your locality, Identity their sclentlﬁG'h

exh:bmon of this collection may be arranged under the gmdmce; f

names. An

teacher.
o Working in group of four, prepare a presentation dlscu$smg the maxrr" =

causes/events of extinction of major animal species. Collect it
rcference books and internet. Share your findings in the classroom.



Introduction o0 ’
The plants upon which we depend for thc food WC cat, and for the Oty
TR »soil. A good soil supplies the plantg With " Sy,
breathe, depend in turn upon the soil. Ag ises the study of how ... Mg,
elements they use. Mineral nutrition thus comprise: study OW plants . 4

- ~ q af - " g & o lI
muneral elements (either through water, air or soil) and utilize them fo; their o,

" ‘ % 7 o)
and develorment. Like any other living organisms, plants lead a Versatile [jg, o'

have a system for proper gaseous exchange, transport of matc;'xals, and an abilit_v:;
adjust to the changes taking place in the environment. Plants are Constam,,;,
uanrgoin gthe process of growth and development which is reg.ulated 'by Speci&“Z@d
tissue and hormones. In this chapterall these different aspects will be dJSCUSSed_

10.1 Plant Nutrition

Plants need a Variety of nutrients in order to sustain their _dally life p?ocesses.
Depending upon the amount of each nutrient required the mineral nutrients are
divided into two groups: macronutrients and micronutrients
a. Macronutrients :

Macronutrients can be divided into two more grou ps: primary and secondary
nutrients. The primary nutrients are nitrogen (N), phosphorus (P), and potassiup,
(K). These major nutrients are usually less in soil because plants use these in large
amounts for their growth and survival. The secondary nutrients are calcium (Ca),
magnesium (Mg) and sulfur (S). These are usually present in reasonable amounts,

ge amounts of Calcium and Magnesium are added when lime is applied to acidic
soils. Sulfur is usually found in sufficient amounts from the slow decomposition of
soil organic matter, ;
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| A Summary of Mineral Nutrition in Plants
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ab! — Used in the form of | Functions
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facro 205 2mponent of orpanic compoy
T H.O or O, Component of Organic compm:?;
“af A
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H,O ., | Component of Organic compounds
Iy .JC” -
[yuire - 1 1 M
__—— 1 [PNO o Amino acids, Proteins, nucleotides, nucleic acids
Jirox on Cthl’Ophy", and coenzymes i
; K- Enzymes, amino acids, and protein synthesis.
ctassi Activator of many enzymes. Opening and closing
of stomata,
: Ca’2 Caleium of cell walls. Enzyme cofactor. Cell
Ealoium permeability,
e : o H,PO: or H,PO, Formation of “high energy” phosphate
Phospnor compounds (ATP and ADP). Nucleic acids,
Phosphorylation of sugars. Several essential
. €nzymes. Phosphol ipids.
AMagncsium Nigh- Part of the chlomphyll foceule Cocnzyme &,
m:—_hl SOZ Some amino acids and proteins. Coenzyme A.

Micronutrients

\-ﬂ,

Chlorophyll synthesis, cytochromes, and
nitrogenase.

BN Fe*" or Fe**
Bhlorine Cls
Bopper Cu?

Activator of certain enzymes,

Osmosis and ionic balance; probably m“m‘lm
photosynthetic reactions that produce oxygen

V)

4

fanganese

]

il ¢

lolybdenum

Obalt

Od iy m
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Deficiencies of the nutrients like nitrogen,
phosphorus, potassium, and magnesium
result in chlorosis (yellowing) and eventual
necrosis (death) of older mature leaves.
These nutrients are mobile elements that
can be translocated from older to new
leaves if their supply from the soil becomes
limited and the young leaves become
deficient in them. This translocation
depletes the older leaves of these essential
nutrients, leading to chlorosis and necrosis.

of food such plants may carry out Parasi
lly depend upon other plant or in some cas
h saprophytic plants extract
utrition form dead organic matter. However, the most interesting example of
\eterotrophic nutrition is the carnivorous plants which feeds on insects.

Depending upon the source

utrition in which parasitic plants who
lants may be involved in saprophytic nutrition in whic

Rl PiiRitcher Plant o b-¢Sundew. ¢ Butterworts
LoAE llmm.}c nivorous plants.
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eof Stomatain Gaseoys Exchange

The small pores on the epidermis of leayeg are
stomatal pore 1s surrounded by two guard cells. In dic
shaped or bean shaped. In monocot Stomata, guard cel

The inner wall of guard cells are thick and no
and elastic. The adjoining cell wallg of two guard ce
not attached with each other and this help them to s
opening.

n-elastic, The outer wafl is thin
Ils around the pore are free and
tretch laterally during storratal

The epidermal cells surrounding the guard cells are called subsidiary cells,

The stomatal pore, guard cells and the subsidiary cells are together called stomatal
dpparatus. Each guard cell contai

Starch is synthesized in guard cell

nesophyll cells and they are chara
dark)

ns a single nucleus and numerc{p;.‘ chlorop
by chloroplast and sugars transported
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10.3 Transportin Plants

10.3.1 Vascular Tissues and transport of materials

You have learnt that vascular plants or 'trachcophytes' have specialiseq tissye
termed xylem and phloem, for conducting water (plus solutes) and organic NUtrien;
respectively. Let’s discuss these tissues in detail.
10.3.1.1 Xylem

Xylem cells are elongated and connected end to end to form a tubular Water.
transport system throughout the plant, continuously replacing the large amount of
water lost by transpiration, water that is essential for both photosynthesis anq
maintain turgor pressure. The main kinds of xylem are tracheids and vessel elements

a. Tracheids
Tracheids are elongated cells up to 80um wide with secondary, lignified cell walls,
When mature, tracheids are subject to loss of protoplast (nucleus and cytoplasm) anq
hence cell death, creating an open structure for water flow. retarded only by the thin
cellulose barrier of the porous pits through which water flows from ce!] to cell
Functional tracheal conduits are surrounded by support and storage cells, including

yma, fibers and sclereids.
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" feellulose. The end walls are perforat'ed by anumber of small pores. The
;N,?‘i\nt 1—{ ,rea of the end walls look very much like a sieve and is called sieve plate.
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a. Water potential g

Molecules of water possess kinetic energy. Therefore, they 5
motion from one place to another. Water potential is direct]
concentration of water-molecules. Greater the concentration of water m| to‘t},e
system, greater is the kinetic energy of water.molecules. This js calls ®in,
potential. Pure water has maximum water potential. Water potentia] js pan.. "

i : Ja, TCpre
by the symbol "P'w' (y; pronounced /sai/ sigh). It is measured in kilopasca] .Kps:’nted
Kpa=1000 Pascal. Ong

re" - Cop
Y PTOPOrtiop,
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Blaise Pascal was a very influencial French

mathematician and philosopher who contributed
0 many areas of mathematics.

_ Factor .such as hcat. affect the water potential. Water potential plays an
important role in plant physiology becaus

| : e itaffects absorption of water by the root
hairs and its onward transport in the plant, i 4

b. Solute potential or osmotic Potential
The solute potential or osmot:




‘cpidcrmal cells of the roots are freely
| ¢ however is partially permeable t i
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Such a living medium transport of water 1s termed aS_S}’mP]a_St pathWay. It . ;
system of intercellular protoplasts (cytoplasm of the neighbouring cells) in ¢ 'S the

A e
of roots. In the cells of the roots, both the cell membrane and cytoplasm act asc:"S
partially permeable membrane. e
c. Vacuolar or transcellular pathway

The attached cells have interconnected vacuoles. Cells and the Vacuoles
connected with one another by the plasmodesmata. Plasmodesma‘ta are the
cytoplasmic strands which extend through the pores in the adjacent cell walls) 1y
this pathway water moves from vacuole to vacuole. The plasmodesmata-aCt as 3
source of water movement across the cells towards the xylem. This is also Symplas
pathway but specially the vacuolar pathway. Whatever may be the path but water j;
absorbed by the roots from the soil and is transferred to the xylem of roots, stem and

consequently the leaf-xylem and mesophyll which are the main part generating
enough water potential for hundreds of feet high movement of water.

10.3.4 Water Movement in Xylem through TACT Mechanism

Four important forces combine to transport water solutions from the roots,

through the xylem elements in the stem, and into the leaves. These TACT forces are:
transpiration, adhesion, cohesion and tension.

a. Transpiration

It involves the pulling of water up through the xylem of a plant utilizing the
energy of evaporation and the tensile strength of water.

DA i
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/ ‘movement

- through xylem
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tis the attractive force between molecules of the same substance. Water has
' “. y high SOl e.force due L thp hydrqgen bondings. It is estimated that

s Lgjve force within xylem give it a tensile strength equivalent to that of a

1\{-i1'c ut‘similar diameter.

b bination of adhesion, cohesion, and surface tension allow water to

| A com : . SRGEROY
' Lvnlls of small diameter tubes like xylem. This is called capillary action.
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‘Tll”“lf- shaped surface formed by water as it climbs the walls of the tube is called a
e Ut
m(_‘l’liSCuS
Meniscus |d a
~ b

Fig: 10.6 Meniscus formation in the xylem

Tension

~ ltcan be thought of as a stress placed on an object by a pulling force. This
ulling force is created by the surface tension which develops in the leaf's air spaces.

¢ - a force that pulls water from locations where . 3

1 by

Tension is a negative pressur
iav:’zter potential is greater. The bulk flow of water to the top of a plant is¢
0.:‘.Srchrgy since evaporation from leaves is responsible for transp
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This causes an increase in the osmotic pressure of guard cellg an

: > i ) E : d';
diffusion pressure deficit (DPD) also increases which results in the MOVemeny IL}
0

- water into the guard cells from surrounding cells. Guard cells become turgid 4
2 . Thus the stomata open. X
During dark, the level of carbondioxide in substomatal cavity is iney.
results in the decrease in the pH of guard cells. Atlow pH glucose is cop
starch in the presence of enzyme phosphorylase. Synthesis of starch leads ¢
on of cell sap by consuming its dissolved glucose molecule. Thus OSmotiZ
| sap is decreased and its DPD (diffusion pressure deficit) is decreaseg
ells lose water to surrounding cells and becomes flaccid and StOmat;;

Caseq
Verteq

Stoma Opening Stoma closing

Guard Cells
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o cation of organic solutes

o ;Si" . 3 -
(138 [raf .y Jeaves are the photosynthetic machinery of the plant. These gree
e n

(""C:,Cgm-dcd as “source of assimilates ” because these are the sites of

“qugar during the process of photosynthesis. This sugar is co‘nvened

oduc o which is transported out of the leaf to the stem and then upwards to the
- orseeds and downwards to the roots or the underground stems.

e buds, seeds, fruits, Ijo.OtS and the Undergropnd stems are together called

S oiof assimilates’- Tbey utilize or store sugar. This transport of organic solutes

aginks » SOUICE of assimilates to the sinks of assimilates is called translocation of

uits 0

from {1 :
rganic golutes.
g, Pressure flow mechanism: ( Mechamsm nftranslocation of organic solutes)

""" Food, primarily sucrose 1s tran§po'rted by the vascular tissue called phloem
from a source to a sink. Unlike transp}ranqn's one-way flow of water sap, food in
phlogm sap can be transported in any direction needed so long as there is a source of
suoar and a sink able to use, store or remove the sugar. The source and sink may be
reversed depending on the season, or the plant's needs.

Sugar stored 1n roots may be mobilized to become a source of food in the
arly spring when the buds of trees, the sink, need energy for growth and
development of the photosynthetic apparatus.

Phloem sap is mainly water and sucrose, but other sugars, hormones and

amino acids are also transported. The movement of such substances in the plant is
called translocation.

%The Pressure flow or mass flow hypothesis
~ The accepted mechanism needed for the translocation of sugars from source

s called the pressure flow hypothesis. As glucose is made at the source it 1s

"‘;'qchs.c (adissacharide). ~ ok
Sugar is then moved into companion cells and into the living phloem
e transport. This process of loading at the source Pfoi‘i‘:gefh:

in the . the adjacent Xylem moves
n the phloem. Water in the adj y areas of

\s osmotic pressure builds the phloem sap will move to




k osmotic pressure must be reduced. Again active ¢,
the sucrose out of the pholem sap and into the cells Which

ting it into energy, starch, or cellulose.
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<tasis in Plants |
1 Hmeo> prcw'" in diverse environmental conditions
| { PV are < .

_ , _ : Such In order to suryive
0.4 " Hpants ? yarious measures. Such measures are part of the ‘
L adopt o i s : omeostasis

qave 0 l meostasis 18 the ability of living organisms to
§ e l O >

&Y : . maintain or nearly
sternal conditions. It provides the Organism with a certain degree

mental conditions.
tas changes with in 4
s to the fact that the
W limits. Most of plant
er. Osmoregulation or
of gain or loss of water
ations in terms of their

et L‘msm'lt; "‘rom variations in the external environ

. dC"",q not mean to keep a fixed internal environmen
! sis dOe! necessary for normal body functions. It refe
et g€ ?trlfe tissue fluid in the body is kept within narro
Josition O related with the presence or absence of wat
com} JiSS ;I;Cion is the homeostasis of water i.e. the contro]
- regul c

~_d salts. Plants are confronted with different sity
'<<Ol\"'C( S

J diSSY7 " _
i‘:[c.;1\-:1’11a?.111‘1‘]5(')'ves readily across cell membranes through special protein-lined

Dy if the total concentration of all dissolved solutes is not equal on both
5, anfi,lll be net movement of water molecules into or out of the cell. Whether
\:1 lo vement of water into or out of the cell and which direction it moves

' i 1S isotonic, hypotonic, or hypertonic.
dpendsoxmhetherthecellsenwronmentls sotonic, hyp YP
¢ §

channel .
sides. there
ihere is et I

oty

Hypotofc | Isotonic Hypertonic

Fig: 10.9 Osmoregulation in different conditions.

a, Isotonic _ . :
‘ When two environments are isotonic, the total molar concentration of
dissolved solutes is the same in both of them. When cells are in isotonic solution,

movement of water out of the cell is exactly balanced by movement of water into the-
cell,

b, Hypotonic

[n a hypotonic solution the total molar concentration of all <_ilssolved sg;lutli_
riles is less than that of another solution or less than that of a .cel.. rig ‘
L "Cntrations of dissolved ‘solutes are less outside the cell than inside, :thé
entration of water outside is correspendingly greater. When a cell is ex;)ost%du _—

holonic conditions, there is net water movement into the cell. Cellswl@‘ll pELE
Will swell ang may burst (lyse) if excess water is not removed from the cell.

| . ps in hypo "‘_Q&:' ;
viro\z:;h Valls often benefit from the turgor pressure that develops m}hxgotggg o3
ents, A i hy ;
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Hypertonic ‘

A hypertonic solution is a particular type of solution that hae a
concentration of solutes on the outside of a cell when compared with the insigremer
C()f
4

cell.
10.4.1 Osmoregulationin Plants
Of all the environmenta) factors that determine the
water is considered to be the most important.
Osmoregulation has enabled the plants to be distributed 1n
wide range of habitat. Hence according to the amount of XS
water available, plants are classified into four main
groups:
a. Hydrophytes
Hydrophytes grow in the water or in wet and damp
places such as ponds, streams etc. In these plants the
absorption of water takes place over the whole surface of o 10.10F
the plant, root hair being absent. The surface area of the Fig: 1010 My
leaves is large enough with plenty of stomata (in partly
submerged hydrophytes). These features favour excessive
transpiration. e.g. Hydrilla, Vallisneria, Potamogeton etc.
b Mesophytes
Mesophytes are the ordinary land plants, which grow under
average condition of moisture. In limited supply of water,
they close the stomata to prevent loss of water. However, in
abundant supply of water, they keep the stomata open to
transpire the water rapidly, e.g. citrus, brassica, pea, peach

and rose etc.
c.  Xerophytes
hytes are desert plants which grow in dry,
l)lietrzgdy:m dy places with scanty rainfall. They
have long roots to absorb water. The stem contains
water storage tissue. The leaves are moified into
fak 4% reduce evaporation of water,
: es retard transpiration,
1 thick cuticle. The

vegetation of g habita[

v s

Fig: 10.11 Brassica
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14, tions of plants to low and high temperature

Temperature is one of the most important ecological factors. Temperature
loraplant ma y be maximum, minimum, or optimum. Metabolism becomes slow at
?:‘ i];)i\l\l emperature and high temperature. Extremely high temperature causes
i plants while the freezing temperature causes ice crystal formation.

L{“ clfects are harmful to plants. :
‘hemscl\lﬂf““ variations in temperature range reqt_lire the plants to ag;s:
mc)rph()lo(‘%‘f’] the environment and this is adaptation. Plants posssses oS
temperatuic f¥and anatomical structures to counter very hlgh OF%VERY

. o




Some of them are as under:

e e ay suffer from ill-effects. To mq

Plants growing in low temperatures HIJ}IN ¢ for. protection andishotH
: h ess well-developed bark 10 - :

temperature, they possess well-developed b ¢ solutes in the cell to/pg cley

Such plants bring changes in the composition 0 an withstana G eVens :

crystal formation. The leaves and steims are hard anc |‘L‘u-'1nﬂpil"lli0n i Mperay,

: .y > \ C N
Most of them possess scale leaves and the rate OF < W L0 rey

nge IOW

Ie,
arqd

cooling.

High temperature

The protoplasm, enzymes ,
the plants use SlTlL)lCtlerS and mechanisms to adjust themselves to such Conditigy
Plants absorb maximum water in short rainy season. The water 1s §t0red for “arrying
out various metabolic activities. Some plants produce an extensive branchmg root
system, so they can absorb even the little available water. The extensive Spreading o
upper parts of the plant reduces the evaporation of water from thg _5011 surface. The
leaves of the plants contain thick cuticle and in some cases, an additional waxy Jaye,
Such adaptations protect the plants from the strong rays of the sun and reduce wate;

loss from the plant body.
The sunken stomata regulate transpiration and stems of some plants ar

succulent with large vacuoles to store water for the cell metabolism. In many plants
leaves are modified into spines to reduce transpiration.

and proteins may denature at high temperatyy, %




ot in plants
O

fied plant tissues are supported b
ign

e el walls of their tissues. This 1
 (prim? he cytoplasm of the cells so that pressure js e S caused by the
et 1]’: ccll wall. Herbaceous plant does not form 4 et
splants ar€ o ften known for their attractive flowers o foﬁztg:,%dy

amon observation that plants cannot rema :
Ct

,I ~1]l- 2 ¢ d o »
OIS dpreis damaged or they lose turgor. Support to the plants is provided
e quch anical tiSSUCS; which C‘?g_SISt of collenchyma and sclerenchyma. Non-
: [3-" s»("1IC 9

e 'm.:,us - SL.lpported by tufrgl ';y (Water pressure) of parenchymatous cells,
000 ]1.;nts remain erect and firm because of the pressure within these cells.
Pt of drought, the tissues of such plants lose water and result in

, the }’Crmd

A. Hypertonic B. Isotonic C. Hypotonic

A. Plasmolyzed B. Flaccid C. Turgid

Fig: 10.15 Turgor pressure in different environments

Plant cells are surrounded by rigid cell walls. When plant cells are exposed

:(f:: hypotonic environments, water rushes into the cell, and the cell swells, but is
th:i:;ﬁm‘ breaking by the rigid wall layer. The pressure of the cell pushing against
ik IS call_ed turgor pressure, and is the desired state for most plant tissues. For
““placing a wilted celery stalk or lettuce leaf in a hypotonic environment of

| Tge “"als‘t: will often revive the leaf by inducing turgor in the plantcells.
h: l:icture of supporting tissues in plants i
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Thin petioles carry heavy and flat laminas, stems support leaves, flowerg ang

All plant organs are exposed to mechanical strains. Extensive Specialized sup fru"s.
tissues exist only in vascular plants. Vascular plants have up to three Maip t}i’;?'ng
80f

supporting tissue:

I8 Collenchyma
2 Sclerenchyma
5 Vascular tissue
1. Collenchyma

The name collenchyma derives from the Greek word "k.o]]a", Meanip,
"glue", which refers to the thick, glistening appearance of the: walls in fresh tissues
The collenchyma is the typical supporting tissue of the primary plant body 4,4
growing plant parts. _
Collenchyma is characteristically found in leaves and' elongatmg stems. [y
leaves, it appears as strands, often located above and bplow major veins, as we]l'as in
petioles and sometimes leaf blade margins. In stems, it appears as a hollow cylinder
around vascular tissues, or as peripheral longitudinal strands. .
, Collenchyma cells have unequally thickened primary walls, espec1allywpen
observed in cross-sectional view. The different thickness patterns gf the wall is a
characteristic feature formed during elongation. There are four primary types of

collenchyma: angular, annular, lamellar (or plate), and lacunar.

Collenchyma is a living tissue composed of elongated cells. with. thick non-
lignified primary walls. Such cells are most closely aligned physmloglcglly with
parenchyma cells. Where collenchyma and parenchyma cells are found adjacent to
each other, they frequently intergrade through transitional cells. The resemblance fo
parenchyma is further stressed by the common occurrence of chloroplasts in
collenchyma and by the ability of this tissue to undergo reversible changes in wall
thickness, and to engage in m.er:;teg;tfuﬁ?v}n&lqh“s’ itis entirely appropriate {0
i AT x_,' U _;' v m e ors )
considerthose twocell pos i1 ™ )

1 =3 53 g

g tissue is the sclerenchyma. The term
°k "scleros”, meaning "hard®, It is their hard
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™ '"’J‘“mple of ground tissue, which make up the bulk of the plant body. The most

Weclalizeq fPm are parenchyma, collenchyma and sclerenchyma (the stone cell in 'd' are a
orm of sclerenchyma).

e h; d‘ﬁ'egence between fibres and sclereids is not always clear. Transitions

% t’? ‘oMetimes even within one and the same plant. Fibres arise from
Ssues. Cambium and procambium are their mai centers Tl?f. . X
ften associated with the xylem of the vascular bundll,es. The

ways lignified. Fibres that do not belong t© the xylem are
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for (our Informalion ) =

Fibres are generally long, slender, so-called prosenchymatoys
cells, usually occuring in strands or bundles. Suclj bun(!l‘cs or the
totality of a stem's bundles are colloquially called fibres. Their high
load-bearing capacity and the ease with which tl\g‘y can be processed
has since antiquity made them the source material for a number of :
things, like ropes, fabrics or mattresses. The fibres of flax (Linum
usitatissimum) have been known in Europe and Egypt since more than
3000 years, those of hemp (Canabis sativa) in China for just as long,
These fibres, and those of jute (Corchorus capsularis) and ramie
(Boehmeria nivea, a nettle), are extremely soft and elastic and are

~especially well suited for the processing to textiles. Their principal cell |
- wall material is cellulose.

| Sclereids are variable in shape. The cells can be isodiametric.
prosenchymatic, forked or branched. They can be grouped into bundles, can form
complete tubes located at the periphery or can occur as single cells or small groups of

cells within parenchyma tissues. But compared with most fibres sclereids are
relatively short.

~ Characteristic examples are the stone cells (called stone cells because of
their hardness). The shell of many seeds like those of nuts as well as the stones of
drupes like cherries or plums are made up from sclereids.

10.6 Growth and Developmentin Plants
~ Growth and development in plants are two
processes, following each other in quick succession. They lead towards
morphologically distinct tissues and organs. Growth is defined as increase in number
and size of cells. Three phases of growth can be identified in the -
growing root and stem. They are: (a) Phase of cell division (b) Phase of ¢!
_elongation (c) Phase of cell maturation and differentiation. £
~ The flowering plants (angiosperms) go through a phase of vegetafl*
- growth — producing more stems and leaves — and a flowering phase where the)
~ produce the organs for sexual reproduction. Meristems are undifferenti?<
ctually juvenile plant tissues which are capable of dividing mitoticalY

associated physiologica!




matic tissues are of two main kinds:
e

al meristems are areas oftdclivcl-y dividing cells at the tips of all
A[t’; The apical meristem gives rise to the three primary m"r' ’1( e
ots- : : PAZLLL eristems
gl sl;ce)rm, ground meristem an? procamblgm) and these in turn produce all
(proto i rootS, the outermost layer pf a primary .shoot is the epidermis, which
| ﬁgsues‘ o the pmtoderm. The eplﬁemls may contain stomata or lenticels for gas
’ msgsang 0 imy bave a waxy of hairy surface to prevent dessication. The shoot
| ?ottcex arises from gropnd merlstgm. The primary vascular tissues, the primary
| Ph]oem’ vascular camb.lum :«:md primary Xylem, arise from the procambium. These
| P8 ssues are organlz§d into separate vascular bundles. Finally, the innermost
oot tissue is the pith. It is produced by the central ground meristem, and functions

'.for-ashortpeind as a storage tissue as shown in the following figure.

Vascular cylinder

=\
KHHIE

Ak =——_ Zone of

A lw;oh.n: maturation
1t 1 Sxilh S

hl: A ;"'; I
IR

'}

Zone of
elongation

meristem

Zone of cell
division

Fig: 10.17 Root tip showing different phases of growth.

ta . A 5,
3 tthe tips of root and shoot, apical meristems help in increasing the

-:}‘Qﬂla:rtb:()dy‘ This elongation is called primary grovz'ith- All V?; ‘t:l:;{
- Ceous or i th. Production ot ia
es woody, undergo primary grow th is found

: anacxllcti1 owers also occur by primary growth. Primary grow
~ U some herbaceous annual dicots.




Lateral

Primary Primary Seconda
Meristem tissues meristem tissues
! ‘ \
ZipBy Protodormal Epidermis % ;
S s | \

Primary phloem | Secondary Phicem
¥ Vascular cambium

Primary xylem Secondary xylem

\4

® Ground & Ground Pith

morhhm tissue Coftex Cork cambium gy sl

Periderm

Fig: 10.18 Flow chart of apical meristem.

,:te_ms:-‘are the cylinders of dividing cells found in gymnosperms
concerned with secondary growth or increase in thickness of the
0 types of lateral meristems—vascular cambium and cork
ium produces secondary vascular tissues, which conduct
added support. Cork cambium produces cork cells,
rom water loss, pathogens, and herbivorous insects
:gli;perennial dicots and gymnosperms. This type of
hickening or lateral growth, arises from secondary
bium in the vascular bundles secondary cambium is

 phloem and secondary xylem. In some species
develops from parenchymatous cells in the




I th (f‘orrclatmn ~SEE
e rovioE plant, the development of every Organ is aff,
o

06 g 2 5 0cesses occurring ip some.qthcr organ e.g. the chcmt?vcécztzﬂ:he
logio? o ghly affected during fruiting, Similarly, the formation %f fl of
I olants B 1 5 ay be controlled by the processes t et

F oVt ers I B aking p]aCe in \
aany Fo qower ship for growth among the different organs of a pl:::?ss‘cznzz

" ane on
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b ocal Ihntioﬂ' The correlation may be inhibito Or compensatory
oIrele SOk
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{, Inhibitory correlation (Apical dominance)

The inhibition or control of lateral buds to develop by the activity of apical bud is
alled inhibitory correlation or apical dominance. This is the most important and the
most common example of correlation in plants. The active apex of the shoot controls
tie development of lateral buds. This is proved by the fact that if the apical bud is cut

off, then one or more of the axillary buds grow out and exert inhibitory effect on the
tudsbelow. Apical dominance may be complete or incomplete. :

t) Complete apical dominance :

_Incomplete apical dominance only the main shoot grows and the lateral buds
%(::e a:jllowed to developed, as in sunflower the growth of lateral bud is completely

{i :
)lnc?mplpteap[cdﬂomu“ e ;_‘4, 5 2
i <25¢ the apical dominance is weak because it can
ma, - Of lateral buds, which grow out.to form a

S X L

S "-"‘f-' e %

‘J‘:'-;-I, .-'.;."- - ;" A A8 3 2
10 :4&*‘:~Jﬁ’§§a',”“ ﬁﬂ*g
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10.6.2 Annual rings
Every tree keeps its own diary of climatic changes Or other events that affect

its growth. Each year a page is added which records whether that was a lean yea; ora
fat one. Each year, beneath the bark, the tree adds a layer of wood to its trunk. Whe,
conditions are ideal, the layer is thick. When there is a severe drought, or a plagye of

insects that destroy most of its leaves in early

Zar (our Inforie

One of the most accurate way
to estimate tree age 1s to count
the annual rings of wood
growth. For trees that are dead
and have been cut down, you
can count the rings on the
stump. This provides an
accurate estimate of its age.

First year growth

Rainy season —
Dry season

e

the layer will be thin. If the tree is cut down with a
tump as a series of concentric rings called Annual

latlvel}’ pale early wood that grew at the start
mposed ofa rmg of early wood and a ring of late

he phloem carrics food
ome of the phloem dies




summerwood is the darker-coloreq pPart of a tree ri
jate WO ourage growth, a tree adds extra tissue and prodyc ring. When

S - es a th* k 7'
> e ons € wth is slowed and the tre B IcK ring, In
-(ont““o, ing yeab groe ¢ produces a thip ring, St
b ours - g ks
fisv*

{

_+h Responsesin Plants
< show growth responses by releasing certain ch
- wih rate or movement.

Ji

emicals or by showing

plant G rowth Substances

Hormones of pl_ants are referred as Phyto Hormones. Phyto Hormones are
. substances which are natura}ly produced in plants; control the growth or
organ hysiological functions, at a sight remote from its place of production and
other P "extreme minute quantities. There are five major growth hormones namely
quins, gibberellins, cytokinins, abscisic acid and ethylene.

{2

Jcm'c in

{, Auxins | ; o]
Auxin is a Greek word, which means “to increase”. Naturally occurring

ain is a hormone that is produced in the apical meristems of shoots and the tips of
wleoptiles. Indole acetic acid with other related compounds are collectively called
sauxin. Auxins control and regulate many physiological processes. Auxin travels
by diffusion toward the base of the plant, where it controls the lengthening of the
shootand the coleoptile, chiefly by promoting cell elongation.

Auxin also plays a role in differentiation of vascular tissue and initiates cell
dvision in the vascular cambium. It often inhibits growth in lateral buds, thus
Dantaining apical dominance. The same quantity of auxin that promotes growth in
thestem inhibits growth in the main root system.

2 Gibberellins | at
ﬂbnomlTlhe gibberellins were first isolated from a parasitic fung
Omhflox;gnrl()Wth m nce seedlingS. ’I:he WCF u u ntlv
°S%0 in Gyar present in many plant;

ELE




[t can break the dormancy of the seed and cancels the effects

1S th of the i
substances. In apples and grapes the exogenous application Cause

10]
S More g, ... Ty

. Tuit ¢
AR - i seedless grape; LR
Gibberillins promote flowering, helps in growing s grapes an L
storage life of banana etc.

,  Cytokinins _ :

.y?l‘he cytokinins were first discovered as a consequence of .thexr Capacity :
ote cell division and bud formation in cu]t.ures'of plant t.lsg.ues, &y ar;
nically related to certain components of nucleic acids. Cytokinins can

5 alSO aq
th auxin to cause cell division in plant tissue culture, [n tobacgy
‘high concentration of auxin promotes

: ith
root formation, while 5 hpigh
oncentratio of eytokinins promotes bud formation. In intact plants, ¢

A 2 YtOkiniBs
prom Owth of lateral buds, acfing in opposition to the effects of ayyj,
oKinins p escence in leaves by stimulating protein synthesis.

f auxins, plant physiologists suspected a dormancy
At last a substance that Promotes abscission of cofiop
bscision I1”. At the same time a substance yas
Wwhich promoted bud dormancy and was calleg
chemical analysis. The abscision II was latr
haracter and acidic nature.

and seed dormancy. It inhibits active
lants and promotes abscision. During
18ht) the concentration of abscisic acid
influx of water into the TOOES.
one that helps plant cope wih

lant in air spaces
en present in h’gl;.
Ices several aspects?
af abscission invol




ally movement of plant parts can be classified according to th
et O / - N / ‘ ) . : -
Gene™ ved. plants movements are classified into two major types; tu ¢

S; turgor

i NS - 3 3 » olaceilfi -
-hﬂ“'"m i growth movements, rest of the classification of plant movements i
and £ § s

ﬂ;ndcf
Plant Movements

Growth movements Turgor movements

Y ! 3l

Paratonic Rapid movement Sleep movement

‘}t?ﬂi&-—l
tion Epinasty Hyponasty

Nuta

¥ v

Tropic movements Nastic movements Tactic movements

Thermonasty Seismonasty l

v v ’

Phototacitc Thermotactic Chemotactic

e I 7 |

Phototropism Geotropism Hydrotropism Chemotropism Thigmotropism

Photonasty

Turgor Movement
gor movements are due to the differential cha

t.of the gain or loss of water and are easi
_‘:;:dllﬁ'erent from ordinary cells and may be conc
ofleaves of many grasses in dry weather is cause
99115, which form longitudinal rows in epide
fene pl‘ants at night are caused by turgor changes in th
‘present at the base of the leaf or leaflet.
is composed of parenchyma cells with large intercellular
al strand of vascular tissue. The water passes into or out of these
o ide of the pulvinus than on the other side. This unequal
! equal enlargement or shrinkage (turgor response) anda
petiole and leafblade.
be: (a)rapid movements (b) sleep movements..

nges in turgor and size of the
ly reversible. The effective
entrated in certain areas
d by loss of water from
rmis. The dropping
e cells of the




X

& “NAC ST . » " are touched, the 1ow,..

When the leaves of Mimosa or “touch me nlml . Aft 1€ lowg Cel)e

: : agiditv The leaves be downward. After soma .-
the pulvinus loose their turgidity. The leaves benc : "UMe timg
leaves regain their turgidity and thus become erect. .

leaflets Leaflets
) PR Yot >
A Lth!\(‘ in normal Petiole folded
position drooping

Pulvini at bases of leaflets-
Fig: 10.22 Response of Mimosa pudica to shock. Left (before ) and rigl
b. Sleep Movements

S, caused due to unequal growth o

both sides of the plant organs like roots, Stems, buds and tendrils On this basis ¢

growthmovements are classified into:
a.. Autonomic b. Paratonic

a. Autonomic Movements

_ Movement in which the whole p]ant shifts fr B alled
| | 0 other 18 ¢4
locomotion. These are spontaneous Omone place to an

~ certain algae such as Chlamydomon
zoospores and motile gametes of |,
nse to stimuli i.e sweet fluj

‘»_h' f around vacugle.




pes of the autonomic movements

. the ty
.o ATE the H -
g onas :

yp ty 111. Nutation

r;»l""wgﬁinasty
ainasty J !

: gpin®s seen in the petals and leavc:q especially in the bud condic

af shows moTe growth in the bud condition tha nhmo

he opening of the buds. n the |

ower surface,

ace 0 :
suflk‘1 osults int

“-hiCh :

ity onasty :
j BYP < also shown by petals and leaves in bud condition, the lower surface of th
’ €

(hows MOTe growth than the upper surface which keeps the bud closed

[eave
mo Nutation e 'A' (
wing tip of the young stem moves in PX om

The gro
o238 manner due to alternate change in growth on

oppositc side of the apex.

b, paratonic Movements
These movements are induced by the external
simuli. Paratonic movements may be:

1 Tropic movements

Nastic movement e
| Tactic movements :;ig:tlﬁ.z(i‘i Younig stelm o{h.lapﬂnes(el
i notweed growing along the groun
mpic Mf’vements rather than upright into canes often
hese are induced movement of have a zig-zag appearance,

eshown by the plant organ (shoot or root),

are capable of turning in any direction.
| by the direction of stimulus (light, water, gr

The direction of movements is
avity etc). Tropism or tropic

“Otropism occurs in radially symmetrical organs like root and stem. The
10Lstem and roots in response to the force of gravity is cgl}ed geotropism.
s towards the force of gravity and are said to be positively geotropic,
away from the force of gravity and is there fore called negatively

rgans in response t0 the

movement of curvature induced in plants ©




L
Young stems are positive phototropic, turn towards light. The curvature is due to the
greater growth on the shaded side then on the side on which the light acts, R are

usually indifferent to stimulus of light, their orientation being determined Chiefly ,,
the gravity.

¢. . Hydrotropism |

This is the movement of the plant organs in response to the stimulus of
moisture. The primary roots, secondary roots of higher plants, rhizoid of liverwopy
and hyphae of certain fungi exhibit growth movement in response to variation in the
amount of moisture. Roots are sensitive to variations in the amount of moisture iy, ¢
soil.

d.  Thigmotropism
- These movements of the plant organs is in

vl

1se to the stimulus of touch, contact or friction e. g.
ats, which climb by means of tendrils, are
o the stimulus of contact. The tendrils are
Ind 1n a number of plants e.g. in Passiflora, Lathyrus,
elessi |
~ Thigomotropic responses are also met within the
e tip of the young root comes in contact with a
h as small stone, the root bends away
his negative curvature helps the root to avoid
n the soil. The stamens of certain plants are
 touch and their dehiscence takes place only
ydy insectrubs them. Fig:10.24 Passiflora species
2 R have tendrils that allow
them to crawl all over
everything,

art of the plant in response to a chemical stimulus.

R ;‘.
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jirection of the movement is here determined by the
the %% the leaves and the petals of flowers, which can b
NS ments may be the result of growth changes or

structure of the
end only in one

ant f‘r%di astiC mOYC they may be the
.ifccnoiﬁts Ofvanatlon' be:
oV? ];]astic movements maybe:

' photonaSt}’

l: Thermonasty

" Seismonasty

photonasty i Gl &
This nastic movement is induced by variation in the intensity of light. Many

which keep their surfaces fully exposed during the daytime, drop at night.
. droppin of the leaves 18 ‘t.)r.ought about by changes in the turgidity of
_ enchymatous cells of thg pulvini i.e. Many flowers such as oxalis close up at night

t is diminished on a cloudy day and open during the daytime in

1d

* when the ligh

Thermonasty
 This is due to variation in the degree of temperature. Many flowers open
ihenilluminated and close up when itis dark e.g. crocus, tulips etc.

Seismonasty

| This nastic movement is induced by mechanical stimuli such as touch or
iction etc e.g. when the leaf of Mimosa pudica is touched the leaflets close and the
,,_le leaf drops. This shock movement of Mimosa pudica is called seismonastic
ovement, These movements are caused by the differential loss and support of

goron the two sides of the pulvinus.

i
e
9 ~

| 1990m0tary movement of free swimming organisms or their organs in
lded illumination e.g. Chlamydomonas, Volvox and the ZoOspores
many other algae when illuminated by weak light move towards the
sitive phototaxis. When illumination is too intense, they move
£ Wing negative phototaxis. Similar movements are also
X "plaftm the pallisade cells of the green leaves.

e Saiilorl 3



b, Thermotactic _ o '(()Uf l ‘f( ¢ e
T free organism in PHROf [ )'ll‘(nl‘)w-’
s 18 the vement of free organis I 110}
S to m'o ‘te srature. When 7‘ ' : 1}5
response to the stimulus of temper: : . e .
there is difference in temperature, the | Photoperiodism corod;j

i Nateg
unicellular algae are seen to move toward the | seasonal activities Such g,
warmer side. growth,_ dcvglopment‘
¢. Chemotactic reproduction, migration,

This is the movement of free organigln or dormancy that make 2 direct
their gametes in response to chemical stimuli. | contribution to surviy orship
The spermatozoids of bryophytes qnd and reproductive Success of
pteridophytes move towards the chemical the species. Depending on e
substances like sugar and proteins secreted by length of the day, animg]s

the archegonia. show behavioural apg
St biological changes. Day
length affects their fur coloy;.
migration, hibernation and
also sexual behaviour, For
example, the singing
frequency of the canary bird

depends on the length of the
\day. )

b

< mg‘“’”“‘ 'P'm cells of ferns are
. typically multifiagellate,

ghtto which the plants are exposed have
sy ous of plants particularly on the development of
ks and mght to which the plant is exposed is

he plant to photoperiod is ¢
ISm, plants are classified into three typ®
andday neutral plants,

STt - -

softhe day and ni

hen the day length 33
are tobacco, Dahlia )
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:ﬁ\’ plants produce flowers in summer when the da
; L:'-"11110, Examples of !O.ng day plants are Hipiseys
l oriticd ] ;11" day plants the critical value is a minimum value
W@ Forivi=e AV e S
LS {0 =

y length is longer
beet, spinach and
for flowering,

8 l/(,[]

11!
e =

| @ ¢

Long day plant

$ Flowering

- 4 Flowering

3
Vegetative

38

‘{, Flowering

s
‘(( Flowering

4 &

heticat long day and short day pll,n“a““:lmﬁ::::;‘;;:::
lue for the long day plant and maximum VAIGES © - ey
flowe wlmltbedaylengthissllshﬂ)"bﬂ"‘h“'“mml ritical value
critical v _(B)-B.ntwﬂlpot'ﬂow“""“““-b-";;-' N ke et
tday plant will flower when the day length issightly bECR T C0 o
7m<u¢mnm(m),mwmmm, n itk
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Day nc(xl‘ml plants are independent of the day length ang lhcrcﬂ)re
affected by the day length. They produce flowers whenever they bccomcn at Not

- v S : % v » o D3 . C l )
irrespective of the day length. Examples of day neutral plants are Maize, re,

Myt
sunflower and cucumber etc. ),
19.7.3.1 Phytochrome e |

Phytochrome, a pigment commonly present in small amounts ip tp, issye
SUCS

of higher plants, is sensitive to the transition between light and dal'knesg_ The
pigment can exist in two forms, P, and P, .The P, forms absorbs red light With;
wavelength of 660 nm and is thereby converted to P,. The P, form absorhg far reg
light (730 nm) and is converted to P,. The P, is also lost from the cell in the dark b,
reversion to P, or by destruction. P, is the active form of the pigment. It Promotes
flowering in long day plants and inhibits flowering in the short day plants. P_a]s, i
responsible for changes that take place in the seedling, for germination of sees and
f&fdgvel@meng of anthocyanins.

s s gt 2

- Florigen, is a hormone, produced in the leaves and travels through the

phloem to the floral buds and initiates flower formation. A Russian scientist nameg

M.H. 1a1lakhain proved by experiment in 1936 that florigen is produced in the
leavgs He peifgg@od'expeﬁment ona shortday plant, the Chrysanthemum.
b ; -‘ ‘—,. %“{“ 24y - ;5»:‘ o - = |

Does not bloom
Short day




' ants and removed the leaves from t

‘m(,) o the lower half. He then exposed th

+ he nii‘ll\h‘-' jower half of the same plant to short d

e o ﬁh‘llccq HO""CFT} the defoliated (leaves

prO o then EXPOSS . i P removed) upper half of the oth

jated loxx.cr 1alf19 long days. The i other plant

4 4a) fowers. From this experiment Chailakhian, concludezilt T;a{)l?;t

e

d the fo
4‘«‘!“ ) 3 . %
0> ced ¢ . or florigen is produced in the leaves and then transmitted to th
e

cl;lc upper half of both plants
upper half of one plant to
ays. The result was that the

e
=
v

;:zl“h‘”“‘l mone X ;

'{,IL,\yc?r:d pere it init1ates flower formation.
al DL .

goral 0 _nalization

(0,74 \férn'alizati(?“’ is a },atln word meaning “spring”. The conversion of winter
| itothe spring variety by lO\.V temperature treatment is called vernalization.
ged - coined by Lysenko in 1928. Some plants require a period of low

i term .
fhis hefore producing flowers.

lﬁmp‘;ramrc

if this condition is not fulfilled, they will not
1ce flowers. For example, if the germinating seeds
t are exposed to low temperature, the
plants developed from them will. flower much earlier
han would have done otherwise. This method of
dimulating the earlier production of flowers by
abjecting the germinating seeds to low temperature 1s
nown as vernalization. Vernalization is therefore the
mmotion of flowering by applying low temperature to
' eedsand buds before sowing or grafting. Vernalization
s helpful to the agriculturists in inducing earlier
opment of flowers and earlier ripening of crops
also in extending cultivation to the regions where
Perature is very low.

It has enabled the Russian farmers to grow crops in Siberia where the soil
overed with ice for ten months of the year. Biennial and perennial plants
lated to flower by low temperature treatment. The embryo of the seed and
e stem are the parts which receive the stimulus of low temperature.

 around 4°C is found to be effective. It produces a hormone, the

hich induce vernalization. Vernalization procedure was applied on large
during 1930 and 1940,

u:(riop s, particularly wheat in Northern Europe
= Winter varieties were grown as spring varieties.

prod
of winter whea

wheat




v:ded into two groups: macronutrients and micron utrients.
Macro nutrients include mtrogen phosphorus potassium, Calcm
m,



o to the amount of water availap|e. plants are ¢|
- ! C

ording 2 |
ApER . assified _

roups: Hydrophytes, tesephytes, Xerophytes and halophytes. B
n g : =,

<ess SOME morphological and anatomical Structures to ¢
ounter ve

leﬂ* Pt

rgor pressure is caused by the uptake of water by the Lytoplasm of the cells so th

ry high
temperature. g

Tu at

prg,sslll
Growth is defined as increase in number and size of cells. Three phases of growth

cisexerted atthe plasma membrane on the cel] wa]|

are:.  (3) Phase of cell division (b) Phase of cell elongation (c) Phase of cell

maturation and differentiation.

Apical meristems are areas of actively dividing cells at the tips of all roots and

shoots. Lateral meristems consists of vascular cambium and cork cambium.

Vascular cambium produces secondary vascular tissues and cork cambium produces

g . -
E cork cells, which protect the stem and root from water loss, pathogens, and

. | herbivorous insects.
7 ' The inhibition or control of lateral buds to develop by the activity of apical bud 1s

, ’5'.--,honnones are organic substances which are‘naturally produced in plants,

control the growth or other physiological functions, at a sight remote from its place

ative length of the day and night to which the plant is exposed is called

O.d.and the response of the plant to photopenod isthe photopenodlmt!‘lhlghcr
apigment commonly present in small amounts in the issues @

eto the transition between light and darkness.

. w temperature
' T:Mnter vanety into the spring vatiely, B AN




EXERCISE ‘T ~

A, Choose the correct answers in the following questiong

l. The thick walled dead cells like tracheid and vessels are i“cluded :
a. parenchyma b. sclerenchyma i
c. collenchyma d. mesenchyma

2 The increase in thickness of the plant due to the activity of Cambyy, -

called. o

a. prlmary growth b. secondary growth
c. tertiary growth d. stunted growth

3 The movement restricted to bifacial organs like the leaves and pegy), of

flower is the:
a. tactic movement b. nastic movement
c. tropic movement d. chemotactic movement

t, regions of continuous growth are made up of:
dermal tissue b. vascular tissue
tic ti d. permanent tissue

ed chlorophyll production. plant
‘hydroponic culture.

sms for trapping and
this *ﬁgg’stion are used 10




A o
EXERCISE T
jike hemp and flax are made up of:

; [filu:"-* epi dermis

b. scler
il enchym:
arenchyma cell | q COllenchy):n a"
I t'primary growth of a plant is due to the action of the
0. T [ateral meristem

, : b. vascular campi—
. apical meristem Ao camb?:::]um
ich bonds are responsible for the cohesion of Water molecules?
5. lonic b. HydI‘Ogen a
. Non polar covalent d. Polar covalen
a sugar sink, such as a taproot, sugar is converteq into
o fatty acid ' b. proteins
c. glycogen d. starch
3 Plants are able to detect photoperiod changes by the
" . alternation of the two forms of phytochrome
b. settling of amyloplasts
c. direction of the light source
d. movement of potassium ions
4. Which one of the following is true for annual ring?
a. Itis composed of a ring of early wood and a ring of late wood.
b. Its growth is co- related with the production of abscisic acid.
c. Itis produced from the axillary buds.
d. Itis produced as a result of primary growth

LB Write short answers to the following questions.
- L. Why insectivorous plants depend on insects?
2 What do you mean by water potential?

2. In

——

"ff'f"..... v turgor provide support to the herbaceous plants?
* Ulllerentiate between primary and secondary growth in plants.

D

Sriefly describe the mechanism of formation of annual rings; in plagts.

; t'n’Wing uestio'ﬁ# in detail. . : lopment.
¢ the role :)lf macro and micronutrients plant gt ;Wt:'c;naggz? ?9
o the movement of water in xylem through TACEN

“ the movement of sugars within plants.




EXERCISE 2

How the osmotic adjustments of plants in saline soils take lace)
Describe the structure of supporting tissues in plants.

Discuss the role of important plant growth hormones.

Classify plants on the basis of photoperiodism and give eXampleg.
Describe the mechanism of opening and closing of stomata,

®© N owm s

d write taxonomlc classnﬁcatlon of at ]east five plans
,.a ”erophytlc mesophytic and hydrophytic characters

ntnfy some major symptoms of mineral deficienciesiy
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, pescribe the mechanical and chemical digestion in oral cavity
, Explain swallowing and peristalsis.

, Describe the structure of stomach and relate each component with the

mechamcal and chemical digestion in stomach.

' Explam the role of nervous system and gastrin hormone on the secretion of

gastric juice-
« Describe the major actions carried out on food in the three regions of the

~ gmallintestine.
f’;Exp]am the absorption of digested products from the small intestine lumen
tothe blood capillaries and lacteals of the villi.
D cnbe the component parts of large intestine with their respective roles.
d the voluntary

late the involuntary reflex for egestion in infants an

ssition of bile and relate the constntuents with respective

;’hlre of pancreas and explain its function as an exocrine

& .,".

e secretlon ofbile and pancreatic] Julce with the secretin hormone.
e following disorders;

ﬂ‘e causes, prevcntion, and ‘trqatment of th
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Introduction

When we eat foods—such as bread, meat, and vegetables—they g, ot ;
form that the body can use for nourishment. Food and drmk must be changed in 4
smaller molecules of nutrients before they can be absorbed into the blood and can?l”
to cells throughout the body. Digestion is the process by which food 1s brokep, dm:-d
Into its smallest parts so the body can use them to build and nourish cejjs ang 12
~ provide energy. . & ey
- Digestion involves mixing food with digestive juices, moving it through the
~ digestive tract, and breaking down large molecules of food into §maller molecy]e
- _Digestion begins in the mouth, when you chew and swallow, and is completed i, the
- small intestine. .
igestive system is made up of the digestive tract—a series of holloy,
- organs joined in a long, twisting tube from the mouth to the anus—and other Organs
. that help the body break down and absorb food.There are also two solid digestive
organs, the liver and the pancreas, which produce juices that reach the intestine
through small tubes. In addition, parts of other organ systems (for instance, nerves and

blood) play a major role in the digestive system.
11.1 Mec

hanical and Chemical Digestion in the Oral cavity
astrointestinal tract starts in the oral cavity where your teeth grind and
reak to small manageable pieces. This chewing process, known s
dent upon powerful muscles (masseter and temporalis), as well |
‘ “Qﬁ{_}nﬂol; they move the mandible (lower jawbone) |
i (e '
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Stage 2: The l‘h:n\m:\.ul\t 121

The larynx lifts up to meet the epiglottis, W hlk‘h IOWETS, ma}ung a seal thy
prevents material from entering the windpipe. This is important as it stops foog
liquid from being aspirated into the lungs.

Stage 3: The Oesophageal Stags

The bolus is passed into the oesophagus by automatic cqntractions of the
pharynx. It then travels to the stomach by gravity and reflex action. This stage of
swallowing is entirely automatic and cannot be controlled.

11.1.2 Peristalsis

Once the food ball enters the esophagus, it is pushed towards the cardiac
sphincter by smooth muscle contractions called peristalsis. Food travels from the
mouth to the stomach in about 4 to 8 seconds. Peristalsis occurs throughout the length
of the digestive tract and is responsible for keeping things moving and the occasional
strange sounds that arise. The digestive tract is surrounded by both circular and
longitudinal smooth muscle that allows for rhythmic contractions or peristalsis.

11.1.3 Food in stomach

Food enters the stomach from the esophagus, through the lower esophageal
sphincter. The stomach is the part where physical and chemical breakdown of food
really begins. It operates like a food mixer, churning the food bolus to a pulp called
chyme, and releasing numerous chemicals such as digestive hormones, enzymes and
gastric juices which help to break down food molecules in the chyme into small

Fundus
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.
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 for furt he

rdi gestipn. An empty stomach has a volume of
2 meal, its capacity expands to about | liter of 5

pproximately 50 mi
food, and may expan d

i“,l{:i',.ﬂny after
3 as 4 liters. The c :
old @5 mUCh’ q : hyme slowly exits the stomach vi :
100 For valve and passes into the duodenum - the first ia the pyloric
’h":i .. where digestion continues. segment of the small
ftes SR
II“I oture of Stomach
b The stomachis a muscular organ located on the left side of th
issubdivided into 4 regions: ¢ upper abdomen.
Cardiac region- Here the contents of the esophagus empty into the stomach through
yJower csophageal or cardiac sphincter.
Fundus: AD expanded area curving up above the esophageal opening.
Body: The central and largest region.
pylorus: The narrow _end of the stomach that joins the small intestine at the pyloric
incter. Like the cardiac sphincter, the pyloric sphincter is a ring of muscle that
ulates the movement of food out of the stomach.
The wall of the stomach is lined with millions of gastric glands, which together
rete 400800 ml of gastric juice
ach meal. Several kinds of cells [ Lumenof el [ Bbatance
found in the gastric glands ;} ; ‘fz";f"h gl Cell Types Secreted
o parietal cells »wn' ?,f\.‘;v-i"lu Mucus
| ! 2 S Mucous | (protectslining)
» chiefcells -y © / neck
| . o il
+ mucus-secreting cells @ > x o Bicarbonate
: vV, kL .
\ hormone-secreting Gy | @—-——""’ Gastric acid (HC!)
i Y o ) Parietal
3 (endocrine) cells X 7‘ ol _____.._———————-*m
arietal cells 4 » Ca++ aW#
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¥ e P . Enterochromatfin- "“W"".:.“m
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i, Intrinsic factor .
Intrinsic factor is a protein that binds ingested vitamin B, and enab]eg itt

0 be
absorbed by the intestine in intact form.

b. Chief cells

The chief cells synthesize and secrete pepsinogen, the precursor o the
proteolytic enzyme pepsin.
¢. Mucus secreting cells
Special cells secrete a protective coating called mucus, on the stomach wallsy,
prevent damage from gastric acids. Originally it was thought that peptic ulcers Were
by an erosion of this mucus lining by these acids. However recent research
cates that these ulcers are caused largely by the spread of a type of bacteria calleg
icter pylori bacterium into the gastric walls.

" the gastric glands is stimulated by the hormone gastrin. Gastrin js
e cells in the stomach in response to the arrival of food.

| the stomach
Q:g@gpﬁon occurs in stomach. However, some water, certain ions,

L and ethanol are absorbed from the stomach into the blood
ckreliefofa headache after swallowing aspirin).

; °X organ which
in functions: .»
 €at a large number of food calories in

performs a wide variety of

1 %st 1t over a longer period. Without
d 10 €at very small amounts of fo
se the small intestine digests food ve



I the partially digested chyme int & T
0 j:::.i,)\"ﬁfthe small .intest.ine). at a manageable s‘;)etei:i‘,3 tlcllrl:)(:;lnt‘l:gh(;he 1ﬁr.st
£h cter while the intestine is full and still digesting food, the StOmaIg] oric
P ! orage Ared fqr food. The. absorption of food and water by the st acts
36 ¢ but iron and highly fat-soluble substances like alcg;]:]Ch ar]:

16\111g1ble.

et roed directly.
‘ _sm of secretion of gastric juice

»n AA . - .
174y interesting question 18 raised here. What causes gastric juice to be
two possible answers to this question — chemical control and

reted” There are
o : : :
s control. Sometimes even the sight, smell, taste or hearing of delicious food

 the nervous system which orders for the secretion of small amount of gastric

gimulat i
;uiCC iike watering of mouth. This 1s proved by the experiment of Russian, Pavlov. He
cutthe esophagus ofadog and left the cut end opento the outside.

When he fed this dog, the food, of course, never reached the stomach, yet the
somach resulted in the secretion of about one fourth the normal amount of gastric
juice. This showed that the gastric secretion was under the reflex control and cutting of
here are more proteins in the food, a signal is sent to the

the gastric nerves proved it. If t
1 order the gastric glands to secrete more gastric

brain which in response to this signa
juice.

the secretion of gastric juice. Protein
f the stomach to secrete gastrin. The
which carries it to the gastric glands to
The contact of the food with the
te gastrin which stimulated the

A hormone called gastrin, controls
molecules stimulate the endocrine cells o
liberating gastrin is soon absorbed by the blood
secrete large amount of gastric juice in the stomach.
lining of the stomach also causes the cells to secre
gastric glands to secrete gastric juice.

11.2 Food in the Small Intestine

d As the contents of the stomach become thoroughly liquified, they pass into the
uodenum, the first segment (about 10 inches long) of the small intestine. Food
,tépzlclally takes 4-5 hours to pass through the stomach into the duodenun, the first part
% e small intestine.After being churned and mixed with digestive juices in the
: {n*fch, food chyme moves slowly into the folds of the small intestine through the
E 051." ;’;‘c sphincter or valve. The small intestine (or small bowel) is the longest section
duode digestive tract (approx 17 feet) and is divided into three segments: H1€
g umancieun, cach of which performs different digestive functions.
yme from the stomach is propelled through the small intestine by peristalsis.

tions of the Small Intestine

intestine is where most chemlcaldlgesﬂgn @ﬁ,\place,pep fugles
f protein molecules) are broken d wn into amino acids; lipids (fats)
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yum continues the process of food by
p digitorum”, meaning twelve fi
Anatomically, itis is sub-divided i

CakdOWn. Its na

, along with €nzymes produced by the
jejunum stems from the

!eet long. It is the final section of the intestine and is connected to
e ileocecal valve.The main function of the ileum is to absorb
‘absorbed here and returns to the liver through blood vessels in

he unabsorbed watery remains of the food chyme now pass into
y}gater-removal and final processing, before being expelled from

,,l,ltl"ients in the Small Intestine

small intestine that we absorb most of the nutrients in our food.

*“tinc has a relatively small diameter, the intestinal walls are

alled rugae, which are themselves covered in millions of finger-

villi, which are themselves studded with millions of smaller

ovilli. This provides a surface-area of about the size of a tennis
oti on. Inside each villus is a series of lymph vessels (lacteals)

ai'xes) The lacteal lymph vessel absorbs digested fat into the

h%%ntually drains into the bloodstream. The blood vessels

] ‘a?ﬁémsport them via the hepatic portal vein to the liver. Here

ins are removed and the nutrients are processed. An important

ver in this context is the regulation of blood glucose levels tto &

- the body. Excess glucose is converted in the liver o .
R . blood glucose levels ;

rmone insulin, and stored. When blood

: srted to glucose in
meals), the glycogen is re-converted fo gl

y thehormone glucagon.
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11.3 Digestion in the Large Intestine .

After all nutrients have been absorbed from irj
through the small intestine, the watery waste passes in

final section of the gastrointestinal tract and its main func  1C
any remaining minerals) from the food waste and compress it into 2 form for easy
expulsion from the body. As the chyme passes through the large intestine, the water ig
removed and the chyme is combined with mucus and bactera (gut flora), and is

converted into feces.

As in the esophagus and small intest
the large intestine by waves of muscular contraction a
However, unlike in the small intestine where these wa :
peristalsis in the large intestine is continuous. In addition, 2-3 times a day, a more
vigorous type of movement (gastrocolic reflex) occurs which propels material
towards the rectum and anus. As waste matter is pushed into the rectum, it triggers a

desire to defecate.
11.3.1 Structure of the large intestine
| ,1::.‘@"“}? large intestine (also referred to as the large bowel, or the lower
strointestinal tract) is a thick tube of about 5 feet in length which gets pro gressively
wer in diameter. It consists of four regions: the ceacum, colon, rectum, and anal
term "colon" is sometimes used to describe the entire large intestine). The
r caecum) is a short pouch into which food enters from the ileum (via the
valve) and exits into the ascending colon of the large intestine. The colonis
t segment of the large intestine. It is sub-divided into four sections, named
osition in the pelvis: the ascending colon, transverse colon, descending
id colon. The rectum is the final part of the large intestine. Feces
collect in the rectum before being excreted via the anus. Afterthe
,ashort passage about 1.5 inches long, terminating in tW0 | )
and external sphincters. As waste products from the
erves in the rectum cause the internal sphincter to
,m‘gt,g{p,l.s)qr_plaxes, permitting fecal discharge.
or under voluntary control. Young children 2
>SS aining. Once trained, loss of contr® .

; hysical injury (such as damage 10 the
d}sﬁasez impaired water absorptiot:
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gested food during its Passage
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tion is to remove water (plys
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ves occur at irregular intervals,
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s glucose into glycogen for storage.
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§ In response to the
€ enters the liver and
h by glycogenesis in
The glucose that is not
is. This occurs in every

meals or during SMWaﬁon, blood glucose levels fall. The
secreting liver cells) detect this change, and restore glucose levels by

sis which converts glycogen back to glucose, or gluconeogenesis
such as amino-acids are converted to glucose.

nvolved in fat metabolism and synthesizes lipoproteins,
olifnds essential for many body functions. If fat is in excess, the
torage. Lipogenesis is the metabolic process in which fats,
'%‘ and glycerol, are converted for storage in subcutaneous tissue

ucose levels are low, stored fat is converted back into glycerol

cess called lipolysis. This occur in adipose cells, but the fatty
transported to the liver for use as an alternative energy supply.

re transported to the liver during digestion and most of the
sized here. If protein is in excess, amino acids can be converted

at depots, or if required, made into glucose for energy by
h has already been mentioned. However, before amino acids
5ys, the first step is to remove the nitrogen-containing amino
important metabolic process is called deamination.In the
mino group) quickly changes into ammonia NH,, which is

nc s. The liver's own phagocytes whigh reside w.ithm ditll:e
upffer cells, digest and destroy cellular debris and any 13\: thg
genous substances such as drugs and alcohol are dctoxlﬁle- b}i'n a
aminatec 'some hormones are inactivatgd, and gx m::der’ed
°1d red blood cells, is also detoxified and re
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harmless by liver metabolism.

The liver plays an important role as a storage facility. The hepatocytes take up
many types of vitamins and ... ~ SPC

minerals from the blood and store
them. These include vitamins A,
B,,, D, E, K and minerals like iron
and copper. Glycogen which is
formed from excess glucose is
also stored by the liver, although
muscle tissue can also store
glycogentoo.
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Pancreas

, pancreas is composed of pancreatic exocrine cells

ithi ' ine ti and thej
edded within this exocrine tissue d their

arc roughly one million small
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§anh on - Fig: 11. 8 Anatomy of Pancrease
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n of water and electrolytes originates in the centroacinar and intercalated duct
Pancreatic enzymes originate in the acinar cells. Final product is a colorless,
ss, and alkaline fluid that contains digestive enzymes (amylase, lipase, and
gen). 5000800 ml of pancreatic fluid is secreted per day. Alkaline pH resuls
e bicarbonate which serves (0 nurlie gt acd and el e he

zymes digest carbohydrates, proteins, and fats.
 secrete ;,' sozymes like amylases, lipases, and proteases. These ar¢ )
lasmic ticulum of the acinar cells andpare packaged in the
M‘ﬂleacmarcens into the lumen of the acinus N‘d

h en, Where the enzymes are activated N

stive enzyme secreted by the pancreas in an %
7. Ithydrolyzes starch and glycogen to Sl“"“;;
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€ gastri 1 mucosal lining of the stomach by
rect cause of peptic ulcer. Infection with the bacterium

to play an important role in causing both gastric and
pylori ¢ transmitted from person to person

1odenal ulcers. Another major cause of ulcers ln:l: thn:
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mation and ulcer treatment failure.
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The stomach defends itself from
hydrochloric acid and pepsin by creating a
mucus coating (that shields stomach
tissue), by producing bicarbonate and by
circulating blood to the stomach lining to
aid in cell renewal and repair. If any of
these functions are impaired it can lead to
the formation of an ulcer. Peptic ulcers
were formerly thought to be caused by
stress, coffee consumption, or spicy foods.
Now it is clear that about 60% of peptic
ulcers are caused by a bacterial infection
that can usually be cured. The bacterium
(H. pylon) was estabhshed as the leading
cers in the early 1980s. It

psngq\ﬁse ga.stntlsl:ig 11.9 Ulcer is the destruction of mucosal lining,
T T R R T R : f :

veakens the stomach’s defenses by thmmng the mucous coating of
\g it more susceptible to the damaging effects of acid and pepsin;

) ;nmgmeatby cells and producmg more stomach acid.

‘v ’ .-

| pylori are treated with a two week course of
tripl py, s ‘glof two antibiotics to kill the bacteria and
o orstomach-lining shield medication.
ty“ﬂ* : Ey '. S U >
Obesxty refers to an m total / fa ,Obwlty or welght gain occurs when
e eat the ~ Tgay'.,pl:owdes more calores
Ly, fat cells increase in SiZe:
ye)ose weight, the S




inactivity) are the most factors for obesity,

658 muscle and gain fat as they grow older. Their
t. Both of these lower their calorie requirements
men, on average._Becausc muscle burns more calorié:;
: ‘use more calories than women, even at rest. Thus
'men to gain weight with the same calorie intake ‘
"ﬁ.dlv'ei‘éht because of depression, ho
sons that have nothing to do with hy
ausing them to overeat.

. d

d weigh an average 0f4-6 pounds more after a pregnancy
p{?@'ancerhl? weight gain may contribute to obesity in

pelessness, anger,
nger. Their feelings

§ and Medications: Certain medical conditions and

or p "‘rﬁot@ obesity, although these are much less common
overeating and inactivity. Some examples of these are as
sm, Cushing syndrome, Depression.

;‘r vl

.; d :{Yi{th ODESity
leading cause of preventable death (after smoking), and is
e II diabetes, hyperlipidaemia (presence of excess lipids in the
ery disease, arthritis, gallstones, psychosocial disability. Certain
nd prostate in men; uterus, biliary tract, breast and ovary in
lent in the obese.
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h. Treatment of Obesity ; )
: Successful programs for weight loss reduction and maintenance should be
started and followed under the care of a physician and/or a nutritionist. A weight-losg

’ program may include:
e Exercise (30 minutes of physical act

e Alow-fat, high-complex carbohydrate, high fiber d
o Behaviormodification to change eating behavior
) Social sﬁpport
e Medications :
U1”1.7.3 Bulimia nervosa |
‘Bulimia nervosa is an eating disorder in whi

jvity on most days of the week)

iet

i cha person may eat a lot of food at

once . and then try to get rid of the food by vomiting, using laxatives, or sometimes

Bver—exerclsmg People with bulimia are preoccupied with their weight and body

R * image. Bulimia is associated with depression and other psychiatric disorders and
- shares symptoms with anorexia nervosa, another major eating disorder. Because
S many individuals with bulimia can maintain a normal weight, they are able to keep -
 their condition a secret for years. If not treated, bulimia can lead to nutritior al

: }‘ dcﬁclenclwand even fatal compllcatxons




a comerstone of bulimia treatment. Cognitive behavioral therapy
to replace negative thoughts and behaviors with healthy ones is:
ind-body and stress-reduction techniques, such as yoga, tai <;hi
‘h%lp you become more aware of your body and form a more;
.. It is important for the person with bulimia to be actively
ment. Antidepressants are often prescribed for bulimia.

R0
. emotional disorder that focuses on food, but it is actually an
perfectionism and a desire to control things by strictly regulating
eople with anorexia have an extreme fear of gaining weight, which
| to try to maintain a weight far less than normal. They will do almost
a &,mmg weight, including starving themselves or exercising too
st commonly affects teens. Although anorexia seldom appears
1 be a chronic disease, one that you deal with over your lifetime.

;ghc-,lp you develop a healthier lifestyle and avoid anorexia's

toms:

ry sign of anorexia nervosa is severe weight loss. People with
lose weight by severely limiting how much food they eat. They
xcessively. Some people may engage in binging and purging,
1ey may vomit after eating or take laxatives. At the same time, the
st that they are overweight.

l and Behavioral Signs )
Patients have distorted perception of self (insisting (hey are

e%gh €y are thin). Being preoccupied with food thoughts they refuse to

to BanQWledge the seriousness of the illness. T_'héy suffer from 2

3
il



depression and refuse to eat in public. Such patients constantly weigh themse|ves and
doregular excercises,

e. Treatment:
The most successful treatment is a combination of psychotherapy, family therap,,
“and medication. It is important for the person with anorexia to be actively involved iy,
their treatment.

11.7.5 Food Poisoning
This type of intestinal condition is characterized by sudden illness ca_zused by eating
- food or drinking liquids contaminated by a toxin or infectious organism. Poor food
] hygime isarisk factor.

a. _Symptoins of food poisoning

" The symptoms may start hours or days after consuming the contaminated

- food. Usually the symptoms are confined to the gastrointestinal tract. However, some

- food poisoning may cause more widespread symptoms. For example, the Clostridium

" Botulinum bacterium (Botulism) causes muscle weakness and paralysis, and
Listeriosis may cause flu-like symptoms and lead to meningitis.

. b. Causes of food poisoning

© Most cases of food poisoning result from contamination of food or water by

~ bacteria, viruses or, less commonly, protozoan parasites. Unhealthy food hygiene can

~ enable these microorganisms to multiply. In some cases of bacterial food poisoning, it

* is not the presence of the bacteria themselves that cause poisoning but the effect of

~ toxins produced by the bacteria. If infectious organisms are ingested with the food
. they can multiply in the digestive tract. If the food poisoning is caused by bacterial
xins, they may be produced in the food before it is eaten. Most types of food
isoning cause diarrhea and/or vomiting, often with abdominal pain. The severity of
toms and the speed at which they develop and the duration of the illness depends
use of food poisoning. :
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antibo‘ics are pregfnbeqdfng if specific bacteria have been identified Par:
ually recoverlql:u e rapidly Trom an attack of food poisoning and ,arelle ' Pat.'ems
kmglﬁsnng hea t cor;lse(ll)lllences. In very rare cases, there is a risk of s)e, e:fpernc?nge
pacterd sprcafi i Lo ood stream. Both dehydration and septice 2 l,c S
shock -2 condition that is sometimes fatal. R
11.7.6 Dyspepsia

Pain or discomfort in the upper abdomen that is not associated with a structural

| )
- pnormality. Dyspepsia describes recurrent and persistent indigestion that occurs

- R 5 .

-~ without an ldeqtlﬁable cause or abnormality of the digestive tract. The condition is
more COMMON 1n ad.ults_, espemally men, and may be made worse by stress, obesity,
smoking and a diet high in rich, fatty foods.

a. Symptoms of dyspepsia

The symptoms of dyspepsia may inclu
worse b)f eating, and nausea, particular
Dyspepsia often experience these symptoms

de pain in the upper abdomen, often made
ly in the morning. Patients with Non-ulcer
several times a week for months.

b. Treatment for dyspepsia

A blpod test may be carried out to che
bacterium Helicobacter pylori. Also, uppe
Rays may be carried out to look for abnorma

¢. Prevention of dyspepsia
In order to help reduce both

ck for infection of the stomach lining from the
r digestive tract endoscopy or contrast X-
lities in the gastrointestinal tract.

~

the frequency and severity of bouts of indigestion, follow

these steps:
e Eat small portions of food at regular intervals, without eating too fast or
overfilling your stomach.
e Avoid eating in the three hours before going to bed to allow your body
enough time to digest food.

‘ o Avoidrich, fatty foods such as butter and fried foods. :
Learn to overcome stress, which can often trigger episodes of abdominal
discomfort.

o Ifoverweight,try toreduce weightand avoid tight fitting clothing. e
t, such as aspirin

1f possible, avoid r.nedicines that irritate the digestive rac
~and other nonsteroidal anti-inflammatory drugs.

N ;?,f}_ A
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KEY POINTS

Digestion is the process by which food and drink are broken down into thejy
parts so the body can use them to build and nourish cells and to provide energy,
o Peristalsis occurs throughout the length of the digestive tract and is responsip). for
keeping things moving.
® Stomach is subdivided into four regions which are: the Cardiac region, the Fundyg the
Body and the Pylorus.
e A hormone called gastrin, controls the secretion of gastric juice. Protein molecyles
stimulate the endocrine cells of the stomach to secrete gastrin.
e  The small intestine has a relatively small diameter, the intestinal walls are covered in
wrinkles called rugae, which are themselves covered in millions of finger-like
: projections called villi.
e The large intestine is a thick tube which gets progressively narrower in diameter and it
consists of fourregions: the ceacum, colon, rectum, and anal canal.
° The liver helps maintain blood glucose levels in response to the pancreatic hormones
insulin and glucagon.
o Lipogenesis is the metabolic process in which fats, composed of fatty acids and
; glycerol, are converted for storage in subcutaneous tissue and other storage depots.
- Ifenergyand glucose levels are low, stored fat is cenverted back into glycerol and fatty
acids by a process called lipolysis. .
3 The liver plays a vital role in detoxification and destruction of endogenous and
exogenous harmful substances.
‘e The bulk of the pancreas is composed of pancreatic exocrine cells and their associated
ducts. Pancreatic exocrine cells are arranged in grape-like clusters called acini.

Mallegy

e Secretin is released in response to acid in the small intestine, and stimulates the
pancreas and bile ducts to release a flood of bicarbonate base, which neutralizes the

i e BCIORRRE S B ) . .

e  Destruction of the gastric or intestinal mucosal lining of the stomach by hydrochloric
- acidisadirectcause of peptic ulcer. ST
e Qmsiqqrwmggw@gmv&'lhenwe.eatm.o re calories than our body uses up.
J}gx_f;" ~ Bulimia nervosa is an eating disorder in which a person may eat a lot of food at 0n¢¢
~ and then try to get rid ;Qf'tbe food by vomiting, using laxatives, or sometimes 0Ver”
g e ol disorder which d
- Anorexia is an emotional disorder which deals with perfectionism and a desire ©
Mﬂml"things by strictly regulating food and weight. :
a0, sia describes recurrent and persistent indigestion that o jthout an
Dys%egablecause or abnormality of the digestive tract, e "

|




2 it ;., (|uvsiinnx.
f g convert's pepsinogen to the active form of pepsin

b. Gastrin
d. Chief ce]ls

b. Kidneys
d. Pancreas

b. pancreas
d. acini

' '~'~-t0 nasal cavity open at all times
fO,gasal cav1ty open durmg swallowmg

- b. trypsin
- d. lipase

the‘small intestine because of 8
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13.

Bile juice is

a. alkaline b. acidic

C. semialkaline d. near acidic

The digestive juice that is almost neutral is

a. gastric juice b. bile juice

c. pancreatic juice d. saliva

Which of the following is NOT a function of the small intestines?
a. Receives secretions from the pancreas and liver

b. Completes digestion of nutrients

C. Absorbs products of digestion

d.

Transports the residue to the anal canal

Which of the following statement is false regarding the function of the large
intestines?

a.  The only important secretion is mucous
b.  Feces are formed and stored here

C.  Main absorption is water and electrolytes
d.  Digestive activity remain high in the large intestines

What disorder is associated with self-imposed starvation and an obsession
with thinness?

a. Obesity b. Anorexia nervosa
c. Bulimia nervosa d. Binge eating

Which of the following is NOT a sign or Symptom of anorexia nervosa?
Loss of menstrual cycles or periods

. Low blood pressure
c.  Increased sore throats and tooth decay
'd.' st “‘Increased dry, scaly, cold skin

mwers to the following questions.
T "ean by physical digestion?



ail the answers of the following questions

“'rih A (‘L’l
nervous system and gastrin hormone on the secretion of

gxplain the role of

gastric juice.
“he the mechanism of digestion in the stomach.

pesc
pescribe the composition of bile and relate the constituents with respective

roles.
Discuss the mechanism of digestion and abso

intestine.
Explain the sym

rption of food in the small

ptoms and treatment of bulimia nervosa’

ojects

ord some common
our justifications or
dies, Share YOur finding in the

| Identify some common digestive disorders and rec
gusehold remedies being followed for their treatment. Give v
ther wise for

ASSTOOM.

the effectiveness of these reme
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At the end of this chapter students will be ablo to

State the location of heart in the body and define the role of pericardium.
Describe the structure of the walls of heart and rationalize the thickness of the walls of
each chamber.

Describe the flow of blood through heart as regulated by the valves. .
State the phases of heartbeat. &

' Explain the role of SA node, AV node and Purkinji fibers in controlling the heartbeat

* List the principles and uses of Electrocardiogram.

* Describe the detailed structure of arteries, veins and capillaries.

* Describe the role of arterioles in vasoconstriction and vasodilation.

* Describe the role of precapillary sphincters in regulating the flow of blood: through
capillaries. Trace the path of the blood through the pulmonary and systemic cireul
(coronary, hepatic-portal and renal circulation). :

= Compare the rate of blood flow through arteries, arterioles, capillaries, venules and

Define blood pressure and explain its periods of systolic and diastolic pmsum.‘ [

State the role of baroreceptors and volume receptors in regulatmg the blood p

Define the term thrombus and differentiate between thrombus and embolus.

Identify the factors causing atherosclerosis and arteriosclerosis. -4

Categorize Angina pectoris, heart attack, and heart faxlute as the stages of cardio

disease development. : -
 State the congemtal heart problem related to the malﬁm
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ials in the human quy peed to be taken from one organ to another and
cues from where they are distributed to each and every cell of the body. This
o the BS: ovement of material called circulation. It is a vital process of the body

g M i
mi : q"ccom plishcd by asystem called circulatory system.
The circulatory system is an organ system that transports nutrients gases,

Lones, blood cells, nitrogen \y;xste products, etc. to and from cells in the body to
lnjlr : fight diseases and help gtabxhze body temperature and pH in order to maintain
{:iﬂimostasis. This system 18 cornposed of the cgr(!iovascular system, which
gistributes blood and the lymphatic system..whlch distributes lymph. Human beings

rtebrates possess a closed cardiovascular system. In closed system the

and other V€ . : :
blood never leaves the network of arteries, veins and capillaries.

ater

ﬁGh

12.1 Ht
The most important means of transport of food, water, wastes and gases in

| uman body is blood. For its circulation throughout the body, blood requires a system
L called blood circulatory system, also known as cardiovascular system. This system

donsists of heart and blood vessels.

Human Heart

Human heart (Greek word kardia) is muscular pumping organ. Itis conical in
,j.and is generally about the size of your tightened fist. It is found on the left side of
doracic (chest) cavity. Heart is covered by a tough double membrane called
ardium. This membrane protects the heart from over extension especially when
or take a hard exercise. Both the membranes are slightly apart and in between
esent a small cavity called pericardial cavity filled with a fluid, the pericardial
lubricates the heart to ease the movement and protect the heart from any

ire of Heart

'€art consists of four chambers; two auricles (also called atria) and two
8. Heart is composed of cardiac muscles whch are specialized type of muscles
ng day and night, untiringly. Atria are smaller and thin walled, separated

her by an inter-auricular septum. They form the anterior portion of the
Tic d ch ted by ventricular

s are larger, thick walled ibers, Alag:Sepae
i alled chagn icle through a valve called

iscalle triouspid becase it consistsof three flaps of muscles) and
left ventricle throu ghbwuspldval‘lﬁ(h‘“’mﬁtw°ﬂ‘p%)




left common carotid artery
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.« control the blood flow and blood is allowed to flow only in one directi
. . irection.

hese ;’1“(]\, of Heart .
Fu The right atrium receives the deoxygenated blood through vena cava (|

whole body. Thls happens when the heart relaxes and space is ro?irg‘e o
el " e atrium. The blood is forced to right ventricle through tricuspid vahl:e v&;zg
rt contracts the de.oxygenat.ed blood from right ventricle is pumped to the lungs
4 o |monary arterics. (Dur g this the tricuspid valve is kept closed preventing
oV w).  After oxygenation the blood comes back to left atrium through
eins. (The semilunar valve in pulmonary vein allows the deoxygenated
bjood to g0t lupgs and prevent its t_>ack flow). From here via bicuspid value
OxngﬂﬂICd blood is sent to the left ventricle. On contraction the oxygenated blood is

ushed with full force into aorta (the largest artery) which distributes it to whole body
through the smaller and smaller arteries.

Like other mammals, in human beings as well, the oxygenated and
deoxygenated blood is completely separated. Deoxygenated blood remains on the
right side of the heart and oxygenated on the left side of the heart. Valves play a very
important role in this regard by preventing the back flow of blood.

b,

~in) from the

12.1.1 Cardiac Cycle and Phases of Heartbeat

ed a cardiac cycle. Contraction of heart is :;.::‘.. BOUII' Hg ari
s systole and relaxation as diastole. The sound produced by heart is
iplete cycle takes 0.8 seconds. The | oeperally verbalized as lub-
on and relaxation are cyclic and | 4.p Lub (first sound) is produced
. In first phase called diastole blood | by closing of the AV valves
:,l the four chambers passively. In | qyuring the contraction of
phase i.e. systole both the auricles | yentricle in systole. The
her for about 0.1 second filling | gub(second sound) is produced
mpletely with blood. Thenin | py closing of the semilunar
e ventricles contract together for | yajves in the beginning Qf ,

econd pouring blood in to aortaand | diastole. | ¥ |

¢ of heart beat in a healthy

s per minute. This rate



Blood travels, in all different types of vessels, at different speeds. Speed is fastegt in !
arteries. slower in arterioles and slowest in capillaries. From here it starts getting
collected in venules. Its speed starts increasing in venules and faster again in veing,

The continuous working of heart is due to certain spccialized structures like
SA node (also called pacemaker), AV node and some specific type of fibers calleq
purkinji fibers.

STEP 1:
SA node activity and atrial
activation begin.

STEP 4: |
The impulse travels along i
the interventricular septum .
within the AV bundle and

the bundle branches to the
Purkinje fibers and, via the
moderator band, to the
papilary muscles of the ,
right ventricle.

}

he impulse is distributed
by Purkinje fibers and
layed throughout the
entricular myocardium.

[

i
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e generate electrical impulses faster than oth, : are
responsi o acemaker. Dysfunction of SA node causes disturbanc, in heart
called the P2 s very fastor very slow or some times a combination of both.
beat. Ei‘hcr':,er importantstructure is AV node (atrio-ventricular node) which is

A;‘l gltectrical control system ofthe heart. Its main function is to CO'Of'd‘“?tCS
the part 0 It electrically connects atrial and ventricular chambers. It is an electrica|
ht;ansl;[tei;)n petween the atriaand the ventricjes, Electrical signals from the atria mus;
rzsas)'t St ¢ AV node to reach the ventricles. This node slows down the speed of

g’e electrical signals to delay the contraction of ventricles until the atria are not fully

ted. .
contracPurkmji fibers were discovered in 1839 by Jan Evangelista Purkinji. These

fibers extend in the form of ga

branching tree in the heart and play an |
important role in its continuous
working. Purkinji fibers are the
extension of the autonomic nervous
system. They are found in the inner
wall of the ventricle just beneath the
endocardium. These are specialized
myocardial fibers which conduct
electrical signals (nerve impulses) to
different areas of heart to enable it to

work in a coordinated way.

In certain heart disorders natural
Pacemaker fails to generate impulses
for heart beat. Then an artificial
Pacemaker is implanted near AV
nod.e. This pacemaker is an electronic
device which automatically generates
electric impulses after every 0.8
seconds.

1.2 FElectrocardiogram (ECG)

A v dw

deflecti ;
M:[‘Ctr'og Those which are at 99 degrees or perpendicular to the vector of the lead
: E »1-€.18 seen as an isoelectric line. '
Recorgiy fad}ng of ECG requires following conventions to be kept in mind.
e Ofthe ECG is 25 mm/s which results in: -
=0.04 sec (or each individual block)

5 “lm =
0.2 sec (or between 2 dark vertical lines)

N
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Fig: 12.4 a. Heart beat recorded through Electrocardiogram (ECG)

The voltage recorded from the leads is also
standardized on the paper where

1 mm = 1 mV (or between each individual
block vertically) This results in:

¢ Smm = 0.5 mV (or between 2 dark
horizontal lines)

e 9. Fig: 12.4 b. Electrocardiogram
e 10 mm = 1.0 mv (this is how it is usually
marked on the ECG's)

12.1.3 ECG Reading

- The phases of a heart beat can also be divided into sections felating to the
shape of the electrical signals produced when viewing the heart beat via an ECG
(Electrocardiogram). This traces the electrical activity of the heart. The wave shape .

~ produced is called the QRS wave, with each part of the wave being labelled to help
~ describe what is happening at each stage.

o

3

VE “tﬁi}les are relaxed; blood is flowing into the atria from'

;?geases above that of the ventricle, the AV valves .
> ventricle

‘the atria contract causing
the ER R 1% b

catria.



S squeezed into the ventricles.
node which spreads the signal
ells called bundles of His and
ole and the start of diastole.

.« remain open as all remaining blood i
. AV valves |se from the SA node reaches the AV

'm,pl,l,; of the ventricles via specialised c
: "F;:c R peak is the end of ventricular syst
inje fibre*:

| Ventricular‘Systole)
p h::fxrivii rgow all within the ventricles and so

$1 o
As the blAv valves close. The ventricles start to co
a;g:;lgh toopen the SL valves.

£t atrl
o |
s ST Segment (Ventncplar Systole) :
i are increases until it equals Aortic pressure, wh
: ,:'mgése'ected into the Aorta (and pulmonary artery) a
bIOQ,d‘-’: ﬂ-: e atria are in diastole and filling with blood rety

pressure is higher here than in
ntract although pressure is not

E .

en the SL valves open. The
s the ventricles contract. At

rning from the veins.

~ thistim
"o TWave(Ventricular Diastole)
' Ventricles relax, the ventricular pressure is once again less than the aortic pressure

and so the SL valves close. The cycle

continues.
:' artery
12.1.4 Blood Vessels: R
The circulatory system consists of three

~ typesof vessels.

Tunica intima
& (endothetial cells)

(elastin)

Tunica media

~iii. Veins

W | (Smooth muscle)

- The vessels which carry blood

~ away from the heart are called arteries. All e
(loose fibrous

- the arteneslranspo ansport oxygenated blood
 except pulmonazy_ artery The only artery connective tissue)f
Which carri s deoxygenated blood from

cart tc “]ungs ‘ispulmonary artery,

aﬂmes being very elastic resist flow of
s&o"‘;‘é“’hwhlsmmntamed through the very | |
pllsh_mg gse fugng venmCle Fig: 12.5 Internal structure of artery

serosa
epithelial cells)

. Taction,
€ wal] of an artery |
- €ry 1s made of three layers. : |
elasen?uter clastic layer, tunjca externa, is made of areolar tissues and maptyh sl;);ledrs ﬂc;:
© fibers These fibers give elasticity to the artery f?uefﬁa:l:ima‘l'l‘ﬂ'ivl

preSsureobeOOd \ Vol e St R e



This is found in the form of a network of small arteries called the vasa vasorum
(means vessels of vessels). This network is also found in tunica externa.

Middle layer, tunica media, is composed of circularly arranged smooth

muscles and fewer elastic fibers. Inner

layer, tunica interna or endothelium ig

comparatively thinner layer. It is composed of simple squamose epithelium and a thin

layer of areolar connective tissue.

Arterioles are the smallest arteries with a diameter ranging from 3 mm to 10

micrometers. Larger arterioles have all three layers but smaller

two; a thin layer of endothelium
surrounded by a single layer of smooth
muscle fibers.

Arterioles play an important role
in vasoconstriction and vasodilation.
Innervations (stimulus) of sympathetic

; nervous system cause contraction in the
muscular layer of the arteriole, resulting in
vasoconstriction of arteriole. This
decreases the flow of blood into
capillaries, resulting a rise in blood
pressure. In contrast, the vasodilation of
arterioles increases the blood flow in the
~ capillaries which result in a decrease in
~ bloodpressure.

- The largest artery of the body is
ta, which arises from left ventricle. It
and re-divides into smaller and
 branches which make arterioles.

ctr.

ally break up into capillaries -

System, the smallest blood vessels
) - Their wall is only
capillaries allow the

ete. inbetween capillaries an,

arterioles have only

gﬂdbn

Colour of the arteries appears to
be red due to the bright red
oxygenated blood flowing
through them. Whereas due to
deoxygenated blood veins
appear to be bluish.

B
(R

Lo oy Know?

e~ .

The diameter of a capillary
is little more than the RBC
1.e. 7.5 pm. This decreases
the blood flow and provides
ample time for material ~ §
exchange. ol

one cell thic}
exchange




‘"“*.wvw.mm'."?wvm:ﬁ%i:ﬂ-,_‘- 7 3

i so thin that
. 1 't
et lllﬂ;’s,sc:s th“;éﬁhbly
only on¢ releasing its O';(“])l'e ot
M to the cells. illaries
cmal dia ter of S blood
small diame e o the

i le )
f%rro‘e,:i;sa‘:;: of matenal:i.s.»:u%?

i jents 1O :
releasing nutrients i
capillaries start joining to.

venules.

lood in the capillagles is
ﬂ;}:&gb by the precaplllary
sphincters. A precapillary
sphincter is a banc.i of smooth
muscle that encircles ea}ch
capillary branch at the point
where it branches off from the
arteriole. Contraction of the
precapillary sphincter can close
off the branches stopping the
blood flow. If the sphincter is
damaged or can not contract,
blood can flow into the capillary
bed at high pressures. When
capillary pressures are high,
fluid passes out of the capillaries
into the interstitial space and
edema or fluid accumulation js
resulted,

(tii) Veins

Which Yeins are the vessels
diﬂ‘ec bring the blood back from
o a:(eint organs of the body
o heart. All the veins
fxceg? rtf deoxygenated blood
Mich g, PUlmonary vein
"Igs 0xygenated blood.

B

pores

epithelial
cell

precapillary
sphincters

interstitial

fluid bulk flow

-

Tunica intima
(endothetial cells)

(clastin)

Tunica media
(Smooth muscle)

Tunica externa
(loose fibrous
connective tissue)

serosa
(epithellal cells)
Fig: 12.7 Internal structure of a vein
s @000 (hrars e




Walls of the vein are composed of the same three layers but the midde laer"
thinner as compared to that of arteries. They are less elastic as they do not haye s
systolic pressure. Most of the volume of blood is contained in veins. The reasop i thy
instead of providing resistance in the flow of blood like arteries, they €Xpanq tt
accumulate additional volume of blood.

The average pressure in the veins is only 5-10 mm Hg (Inarteries it is 1
Hg). The Veins have a very low pressure of blood which is not su.ﬂ'lc:lent.to take the
blood to the heart, they keep valves which allow the flow of blood in one directiop
towards heart and prevent back flow. Veins passing through skeletal muscles get e
to return the blood to the heart from the massaging action of the skeletal muscles.

Venules (8-100 micrometer in a diameter) after coming out qf ti'ssues start
joining with each other to make veinlets and larger veins. The largest veins in the body
are; superior vena cava which brings deoxygenated blood from head and upper region
ofthe body and inferior vana cava which brings blood from lower parts of the body.

12.1.5 Path of Blood through Pulmonary and Systemic Circuuﬁol:l;.' ,’

When a heart contracts

and forces blood into the blood | superior Capillaries of
vessels, there is a certain path that | ¥*™
the blood follows through the
body. The blood moves through | arery
pulmonary circulation and then |Capiaries
continues on through systemic it P
circulation. Pulmonary and
‘systemic are the two circuits in
he two-circuit system of higher

als with closed circulatory
- Humans and other
have two-circuit | vein
/ Systems: one circuit is




‘il'.(‘o Exchange of Material ' |
2 rtant function of bl.ood circulatory system is t
The mosl_ lmp(t)o the cells of the tissue and remove the et
o-“);igc"t "fx‘:gn?ltl::(:;t:ucs and transport them back to the organs respon
products
. fxcrction,
In the alveoli of the
.fj'i;f?jlungs oxygen binds to t!le R
.-_}"é‘ilemepart of the hacmoglobin, | DUr |I'If0l' matior
f.’; led in RBCs. Blood also 3 : \afic
~ absorbs nutrients, especially | Blood is pumped to the bod

12 O transport
abolic waste
sible for their

b AN
Sy

y (via aorta) with
cose, fromvilli foundinthe | great pressure to confirm jts distribution to the

" : “walls of the small intestineand | farthest parts of the body like hairs on head and
* comes back to the heart. nails of feet. On the other hand the blood is
2 This blood is pumped pumped to the lungs (via pulmonary artery) with
- into the aorta with full force of | Jesser pressure due to which it moves slowly

through the alveoli of the lungs, getting sufficient
time for oxygenation. :

-_.- aorta it moves into branching
~arteries and then arterioles.

dult human being has some 60,000 miles of
some 800-1000 m’ (an area greater than three
system is roughly 5 liters, the same as the total
ever, if the heart and major vessels are to be kept

3 illaries cannot be filled at once. So a continual redirection of blood
rg:gi’“ ’tO Organ takes place in response to the changing needs of the body. During

fous ¢ ise. for example, capillary beds in the skeletal muscles open at the
*“OI'those ip the viscera.

- The total volume of this
| in human body. How



The reverse process occurs aftera hecavy meal. The table 12,1 showmhcdiqtﬁ

blood in the human body at rest and during vigorous exercise. Note the inc:utionof
blood supply to the working organs | TR < rease in
7 - 2 owing ate blo
(skeletal muscles and heart). Tl}c oa liow in.minmm/.h.
increased blopd_ supply to the skin | Orzai At Rest | PUTIng Strengons
aids in the dissipation of the heat | Exercise
produced by the mu_sclcs. The thal Heart 250 B0
blood flow durlpg exercise 1 Kidneys 1.200 600
increases because of a more rapid | Skeletal Muscles 1,000 125000 —
heartbeat and also a greater volume | s 0 : l‘_ R,
of blood pumped at cach beat. | 2 oo et
12.1.8 Blood Pressure(B.P) |  Vicern - 1490 Lo
. Brain 750 750 3

. We ‘knm\‘ that rhythmic L. Other 600 400 Jinddie
pumping of the heart pours the | Total 5 600 7500
blood in to the arteries. This ! : AN :
pulsation can easily be felt inthose

arteries (like radial artery) which .
are near the surface of the skin and we generally call it pulse. The throb we feel |

pulse) is due to the pressure of the blood which makes the elastic layer of arteri

expand rhythmically allowing blood to pass through. :
The force per unit arca that blood exerts on the inside walls ofa blood ves

called blood pressure. It 1s measured in millimeter of mercury (mm Hg).
measured with the help of an instrument called sphygmomanometer. Blood p
is of two types ‘_
e Systolic blood pressure which is felt during the ventricular contraction -
e Diastolic blood pressure which is felt during ventricular relaxation. 3
~ Systolic B.P is greater than the diastolic pressure. The B.P 1
2ssed as a ratio in which numerator shows the systolic and denom:
stolic B.P. An average, healthy adult human being has a B.P. of 12
’ age the normal value of BP also increases due
blood vessels. : aat
d pressure is generated by the contraction
e is highest in the aorta. As the arteri
he heart the blood pres

M,
r
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AToesuring 0109 PRI

Al T P the doctor wraps a cult around the
of the patient: Then this cuffis inflated with the
g £ a pump: Tlns inflation compresses the
|help : | artery against the muscles around the
brdd“r‘:“ t;ont‘: temporarily stopping the blood flow.
Zoc;lO" places a stethoscope near the compressed

! by and start releasing air grac!ually from the cuff.
¥ the doctor concentrates to listen to the sound of
Sulse. When the first pulsation is heard, through
S etethoscope. the sphygmomanometer is read.

S reading shows the systolic blood pressure. The
Ad reading is taken when the sound of the
Btion stops (because due to further decrease in air
sure in the cuff blood start flowing evenly
sugh the artery). This reading depicts diastolic blood pressure. Nowadays different
s of automatic digital BP apparatus are also available but the manual method is
gliable for accurate reading.

TR
118
L >

gl

fable 12.2 Blood pressure in different blood vessels

| Name of Vessel | Systolic B.P. | Diastolic B.P | B.P
[ Aorta 120 80
| Arteries 102 60
{_Arterioles 60 45
 Capillaries - - 40
|V < > 20
= = 10
a cava . 7 0
ors (nerve endings) are located in the blood vessels of thefh:lmos
-eptors (or baroceptors). They deteﬁt the tfarlers;ru:'zu(; e
B and can's s (si the central | |
and can send messages (signals) to g aEhi e

"N
2!&':!‘.". 3%

t(al peripheral resistance and cardiac outp
egulation mechanism. |
Y -




Baroreceptors detect the amount of stretch of the blood vessel walls, and sepg l

the signal to the nervous system in response to this stretch.
Baroreceptors can be divided into two categories
a) High pressure arterial baroreceptors

b) Low pressure baroreceptors (also known as cardiopulmonary or
volume receptors).

High pressure arterial baroreceptors are present in the aortic arch and the
carotid sinuses of the left and right internal carotid arteries. The baroreceptors found
within the aortic arch enable the examination of the blood being delivered to all the
blood vessels via the systemic circuit, and the baroreceptors within the carotid arteries
monitor the blood pressure of the blood being delivered to the brain.

Low pressure baroreceptors are found in large systemic venal caval veins and
in the walls of the right atrium of the heart. The low pressure baroreceptors are
involved with the regulation of blood volume. The blood volume determines themean

pressure throughout the system, in particular in the venous side where most of th,e'}"r; g
blood is held. : E

: The low pressure baroreceptors have both circulatory and renal effects, they
. produce changes in hormone secretion which have profound effects on the retentio
~ salt and water and also influence intake of salt and water. The renal effects allow the

eptors to change the mean pressure in the system in the long term. : '

2.2 Cardiovascular Disorders

-~
e\

any disorders are associated with the circulatory system. Some of
are the following. VR

.'-l.-‘




dden patients and pcop!c |i¥<c barbers who keep standing for hours ae
Gcncrall)'. 2 il routine suffer from this disorder. A thrombys which dislodges and
part of their da;-;:ating is termed as an embolus. The term embolus was cmncd' by
' becomes ﬁee‘virchow in 1848. An embolus migrates from one part of the h()(l\};

arl : : :
l;udol;;hbgod circulation, and causes a blockage of a blood vesse] iy, another part of
throug

the body. ;
In thrombo embolism, the thrombus from a blood vesse] js completely or

artially detachied from the site o.f thrombosis. The blood flow wi] then carry the
embolus (via blood vessels) to various parts of the body where it can block the lumen
and causes vessel obstruction or occlusion. One of the most commonly recognized

roblems caused by the embolus is called coronary thrombosis. In this case, the
thrombus blocks a coronary artery causing myocardial infarction commonly known
as a heart attack. Even worse situation appears when the thrombus blocks an artery to
the brain. This is commonly called as stroke. A stroke may result in sudden death or

paralysis of the body.

12.2.2 Atherosclerosis and Arteriosclerosis

a Atherosclerosis: It (Gr. Athere = porridge, skeleoris = hardening) is the
condition in which the wall of artery thickens as a result of deposition of fatty
materials such as cholesterol. It develops from low-density lipoprotein molecules
(LDL) becoming oxidized by free radicals.

' — Deposited
cholesterol
has narrowed
AP w3 lumen
y o . d “.‘.
W Aa‘. a4 . 5 3 . ¢ ‘.;']
Q.. S x « =305 M_J
| ¢ lumen has beed

Fig: 12.9 A coronary artery with atherosclerosis. Th
narrowed to a greater extant.



When oxidized LDL comes in contact with the wall of an arlery, a serjeg of .

e thea ve to the artery wall caused by oxidized [.p fCactigng
occur to repair the damage to ) Y. L. The ten:
immune sends specialized white ljlm»d ccllls.cullc‘d macrophages and T—]ymphoc S
to absorb the oxidized-LDL. forming specialized foam cells. Yies

Unfortunately. these white b|um.l 'cclls are not able to process the OXidizeq
LDL. They grow and then rupture, depositing a greater amount of oxidized cholesteroi
into the artery wall. This triggers more white blood cells and the cycle continyes. As
result, the artery becomes inflamed. The cholesterol plaque causes the muscle ce|s t:
enlarge and form a hard cover over the affected area. This hard cover causes the artery
lumen to become narrow. Narrowing of artery reduces the blood flow and increases
blood pressure. Atherosclerosis typically begins in early adolescence, and is usually
found in most major arteries, yet is asymptomatic and not detected by most dia

gnostic
methods until it grows to a serious threat to health. There are various anatomic,
physiological and behavioral factors which increase the risk for atherosclerosis,

Factors add to each other multiplicatively, with two factors increasing the risk of
atherosclerosis fourfold. Studies show that Hyperlipidemia (High level of fats in
blood) , hypertension and cigarette smoking together increases the risk seven times.

Instead of medication the first method of treatment advised by the doctors,
throughout the world, is to stop smoking, change feeding habits and choice of foods
and practicing daily exercise or at least daily walk. If these methods do not wor
medicines are usually the next step in treating cardiovascular diseases

atherosclerosis leads to symptoms like angina pectoris then it becomes necessa
start medication. :

Physical treatments which are helpful in the short term include all
ocedures that may include stents to physically expand narrowed arteries a

ive surgery, such as bypass surgery to create additional blood
ections that go around the more severely narrowed areas. -

~ Arterielescleresis: It is any hardening, stiffening or loss
oles. It is often due to hypertension. The most common sites for
s in the brain, kidneys, heart, abdominal aorta

is vary according to the arteries wl
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‘12.2_3Congenlf3.l l:‘:‘earl defect is a dcﬁfct in the .slrucu‘u'c Of the heart and large
o A Co"gemtaewbom baby. Most of these heart defects cither obstryet blood
" plood vessels Ofarr)vessels near it or cause blmxl to flow through the heart in an
flow in the heart [O)efect may alsooccuraffecting the heary rhythm.. Heart defects are
abnonnalpaﬂe;‘t"common birth defects and are the leading cause of birth defect-

among the moCongcnital heart diSCaSC Cul.] bC ‘Ci‘llchI'izcd n to (II”L‘I‘C[][ [‘JV’PC.\‘ In
related c:)c-atsh;'ght ventricle or the left ventricle fails 1o gicvclop. AS a result only one

: s%mzfl};]e‘ﬁean pumps the blood the body and lungs. This defect is called | lypoplasia
siae

fthe heart which is rare but is the most serious form ofcongcniml heart defect.
0 , :

Other type of defect may l?e called as Obstruction defects. Obstruction defects
occur when heart valves, ar:tenes, or veins are abnormally narrow or blocked.
Common obstruction defects mclude blockage of pulmonary valve. aortic valve and
bicuspid aortic valve. Any narrowing or blockage can cause heart enlargement or
hypertension. ' ‘

The most common among the congenital heart defects are the defects in the
septa of the heart. The septum is a wal] of tissue which Separates the left side of the
heart from the right side of the heart.. The defect may be in the septum between the

left side of the heart to the right side. This mixing of oxygenated and deoxygenated
blood reduces the overall effici ency of the heart. Septal defects May or may not cause
- cyanosis depending on the severity of the defect. Some times the defect is so minor
that it requires no treatment and is corrected by itself with the passage of time and
increasing age. Major defects require medication and surgery.
12.2.4 Blue Baby or Cyanosis
One of the effect of congenital heart defect is the birth of blue babies, a
physiological condition called cyanosis. The reason for the appearance of blue colour
is the formation of carboxyhaemoglobin instead of oxyhaemoglobin in the blood

because of limited availability of oxygen, During the embryonic life , heart of the

islthat the supply of OXygen to the foetus is from the blood of the mother through
Pacenta (and ot by lungs).

oo \ter the birth the foramen ovale closes spontaneously but in some babies itt
Ot close completely. When the baby exerts force during crying and movemte;ile
=00y S€nated blood from the right atrium enters the left atrium through

Partiapy,
iia]y oPened foramen,




When the haemoglobin of this venous, deoxygenated blood tury
. . . o= ° Tan ~r e ey = s

carboxyhacmoglobin, it imparts blue discoloration to the skin | lips, ears and g

organs of the baby, resulting in cyanosis or blue baby. er

Fig: 12.10 Blue baby

12.2.5 Hypertension

Hypertension is a chronic medical condition in which a person suffers
persistently from high blood pressure. As you studied under the section of blood
pressure the normal BP of a healthy normal adult is 120/80 mm H gand withincreasing
age the normal BP also increases. For a normal adult a mercury reading of 130/90s
considered hypertensive. For a women of above forty five years of age BP of 160/9

considered hypertensive whereas for a man this limit is 140/95. Hypertension can|
classified as {

e Essential or primary hypertension

e Secondary hypertension

. Primary or essential hypertension means that no medical cause is found
- explain the raised blood pressure. : R

- Secondary hypertension indicates
hat the high blood pressure is a
another condition, such

S

Eor Your Information
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| Persistent hyP : ‘ is a leading cause of renal (kldnpv) fai
. th Cl d is alea b \ (
Crs lSt 1 an

and arterial “"e:r'[}"rcatmcnt of Hypertension
tionan

altacks K

cart failure
lure.

Preven sion can be treated by:

Hyperti:/cight reduction '

regular aerobic exercise .

Reducing dietary mtch of.sugal and table sy
By taking a diet rich in fruits and ve
dairy foods :

» By discontinuing use of t.obacco and alcoho)
* Reducing stress and tensions

* severe cases antihypertensive medicines 3

getables and low-fat or fat-free

re also used.

Hypotension is the opposite of hypgnension. Hypotension is abnormally
low blood pressure. It is considered as a physiological State, rather than 5 disease. Not
alWays but most often hypotension is associated with

life-threatening. The initial Symptom of hypotens;i

122.6 Angina Pectoris

. Angina js the first alarm of the body to show that something is going wrong
Mith the heart, Those who realize and start precautionary measures and bring a change
Mthei lifestyle ang diet, they lead a successful and active life. Those whodonotcare i
2‘1 U0ue with thejr |if style generally come across a heart attack. It is i:- gm o
respene.nce that People survive in first two attacks but mostly third attac
Sin heayt failure,

e




Treatment of Cardiovascular disorders:

In the above description you studied many ways to prevent and 1
different cardiovascular diseases. These ways help the patients to certain e
sometimes doctors advise major or minor surgery or some other mode
provide relief to the patient. Among these methods some are

lmm‘
Xtent
M Ways ¢,
a. Angiography
b. Angioplasty
¢. Coronarybypass

d. Open heart surgery
a. Angiography

Angiography is a test that uses an injection of a liquid dye to make the arterjes
easily visible on X-rays. An angiogram is commonly used to check the condition of
blood vessels. There are alternatives nowadays to angiography, such as CT scan, MR}
scans, nuclear scans, and ultrasound scans, which often produce information as
accurate and useful as angiograms.

b. Angioplasty

angioplasty is a the combination of two Greek words; aggeios meaning "vesse
plastés meaning "formed" or "moulded". It is the technique of mechanically wide
a narrowed or obstructed blood vessel; typically as a result of atherosclerosis.
treatment a balloon-tip catheter
is passed in the artery. At the site
- where the lumen is narrowed due
~ to blockage, the balloon is
_inflated to a fixed size using
r pressures some 75 to 500




Now other arteries which get narrowed by atherosclerosis ar

- , ¢ cleared and
pened by this procedure generally called peripheral angioplasty. This typearéf
ngioplasty includes renal artery angioplasty, Carotid angioplasty, Cerebral arteries
ngioplasty etc.

.. Coronarybypassor Open heart surgery

Another treatment is called Coronary artery bypass surgery (also called
coronary by pass or simply bypass). In this treatment a vessel is taken from some
other part of the body and is grafted from aorta to the coronary artery system. This
vessel starts supplying blood to the heart muscles by passing the original blocked
artery.This surgery 1s usually performed with the heart stopped, necessitating the
usage of cardiopulmonary bypass; techniques are available to perform bypass on a
beating heart, so-called "off-pump" surgery. :

History of coronary artery bypass

The first coronary artery bypass surgery was
performed in the United States on May 2,
1960 at the Albert Einstein College of
Medicine, Bronx Municipal Hospital Center
by a team led by Dr. Robert Goetz and the
thoracic surgeon, Dr. Michael Rohman with
the assistance of Dr. Jordan Haller and Dr.
Ronald Dee. They used internal mamum
artery as the donor vessel and
anastomosed to the right coronary arter




A successful graft typically lasts around 1015 years which means ¢

sufficiently improves the chances of
atherosclerosis.

d. Open HeartSurger)

Any surgery where the chest is opened
and surgery is performed on the heart
muscle, valves, arteries, or other heart
structures is termed as open heart surgery.
The term "open" refers to the opening of
chest and not the heart itself. The heart
may or may not be opened, depending on
the type of surgery. As for sometime

heart is non-functional a heart-lung
machine (also called cardiopulmonary
bypass) is usually used during
conventional open heart surgery. It helps
provide oxygen-rich blood to the brain
and other vital organs. The definition of
open heart surgery has become confusing
with new procedures being performed on
the heart through smaller incisions. There
are some new surgical procedures being
performed that are done with the heart
still beating and is generally termed as

; beating heart surgery.

The first successful surge

: his
survival of a patient suffar.  Ocess

°ring  from
our Informe

: Iy of the he,
performed without any complicatioy Was

by Dr. Ludwig Rehn of Frankfyy
Germany, who repaired a stab wound to .
right ventricle on September 7, 1896 Tt wag
soon discovered that the surgery is bett,
done with a bloodless and motionjess
environment, which means that the hear
should be stopped and drained of blood,
The first successful intracardiac correction
of a congenital heart defect using||
hypothermia was performed by Dr. €
Walton Lillehei and Dr. F. John Lewis
University of Minnesota on Septem
1952. In all the major Govt hospita

Teaching Hospitals ot
cardiology centres are providing

\t:eatment for cardiac patients.




1 Juetfem
(2.3 Lymphatic Sy sten

The lymphatic sysw":j’si: : )
network of vessels ;oun ilk N/ w’- :
yrichites e h tlltm:llsc}; lymph nodes ?r A f g
- ‘ - i : ’ 1187 v
= ﬂuxdd calzgd ; ympl;l oid tissue of the neck ‘3 [ ’{;‘ thoracic dyct
- includes the lym he lymph thymus gland g N
“through which the #r“.’}}:'(}'-\‘.. rf'\ Ny lymg)h vessels
travels. This system transports 2 }‘ b4 f‘.kx,, . Of the chest
and returns materials from the 7 244 ol 408
tissues of the body to blood. In ymoh (A7 T A 2 LyfT h Modes
1652 the lymphatic duct§ in Vlfss%ls offf) || ¥, A Pam ot TN R ey
the liver were first described the a on'?ejnﬁ; S L
/ ,',’4'.

:‘_\‘;&ﬂlcen
by a Swedish Olaus Rudbeck ] .._ e

(1630-1702) and the very /1 ’_,-.'i'
next year it was Thomas i
Bartholin who described these .
vessels in the whole body and @Ppendix ..
gave them the name of '
- lymphatic vessels.

: Lymph vessels, at
~ certain points , have masses of
~connective tissues called
| lymph nodes. These node
. (more than 100 in human
": body) are present in the
- ampits, groin and  peck
- fegion. These are the sites of
- Ymphocyte production and
| ?‘Omge. They act as barriers to
| d"geCtmp by filtering out and
| ;‘;}'mg toxins and germs.
i Argest body of lymphoid

155 %
smee?]%n the hmngn body is the

AL
1




a. Position of lymph node

Lymph nodes generally
occur 1n groups along the
larger lymphatic vessels. They
are distributed throughout the
body, but they lack the tissues
of the central nervous system.
All lymph nodes have the
primary function of the
production of lymphocytes,
which help defend the body
against microorganisms and
against harmful foreign

particles and det.ms‘ from }ymph before it is returned to the blood stream. The nodes are
mostly located in following six areas:

Although lymphatic system does not posses an
pumping organ like heart to Provid

pressure/force to transport material byt th:
activity of skeletal muscles, breathip

movements and movement of the viscera Providg
it ample energy to move the fluid upward, The
valves present in lymph vessels prevent the back
flow of lymph.

.(;\L'li:efr cervical region: Nodes in this area are grouped along the lower border of the
JTh o gntﬂ(l)t imgi behind the ears, and deep in the neck along the larger blood vessels.
y drain the skin of the scalp, face, tissues of the nasal cavity, and the pharynx.

(2) The axillary region: Thes . : §
e Wesadls that dr;, 1ese nodes are in the underarm region and receive lymph

ain the arm, the s of
e i walls of the thorax, the breast, and the upper walls

(3) Inguinal region: The nodes in this : :
1 EARe s in this area receive ly =
portion of the genitalia and the lower abdominal \:allL. ymphfrom: theilcesite ety

5 g ' avity
f_ (4) The pelvic cavity: The nodes here appear mostly along the paths of'the blood

% s within the pelvic cavity and receive lymph from the lymphatic vessels in the

4, nodes oceur in chains along the main
d the abdominal aorta

ymphatic vessels gen ,
;_thﬁrbﬂdy.The_seg m;:;lsl{hcalled lymphatic trunks drain lymph from

: en join one of two collecting ducts: (a) the
av. £;L¥1:;pgaggcgl:t° These collecting ducts finally dra(m) the
m of the heart.T © part of the plasma, just before the blood

he lymphatic
ntin the body. i vessglg are present- whereyer




. are joined by a capillary system. When the blood passes through arteri
' eries , veins

capillari€s the wat_er'along with certain salts, some :
nsi,e Spaces. This fluid 1s callqd intgrs_»titial fluid. lntef:l::?t'i!alfll gl:)i?g;stﬁg (t)l?ze o
the tissue space. From here .thns fluid is collected in the fine, very pen'neabiec e[l,lﬁ '3
onded capillarieS of l)fmphatlc system in the form of lymph which join to make larmer
vessels. The lymphatic vessels transport this excess fluid to the end vessels With(g)ut

" action. This system is very important for the
in the body, because it drains excess fluids and

the assistance of any '"pumping
distribution of fluids and nutrients

11 up. Our body also eliminates the products of

h this system. It filters out organisms

rotein SO that tissues do not swe
cellular breakdown and bacterial invasion throug .
duces certain white blood cells

like bacteria, VIruses and fungi that cause disease, pro

called lymphocytes.
Spleen as lvmphatic organ
The spleen is an effective In protecting the body by clearing worn out r._ed
hlood cells and other foreign bodies from the ploodstream.The spleen cor.ltams
ages, which can engulf and destroy bacteria, dead uSsuc,

lymphocytes and macroph

and foreign matter.
Lymphatic system and cancer
The study of Jymphatic drainage of vario
f cancer. Lymph nodes can

atment O
estroying the cancer cells the nodes may bec

us organs is jmportant in dlaSUOSlS,
cells. If they ar¢

prognosis. and tre
not successful ind

tumors.
d. Diseases of lymphatic system

problems with the system can
Hodgkin's disease is an enlargement of the lymph nodes -
adjoining 0rgans and nerve endings can result in @ dy
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KEY POINTS

¢ The circulatory system is an organ system thah transports nutrients gases, hormones,
blood cells, nitrogenous waste products, etc. to and from cells in th.e body to helps to
fightdiseases and help stabilize body temperature and pH to maintain homeostasis :

* One contraction and one relaxation is called a cardiac cycle. Contraction of heart i
termed as systole and relaxation as diastole. . 4

The pacemaker or SA node is the impulse-generating tissue located in the upper

dorsal wall of the right atrium of the heart, near the entrance of the SUpETIOr Vena cava.

* Electrocardiograph (ECG) is a medical device used for recording the electrical
activity of the heart. , LATH.

A capillary is so thin that only one RBC passes through it at a time, releasing its

oxygen by diffusion to the cells. The very small diameter of the capillaries provides

ample time to the blood for exchange of materials. =

Most of the volume of blood is contained in veins. The reason is that, instead of

providing resistance in the flow of blood like arteries, they expand to accumulate
additional volume ofblood.

®  The force per unit area that blood exe
blood pressure.

® Blood pressure is of two types: Systolic blood pressure which is felt during the
- ventricular contraction. D

iastolic blood pressure which is felt during ventricular
- relaxation.
® Certain sensors (nerve endings) are located in the blood vessels of the human body
- called Baroreceptors (or baroceptors). They detect the pressure of blood flowing
through them,

rts on the inside walls of a blood vessel is called

Lhro | lot wh y the aggregation of platelets inside the
ess(els 'I:he disorder in which a PErson generates a thrombus in g vessel is called

tension is a chronic medical condition in which :
: a person tl
'b,lqod;pressure, E p suffers persistently



EXERCISE 3

o the correct answers in the following questions.

A (Cho0> ; .
1 The foramen ovale in the fetal heart is located in the:
) Ri ght atrium b. Left atrium
Interventricular septum d. Interatrial septum

 (olouration of the skin of a baby turns bluish shortly after birth. The

o

reason may be: |
nistered to her/his mother.

a. Increased level of anesthesia was admi
b. Baby has an unclosed foramen ovale. '
. Some hormonal disturbance has caused discolouration. .
d Blood capillaries in the liver are not working efficiently.
3. Lymph is poured back to the circulatory system in #45 B 3
a. pulmonary vein b.  hepatic portal vein®* T SR
C. subclavian vein d. renal vein. =SSR ," g ?‘—
4. The interventricular septuin and the intra-atrial septum separat§< the: 2
a. chambers of the heart b. chambers of thie/ TunZotSEEEE
d. bicuspid and mcuspldvgl,vg L

¢. aorta and pulmonary artery
The systemic circuit of the cardiovascular system extends:
a. from the heart to the lungs. ; e
b. from heart to the coronary arteries.

c. from the heart to the body's organs

IES 5
[ -
>

-

o

d. from the gastrointestinal tract to the £

in in the body that transpe
m '. 3 hg?‘.ﬁ



EXERCISE 3.

8. All the following apply to the bicuspid valve EXCEPT:
' a. It is also called the lmltral valve
is a semilunar valve

(l:).. Iltt :ss ?ofmd on the left side of the. heart .

d. It prevents blood from back.mg into the lgﬁ atrium
9. The condition called arrhythmia is characterized by:

a. rapid heart contraction,

b. irregular heart rhythms,

c. mitral valve prolapse.

d. semilunar valye dysfunction.

10. Intercalated disks are found:
a. between the right side and right side of the heart.
' b. between the flaps of the tricuspid valve.

¢. where the aorta joins the pulmonary artery.
d. between the cardiac muscle cells.

b. collect blood.
. d. flow at a faster rate than in the artery.

Werite short answers to the following questions.
How the interstitia] fluid is formed?

out put during a strenuous e:ierci‘se?
the month of June, what would be the

a0 o o circulation Wil

nd discusg the organs to whi

ich they target.
s ofsystolic and diastotig pres




, pescribethe principles of angiography.
¢ pescribethe functions of lymph nodes and state the role of spleen as containing lymphoid
tissue.

;  List the changes in life styles that can protect man from hypertension and cardiac
pmblClﬂS- :

[ dentify the factors causing atherosclerosis and arteriosclerosis.

Projects:

Conduct a survey to identify major hospitals of cardiology working in your

area In case of no such facility available , identify the nearest cardiac centre and its

utility or otherwise for cardiac patients in case of emergency situation.

. Record an interview with a patient who has undergone coronary bypass

surgery. Collect information regarding his/her past life style, dietary habits and

~ genetic history. Draw a conclusion from this data for preventing cardiac issues and for
sustaining healthy life. :
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nts will be able to:

At the end of this chapter the stude .
W T e it Jmpcnctrable barrier

= Describe the structural fcatures of human skm that mak

against invasion by microbes.

= Explain how oil and sweat glands within the epidermis inhibit the growth and also ‘
kill microorganisms.

= Recognize the role of the acids and enzymes of the digestive tract in killing the s
bacteria present in food.

= State the role of the ciliated epithelium of nasal cavity and of the mucous of the

bronchi and bronchioles in trapping air borne microorganisms.
= Describe the role of macrophages and neutrophils inkilling bacteria.
= Explain how the Natural Killer (NK) cells kill the cells that are infected by

microbes.
= State how the proteins of the complement system kill bacteria and how the |

interferons inhibit the ability of viruses to infect cells.
= State the events of the inflammatory response as one of the most generalized 7

!

nonspecific defenses.
Outline the release of pyrogens by microbes and their effect on hypothalamus to

‘boost thebody's temperature.
Llstthe ways the fever kills microbes. )
e onze theAlmmune system that provides specific defense and acts as the most

7 ocytes T-cells and B-cells as the components of the immune system.

nborn and acquired immunity as the two basic types of immunity.

£ _‘ate the §w0 types ofacquired immunity (active and passive immuni )
process of vaccination as ameans to develop active ac uired N

oles T-cells in cell-mediated immunity. e

¢ of B-cells in antibody-mediated i Immunity

model of an antibody molecule.

nemory cells inlong-term immunity, <

rrelate the symptoms of allergies with the release éf




,"trndl'Ct.lo:‘nunc response is how your body recognizes and de
b 1 Thicn';:,ce and substances that appear foreign and harmful I
acleria, viruses, g

of the branch of Bi"'o&,‘)’ WhiCh. ‘ls -lhc study of our protection from foreign
macromolecules or invading organisms and our responses to them. These invaders
include viruses, bacteria, protozoa or cven larger parasites. In addition, we develop
immune responses against our own proteins (and other molecules) in autormmunity
and against our own aberrant cell.s In tumor immunity. Organisms must find a means of
defense against antigens otherwise bacteria, fungi and viruses would replicate out of
control and results in the <.iestruct10'n of the body. Therefore organisms employ many
types of defense to stop this happening. Means of defense can be categorized into first
second and third lines of defense. In this chapter you will see the overall setup which is

running the irnmune.system in our body and how our body triggers responses and
employs methods which ensures our healthy survival.

fends itgelf against
mmunology is one

13.1 First line of Defense
In humans, the skin is the largest organ of the integumentary system. Skin is
regarded as one of the first line of defense because it provides an almost impenetrable
biological barrier protecting the internal environment. It protects the body (especially
- the underlying tissues) against pathogens and excessive water loss. It is also involved
in providing insulation, temperature regulation and sensation.

13.1.1 Physical Components of the Skin's Defense

Our body's first line of defense is nonspecific and includes structures,
chemicals, and processes that work to prevent pathogens entering the body. These first
e defenders include the skin and mucous membranes of the respiratory, digestive,
urinary, and reproductive systems. Skin is comprised of two main layers.

~» Epidermis

.+ Dermis

-The Epidermis

o 1€ epidermis is composed of multiple layers of tightly packed cells, which
tnw"paﬂ“’g‘msciln penetrate on their own. In addition to this structural barrier, the
3 w"’h@dﬂiﬂg of dead skin cells removes many attached microorganisms. Then
3 mg-“are‘.other cells called epidermal dendritic cells that actively patrol the skin to

- 9CYtize (engulfand digest) pathogens. o
;_ b"The Del‘lnig |

i me d S, . . . d ontains protein
- olly Crmis is situated beneath the epidermis and co! v
40 Collagen js tough fibrous protein which gives skin the strengthﬂnd 6

sl

k4




‘ i > mi iISmSs.
pliability to resist abrasions that could introduce microorgani

pores hair shaft

skin surface

sweet pore epidermis
capillaries
erectile muscle —— : dermis or
sebaceous | true skin
land
sweat gland g
subcutaneous
venule . & ~ tissue
arteriole —~ - ' “—— connective tissue
adipose tissue

nerve ending matrix
(fat)

Fig: 13.1 Section of skin
13.1.2 Components of the Skin's Defense
a. Perspiration
3 Secreted by the skin's sweat
- Few microbes can live in a highly sa
- The lysozymes in sweat are a

glands, perspiration contains salt and enzymeé.
line environment, like that of the skin's surface.
type of enzyme that can destroy the cell walls of

Defense against Infection ip Digestive Tract

oper levels of HCI in the stomach are our first line of defense against

lf. : ‘Ifle ctions. All day long we unavoidably ingest all kinds of-bactqria
N e’,mouth,-nose and food we eat. These germs just cannot survive

' 1 eause of acidic envir onment. The healthy stomach

rnie. 4 i

od bacteria, that live ower down in your digestive tract, can als0

h i it becomes more alkaline. Proper acid levels 11}(}’9
,gg_KOWthtfromoccurring. i e

TS




‘nd Mucus$
st important function Oftl?c nose and nasal cavit
aters the lungs. This filtering process is importan
mount of air that passes through the respiratory

Y 1S to process each
tforseveral reasons.

System each day, it is

- dangerous particles ( bacteria, viruses, dust, pollen etc.) that could
enter into the lungs, causing damage. Tiny hairs (cilia) and a
sembrane line the inside of the nose to trap particles before they enter
he cilia are capable of small movements and can direct the flow of
stance secereted by mucous membranes), removing it from the

neezing forces air through the nasal cavity and is also effective
particles and mucus.

ach breath to prevent cold air from damaging sensitive lung tissue. The
ount of surface area and many blood vessels in the nasal cavity help
h breath quickly as heat transfers from the blood to the passing air.

oisture to each breath to prevent the airways and lungs from becoming
“and damaged. As air passes through the nasal cavity, moisture is
nsferred from the mucus secreted by the lining of the nasal cavity into the

coordinated

e nose and nasal cavity are so LZYI:; i‘[’l‘;“‘;gggss b;:;-: :f ucs:l::las
warming and moisturizing o El

generally better to breathe i e

an the mouth. Though the :

son to inhale more quickly, |cilia




absorbed into the blood stream and is carried to all parts of the body.

To help the breathing process, the lungs have their own natural ¢
methods. Your airways produce a thin coat of mucous that catches the dust
that you breathe in daily. This thin mucous is swept up
towards the windpipe by tiny beating hairs called cilia,
where it can be coughed up or swallowed.

13.2 Second Line of Defense

Once pathogens are able to neutralize the
responses from the first line of defense i.e skin and
mucous membranee and are able to penetrate inside the
body they are encounter by the second line of defense
which is nonspecific because it handles a variety of
microbes. ‘

Nonspecific defense includes macrophages,
neutrophils, natural killers cells. the complement
system etc.

13.2.1 Role of Macrophages and Neutrophils
Monocytes and neutrophils are types of white blood cells. As we know that
WBCs are involved in providing immunity to the
body. Monocytes are released by the bone marrow,
These float in the bloodstream from where they
enter tissues and turn into macrophages. Of all |mamow
‘blood cells, macrophages are the biggest. Most .
- boundary tissue has its own macrophages. For st
~ example, alveolar macrophages live in the lungs
nd keep the lungs clean and disease free by
g foreign things like smoke, dust bacteria | blood
crobes. Macrophages also swim freely. One
ir jobs is to clean up dead neutrophils, L

ges clean up pus as a part of the healing '

learan(:e
and bacteri,

—

pro

stream, but their life span is




ply dead neutrophils and other cellular debris.

| form. PUs is sim
} RolcofNaturalKillcrs(NK)(‘c"s‘
K’ Natural killer cells are a type of lymphocyte (a white blood cell) and a
finnate immune system. NK cells play a major role in the host-rejection
urs and virally infected cells. NK cells are cytotoxic: small granules in

_ ' cytoplasm contain special proteins such as perforin and proteases known as

elease inclose proximity to a cell selected for killing, perforin forms pores in the
mbrane of the target cell through which the granzymes and associated
‘can enter, inducing apoptosis.

jon between apoptosis and cell lysis is important in immunology - lysing a

sted cell would only release the virions, whereas apoptosis leads to

1 of the virus inside. NK cells are activated in response to interferons or
-derived cytokines.

‘plement System and interferons
thogenic bacteria get through all the immune system's initial defenses, the
complement system is initiated.
ent system includes proteins and
ells, which carry antibodies. The )
microscopic killing cells that a::tf,f:dy
ything they don't recognize as being | (1gG)
ody.The proteins circulate in an

agl the binding of one protein
binding of the next protein in the |
white b igd”cells and the proteins {?
atany invading bacteriawith |

akes the bacteria

(T
|
.

* 'ﬂy‘t@m'i‘:“'."‘f i



specific antibody to break apart the bacteria.

13.2.4 Interferon

ey

Body frequently encounter situations of viruses attacks. Although viryge are

efficient source of some of the lethal
infections but at the same time Allah

- Proteing
8 3 = nucleic O block viral
has gifted us with set of proteins D\ oacid /O\ reproduction
which provide an effective shield | . N new Q—- 7{
1 ™ interteron 1 viruses .
against viral attacks. o e ~0) | Al

The interferons are a group of
natural proteins that are produced by

VIRUS (3—viral

antivira|

human cells in response to viral

infection and other stimuli_ They have o

the ability to interfere with viruses that |, . \.‘ &

are replica_ting. There are three main ::1;::;;)02 e 4

types of mterferon:lnte'rferons beta HOST CELL 1 HOST CELL 2

andalpha—produced mainly by white i iled by o Protected againt vin
' blood i e S s = is killed by virus interferon from cel] 1

tissue cells called fibroblasts. ¥ig: 13.6 Interferon mechanism

against viruses.
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rhe tissues in the arca are red and warm, as

plood reaching the site.

e tissues in the area are swollen, again due
blood and proteins thatare present.

a result of the large amount of

to the increased amount of

e area is painful. due the expansion of tissues, causing mechanical
ure on nerve cells, and also due to the presence of pain mediators.

:t_h-e'inﬂan:lmatory process has begun, it continues until the infection that
sbeen eradicated.

microbes proceeds in establishing a major infection the body often
which slows down microbial production and enhances the body's
ities.

lly, the temperature of the
almost entirely by nervous
ns, and almost all of these infection or inflammation
a temperature regulating |
e hypothalamus at the base
e receptors in the skin and
e feedback that drives the
onserve heat, produce endogenous pyrogens

leucocytes

prostaglandins




2 g T rp s. ll ) y
nphocytes ©f I cell 2% long

acrophages, oversee the
liated responsc, while
phocytes or B cells take

T Iyt
\\’i”l m
Cell mec
the B lym

All complement pathways carry out 6

charge of the humoral o il beneficial innate defense functions. Thevy:
Monocytes develop from 1. Trigger inflammation ¥ i
stem cells 10 t_hc bone marrow. 2. Chemotactically attract phagocytes to
They then go mto blood, where the infection site.
they cirC}llill'C fora ‘.Vhlle ]imd. t‘hcn 3. Promote the attachment of antigens
migrate into tissues. [n the tissue to phagocytes (enhanced attachment
‘macrophages. Monocytes and | 4. Cause lysis of gram-negative bacteria
macrqphag_ch play important and human cells displaying foreign
oles in the immune defence and epitopes.

inflammation. i 5. Plays arole in the activation of naive
Lymphocytes are one of the B-lymphocytes

kinds of white blood cells or .

sukocytes). circulating in the blood. 6 ll}remo;/]e harmful immune ComiplcES
though mature lymphocytes all om the body;
k pretty much alike, they are
@ordinarily diverse in their
tions. The most abundant lymphocytes are:

» B-lymphocytes (B cells)

T-lymphocytes (T cells).
e produced in the bone marrow. The precursors of T cells are also produced in the
row but leave the bone marrow and mature in the thymus. Each B celland T cell is

cific oraparticular antigen.

Basic Types of Inmunity

‘There are two main types of immunity :

iteor Inborn or Naturalimmunity

e innate immunity system is what we are born with and it is nonspecific;
e attacked pretty much equally. It is genetically based and we pass it
springs. It is present from the birth and is inherited from the mother to

laptive immunity. : !
esent from the birth but is acquired during one's own lifc?. It 1s
Janism in response to a disease caused by the i‘?fe‘?,tlon,Of
In this, the protective lymphocytes of body produce-‘?nﬁb"‘?%@?‘. :
antigens and relieve from an infectious discase BUEs

o i “'

t further attack. Nt e
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acquired immunity so developed may be temporary (¢.g., mtluenza) or permaneny w
(¢.g., measles, mumps, polio, smallpox) for life long.

13.4.1 Types of acquired immunity
(a) Active or Natural immu nity :

It is a long lasting immunity developed by antibodies produced by gy

individual's own cells. It is developed in three ways :

a. By having the discase e.g., chickenpox, mumps, measles etc. .

b. By having a subclinical infection e.g. live 'Sabin' vaccine (against ‘PO“O’)-

¢. By having killed micro-organisms or detoxified toxins e.g., killed 'Salk
vaceine (against polio), tetanus toxoid (against tetanus).
(b) Passive or Artificial immunity :

Passive immunity is "borrowed" from another source and It lasts for a Sh9r1
time. For example, antibodies in a mother's breast milk provnflc a baby with
temporary immunity to diseases the mother has been exposed to. This can protect the
baby against infection durin g the early years of childhood.

Everyone's immune system is different. Some people never seem to get
infections, whereas others seem to be sick all the time. As people get older, they
usually become immune to more germs as the immune system comes into contact
with more and more of them. That's why adults and teens tend to get fewer colds than
- kids — their bodies have learned to recognize and immediately attack many of the
viruses that cause colds.

13.4.2 Vaccination a mean to develop active acquired immunity
Immunization is the process where body is made immune or resistant to an
tious disease, typically by the administration of a vaccine. Vaccine stimulates
)ody's own immune system to protect the person against subsequent infection or
e. The word vaccination or vaccine had been evolved from vacca which means
ains virus for cowpox. The cowpox and smallpox virus is very
- human body is exposed to the COwpox virus through
red immunization against smallpox. We can define vaccine as
ce which produce specific protection against a given
ction of protective




because of vaccines. |
g4~ ™~ \ ™ - » .
13.5 Specificdefense mechanisms

Specific defense mechanisms are effective against specific pathogens. There
are two main types of specific defense mechanisms involved in the imnmmj.\yslcm.
a. Cell mediated immune response
b. Theantibody mediated immune response
a. Cell mediated immune response

The cell-mediated immune system consists of T-cells which originate in the
bone.marrow, but moves to the thymus where their development is completed. T-cells
are highly-specialized cells in the blood and lymph. They fight bacteria, viruses, fungi,
protozoans, cancer, ctc. within host cells and react against foreign matter such as organ

transplants. .
4 There are three _\”O» (oY 1. T cell makes
kinds of T-cells. Cytotoxic ; Granules contact and
ells directly kill releases granules.
rs. Helper T-cells aid
‘and other T-cells to Virus-infected
bs. Suppressor T- host cell
ypress the activities
ther T-cells so Vieus partics
rreact. In the MHC protein
displaying viral
antigen
2. Granules induce
_ cellto seif-
7{*_ destruct, virus
. cannot replicate.

~ Fig: 13,10 Mechanism of specific defense.

tion phase, Te cells that have the appropriate T-
) divide repeatedly. In the second called the
unter target cells and kill them.
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I'he antibody mediated immune response

The humoral immune system consists of B-cells w.'hich' originate in the Bope
marrow and stay there to develop. B-cells can produce zmnl‘mdlcs., but need €Xposure
to foreign antigens to do so. These antigens are cell surface oligosaccharides ang
proteins which the cell uses as “1D tags”. :

Antibodies are chemically proteins present inblood plasma and ‘lymph. They
help in fighting bacteria and viruses in body fluids. All dzunghtq ce!ls of. a B-cell wi]]
be able to produce the same antibodies as the mother cell. Antibodies bind to certain
parts ofan antigen to mark it for destruction (by the T-cells). o

The body humoral or antibody mediated immune response bcgms in the same
manner as the cell mediated response. But here the macrophages are joined by B
cells. The pathogens activate only those B cells with matching receptors. These cells
stand ready to enter the battle. Mean while the antigens presenting macrophages
activate those helper T cells with matching receptors. These T cells in turn lead the
battle front with activated B cells. Triggers by this meeting the helper release
chemicals which make the selected B cells to go into rapid reproduction. Some B

mory cells ready to respond to a later invasion by the same pathogens
me antibody producing factories called Plasma cells. F reely

¢ body antibody dock with pathogens this neutralizes them or
or destruction by other weapons in our immune arsenal.

b’ilt ‘most beco

marks

clone of plasma celjs Secreted antibody
molecules




varies greatly among different antibodies.
This variable region, composed of
110-130 amino acids, give the antibody its
specificity for binding antigen.
The variable region includes the ends of the
light and heavy chains. The constant region
determines the mechanism used to destroy
antigen. Antibodies are divided into five
major classes, IgM, IgG. IgA, gD, and
IgE, based on their constant region
structure

and immune function.

13,6 Role of Memory Cells in
Immunity

cells j\ll\lsfmc]l(i:cr ﬂz)cf;( llzlx;t]c}j ¥tchll;'m)'lilllmtﬁc Figi13.12 Structure of 4 typieal antibody.
pathogen. When their job is done, they

leave behind memory cells. These memory cells are cells that stay behind and watch
for the pathogen. If they find one, they start multiplying to kill it. Memory killer T-
make killer T-cells and memory B-cells make B-cells. This process is so
ediate and so explosive that the pathogen is killed off before it has a chance to
Because of that, youare immune to that pathogen.

variable
constant

light chain

heavy chain

‘are abnormal reactions to ordinarily harmless substances. The
ces, called allergens, may be inhaled, swallowed, or come into
kin. Allergens that most frequently cause problems are: pollens,
dust mites, animal danders, foods, insect bites or stings, plants,

viruses, bacteria, medications and environmental conditions

: ;ies can develop at any age, the risk of developing ailergies is
1to ones family history of allergy. If neither parent is allergic, the




chance for allergies is about 15%. If one parent is allergic, the risk increases to 30%
and if both are allergic, the risk is greater than 60%.

Allergens cause the production of immunoglobulin E (IgE). an antibody that
all of us have in small amounts. Allergic persons, however, produce IgE in
abnormally quantitiecs. Normally, this antibody is important in protecting us from
parasites, but not from other allergens. During the sensitization period in allergy, [gE
is overproduced. It coats certain potentially explosive cells that contain chemicals
including histamine. These chemicals, in turn, cause inflammation and the typical
allergic symptoms. This is how the immune system becomes misguided and cause an
allergic reaction when stimulated by an allergen.

The most common allergic conditions include hay fever (allergic rhinitis),
asthma, allergic eyes (allergic conjunctivitis), allergic eczema, hives (urticaria), and
allergic shock (also called anaphylaxis and anaphylactic shock).

13. 8 Autoimmune disorders

Autoimmune disorders are diseases that occur when the body produces an
inappropriate immune response against its own tissues. Sometimes the immune
~ system will cease to recognize one or more of the body's normal constituents as "self"
ill produce autoantibodies — antibodies that attack its own cells, tissues, and/or
"""" This causes inflammation and damage and leads to autoimmune disorders.

‘bacteria triggers an immune response and the antibodies or T-cells

because some part of their structure resembles a part of the
ism. Symptoms of autoimmune disorders vary by the particular

which the body's immune
e joints of the knee, hand,
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13.9 Role of T-cells and B-cells in Transplant Rejection

Transplantation 1s the act of transferring cells, tissues, or organs from one site
to another. The malfunction of an organ system can be corrected with transplantatio

of an organ (e.g kidney, liver, heart, lung, or pancreas) from a donor. However tht;
immune system remains the most formidable barrier to transplantation as a routine
medical treatment. The immune system has developed elaborate and effective
mechanisms to combat foreign agents. These mechanisms are also involved in the

rejection of transplanted organs, which are recognized as foreign by the recipient's
immune system.

Major Histocompatibility Complex (MHC) proteins are involved in the
presentation of foreign antigens to T-cells, and receptors on the surface of the T-cell
(TCR) are uniquely suited to recognition of proteins of this type. MHC are highly
variable between individuals, and therefore the T-cells from the host recognize the
foreign MHC with a very high frequency leading to powerful immune responses that

cause rejection of transplanted tissue. Identical twins and cloned tissue are MHC
matched, and are therefore not subject to T-cell mediated rejection.




KEY POINTS

The first line of defense is non-specific and is part of the “mawt»e IMMmune
system. The first line of defense consists of: 1) physical barriers 2) chemicy]
barriers.

* The second line of defense is also part of the non-specific, innate immupe

system and includes non-specific immune cells, chemical mediators, fever:
inflammation, phagocytosis.

* The third line of defense is part of the adaptive or acquﬁred immunc system.
This line of defense provides specific, long-term protection against microbes.

The third line of defense includes: | ) T-cells; 2) B-cells and 3) antibodies.

* Neutrophils are

granular, non-specific immune cells that patrol the borders of
the body and el

minate microbes by phagocytosis.

Monocytes are agranular, non-s

pecific immune cells that circulate in the blood
and mature into macrophages w

hen they migrate into tissues.

second line of defense Process in which foreign materials
tlfed and broken down by neutrophils or macrophages
artment known as the lysosome.

njury or infection that: 1)
__2) FECTUIts immune ces to the site of
' microbes or damaged cells so tissue

dby pyrogens and regulated by
ell growth and increases

cted cells that help




)] KEY POINTS

DNA/RNA and blocking production of viral proteins.

Complement is a set of immune proteins that aid or "complement" immune
function.. Complement proteins form the membrane attack complex, which
forms holes on the surface of targeted microbes and leads to their lysis.

Vaccine as a immuno _biological substance which produce specific protection

against a given disease. It stimulates the production of protective antibody and
other immune mechanism.

There are two main types of specific defense mechanisms involved in the
immune system.: Cell mediated immune response and the antibody mediated
{mmune response.

Antibodies are immune system-related proteins called immunoglobulins.

Allergens cause the production of immunoglobulin E (IgE), an antibody thgt
all of us have in small amounts. Allergic persons, however, produce IgE 1n
abnormally large quantities

When the body produces an inappropriate immune response against its own
tissues itresultsinthe autoimmune disorders.
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EXERCISE ﬁ

A. Select the best answers for the following questions.

L. Which of these is not true of both T cells and B cells?
a. They are both lymphocytes.
b. They both are responsible for immunity
¢. They both pass through the thymus.
d. They both have receptor sites..

2. Memory cells of the immune system are derived from:
a. T lymphocytes c. plasma cells
; b. B lymphocytes d. Both a and b.
3. Which one of these is specifically responsible for antibody mediated
a Immunity?
el ~a. Tecells c. Platelets

: ’“r'b  Epithelial cells L e macells

-

sponsible for cell mediated immunity.
‘the body.




EXERCISE ﬁ

vacrsensitivity to an allergen is due to:

a. Increase 1n temperature c. Age
b. Food habits d. Aberrent functioning of immune system

Surgical removal of thymus of a new born shall result in failure to produce:
a. Monocytes c. T- lymphocytes
b. B-Lymphocytes d. Basophiils

Write short answers to the following questions.

| What are pyrogens? How they affect the hypothalamus?

7. List three benefits of fever.

3. How interferons inhibit the ability of viruses to infect cells?

4. What would happen if mucous of bronchi fails to do it job?

5 What are the agent of norspecific defense and specific defense?

6. Define allergy and allergens. List down some common allergic conditions.
7. Differentiate between the two types of acquired immunity.

Write answers of the following questions in detail.

What are the main events of inflammatory response?

7. Describe the structural features of human skin which provide effective
control against microbes. ' )
How macrophages and neutrophils help in killing bacteria?

4. How cell mediated immunity is attained? OIERT

5. What do you mean by autoimmune discases? Give some examples O
immune diseases. .

scribe the role of T-cells and B-cells in transplant reje
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GLOSSARY

. ancy, and help the plant tolerat
A plant hormone that generally acts to inhibit growth, promote dormancy, an P P e
AP o £ ¢ acCts &
stressful conditions.

: Ing season, as the result of
In plants, the dropping of leaves. flowers, fruits, or stems at the end of a growing
formation of a two-layered z

one of specialized cells (the abscission zone) and the action of a hormone
(ethylene).

gainst its concentration or

Ip of energy nputand specific transport proteins.

eﬁbosg,;.and tWo phosphate groups; formed by the removal of one

can be formed p
ctions as g "

Y the removal of
second messenger" for a

€n) to hlch Most individuals do o




I e gametangium, a moist chamber in which gametes develop

[nplants: the mal

ocyanin | . .
:'"‘,::ral water-soluble pigments of blue, purple or red which are dissolved in the cell-sap vacuole of
.ﬂxmlccl .

{blotic | ey |

a\n"hcmical that kills bacteria or inhibits their growth.
nv
tibody | '
. o immunoglobulin, produced by B cells, that functions as the effector in an immune
R‘Spnngc'

antigen
A foreign macromolecule that does not belong to the host organism and that elicits an immune

rcsponsc.

aorta
The major artery in blood-circulating systems; the aorta sends blood to the other body tissues.

apical dominance

Concentration of growth at the tip
growth.

apical meristem
Embryonic plant
grow in length.

of a plant shoot, where a terminal bud partially inhibits axillary bud

tissue in the tips of roots and in the buds of shoots that supplies cells for the plant to

In plants, the nonliving continuum formed by the extracellular pathway provided by the continuous

matrix of cell walls.
Programmed cell death brought about by signals that trigger the activation of a cascade of "suicide"

proteins in the cells destined to die.

. - -f
The energy-reqdring process by which plant cells convert nitrate ions (NQ,) taket} up by the roots 0
plants into ammonium ions (NH,), which can then be used in the synthesis of amino acids and other

nitrogenous compounds.
valve
A valve in the heart between each atrium and ventricle that prevents a backflow of blood when the.
§ B C gl

ventricles contract.




The study of how organisms manage their energy resources. .

biosynthesis ‘
Formation by living organisms of organic compounds from elements or simple compounds.

blood pressure

The hydrostatic force that blood exerts against the wall of a vessel.
bond energy

The quantity of energy that must be absorbed to break a
quantity of energy the bond releases when it forms.

bud

(1) In plants, an embryonic shoot, including rudimentary leaves, often protected by special bud Scales,
(2) Inanimals, an asexually produced outgrowth that develops into a new individual.

bulb

A modified bud with thickened leaves adapted for underground food storage.

C,pathway

The set of reactions by which some plants initially fix carbon in the four-carbon compound oxaloacetic
acid; the carbon dioxide is later released in the interior of the leaf and enters the Calvin cycle.

C, plant
A plant that prefaces the Calvin cycle with reactions that incorporate CO, into four-carbon compounds,

the end-product of which supplies CO, for the Calvin cycle.,
callus

i‘a_nts, undifferentiated tissue; a term used in tissue culture. grafting, and wound healing.

n cycle

particular kind of chemical bond: equal to th.

of two major stages in photosynthesis (following the light reactions), involving
Qgﬁ;aﬁon and reduction of the fixed carbon into carbohydrate.

y ofa chemical reaction by forming a temporary association
ofthe reaction is accelerated. Enzymes are catalysts.

srotists, bacteria, and viruses inside host
ells that circulate in the blood and
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at forms an essential component of animal cell membranes and acts as a precursor molecul
: - ecule

O] i th . o 3 1
eroic f other biologically important steroids.

he synthesis 0
nzyme

organic mo
abolic reactions.

lecule serving as a cofactor. Most vitamins function as coenzymes in important

actor
y nonprotein mol

yermanently boun

ecule or 1on that is required for the proper functioning of an enzyme. Cofactors can
d to the active site or may bind loosely with the substrate during catalysis.
(esion
- binding together of like molecules, often by hydrogen bonds.
lesion species concept
- idea that specific evolutionary adaptations and discrete complexes of genes define species.
K
.econdary tissue that is a major constituent of bark in woody and some herbaceous plants; made up of
ttened cells, dead at maturity; restricts gas and water exchange and protects the vascular tissues from
ury.
rk cambium :
cylinder of meristematic tissue in plants t
condary growth.
tokines

the vertebrate immune system, protein factors secreted by
gulators of neighboring cells.

tosol
he semifluid portion of the cytoplasm.
|

ay-neutral plant

\plant whose flowering is not affected by photoperiod.

lehydration reaction

\ chemical reaction in which two molecules covalently bond to one another with the removal of a water
nolecule.

liastole

El:ocsimge of the heart cycle in which the heart muscle is relaxed, allowing the chambers to fill with
astolic pressure

ressure in an artery during the ventricular relaxation phase of the heart cycle.

hat produces cork cells to replace the epidermis during

macrophages and helper T cells as

ization in angiosperms, in which two sperm cells unite with two cells in the

gote and endosperm.

ing to its two adjacent polynucleotide strands wound into a spiral shape.
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ACtigy
becoming reduced in the process. lectrons; one of several membrane protejns in c]uur'»n
7 i >cule that ¢ 'eys elec - (
electron carrier: A molecule that conve; 6 ‘electrons ditting the redo: reactions that release.
transport chains in cells. Electron carriers shuttle elec “1€age
id - < .
nergy used to make ATP. - y en e
k;]\rtg’\ U\'u sport chain: A sequence of electron-carrier molecules (membrane Proteins) that shutt]e
electron trans P A S
. . AACEA ANOTOY e (lk(,.’\ .
electrons during the redox reactions that release energy Usvndrf)m’ gl Bl ebSOr e
endergonic reaction: A nonspontaneous chemical reaction in which free e EY 15 absor Om the
surroundings. r s | |
£ ” : > 5 == SRR SO st absorb before dLhcmanlrc:u_'(
energy of activation (E,): The amount of energy that reactants must ab ion
b5 ' trelease of free enere
3 s - : ) FEB - - =5 5 \u.\ L"L.' > £
exergonicreactlon:./\spontzmcous chemical reaction in which there IS anetrele: gy
exocrine glands » e
Glands, suchassweatglands and digestive glands, that secrete their products into ducts tha empty onto
surfaces, such as the skin, orinto cavities, such as the interior ofthe stomach.

exocytosis

The cellular secretion of macromolecules by the fusion of vesicles with the lasma mem brane
F

facilitated diffusion: The spontaneous passage of molecy]es and ions,

proteins, across abiological membrane down thejr concentration gradients.

arbon chain carboxylic acid. Fatty acids vary in length and in the number and
nds; three fatty acids linked to aglycerol molecyle form fat.

ivated form of the bloo ~clotting protein fibrinogen, which aggregates into threads that

bound to specific carrier

> under pressyre. out of the
renal tubyle.

there is no tendency for water to




jmmunity (hyoo-mur-al); The type of immunity that fights bacteria and viruses i

h antibodies F o nd viruses in body
tion: f\_body strategy initiated by the release of chemicals following inju e
 brings additional blood with its protective cells to the injured area. jury or infection

pumoral
fluids wit
[nflamma

W I‘.i\'
Long-da¥ plants: Plants that flower when the length of daylight exceeds some critical period
vieristems: In plants. clusters of cells that retain their ability to divide, thereby producing new cells
One of the four basic tissues in plants. g cells.
Microfilaments: Thix_l protein fibers that are responsible for maintenance of cell shape, muscle
contraction and cyclosis. s
Microtubules: Thir}._hollow tubes in cells; built from repeating protein units of tubulin. Microtubules
are components of cilia, flagella, and the cytoskeleton.

parathyroid hormone (PTH). When blood calcium levels are low, PTH is secreted, causing calcium to
be released from bone.

Pelagic zqne:.Th‘e open oceans, divided into threelayers:1) photo- or epipelagic,(sunlit), 2)
mesopelagic (dim light), 3) aphotic or bathypelagic (always dark).

Placenta: In Vmammals (exclusive of marsupials and monotremes), the structure through which
nutrients and wastes are exchanged between the mother and embryo fetus. Develops from both

embryonic and uterine tissues.
Plasmid: A small circle of ONAIN bacteria in addition to its own chromosome.

component of seed coats and nuts.

Sclerenchyma: Component of the ground tissue system of plants. They are thick walled cells of various
shapes and sizes, providing supportor protection. They continue to function after the cell dies.

Short -day plants: Plants that flower in late summer Or fall when the length of daylight becomes shorter
than some critical period.

Thigmotropism: Changes in plant growth stimulated by contact W
climbing on cement walls.

Transformation: A genetic transfer mechanism that produces new
new organism is combined with the DNA of the host cell.

Translation: The cell process that converts a sequence of nucleotides in mRNA into a Sequence of

amino acids.

Vernalization: The promotion of flowering or germination afte
~ Viviparous: Referring to an animal whose offspring are born rather

ith another object, €.8., vines

DNA in bacteria when DNA from a

raplantis exposed to low temperatures.
than hatched throughan egg.
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