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

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

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

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

Explain the chemical composition of plasma membranc.

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

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

markers.

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

Describe the chemical nature and metabolic role of cytoplasm.

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

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

N - ‘!‘-
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«  State the structure and functions of the
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peroxisomes and glyoxi

SOmes n

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

lysosomes. Sk
| structure of mitochondrion and interhink 1t

s Explain the external and interna

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

with its function.
Describe the structure, composition and func

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

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

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

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

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

Describe the composition of cell wall ina prokaryotic cell.

Differentiate between the patterns of cell division in prokaryotic and

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

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

c
ol lular

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

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

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

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

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

2

—

l - .
1o our understanding of cells.

Table 1.1 Magnification ol the Microscope

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

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

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

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

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

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

It is a process of treating a specimen for ex al

ctures visible
d in light microscopy are shown 1n

common method is staining. :

s certain stru

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

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

under the microscope with a reagent of dye.

without affecting others. Some of the stains usc

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

| Suitable for

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

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

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

ganelles stain differently by different
a mlcrnscnpc.

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

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

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

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

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

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

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

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

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

Homogenization Differential centrifugation B

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

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

A oy oL

(pleces of e
m - g i

(and chlorop
Tissue Homegenate collular debris If cells are from

plaat)

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

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

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

« Water bath

¢ Centnifuge

¢ Refrigerator and freezer (-20°C)

« Cecll counter

¢ Inverted microscope

L

.

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

n steps in tissue culture

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

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

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

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

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

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

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

s a mean of separating one type of molecule from others

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

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

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

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

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

sion matern 1

light (Optical density) of the suspen

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

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

derivatives.

1.1.8 I\vlicrudisscc[iuu ‘

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

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

cach magnification.

Eyepiece reticles and stage micrometers
Overlaping reticle
and micrometer scales

Eyepiece 0 0.0
ocular .

! 5 ( e 0.1
L 3

A 0.2

S 0.3
6

l 7 0.4

Reticl 8 = Stage
eticle 0.5 microguctcr

Fig 1.2 Stage & ocular micrometer

1.3 Cell Wall and Plasma Membrane
1.3.1 CellWall

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

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

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

| 1) Nitrocellulose (Explosives)

ndary | 2) Rayan (Textile fiber)

"

R .})  Cellophane (Partially permeable membrane)

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

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

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

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

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

1.3.2 Plasma Membrane

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

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

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

a. Role of Proteins

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

et
p)
=
(©
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Glycopr
and

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

ipid

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

carbohydrates

transport of non-polar
brane proteins on the other

otein

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

bilayer makes the 1

hand m

vour Inforile
ents towards Fluid

embrane
-Two layers of lipid

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

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

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

mosaic model

)

Hydrophilic (polar) head

of phospholipid

Hydrophobic
fatty acid tail of
phospholipid

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

;.

‘-“'-'.‘r;/ -
\..- ’ .
°.'../ .

-

.‘.;

- « ",
-8

*
-.‘
..

rr

-~ '

B

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

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

..J.

’’’’’’
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€S such as 0ns ang Molee MY aboyy 7 : :
¢ lipid Blucose nd amjp,, , Olecules Particyl nm wide but it

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

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

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

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

 Cle i,

aryotic cells are divided into nucleus and

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

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

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

ntal biochemicals of life. In
molecules and ions may

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

Sectetoey vewsles Cywoplaeen, *

ite region of cytoplasm IS Fig 15 Animal cell

6 acting as storage of vital chemicals, the ground sy

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

11AA DA

e —

m
3
%

ers. In the cytosol mitochondria move about in cytoplasm i

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

Nucleus Npicleolus
Nuclear po Chromatyy

mitochondria
Vacuole
Chloroplast

Ribosomes

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

Fig: 1.6 Plant cell

ytoplasmlc Organelles

x *1‘ idoplasmic Reticulum

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

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

Nucleus

- membrancs one
called cisternae

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

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

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

YSWED 1NIM NALILIPAC

- ribosomes is ribosomal-RNA.
~ Ribosomes exist in two forms; either & Small subunits

MDCAT BY FUTURE DOCTORS

ese channels.
@'J'J KAOW7 —

The Smooth Endoplasmic | SER make

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

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

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

-t
A'ani=

rard

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

» A
4 ]
y

-4 The RNA present in

~ freely dispersed in the cytosol or )

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

___._——ﬂ

of protein synthesized bY free

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

ribosomes are found In P
Sincukaryotgs. %

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

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

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

forming face to form new cisterna.

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

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

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

importantrole in adding surfacearea tothe plasma membrane.

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

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

. They : very abundant in those animal cells which exhibit

bounded by single membrane and contain numerous

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

and are called primary lysosomes. These contain those

_——4;__



MDCAT BY FUTURE DOCTORS

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

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

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

this way, materials of cell may . - ;

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

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

also result in degencration of ool \ ey 2

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

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

a. Malfunctioning of Lysosomes y5050Mes

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

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

mental retardation and even death,

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

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

cell

Y.

diam

Plasma
Membmne

Unute Oxidase
crystalline _
core ﬁ"'j,

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

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

[ contains a number of
ding glycolic acid .
nd catalase .These organelles are most abundant in plant seedlings. The
1ty © ﬁﬂ:[e_’glyoxisomcs is the conversion of fatty acids to carbohydratcs.‘
uchas soyabeens, glyoxisomes provide sites for the breakdown of
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€S¢ are consid
. 3 crably m - .
proteins, linked to the ; Ore thin cylinders
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CYCIOSIS. rface of the plasma membrane ';;'I?Lf}-'t;)griic\::fv:;t::
¢ Intermediate filamengs
They have dia

; _ meter in betwee ——
They help in maintaining the cel| shapcn tose of microtubules and microfilamens.

vii. Centrioles

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

example mosses, liverworts etc. contain two ’ i

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

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

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

centriole pair

microtubule

3 | s triplet

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

Ccell division and in the

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

i -mmllian spermatozoon has a single

onas has two flagella, and

theunloellular protozoan Paramecium is covered with a few thousand ci

the unicellular green alga |

- i
In higher plants, cells seem to

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

J

ilia. Cihary
the base of

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

Duter

Microtubule Central

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

—Mitochandrial DNA

M Mairis Inner N

Membrane Duter

/\lrmhrauc

' Fig: 1.15 Mitochondrium

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

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

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

_ '%"—"Cuﬁd:
* WPERIST Epidermis

= Palisade cell

— Chloroplast

Nucleus
Vacuole
Cell Wall

Outer Membrane
Inner Membrane
Thylakoid
Stroma

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

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

h.

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

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

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

Chromntin

cnvelope

I

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

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

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

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

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

- molecular weight RNA and rDNA.

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

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

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

i

Mk, 1. L §io D G 3

e ™ = e 4, g

= =

‘-_ﬁ?—-—\.h FE

otic

wiuch
. the

St

’gnd is



MDCAT BY FUTURE DOCTORS

I——

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

cuglena etc), animals, plants and fungi.

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

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

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

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

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

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

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

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

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

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

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

Cellis the unitof structure and function of living organisms.

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

cell fractionation.

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

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

and functional unit of all organisms,

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

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

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

e Plasmamembrane is a selectively permeable membrane.

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

Endoplasmic reticulum helps in the transport of materials between the

cytoplasm and nucleus and also involved in the protein synthesis.

Golgi apparatus is mainly concerned with storage of secretory products

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

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

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

Microfilaments and microtubules give support ,shape and strength to the

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

another.

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

zi_lnd nucleolus (nucleoli).

the most conspicuous structure or cell organelle is the

4
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EXERCISEA

ose the correct answers in the following questions.

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

_Wor'[)igestivebags’ ofacell are

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

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

entify the mismatchin the following pairs:
4l Mtochmdm GEciialacreapitation

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

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

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

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

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

13. Lysosomes are also called as:

a. Peroxisomes b. Mesosomes

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

a. Respiration b. Photosynthesis

c. Photorespiration d. Phototropism

B. Write short answers of the following questions.

1. List fourmain functions of anucleus.

2. Whatdo you know about peroxisomes”’

3. Write two differences between rough cndoplasmic reticulum and smooth

endoplasmic reticulum.

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

Why are chloroplast found only in plant cells?

What are the consequences of cell losing cell membrane?

- N R

A
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C. Write the answers of the following questions.

_ Differentiate between a prokaryotic and eukaryotic cell.

Describe the fluid mosaic model of plasma membrane.

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

- Explaincritically the role of lysosomes in human body.

. Writeanote on cytoskeleton.

6. What do you mean by tissue culture?

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

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

What are the main steps involved in

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

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

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

Define carbohydrates and classify them

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

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

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

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

the approximate chemical composition of
ns, lipids

and nucleic acids as the four
al molec ules.

reoisomers of glucose
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Introduction

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

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

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

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

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

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

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

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

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

Lipids 2 3

DNA I 0.25

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

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

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

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

-
.

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

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

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

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

e :
H — “N ‘CN.C,C\O,H + H H

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

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

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

Sucrose + Water ————— Glucose + Fructose

Both condensation reactions and hydrolysis nced specific enzymes.

2.2 Biological Importance of Wates

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

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

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

water molecules to remain attached together.

b. Universal Solvent

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

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

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

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

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

distributed throughout a system.

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

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

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

polysaccharides.

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

H
B

#U
‘\ Aldehyde group

H c—0H

HO ——C—H

hydrmqu groups

iy

7}
r‘ A
a

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

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

keto-
group

fructose

.

Fig: 2.4 Fructose containing keto group

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

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

L3

ible. Ribose and glucose

y
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S

CH,OH

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

- H '
E 2 HO OH | o

GI{(C}Traldt-:hydes Ribose tjlucoz—i

(}"_‘;%";‘)1) (Pentose) (Hexose)

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

2.3.2 Oligosaccharides

Oligosaccharides are hydrolyzed

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

simple monosacharide units. The a1 e

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

common oligosaccharides.
Common disaccharides are

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

Fig: 2.6 Isomerism and stereoisomerism in elucose

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

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

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

Hydrolase
Lactose + Water L__’
vt actase

Glucose + Galactose

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

aaie —

stive tract as aresult of starch digestion.

§ Hydrolase

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

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

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

A
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Cellulose fibers

Cellulose structure
CH.OH

H OH CH,OH L+ H  TOHIE=

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

Storage Molecules

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

use.

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

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

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

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

Proteins

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

e ar functions. They contain elements carbon. h

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

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

e o lculcs sequence forming hundreds and thousands of different

Hydrogen

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

ik

NnAalllipac

A
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Jola
Swe) qul\ NnAalllipN

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

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

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

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

9uf inforgle

Sickle cell anemia is a blood disorder that affects

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

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

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

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

with normal haemoglobin(haemoglobin A, or HbA)ymove

easily through the bloodstream, delivering oxygen to all

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

aall blood vessel. ’

g

2.4;2 Shape of Proteins

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

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

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

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

2.4.3 Levels of Structure (Organization)

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

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

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

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

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

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

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

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

hooves etc. In plants prot
pea elc.
s

embryos e.g. bean, pulses,

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

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

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

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

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

Fig: 2.13 Formation of Triglyceride from fatty acids and glycerol

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

Unsaturated fatty acids have one or more double bonds between some

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

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

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

I
s

A
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The triglyceroids
have high caloric value
and usually yield twice

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

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

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

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

2.5.3 Waxes

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

2.5.4 Steroids

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

c. Testasteronc

¢ exumples of the sterolds,

Fig: 2.14 Some representatis

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

CH,

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

lipids that like the ste
hstances

2.15 An Isoprenold units

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

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

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

.6.1 Nucleotides

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

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

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

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

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

Phosphodiester
bond

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

mononucleotide is the adenosine triphosphate OH

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

forms a structure called adenosine. When

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

form a nuclecotide called adenosine

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

¢. Phosphoric acid

Purines Pyrimidines

L0,

]
I
|
: L
|

SN
M
Adenine I u
7 S I
| Cytosine
Vaddll

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

| part of DNA. —

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

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

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

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

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

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

i ATP + H2O ——>ADP + P + 7.0K Cal

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

0 Fig: 2.18 Hydrolysis of ATP molecule.

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

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

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

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

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

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

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

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

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

Fig: 2.19 Some examples of co-enzymes.

2.6.2 Polynucleotides (Poly:many)

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

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

1. Deoxyribonucleic Acid (DNA)

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

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

distance of 0.34 nm between them.

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

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

xyribonucleotide and Cytosine deoxyribonucleotide.

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

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

— Sugar (deoxyribose)
Phosphate group
Sugar-phosphate

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

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

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

2. Ribonucleic Acid

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

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

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

— On
3

3“

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

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

a. Messenger RNA (mRNA)

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

b. Transfer RNA (tRNA)

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

¢. Ribosomal RNA (rRNA)

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

—-L y
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2.6.3 DNA as Hereditary Material

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

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

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

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

t 1 -

DNA is the data bank of living organisms. DNA molec

ules contain in

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

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

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

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

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

2.6.5 RNA as a carrier of genetic information

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

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

SRS
-.s

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

0 acids in a polypeptide.

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

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

\ : -
A HDODITOLCHS.

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

1Tl

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

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

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

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

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

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

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

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

e Carbohydrates are classified into monosaccharides, oligosaccharides and

polysacchandes.

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

Cellulose is a common polysaccharides found in plants,

Carbohydrates provide energy, a building material of different body

structure and are storage molecules.

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

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

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

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

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

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

» Fatty acid may be saturated or unsaturated. ‘

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

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

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

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

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

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

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

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

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

. When more than two nucleotides join together they form polynucleotides

~ e.g. DNA and RNA.

'anph of conjugate molecules are glycoproteins, nucleoproteins,

g’lyadlplds and lipoproteins.

g

A
4

.‘I

A
.J-'
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l

m
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EXERCISE 7

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

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

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

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

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

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

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

b. galactose
d. fructose
achemical reaction between:

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

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

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

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

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

Projects:
« Make amodel exhibiting the hydrogen bonding.

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

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

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

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

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

3.2 ModeofEnzymeAction
Following two hypotheses explains mode of enzyme action

321 Lockand Key Hypothesis

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

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

" ced-Fit Hypothesis

ion of the substrate and enzyme form an enzyme-substrate

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

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

product (P):

S~P

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

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

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

active site

voe

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

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

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

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

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

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

g enzyme, making
tons inside the

energy of
reactants

free energy (G)

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

gy 15 86 k) mol -



this b RANGINGANE Conditions within e 2

3C Ofactors

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

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

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

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

B BAD NADP$UU00 . remriesofCocoymes

3.4 Enzyme non

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

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

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

ttm reahnons in which the cleavage of bonds 38
&5
" of water. The hydro lases include the eSter®s
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Table 3.1 Enzyme Nomenchature by Substrate
—-—#_,_

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

4, Lyases

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

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

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

3.5 Factors that Affect the Rate of Enzyme Reactions

Rate of enzyme reactions depend on the following factors.

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

oo - DS
i
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. - ¥

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

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

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

B.pH

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

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

_ pH, such as protease enzymes in

animal stomachs, which have an

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

more specifically, changes in pH
zes amino acids forming a

Scanned with CamSc



reaction. At very high enzyme concentration the substrate concentration may become
rate-limiting, so the rate stops increasing. Normally enzymes are present in cells in
rather low concentrations.

Iy. Substrate concent ration

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

X= point of saturation

In‘craasing :
concentration does
not affect reaction rate

Rate of Reaction

Substrate concentration

itration

. Inhibitors

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

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

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

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

3.6 Feedback Inhibition

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

ENTAM
Vol 1

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

“ Intermediate *Product
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POINTS

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

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

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

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

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

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

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

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

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

eby balancing the amount provided
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EXERCISE ‘gﬁ

% ¥ wh
5 .,_l‘;

rrect answersin the fodlow)

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

l mlthappen toreaction if enzyme is added?

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

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

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

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

alka:lme condmons‘?
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EXERCISE..

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

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

2. What are metal activators? Give three examples.

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

4. How pH ofa cell affects the enzyme activity?

C. Write detailed answers to the follow ing

questions.
1. Describe the characteristics of enzymes,

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

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

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

~*  Listdownsome common veng
*  Enzymes are '
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Introduction '

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

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

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

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

4.1. Photosynthesis

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

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

Light)

I'lf_{?,-!:”‘} - H

(chiorophyii)

e FHL). HeH O

Photosynthetic Reactunts and Products:

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

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

> -‘-

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

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

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

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

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

 placed therein a Lamp and a Moon giving light;

Sura Al-fur’gan Aayah; 61

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

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

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

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

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

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

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

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

shyll is aftached to the thylakoid

: . 4 "“Iﬁ‘a_:f:
mner Stroma ™™

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

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

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

Chlorophyll “a” and “b” differ

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

red or brown pigments. Carotenoids play

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

:iledaccessory pigments. Carotenoids ,CH

- Protect chlorophyll from intense light ‘

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

NP

Chilo roth" a

¢ é‘ﬁlorophyll b

i \_ Carotenoids

i : Wavelength of light (nm)

Fig: 4.4 Abserption Spectra of Chlorophylls and Carotenoids

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

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

I e

400 450 500
Wavelength (nm)

4.1.5 Role of CO.as on |

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

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

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

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

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

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

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

Scientisis Jate »d Nei : iy

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

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

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

{ H {) s RS i)

CH,0" + H

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

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

4.2.1 Light Reaction (Light dependent reaction) $e i

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

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

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

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

! el
hghl To. .[_hl)n

“[{J:\
: Yt

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

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

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

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

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

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

Ty is

become.
meS oslh“‘ci\(

clectron aCceptor oy d
¢

n transpon ch&in

. The electrons from plastocyanin are received b

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

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

4H,0 ——— 4H'+4(0H)

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

24° HO

Photosystem Il

L Cyclicelectron transpot

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

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

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

produced during cyclic electron flow. o
ed back in ¥

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

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

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

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

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

PGAL+ADI
PGA+ATP+ NADPH D A

&

L% :

PHASE 1 .
REDUCTION

Glucose and
other organic
compounds

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

nounds. The other five PGAL

. ‘.".‘;-_,- L"__\"_,.*
- -

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

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

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

I equation of aerobic respiration for glucose breakdown
follows:

(‘a "u”-» t60), L e b O +6HO+36A |

T an fosesd i

£y 18 releach T}IC
an be writien .

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

Opposite of Photosynthesis where
Xide and water are used as

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

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

Glyeolysis

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

aratory phase

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

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

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

2NAD .
@y o

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

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

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

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

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

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

; * Citrate is converted to isocitrate

i . Citrate ——» [socitrate

FN B

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

ADP and inorganic phosphate in the electron

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

mnermﬁmbr&ne called intermembrane space.

Table No: 4.1Production of ATPs in respiratory chemical pathways

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

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

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

ver cells can 0X idize

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

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



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

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

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

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

msplratlon continues and fermentation ocCUrs. The process of fermentation consists

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

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

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

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

2NADH 2NAD

B cHO) kjﬁ . 2(CHO)

Pyravic Acid T * Lactic Acig

Alcoholic Fermentation vt SIS S
lcohohc Fermentaum m

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

4.4.1 Disadvantages of Photorespiration (Consequences)

e 12y and docs nothing to 3¢ i
45 CpPhotosynthesis 810 serve the needs of the plant

Scand with CamSc



MDCAT BY FUTURE DOCTORS

Scanned with CamSc



®

5 o e ises by means of which livin
Qmuwrgencs is the study of those processes by means of whi 4
OT@anisms store, use and release energy.

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

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

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

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

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

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

" are produced and its end products
'CO,.

aerobic and anaerobic
~d FADH, are

of photosynthesis,

a place of CO, and

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

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

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

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

Describe the role of sunlight in the process of photosynthesis.

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

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

What is photores piration and what are its disadvantages?

P B O S

L -l;'.,

Projects: ; : .

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.3 Classification of Viruses

Viruses can be broadly classified

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

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

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

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

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

Bnrteriophagg- "

Fig;

5.1 Different Shapes of Viruses
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5.4.1 Structure of Bacteriophage

Bacteriophage (phage) are obligate intracellular

parasites that multiply insjde

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

as follows:

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

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

Some are icosahedral (20 sides) others are |

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

covering for the nucleic acid. ;iié r

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

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

structure.

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

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

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

5.4.2 TheStructure of HI \%

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

B

Tidbit =

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

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

ch particle shows numerous spikes.

ghly spherical

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

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

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

pl7.

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

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

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

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

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

5.4.3 Structure of Flu Virus

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

: gs to the "enveloped"
ribonugleic

specifics the amino acid Sequence of on

Nucleoprotein

T

ap 120 >
gpdl

viral ..
envelope
pI7 X
p24 .

protease” 1,1
reverse —-
transcriptas
RNA}

Fig; 5.3 Human

: group of
ac1d(RNA)makeupthe in s iacs

lmmunodeficiency virus

Eight separate pieces of
me and each piece of RNA

Neuramlnidase
(sialidase)



the phage namely lytic cycle an

3.9

5.5.1  Virus Evasion of lmmnne Responses

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

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

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

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

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

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

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

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

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

cells that are younger.

'-“'"_;— 2 g s S e

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

Record the symptoms of flu in anv ; i o |

y individual, Make a list

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

specific fora specific host. ? R iatats

g
*

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

The virus that ir_{fccté and becom '

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

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

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

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

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

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

e

Daughter cell with
prophage

The Phage injects
its DNA

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

exits the bacterial FRage’\ with m/mhags

bacterial
3 4  Chromosome

B
= 3 J.."-  § ;:
i y @ ¥
1 - e
w4 Y

chrumosoma.
initiating lytic cycle

The cell lyses, releasing phages

Lytic cycle Lysogenic Cycle
Is induced or is entgred Prophage

QTS 1o i

b

New phage DNA and proteins
are synthesized and assembled

Fig:5.5 Conve

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

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

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

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

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

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

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

)7*_- Phage DNA

Iike bacteriophages. Virus DNA
(Recombinant DNA)

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

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

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

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

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

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

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

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

illness.

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

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

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

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

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

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

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

Gradually, over many years

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

defense, cap multiply withi 10thave been able to

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

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

- @" e e e —

a'

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

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

f i‘ — \ _

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

]':Viral proteas

e

-

: .

Provirué
S

Nucleus

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

Fig 5.7 Life cycle of HIV

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

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

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

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

..r.-:'“."
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Prevention

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

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

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

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

develops hepatitis.

\

o A : ' )
Lror (our Informciiion J

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

that the incubation period is 2 to 26

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

Coronaviruses (CoV) are a large family o

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

S

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

\

ntified in hym
VID-19

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

ans. Most
fange from ]-14

Treatment

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

Oratory
treated in the

rt-term infect

J

tests show liver damage, it's

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

hOSpi

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

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

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

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

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

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

b Ple infectede treatment of choice 3

« H :

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

types of the herpes simplex

Th

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

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

thand on the face. |
d is generally responsible for

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

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

pills.

¢. Polio

Poliomyelitis (polio) is a highly infectious vira] dise

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

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

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

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

Or breath

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

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

aislise aqy neev’ ct infeCtiOHS- medicﬂti g

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

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

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

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

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

Sym,mﬁms

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

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

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

infected food.
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. diseases: Some of these -

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

protein coat. They are the cause

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

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

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

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

of a few plant diseases such as po

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

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

history of biology:
on, is essentid

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

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

11),' 4 nucleic acid

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

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

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

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

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

the head is found the

gression of
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Ac EXERCISE ¢

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

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

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

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

C. envelope d. tail fibres

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

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

‘ Which statement i true of viroids?

a. They are single-stranded RNA particles.

b. They are single-stranded DNA particles

¢. They reproduce only outside of the cell.

d. They belong to begomovirus.

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

c. Fatal familial Insomnia d. cadang- cadang disease

B. Write short answers to the following questions

1 Give a brief statug Of Viruges i classification

— st : Scanned with CamSc



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

nsequenccs
1? syst em in human body?
mmune

What arc the co
orsperm ¢€

LV ]

human g8

sthei
How do viruses suppresse

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

Why do viruses needa

List down the main steps inthel
esmaintain a healthy

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

How lymphocyt

Write detailed answers t ing
manages to surv ive 1S

Explain how a virus
immune system?

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

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

hage in genetic €n gineering.

e

Projects

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

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

Explain the phylogenetic position

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

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

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

wall and other coverings.
Compare cell wall differences in

hat distinguish them from bacterig

Gram-positive and Gram

bacteria.
Explain the greatd
Justify the endospore

conditions:

Explain motility in bacteria.

Desc ribe sMcMc ofbacterial flagellum.

Descri ibe genomic organization of bacteria.

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

peser 1 autot(rgphlc and heterotrophic nutrition in bacterla o

Explain the plgtﬁent composition in cyanobacterla

L —

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

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

S 2 nt :

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

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

: . . etic recom N Variab);

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

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

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

P -__,:..'-fu T-_-l’- m

s Define the term normal flora.

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

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

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

* List the chemical and

h 0
bacteria. PAySical methods used to control harmful

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

]d CO 1 2|

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

. Theplasma lipids » OfcarbOhy & o OMplex cajleg i

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

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

tidoglycd ' . i

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

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

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

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

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

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

a e A S AN, T 2R

i, el i il s N RN .

| 6.4 Bacteria

e =

; ;.;. J s

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

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

I[] -
f; "”chg“
n

6.1 Tax . .
o raxonemy of Prokaryoles . :

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

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

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

Sufficient information on their biochemical and metabolic characteristics has been

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

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

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

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

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

This has revea ed that OVer }

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

acquir tion and research 1€s and

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

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

e

-k ... |

ﬂ..L-h:i.s:zl

6,3 A Archaea are dIStlnCnVe ]n

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

6.8.1 Benefits of normal Bacterial flora

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

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

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

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

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

of their own needs-

Table: 6.1 Bacterial flora of humans

Body Part Human flora

S S T

tococci and lactobacilli.
Oral cavity Streptococci

Neisseria sp., Gramnegative rod and cocci.

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

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

3 \ RespiraW Streptococci,  corynebacteria,

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

Clostridium.

ft rot Fig: 6.12 Bacterial gall

Fig: 6.11 Bacterial so

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

5. Bacterial blights
Bacterial blights on different plants are known

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

L. Bacterial leaf spots

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

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

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

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

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

2. Bacterial wil¢

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

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

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

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

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

2. Typhoid fever

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

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

3. Tuberculosis (TB) -

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

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

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

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

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

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

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

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

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

symbiotic nitrogen fixation in the roots of leguminous plants. Herbivorous mammals
cannot break down cellulose. Bacteria live in their guts and help in the digestion of
cellulose by breaking it down. The relationship is called commensalisms. Soil
bacteria decompose the organic matter and make the soil fertile. Bacteria also pla

important role in nitrogen, phosphorus, sulphur and carbon cycles, ) §

iv. Other uses of bacte(ti'i_a . _
Bacteria are used in the preparation of diary products s

and yoghurt. Ihey are m_volved in the preparation of antibioléfchs as b
acids and proteins. Bacteria are employed in retting of fibers ang mék\_’l
1

v. Spoilage offood
Bacteria spoil the food items. Foods with

decomposed by bacteria. Eggs, fish and cooked fooq
bacterial action.
6.6 Pacterial Diseases in Tumans

A relatively small number of bacteria are

Escherichia coli are used in
ducing transgenic plants

y break down organic
which

utter, cheese
negar, amino
ng of'silage.

;ﬁh }?rotein CoOntents are
milk are g Spoiled by

the Cause

of human beings. These diseases a - 0of'm . )
" re transmitte throy ANy serious diseases

ay > Water, food and
Sed by the bacteria are

through wounds or cracks in the skin.Some of the

discussed below. diseage

S¢
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ipient

cell.

mologous sections

. ho
3 osomes syndpse'

of chrom

4. Cells separate. Section of
donar chromosome integrat
into recipient chromosome

by crossing over.

Fig: 6.8 Bacterial conjugation and recombination

Normally Escherichia coli can synthesize all amino acids it requires. It was

sed 10 shortwave radiation and two mutants were isolated. One mutant was

e:(Pb » to synthesize biotin (a vitamin) and amino acid methionine. The other mutant

unal aot synthesize amino  acids theronine and leucine. The fi i

O et P bt . our chemicals are
g ‘al e s acteria. The two mutants were mixed and cultured i

e edium lacking { reama

on M g 1n all the four compounds. None of the ¢

co™ “in the absence of essential chemicals. but ells would have

to the great astonishment of
atexchange
jua:;d NEW recombinants were

nds for growth. Later studies

W
g0 _pers, hundreds of colonjeg i
of :
I'esear ¢ has occurred thWeen —— deVEIOped_ This Suggests th

n . .
o geed which did not require the
form py electron microscope

ﬂ"':jzgatiﬂn tube between the pa
cO

two parental bacteri

4
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ansduction

i Bacterial recombination by
,nsduction was first reported by
trederberg and Zinder in 1952. A piece
:f DNA 1S transmitted from a donor
0 a recipient cell through a third
called bacteriophage. The phage
attaches itself to the surface of the
pacterial cell called donor bacterium
and injects its DNA into the cell. The
viral DNA directs the formation of
rotein coats. Sometimes a piece of
DNA of donor bacterium may become
atached to the DNA of phage, the
recombinant DNA is known as
prophage. Many phages are
ssembled in the bacterial cell which
bursts and a crop of phages 1s released
wmpleting a lytic cycle. Phages
which cause lysis are called virulent

phages.

Hos!icdcl‘peﬁﬁmo R S j
(Donor cell)

pacterial \ .
chromosom 1. Phaoe Wject ks

DNA

{Iruﬂsdu:lng phage) l

b Cell synthesizes new
phages that incorporat
phage DNA and

Transducing \ mistakenly
some host DNA

phage

Recipient host ce \
_Transducing phage
njects donor DNA
Transduced cell ‘ "
. Donor DNA is
incorporated into
recipient's
chromosomes
by recombinafion
_-—_I_

Fig: 6.7 Transduction in bacteria

Newly formed phage now attacks a new bacterium, inserts its DNA into the
bacterium which is now called recipient bacterium. The lysogenic life cycle starts.
~ Thephage is called temperate phage. The recipient bacterium at this stage contains
Sme types of DNA i.e DNA of its own, DNA of donor bacterium and DN A of phage.
. Lhm: recipient cell's chromosome becomes a combination of DNA derived fromboth
¢ € ba : . o 14 . ;
et ;lt;:alaclz;eg]sr i.c the rec?leg; ancll the donor cells. With the division of recipient
s ofd' ee types of DNA also replicate. In some daughter bacteria, SO
S onor DNA also express themselves donor and recipient bacteria. In this
the genetic material of donor bacterium is carried to the recipi '
“Ueriophage completi | ) o the recipient through 3
L Cont gecompleting the process of transduction,
"Jggation
(irg, onjugation is a recombination process in which tivs .
e which livin : into
lagr, vact and the donor cell transfers DNA to th : g-baCtena o
€ recipient cell. The DN‘

Sfer .
B 18 One w . .
sc"‘-"fchia cah:ay. The process was studied in 1946 by Lederberg and Tatu® i

i TR
i b M ——

“oldiiieu wiul Tdi




_— ‘In 1928 Frediich Griffith, an German microbiolpgist, ifleCICd live R-type

w5 nto the body of a healthy mouse, the mouse remalpe:'d ahvc.: and showed no

anmptoms of pneumonia, Then S-type live cells were 1njt?ctcd into t.he body of

- her Mouse, the mouse suffered from pneumonia and died. Heat-killed S-type
S Were injected into the body of a healthy mouse, the mouse remained alive,

| Mixdead S strain cells with - |
Kil the virulent $ | Iving non virvlent R #ﬂﬁﬂ |

bacterlal by healing

- l s st
g
.
g Wl 2

Results Mouse dies Mouse Healthy Mouse Healthy Mouse dies

Living $ strain cells  No bacterial cells No bacterial cells Living § strains cells
found in heart found In heart found in heart found in heart

Fig: 6.6 Experiment showing transformation principle in bacteria

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

what happened next puzzled Griffth and his associates, A mixture of heat killed § -

e and live Rjtype was injected into the body of a healthy mouse, the mouse died
from pneumonia. The autopsy revealed the presence of many living S-type cells in
s Jead body of the mouse. He concluded that the head-killed S-type cells released
- Subsﬁnc”ﬁ] Wlhl(:h changed some of the R-type non-virulent cells into S-type
"in:i[-:u(;:ntsl;)act;i:e R-type non-virulent bacteria were transformed into live S-

Later Avery and hjg CO-w . i _ .
. -worker -
forming substance as DN A i m:,: In 1944 isolated and identified the
is rele

S : : .
ﬂfamrﬂe"t of DNA s released by donor b kl'lown t.hz.lt during transfon@‘ng a small
ﬁaegplaces asimilar piece fDNA acteria and it is taken by the recipient where
itr i

T

Scanned with C

-

amSc



Jpu——T "MDCAT BY FUTURE DOCTORS e T T ———

a -4 ] . h 3
Mutaﬁm‘l and genetic recombination okaryotic

Chromosame
in bacteria - --::‘mm;
. s e . . __membrana
The genetic variation in bactena ~—— " Cellwai
3 ‘ . upiicalion of
s achieved either by mutation or genetic Chromosomes

rccombination: h/_lutat'ion 1S a .major
source of variation in bacteria b‘l.lt
additional diversity arises from genetic
recombination. After a few round of
pinary fission, most of the offspring are
genetically identical to the parent cell.
The genctic diversity leads to fast
evolution. Genetically better individuals
qrvive and reproduce more prolifically
than less fitindividuals.

Fig: 6.5 Asexual reproduction in Bacteria

i f the cell.
Mutation changes the bacterial chromosome b.y altering the DI::I&I ge - ;111&
[n most cases, mutation involves a disruption of the nitrogen base s€q

igni ' ome.
orthe loss of a significant piece of chromos -
In bacterial recombination the cells do not fuse and only a portion of DNA

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

b.Sexu Iz:l Z; ; ;t er;: ::.S.;:; al reproduction occurs b).f genetic rs:cor:nbination which s a
-~ pimitive type of sexual reproduction. In genetic recoglblnatlon, DNA from two
| different sources combine. The cells do not fuse, only a piece of. DNA of donor cellis
| inserted in the recipient cell. In recipient cell, the DNA portion of the donor cell
orients itselfin such a way that the homologous genes come close to one another. A
fagment of the DNA of the recipient is knockefl off and DNA of donor is integrated
Moit, The recipient cell is now calleda recomblnant_cell. There are three methods of
"acterial recombination i.e transformation, transduction and conjugation.

- Transformation

| Streptococcus pneumonia has two strains, one causes pneumonia but the
®ris unable to do so. The cells of the virulent strain are capsulated from smootd

| :: Onies and are called S-types. The non-virulent strain is non-capsulated, forms
“ehcolonies and is called R-type.
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ap s of cells 1ncreases and reproduction

The lag phase is follo¥ed > rpe mas :
Tepresents ap fcﬁvzs:t;ge of gro¥ 'T:sses, the number of bacteria doubles. In

follows it. As each gencrati(’“ tlﬂi‘o during the
hll'l]]anS, the disease Sy]'npl()lns eve s A et

..a-""-""‘"-’—w_ |
A Stationery )
phase¢ _ |
a Death, or : |
or / 1, T
£ E:jonemiﬂl‘{ logarithmic
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2 growth decline
L phase phase
1
2
&
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o phase
- _/
¢ 5 10
Time(hrs)

Fig: 6.4 Growth curve for bacterial population

log phase because the bacterial production attains such a high level which damages :
the tissues. Later on, the growth slows down because of the shortage of nutrients and

is called as stationary phase. Later the p :
. u
new cells formed. The population decli o dymg cells exceeds the number of

ot R i tmmsﬁones and 1t‘ is called decline phase. The decline
wastes. n of nutrients and the accumulation of toxic
6.4.8 Reproduction in bacterjy

Most common methg

d
but they can also reproduce of product

10n i oo 3 .
Sexually 0 bacteria is asexual reproduction,

types of sexual reproductj, Y genetic g
n, Ieco ich is primiti
a. Asexual repreductigy WBEston Witkeh. 18 iz
Asexual Teproductioy, i
the cell membrane gOWs o ACterig ¢

: ake :
replicates and the ce]) membrICe o jtg e Saplace by blnﬂry fission. The cell and
1 d y dC =
o e o 2 i e,
. aterjs) i € mi a
inward to separate t, nal le of the cell, Usually

o ISe 4} r ) .
foriiei 7 d‘“dingqc?lily distrip,. 2t the location of inward growth.

bu
In thig -y the_ cell wall thickens and grows
€ of division, no mitotic structure is

=,
..',x!, .
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Another type of relationship is commensalism in which one partner is
fitted while the other is neither benefitted nor barmed. Rhizobium radiciol,
jevelops @ symbiotic association with roots of legum.mous plants. It forms nodules
o the roots, fix atmospheric nitrogen and supply nitrogenous compounds to the
jant and gets food and shelter in return from the plant. _

6.4.6 Comparison of Photosynthesis in Bacteria and C yanobacteria

The process of photosynthesis in photoautotrophic bacteria is different from
cy‘rmgbm:tcria. In photosynthetic bacteria, oxygen is not relcas:e_d as by product
whereas the cyanobacteria release oxygen during photosynthcs.ls. The source of
hydrogen in bacteria is hydrogen sulphide where as cyanobacteria, like plants, get
hydrogen from water.

Photoautotroph bacteria have photosystem I but lack photosystem IL In
hacteria cyclic electrons flow is the sole means of generating ATP and NADPH bot.h.
Bacteria possess bacteriochlorophyll “a” whereas the pigment complex in
cyanobacteria consists of chlorophyll “a”, phycocyanin, allophycocyanin and
phycoerythrin.

64.7 Growth in Bacteria

| In case of bacteria, growth means the increase in the total population
ather than increase in the size of organism. Bacteria grow very fast and their growth
is affected by temperature, availability of nutrients, pH and iqnic concentration.
Under favorable conditions, a bacterium divides afterevery 20 minutes.

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

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

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

"ognized, The lag phase COVCIS the first few hours when there appears 1o
Bowth, D;.lring this period, the bacteria become accustomed to their new

Wironment,

pene

E & h _
1

(bt ) =

The generation time for Escherichia coli is 20 gy_lnut =

4 the division goes unchecked, after 36 hours there would

bacteria to coverthe faceof theearth. i d il
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mﬂautoh—ophs as ource of energy. They derive the
€8¢ bacteria do not use sunlight as ch as hydrogen sulphide,

ubstances su

Cne : . - ——
'8Y by the oxidation of inorgani¢ S ds. Such a process of food formation is

Mmonig, hitrates, nitrites and iron coMPOY
called Chemosynthesis.

b. E‘Eeiﬂl‘m’?‘{lp‘lift Bacieria ’ ; btai

These bacteria are unable to prepare their own foqd. T'hese organisms obtain |

energy from organic compounds prepared by other organisms. There are three types [

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

bacteria. |
I. Saprophytic bacteria

| Saprophytic bacteria, commonly known as

dead organic matter which is derived from

bactefia possess a powerful enzyme g

.saprobes, feed exclusively on
plants and animals remains. These

nth Pes are called recyclers of Dutrientg

a ro St e cl x -
_ palso called the scavengers of eargyy Y clean the earth by their action, they
g grasitic bactef'z
ii. arasitic bacteria dq
T::tfer of their live hOSt:(;h.OSS?SS the enzyme
organ-“?c pacteria cause diseageg ang ¥ nclyge um System for the breakdown of
l mbiotic bacteria e calleq Pathg 03, plants and animals. Many
jiie “Symbiosis” means Jjy; gens,
. chi with other Organj

O8ether

4 .

i on . 3 mS, ymbl ] % :
r 613.“61_5 and1® e mu‘fuahsml The re]ﬁtion;);:‘c baCtena develop a nutritioﬂal
p? P

May be beneficial to both
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Endospore may develop near the end or in the centre
of the cell. It contains little water, The cell
membrane grows in to seal off the developing spore.
It is further pProtected by thick layers of
peptidoglycan. When the external environment is
faVOUr?ble the protective layers break down and the
spore is released which acts as a vegetative cell.
Endospore formation 1s not a reproductive process m———
asavegetative cell forms a single endospore which e Memeane
later on produces one vegetative cell.

Fig: 6.3 Structure of Endospore

Tidbit ) —

. 'El i
"

s Live spores have been recovered from the intestines of
gyptian mummies. Archaeologists found the endopores alive from

7518 years old sediments of Minnesota's Elk Lake. s
AR

6.4.5Mode of nutrition in bacteria

. Bacteria, like other organisms, require food for growth and other vital
activities. They need carbon and energy for their nutrition. Bacteria are divided into
two groups on the basis of their nutritional approach i.e. autotrophs and

heterotrophs.

a.Autotrophic bacteria . my
Autotrophic bacteria synthesize their food from simple carbon sources. They

use inorganic carbon compound such as carbon dioxide and ions like carbonates,
nitrates and sulphates. Energy needed for the synthesis of food comes from sun and

chemical reactions occur in cytoplasm. |
The autotrophic bacteria are further divided into two groups namely

Photoautotrophs and chemoautotrophs.

L Photoauivtophs
Photoautotrophic bacteria possess chlorophyll and can manufacture their

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

“llmembrane in cytoplasm.

y

MSc
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b. Bacil);

+ Bacilli (sj , )
}l;(s?:lgular: bacillus) cia, Most rods occurs singly but some form pairs

. af::lh are‘rod-shz'apf:d bactfs - ning (?hams are kno.wn as streptobacilli.
¢ called diplobacilli, Oﬂlc nd (lostridium tetani causing tetanus are bacilli

Salmonellq 1yphi causing typhold #

bacteria.
_,--';"'" Curved Forms Other Shapes
Rod-shapé

NS
Loircular

Staphylo-(cluster) | Mycobacteria Spirochete (spiral) |  Streptomyces

Fig: 6.2 Different shapes of bacterig

c. Spirilla (singular: spirillum)
They are corkscrew-ghy | I
, Ped bacter;
at the ends. Spirila nevey . i acteria. They are motile and flagella are attached !'}
i

. . ter :
complete twist, look like co Sor COlOmes :
644 Endospores " Watecalleg g0 SPirlla have less than one

Some Gram-positive bé , .
|

endospores. The spor Cleria
- A €S remai. . Produyc . "
conditions with regardedtot;n M aliye © highly fesistant structures called !

earth in its earl I' map
M Petature radiationsy Yjars under extremely harsh ,
and water gh 1
Ortage prevailing on |

o
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. Ribosomes . : o
" Ribosomes are RNA-protein bodies found freely dispersed within the

cytoplasm. They are associated with the synthesis of proteins. They are smaller in
size than the ribosomes of eukaryotic cells.

bh. Genomicorganization

I DN‘I he genome of bacteria is different from a eukaryotic genome and possesses
ess DNA. It consists of a single circular i
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linear chromosome of eukaryote, e e
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Fig: 6.1 Structu

Gram—negative bacteria have at

dye easily when rinsed with alcohol. Cell W2

complex; the thin peptidoglycan layer 1S

lipopolysaccharides. Gram-negative bacteria are m

bacteria because the outer layer of lipopolysace
antibiotics.

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

in motility. Flagella are anchored I:Il the cell wall and spin like a propeller, pulling the '
cell through water. A flagellum is composed of three parts i.e. a basal apparatus |

sociated with the cytoplasmic membrane and ce]] wall; a short curved hook and a

as
helical ?hmcnt. The hook ancllthe filament are made up
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with the increase of oxygen, the amount of ozone also Increased 1n t.he upper layers
of the atmosphere. The thick layer of ozone acted as a screen protecting the protejpg

and nucleic acids from destruction by ultraviolet radiation from sun. It encouraged
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Nostoc are involved the fixation of atmospheric nitrogen.
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6.4.2 Structure of bacteria

a.Capsule ,
Many species of bacteria possess a tight protective covering around the cell

:;ljled cagsulc. It is a very §ticky, gelatinous structyre made up of polysaccharides
proteins. These bacteria are called Capsulated bacteria. The cI;psjllJle prevents

dehydration of bacterial cell
- A capsule which ; ; .
ommonly called glycocalyx. hich is less tightly bound to the cell is

*peptiq -y and also piye ;
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G Gamma-proteohacteria . , —_—
The group includes sulphur bacteria which obtain energy by oxidizing

Major

acteria and includes photoautotrophs,
oteobacteria are acrobic while others

H,S instead of water.

d. Delta-proteobacteria
This subgroup includes the slime-secreting myxobacteria. When the soil is

dry or food is scarce, they aggregate into fruit bodies releasing resistant
MYyXOSPOTES. The members of the subgroup may getattached to other bacteria.

e. Epsilon proteobacteria
Most species included in this sub-group are pathogenic and cause diseases in
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anteal of ! inen: Tal Dacteria
6.9 (,(ié: i ._;; 1; i ALEETREL Y Al '
Although the disease producing nature of bacteria become known 10q

years after their discovery largely because of the research of L0u1§ Pasteur and
Robert Koch, however the early civilization used some crude tephmqucs such as
salting, smoking, picking, drying and exposure of fo_od and clothing to sur}llgh[ to
control microbial growth. Today microbial growth is controlled by physical and

chemical methods.
a. Physieat meihod
1. Heat treatment

Heat kills the microbes by denaturing their enzymes and other proteins.

Autoclave chambers used for sterilization of surgical instruments.
Pasteurization is a process to prevent the spoilage of beverages such as

juices, milk etc. A more effective method of pasteurization of milk is through ultra
high temperature (UHT) in which milk is treated at 140°C for 3 seconds and then
cooled suddenly in a vacuum chamber. Milk treated by UHT can be stored at room

temperature for several months,
Incineration is dry heat treatment of sterilization of disposable items such as

paper cups, dressing etc. the contaminated items are placed in an oven at 170°C for 2
hours to kill microbes,
ii. Filtration
Filtration is the removal of microbes by passage of a liquid or gas through a
screen like material with pores. It is \used to sterilize heat sensitive material like
vacceines, enzymes, antibiotics etc. : ﬂ
i Low temperature treatmeni rr
Refrigeration at temperature 0°C to 7°C reduces activities of microbes; they
cannotreproduce or produce toxins. Itis called bacteriostatic effect.
iv. Desiccation
Water is extracted from the contaminated material. In the absence of water
bacteria cannot grow or reproduce. ’
V. Osmotic pressure treatment
The high concentration of salt or sugar in food increase its osmotic pressure
and creates a hypertonic environment which helps in controlling the growth of
microbes. :
vi. Radiation
Three types of radiation i.e lonizing radiation, ultraviolet light and
microwave radiation are used to kil microbes,

. D

Scanned with CamSc



MDCAT BY FUTURE DOCTORS

ﬂ".‘—"
*_J_ i

i

7
EXERCISE &

A. Choose the correct answer for the follow

Ls The first forms of life on Earth were thought to be:
b. prokaryotes

ing questions.

a. protista
c.insects d. dinosaurs
2. Dead sea are home to which of the following groups of organisms?

b. Thermophiles
d. Phytoplanktons

of proteobacteria?

a. Halophiles
c. Halophytes
owing subgroup
b. De]ta—proteobactena_
d. Epsilonproteobactena

3. Rhizobium belongs towhich of the foll
a. Alpha- proteobacteria
c. Gamma- proteobacteria

4, The first organisms that oxygenated the atmosphere V\fel' e o
a. cyanobacteria b. phototrophlc organisms
d. saprophytes

c. anaerobic organisms
ome which makes it di fferent from the

One of the feature of prokaryotic gen

3.
eukaryotic genome 1S :
a. itis madeup of DNA only
b. itis madeupof RNA only
c. itis madeup of Jarger ribosome
d. itis madeup of smaller ribosomes
6. Organisms most likely 10 be found in extreme environments are:
o fungi b. algae
« viruses d. archaea
7. Pebtidoglycan s a characteristic of the walls of : _
a. cukaryoticcells b. bacterial prokaryotic cells
c. archaean prok aryotic cells d. bacterial and archaean prokaryotic cells.
8. The ]ipopolysaccharide layer (LPS)isa characteristic of the wall of’:
b. Gram-negative bacteria

a. archaean cells : _
c. bacterial prokaryotic cells  d.eukaryoticcells
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EXERCISE

An extra-chromosomal DNA ring in bacteria is called

9.
a. Nucleoid b. Plasmid
¢c. Pili d. Mesosome
10.  Inphotoautotrophic bacteria the source of hydrogen in photosynthesis is
a. H,O b. H,S
c. HO, d. H.SO,
I1.  Inbacteria fastest growth occurs in the phase called
a. Log phase b. Lag phase
¢. Stationary phase - d. Decline.phase
10. The reproduction in which the geﬁetic material is transmitted from a donor to
arecipientbacterium through a phage is called
a. Transformation b. Conjugation
c. Binary fission d. Transduction

B. Writeshortanswers of the following questions.
1. Why has monera become obsolete?
2. Whatisadomain? Why is this term coined?
3. Whatis therole of prokaryotes in supporting life on carth?
4. Whatare main differences between archaea and baC‘teria?.
5. Whatare plasmids and what are their importance?
6.  Whatis the function of endospores?
7. Whatdo youmean by genetic recombination?
8. Whyare the bacteria called nutrient recyclers?
9. Discuss therole of radiation in controllin g bacterial growth,

Write answers of the following questions.

Give anaccount of the structure ofa bacterium.

Discuz;s various methods of sexual reproduction of a bacteria.

Dfascrlbe the mode of nutrition in bacteria.

gwe artl) account ofbacterial diseases of plants.

3 :gc;ll'lle ; :she normal flora of some Important organs of humans and also discuss

I

g
i .
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ng various products.

b. Chemical v othons
als are used for disinfecti
bacteria in nurseries but

Different groups of chemic
Phenolics are effectively used against Gram-positive
their excessive usein infants is harmful.
ii. Among halogens, chlorine is used to disinfect drinking water and pools. Tincture
iodine is one of many antiseptics used.
iii. fonn_aldehyde (formalin) is widely used to preserve biological specimens. It
inactivates bacteria in vaccines. Glutaraldehyde is less irritating but more
. effective than formalin. Itis used to disinfect hospital instrument.
iv. Ethylene oxide kills all microbes and endospores but requires 4-18 hours

exposure.

1.

Scanned with CamSc



MDCAT BY FUTURE DOCTORS

List tp_e Qhamctgﬂsﬁiés-'lthat distinguish fungi from other groups
and gw%neasogswhyﬁmgl are classified in a separate kingdom.

T e, (S
C@ss@..ﬁxngl Mto Zygomycota, ascomycota and basidiomycota
s and givethe diagnostic features of cach group.

yeast as unicellular fungi that are used for baking and
g and are also becoming very important for genetic
arch.

o Namea few fungi from which antibiotics are obtained, ™

.

Explain the mutualism established in mycorrhi:
associations. - i

Give examples of edibl

S - 4l

«  Explainthe pathogenic role of fungi.
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Introduction _

= Fowkiots ace "hc sumplest ma’?m""-’ PfOf‘iStS are not animals, plants; or
fungi. The protist kingdom is sometimes called the “trash can kingdom. It includes
all enkaryotes that don't fit in one of the other three eukaryote kingdoms: Animalia,
Plantae, or Fungi. The protist kingdom is very diverse. There are thought to be
between 60,000 and 200.000 protist species. Many have yet to be identified.
Proftists range from single-celled amoebas to multicellular seaweed. Protists may
be similar 10 animals, plants, or fungi. Scientists think that protists are the oldest
eukaryotes. If so, they must have evolved from prokaryotic cells. Fungi include
some of the most imporiant organisms, both in termps of their ecological and
economic roles. By breaking down dead organic material, they continue the cycle
of nutrients through ecosystems. In this chapter you will study a brief over view of
the kingdom Protista and Kingdom fungi.
7.1 Protista

Most of the protists are unicellular but some are multi-cellular or colonial.

Many have mitochondria although some never possessed any while some have later
lost them. It 18 thought that ancestral prokaryotic cells, which then became
mitochondria in the eukaryotic cells. The process is called endosymbiosis, Many
protists possess chloroplast for photosynthesis. Chloroplast may also have
originated this way with eukaryotic cells engulfing photosynthetic bacteria. The
common ancestry of protista seems doubtful. The group of organisms has long
independent evolutionary history stretching as far back as two million years, They
seem 1o have 2 polyphyletic origin. Some groups are probably placed together more
for convenience than as a reflection of close kinship. But the genome analysis,
added 1o other criteria, enables us to postulate some groupings, St

 Protista can be categorized into three main groups:

a4 Animal like Protists (Protozos)

b PlantlikeProtists,
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['hese protists move by us 111"1}1(,11 whip-like flagella, Manyofthmprm
live in the bo rflt s of other organisms 28 ey could harm thclrhostbyhaymgammc
I i.ull-m:.fllp or at other times l]’l{:y are mutuahsuc Wlth thcll' bost
[rypanosomes is a parasite which is a cause of many serious human diseases. The most

familiar being trypanosomiasis, also kn()wnaSAfI‘lcans]eepmgdweascs

‘Nucleus
Anterior Flagellum *
granular G dtn
re y
icylnm, Flagellum
: B associated
P reticulum

- Fig: 7.1 Structure of Trypanosomes Fig: 7.2 Termites feed upon wood

One of the example of mutualistic relationship in this group is between
termites and trichonymph. Termites feed upon wood but they cannot digestitdueto
the absence of a specific enzyme which brmgb about the breakdown to digest the
wood eaten by termite. Trichonymph lives in the digestive tract of termites and
produce an enzyme thathelps in the digestion of wood. S
~ 2. Amoeboid protozoan or sar codines g
- ~ Their organ of locomotion are pseudopodia 3 52
which are temporary protoplasmic outgrowths.
"These are also used for engulfing food articles.
Sarcodines are mostly free-living, found in fresh
water, sea water and on darnp soil. One of the familiar
_ example is amoeba. It is soft, shapcless masses of
~ cytoplasm. The change in shape is brought about by': A
~ cytoplasmr iming which _llcxtenswns i

.3. Apicom plexes ors
Aplcomplexes are
apicomplexes because of uni
other cell organelles at one .end__;__
parasite Plasmodium, Fgmale _
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en an infected female Anopheles mosquito bites a person, sprorozoites are
cted into the blood stream. Sporozoites are carried to the liver where they stay
divide forming large number of merozoites. Merozoites emerge from the liver
invade red blood cells and start producing more merozoites within these cells.
infected red blood cells burst releasing the merozoites which again enter other
blood cells. The host at this stage starts showing the symptoms of malaria
1ding chill and fever accompanied by nausea, vomiting and severe headache.

Sporozoites 7 o>

Salivary glands H

Ookinites
Zygote

Gametes P

Fig: 7.4 Life Cycle of Malarial Parasite
Some of the merozoites develop into male and female gametes. If the
cted human host is again bitten by a female Anopheles mosquito, these gametes
aken up by the mosquito and sexual reproduction starts. The male gamete
izes the female gamete to produce a zygote. The zygote reaches the mid gut of
nosquito and then encysts forming an oocyst. The ooeyst produces a number of
ozoites and transfer to the salivary glands of the mosquito. When this mosquito
a healthy person, the sporozoites are discharged into the body of the host and a
cyclestands.
Aliates

Ciliates protozoan develop a number of cilia during a part or whole of the life
>. They use cilia for locomotion and driving food. Cilia are usually arranged in
itudinal rows or in spirals around the cell. Ciliates possess cellular organelles
perform functions similar to the organs of multicellular organisms.

4
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& The fwo flagella beat in two grooves, one encircling

\|l ciliates have two different types of nuclei within the cells. Small
micronucler and larger macronuclei. Macronuclei are essential for the physiological
function whereas micronuclei are needed only for sexual reproduction.Ciliates form
vacuoles for ingesting food and regulating water balance. Paramecium, a well know
ciliate, sweeps the food into its gullet, from there it passes it into the vacuole where
enzyme and hydrochloric acid help in digestion. The digested material is absorbed
nto the body and the vacuole empties its waste material into the anal pore located in
the pellicle. The waste material then leaves the cell by exocytosis.

Food vacuole
i Contractile vacuole

_ : Micronucleus
P lliéfé Rl AT ' : Macronucleus
e e 3 o /

Cilia !

Cytostome

i —

Fig: 7.5 Ciliates a. Paramecium
£

b. Balantidum col;.

Paramecium reproduces asexually by transverse fission. It also und

_ 11y by ergoes a
type of sexual reproduction called conjugation, Most ciliates

live in freshwater or

intestinal tracts of pigs and rats. People
infected by Balantidum coli,

b. Plantlike Portists | P
Plant like protists are divided into the following important groups:
I. Dinoflagellates L heEEE e peran oA OVDS
Dinoflagellates are unice_l'l_q[ar-'.autotmphs,_
possessing chlorophyll a and ¢ in-'.'aﬂﬂiti‘gn— to
carotenoids. They live in both marine and freshwater
environments. The cell wall is generally missing but
when present, it is hard and made up of cellulose, They
have two flagella of unequal size inserted lateralls

~thecell like a beltand the other perpendiculartoit,
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t, the encircling flagellum causes the organism to spin like a top: the

r flagellum makes the organism move in a particular direction. In the
, the poisonous and destructive “red tides” occurs frequently. These
ciated with great population explosions or “blooms” of dinoflagellates
> the colour of the water to red.

diatom is made up of two shells made of silica which are strikingly and

sally marked. The shells of diatoms are like small boxes with lids, one

ell fitting inside the other. Their chloroplasts containing chlorophyll a

1 as cartenoids, resemble those of dinoflagellates. The shells of fossil .
nform thick deposits on the ocean floor which is called diatomaceous

s used in water filters, paints and nail polishes. Most diatoms reproduce

xual reproduction is not common.

Fig: 7.7 Diatom Gallery

1%
algae are the most conspicuous seaweeds. They possess air bladders
m afloat during high tides. The life cycle of brown algae is marked by
of generations between a diploid sporophyte and. a haploid
<elps are brown algae possessing large leaf-like thallus. They are
ce of food for fish, bird and other marine animals. Some genera of
sngth of about 100 meters. They are qttachcd to the rocks on ocean
root-like structure called holdfast.

'M‘I (i Sc
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he reddish colour of the algae is due to red accessory pigment calied
>hycoerythrin which masks the green colour of chlorophyll. But red zigae do not
Jways appear red. Some exhibit different colours depending upon tae type and
amount of photosynthetic pigments present in their chloroplasts. The red algae play
a major role in the formation of coral reefs and produce glue-like substances suchas

z:gai'_illlﬁi carrageenan that make economically important.
o

Dilyid

Chlorophyta include both unicellular and multicellular forms. ,‘\41’03?.- fom
are aquatic but some live on moist places on land. They show many similarities to
land plants; they store food as starch, cell wall is made up of cellulose and possess
similar chloroplast structure containing chlorophylls a and b. it is because of these
similarities that chlorophyta are considered ancestors of plants.

Pyrenoid

Nucleus

Spiral
Chioroplast
Vegetative
cell

Fig: 7.8 a. Volvox b. Spirogyra filament

- Chlamydomonas is a unicellular genus whereas volvox represents the
colonial form. Spirogyra is a multicellular, filamentous green alga in%abitin the
freshwater. Each cell of spirogyra contains one or more spiral chlo%o lasts Asegmal
reproduction occurs through zoospores. Sexual reproduction is conjugpation'

¢. Fungus like Protists e :
Main groups of this category of protests are
i. Plasmodial slime molds (Myxomycota) = i S
Slime mold takes many forms. The most comracs fore o = 11
ot commo _ f re
small purple or black ball attached to a blade of gl‘assorarn e e
white, yellow-orange, purple, or gray jelly-like mass situated on

given below.

't.h_e*lawn;f__ .

— e Ten
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The coloni€s of slime mold living on logs and bark mulch can be strikingly
i yellow, orange or red. A{ one stage of their life cycle, they form a mass
»‘“I“rdl jasmodium which grows in size but does not become multicellular and

alled @ 7 ole mass of cytoplasm which is not divided by plasma membrane. It

ny diploid nuclei. :

cont! This “supercell” (plasmodium) is the product of mitotic nuclear divisions
.. are not followed b]g cytokinesis.

Wit e cytoplasm in plasmodium streams back-and-forth which helps in

jistributing nutrients and oxygen. The plasmodium extends pseudopodia through

moist soil, |eaf litter or rotting logs engulfing and c}lgesting food particles, bacteria

1nd yeasts by phagocytosis. When the food or moisture exhausts, the plasmodium

qops growing, mMOves to a new area and produces fruit bodies containing spores.

Veiosis occurs 11 flagellate gametes. The gametes fuse in pairs and form a new

plasmodium by mitosis.

).0Oomycota (water molds)

All the members of oomycota are either parasites or saprophytes. They are
fistinguished from other protists by their zoospores which bear two unequal flagella,
me pointed forward and the other backward. Because of some similarities,
somycota were previously placed with fungi, but there exist many differences
between the two groups. In oomycota cell wall is made up of cellulose whereas itisof
chitin in fungi. Although oomycota descended from plastid bearing ancestors, yet
they do not possess plastids and cannot bring about photosynthesis. Water molds
living as parasites on aquatic animals produce white fuzz on the body of their host.

Importance of Protista to Humans

Protista play fundamental role in the ecosystem of world. These organisms
ifﬂfm the foundation for food chains, produce the oxygen we breathe and play
"lPortant role in nutrient recycling. Some protists are harmful but many more are
U:""ﬁ,ﬂal- Many are economically useful as well. As many more of these unique
rga.“lsrns are discovered. humans will certainly enjoy the new uses and benefits
Protista provide. 2
form thAlgat_: are the protista which play the most beneficial role for humans. Many
% foe basis of food chain which drives the wheel of life on earth. They prepare
on&_qu;nomer organisms through photosynthesis. It has been estimated that upto
Dlg kigy er OfWOrld's photosynthesis is performed by algae and its associates. The
majﬁrity Gfli';ay-a major role iﬁ__ﬁ_hotOS&nthGSis in aquatic ecosystem. The vast

. A

tons in the"dcga;;:'cpﬁs'i'a;t of various protists.
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Protista are also responsible for
decomposing the organic matter and l‘ccycling b
the nutrients. Euglena 1s used to treat Sewage §
because of its ability to switch from an et
autotrophic to a heterotrophic mode of nutrition. | B
Protists form a wide range of symbiotic &
relationship with other organisms.
Trichonympha lives in the digestive system of
terminates and produces cellulose, an enzyme
that enables termites to digest wood.

Fig: 7.9 Trichonympha

Animal-like protists are responsible for diseases such as malaria, amoebic
dysentery, African sleeping sickness and giardiasis in humans. PhJIfOPht{jo’ﬁ;;_ :
infestans causes late blight of potato and great potato famine of Ireland in 1840s was
due to the destruction of Potato crop by this protist. Sa

Some protists have medicinal and industrial uses. Carrageenan, a glue-like
substance from algae is used to produce a thicknening agent in ice cream, pudding
and dairy products. Chemicals from algae are used to manufacture waxes, plasﬁcs
and lubricants. Other chemicals made from protists are utilized in medicinesusedin
the treatment of ulcers, hypertension and arthritis.Many species of red al 7

- consumed as food in some countries. Red algaearerich in vitamins and n inerals.

- 7.2 Kingdom Fung:
- Fungi were regarded as plants because of the presence of certain chs
- since the last many decades, but detailed
characteristics that distinguish fungi from plants. Fungi lack chlorophy
plants have this pigment: wall of 2 fungal cell is arboh
chitin not found in plant cell walls: though generally filamentous, fun

multicellular like plants, because the cytoplasm of one funegal ce

through pores with the cytoplasm of adjacent cells: and
eukaryotes, while plants are autotrophic. It is mainly beca
fungi are placed in their ownkingdom fungi, e

- Fungi are generally saprophytes and are the mo

terrestrial ecosystem. Many fungi are also known as pas

years ago.
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Armillaria st Yae
(Honey Mushroom)
World's g rgest organism

Ol Most parts of the fungus lie hidden beneath the ground. Tt
periodically produces edib

L : le fruit bodies (mushroom) above the
ground. \

7.2.1 General Characteristics of Fungi
1. Fungiareheterotrophic

Fungi obtain their food by secreting di

gestive enzyme into substrates. Then
they absorb the organic molecul

esreleased by the enzymatic action.
2. Fungihave several cell types

Multicellular fungi are filamentous and the fi
slender structures called hyphae. Sometimes the fi

hyphae are arranged in complex structures such as m
3. Chitin cell wall

The cell walls of fungi are made up of chitin, a nitro
polysaccharide, which is more resistant to decomposition than celly]
4. Nuclear mitosis

laments are in the form of long

lamentous form is lost and the
ushrooms.

gen containing
ose.

Mitosis in fungi is different from that in plants and animals. The nuclear

nvelope does not break and reform. Mitosis occurs in nucleus with nuclear
membrane intact,

722 Classes of Fungi and their Diagnostic Features

. Zygomycota

. . 1 hae

b f'the class are all terrestrial. They possess coenocytic hyphae.

Theorlrlleic:rsi:g organic material. Zygomycota are chal:actenzcd by the

of sexual spores called zygospores formed by the mating hyphae. Both
asexually produced sopores are dispersed by air.

They tive
Ormation
Sexual and

A
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- bakers and brewers.
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Some members of the class are responsible for the rotting of bread, peaches
str;wbcmcs and sweet potato during storage; other live as parasites or symbionts oi‘
animals. Rhizopus stolonifer, the common bread mold, is an important member of
zygomycota. The hyphae form a white or grey mycelium on bread. In asexual phase
upright sporangiophores arise each of which bears a sporangium at its tip. Thousands
of spores are formed in each sporangium. The haploid spores are dispersed by air.
Spores, when land on moist food. grow into new mycelia.

b. Ascomycota

The characteristic feature of ascomycota is the production of sexual spores
called the ascospores within saclike asci (singular, ascus); thus, they are commonly
called sac fungi. Unlike zygomycota, the most ascomycota bear their sexual states in
fruit bodies called ascocarps which range in size from microscopic {0 macroscopic.
Asci are produced in ascopcarps. Most of the ascomycota also reproduce asexually
by means of conidia, produced in chains at the end of a conidiophores. s

- Some of the ascomycota parasitize crops and ornamental plants causing
powdery mildew.

Certain members of the class are extremely
beneficial. Many ascomycota are the decomposers of [ESEEs
plant material. More than 40% live with green algac and JSS8
cyanobacteria in beneficial symbiotic associations
forming lichens. Some form mycorrihizae with roots of §
higher plants. Penicillin, the wonder drug, is obtained
from a fungus called pencillium. Yeast is useful for both

¢. Basidiomycota Fig: 7.10 Pencillium
Basidiomycota not only include mushrooms, i
puffballs and shelf fungi but also important pathogen like rusts and smuts. They are
also known as club fungi because of their club-shaped basidia. The mycelium in
basidiomycota exists in three forms i.e. primary, secondary and tertiary mycelium.
Primary mycelium is also called monokaryon in which each cell is unicucleate
possessinga halploid nucleus. Secondary mycelium is formed by an interaction with

primary myceliam. _ 2D
: It consists of dikaryotic cells in which each cell possesses two haploid

nuclei. When the mycelium becomes more complex and gives rise to fruit bodies
(basidiocarps), it is called tertiary mycelium. Club-shaped basidia are arrang
inside a fruit body called basidiocarp. Karyogamy occurs in basidium W
followed by meiosis forming four haploid nuciei which are incorporatet

basidiospores.
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gexual reproduction occurs through classical methods found in other groups

of fungl. Sexual reproduction in basidiomycota differs from all other groups of
fungi. No reproductive structures such as antheridia and oogoina are formed. The

sc.\‘llﬂ]
hase by various methods.

Importance of Fungi
Fungi in pharmaceuticalindustry

Fungi have been used medicinally since ancient times. Ergot
from claviceps purpurea is used to facilitate delivery of babics and also used to
relieve migraine headache. Pencillin, the first discovered antibiotic is produced by
pcncillium chrysogenum and other related species. Cephalosporin is most widely
used broad spectrum antibiotic, obtained from cephalosporium acremonium and
related species. Griseofulvin is an antibiotic used effectively against fungal
infections of hair, nails, skin, athlete's foot and ringworm.

[t is obtained from a species of Pencillium. Broad spectrum antibiotic

cyclosporine used as a immunosuppressant drug in organ transplantation is also a

fungal product.

reproduction involves the conyersion of monokaryotoc phase to dikaryotic

?
amine obtained

2. Fungiin food industry
Yeast has been used by humans throughout recorded history. Saccharomyces

cerevisiae, (yeast) is used in baking and wine making industry. It has got the ability to

ferment carbohydrates, breaking down glucose to produce ethanol and carbon

dioxide. It is fundamental to the production of bakery products, bear and wine.

3. Fungi used in research projects
Yeasts are mostly used in the biological research projects due to their rapidly

increasing generation time and increasing pool of genetic and biological information.

In soft drink industry aspergillus Sp: is
used to produce citric acid for colas.

4. Edible fungi

Mushroom is considered
popular food throughout the world.
Mushroom pizzas are famous for their
taste. The peculiar flavor and taste of
certain types of cheese come from the
fungi used in the processing. The
ascocarp of Morchella esculanta (2
morel) and Tuber melanosporum (3
truffle) are highly prized for their
complex flavor. -

Fig: 7.11 Mushrooms

s 0000

y
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Ectomycorrhizae of some plant families are also edible. Ye_a;inlisn;ﬂ:gdu:;g Etlssa
nutritional supplement because it contains high levels of B vi ut 50

g

percent of yeast is protein.

Fui velt v symbiotic associations with other organisms licheng
)ycorrhizae are the ex ;::nplr‘:s ofthis !‘elationship.

sdCaaCll,

ga 1s the photosynthetic partner. It is an excellent example ofmutuahsm}n Wh15:h
both the partners are benefited. Most of the visible body of the lichen consists of its
fungal partner. Interspersed with the hyphae of the fungus, there are found
cyanobacteria, green algae or sometimes both. Specialized fungal hyphae penetrate
the cell walls of algal partner and transfer nutrients directly to fungus. 3101_081031'
signals sent out by fungus direct its algal partner to produce metabolic substances
that 1t does not produce when growing independent of fungus.Lichens are known as
pioneers in ecological succession in extremely harsh habitats. Lichens are often
strikingly colored because of pigments that play a role in protecting the
photosynthetic partner from the destructive action of the sun's rays. These pigments
can be extracted from lichens and used as natural dyes. £

ichen. a fungus develops a symbiotic association with an alga in which

Fig: 1.12 Lichens are common primary coloniz :
rock surfuce has a variety of lic éns growing together and a Sk
with one another. s e

h. Mycorrhizae _ Akt R e

The roots of about 80% of all known species of vascular plants normally are
involved in mutualistic symbiotic relationships with fungi. The associationiscalled
mycorrhizae, The fungus ina mycorrhiza increases total surface area of root system
for soil contact and absorption, , R ST b 2ah ey T

e g AT
7 » > 0 . { 2w S
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V§veosrhizza helps ia the daroct iramster of phosphores, 7iec, copper and other
e T

et from e Soul 1980 e TOAS. [ Te vascuiar piany suppiacs orgamc cCarbon 5o

- "'_.,_g'a-&

f L & - F oty Fr— ) i = -
Vore AFC TWO pfl‘!‘:ﬂ_.';';:z. BYpes OFf Iy COTrheras 5 endv e orTenzar . the w
8 = -2 ry i e i L : 2
e penetrate the ouler oells of e plast roof. formmeng cods, sweilimes and manuie
: g e i P ”""d g swadey ¥ . mamae B2 1 2 3 " .
_anches and 2iso cxiend ol o e swrousdeny ol s ecsosmvoerhizar. the

. ohae surroand but do not penetraie the oell walls of e poots.

) a8 recycler

Fung 2na bactena are the principz] decomposers m baosphere. Sapsopivies

~xceed parasites wm number in the ecosysiem. They decompose the orpamic mmaster and
. = o v £ . z . B T 3 L 3 s & S—

reiease the substances locked in the dead bodaes of planes 20d 2oarmails for cirruliation

i P

n the ecosystem. They possess 2 powerfisl enzyme sysizmn which heips m bresking
down tough organic compounds like lignin. 2 moior comstuest of wood The
substances thus released become availabile to the next geperarion of orpamiss Fa
recycile the nutrients in nature and are called recy chezn the za
removing the organic matier and because of this characieristic they heve earned S

N2mMe SCAVENTSY.
=

7. Fungi as food spoilers
Fung;i also destroy food which is not properiy preserved It mcindes beead

o

Pathogenic fungi
Fungi can cause different fatal disease in living

organisms. Some of the significant pathogenic effects
of fungi are discussed below.

2. Plant disecases

i;“-‘lﬁnttimes. thgiaa'eﬂlesericmagricuhmﬂpm
- 05t common fungal diseases of cereals are rusts and
“muts caused by species of Puccinia and Ustilago
;’njlgecﬁvciy- Sometimes about 50 percent of world's
leaf mmuhumﬁmplmmmm
Mﬂ?ﬁmwmmmﬂﬁemd
lomato au o) S BAICADE, potato blight, late blight of ®
fangi, D ovcdiscases of plasts s coumed by

Scanned with CamSc



MDCAT BY FUTURE DOCTORS

h. Animal diseases 7

Ringworms in dogs and horses are
caused by the species of Trichophyton and
Microsporum. Aspergillus sp. cause
abortion in many animals Saprolegnia
parasitica is the parasite of carp and salmon
fish

| Almost all parts of human body are
infected by fungi ¢specially the skin
;{J{jxrf;)st and Mucor species cause Iht’:
Infection of lungs, brain and gastric tissues
I_hg cause of dandruff js Micm.s;porzm;
jzf;;/w: Candida sp. cayse throat and mouth
dlgcascs, pulmonaw infection, diseases of e e
nails and genlu.]l organs. Neurospora and F, usarium cause infection ofwm{ﬁsm
of eye. ﬁspergxl]osis? whose symptoms resemble those of tuberculosis. is cansedby
Aspergillus sp. Athletet's foot is also a fungal disease. a

‘ig: 7.14 Ringworm mdeg. '

AL Dy

i e s

___-A___
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KEY POINTS

o The kingdom protista consists of prokaryotic organisms including
unicellular, colonial or very simple multicellular ones.

e In the coastal areas, the poisonous and destructive “red tides™ are
associated with great population explosions or “blooms” of
dinoflagellates which change the colour of the water to red.

e Apicomplexes have unique arrangement of fibrils, microtubules.
vacuoles and other cell organelles at one end of the cell. The best-
known apicomplex is the malarial parasite Plasmodium.

e Kelpsare brown algae possessing large leaf-like thallus.

e The shells of fossil diatoms often form thick deposits on the ocean
floor which is called diatomaceous earth.

* Oomycota are either parasites or saprophytes. They are
distinguished from other protists by their zoospores which bear two
unequal flagella, one pointed forward and the other backward.

e The reddish colour of the algae is due to red accessory pigment
called phycoerythrin which masks the green colour of chlorophyll.

e Chlorophyta show many similarities to land plants; they store food
as starch, cell wall is made up of cellulose and possess similar
chloroplast structure containing chlorophylls a and b. Because of

these similarities that chlorophyta are considered ancestors of
plants.

* Choanoflagellide are most likely the common ancestor of the

sponges and all animals. They include three groups i.e. Amoebas,
Forminaifera and Plasmodial slime molds. '

* Algae are the protista which play the most beneficial role for

humans.
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EXERCISE

o |
A. ~ Choose the correct option of each statement and encircle it. ;
1. The protist which lives in the gut of termites and digests wood belongsto the
~_ group:
~a. Euglenozoa b. Kinetoplastid
c.  Stramenopila d. Rhodophyta
2: Which of the following is the infective stage of malarial parasite?
a. Merozoite b. Sprorzite
Ci Oocyst d.  Ookinite
3 Plasmodium of slime molds contains:
a.  Onehaploid nucleus b. Two diploid nuclei
c. Many haploid nuclei d. Many diploid nuclei
4. Symptoms of malaria appear when: o
a. Gametesareproduced "'b: = Is burst
c.  Sporoazoites enter the liver = _ : %
Y Presence of air bladder is associated w1th which of the followmg orgamsm‘? —
a. Paramecium b. Euglena
C. Volvox d. Kelps
6. In nuclear mitosis of fungi, the nuclear membrane:
a. dissolves b. remains intact
o7 shrinks d. fuses with genetical material
7 Dikaryon is a cell in fungi containing:
a. onediploid nucleus b. Twodiploid nuclei
C. Onehaploidandonediploidnucle d. Two haploid nuclei
8. Mitochon fria most likely evolved by:
a. Photosynthetic cyanobacterium b. Cytoskeletal elements
¢. Endosymbiosis d. Membrane proliferation
9. The closest relative of fungi are probably: |
a. Slimemolds b. mosses
c. Greenalgae d. Animals . :
10.  What term describes the close association of a fungus with the root ofa lree? i
a. Rhizoid b. Llichen |
¢. Mycorrhiza d. Endophyte
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spOI‘CS?

a. Chytridiomycota b. Basidiomycota

c. Glomeromycota d.Ascomycota :
A Write short answers of the following questions. :

MDCAT BY FUTURE DOCTORS

Members of which phylum produce a club shaped structure that contams

What were the consequences of cells undergomg the process of
endosymbiosis?

What do you understand by red tides? e
Why asexual reproduction is critical for the survival of fungi?
Why fungi are considered a threat for crops? SR
Discuss the role of algae in maintaining the oxygen balance in the biosphere. i
What do you understand by symbiosis?

How will you justify the name scavengers given to fungi?
Discuss the medicinal importance of claviceps purpurea.
Discuss the economic importance of yeast.

Write answers of the following questions in detail.
Describe the salient features of class ascomycota.

Discuss the general characteristics of fungi.

Given an account of the class basidiomycota.

Discuss the beneficial aspect of fungi.

Gwenanaccountof humanandammals diseases caused by fung1
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Dlver5|ty Among
Plants

: t thf‘fof this chapterithe studends will be able to:

: m%e the general characteristics of bryophytes
« Outline the life cycle of moss.

EET | scnbe the general charactenstlcs of vascular plants'

= List the characters of seedless vascular plants with examples of whisk ferns,
i club mosses, horsetails and ferns.

ie

ﬁgi,f?'ﬁip]ain the evolution of leaf in vascular plants.
. Outhne the life cycle of ferns.
ser | ,-_f vascular plants as successful land plants,

. Summanze the1i umportance of seedless vascular plants.
Descnbc the evolution ofseed.
. Descnbe fae general characte sﬁcs anduses of gymnosperms

T i
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I N R
ptroduction - A e S 2
Virtually all other living creatures depend on plants w survive. Plants 2ez found

on land, in oceans, and in fresh water. They have been on Earth for millions of years. In

order to study the billions of different organisms living on earth, biclogists kzve sored =

and classified them based on their similaritics and differences. All plants are mciuded = - dE

one kingdom (Kingdom Plantae), which is then further divided mto smalier devisions :

based on several characteristics, The majority of the plant specics are flowerimg berbs.

Some are non vascular and other are vascular based on the presence and abseace of |

conducting tissues. Still there is a group of plants that reproducss from spores s rather : i

than seeds, and the other that reproduces from seeds. Indeed this dversiy of plamts isof 2T

great importance and invites careful study. ' 1

8.1. Evolutionary Origin of Plants o
Since the origin of life on earth, varicus organisms have svolved 2nod domingsed "

the earth at different times. The fossil records of different orgznisms show the tme

period on the geological time scale when they were present zbundantly on carth The

discovery of the three billion years old bacteriz by Barghoon 2nd Schopt confirmed

that life even existed before that and is not younger than the origin of the earth itself.

periods
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rough theu fution. The dcwcndam l;mpul.umm have a mqemblance with
SnCcosIons I many respects as well as their immediate descendants in a cer

Phylenc lineage provides a link between the present day organisms w
TOIROS PEST SNCSSTOTS T ~c link has been established on the basis of the fossil re

doh piants and animals as well as bactena. Today almost two million specles
ECENISNS IR :i:‘_':‘.‘;"_ and about 0.5 million plant QPECICS have been 1dent1ﬁ 1D
D:0:057ss whure stuli 2 large number is left unidentified. e

5.1.2 Diagnostic Features of Plants %
Some of the distinctive characteristics of plants are as fallows*

e Higherplants possess. independent sporophytes, which may be
hﬁhs(;gm:‘. ¢ members are trees, while shrubs and erbs

s.ﬁ’:'ﬁ‘ﬁﬁ‘.‘i\ 91 more ad\. anced)

gi545

e "Thea'odlsmmrmﬁﬂedbyﬁrmcell-wallsmadeof cellulose.

813 Evoluﬁon of Alternation of Generations

oompataﬁvc study of the life-cycles of various plant' g ,
- tendmmemlatwc development ofthml
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In higher cryptogams, e.g., Lycopodium, Selaginel

gwnnnSPCfm-“' and angiosperms, the relative dcvclog’meniaégg::xg pmm >
eVerse of that as dcsc_rlbed abpve. The sporophyte is more prominengt, smwt;.n::llls
complex and autotrophic, contains chlorophyll and is differentiated into root, smang
leaves, traversed by vasgular bundles, while the gametophyte is smaller and v
simple in structure. T_he clln.:lax of this expansion of the sporophyte and reduction of?hi
,ametophytc 18 evu!ent in angiosperms, where the sporophyte is a complex
independent plant while the gametophytes are tiny, microscopic structures, devoid of
chlorophyll and totally dependent nutritionally upon the sporbphytc,. Another
conspicuous feature-is the presence of vascular tissues only in the sporophyte; the
gametophytic generation in no case being provided with a vascular tissue. -

8.2 Non-Vascular Plants

8.2.1 General Characteristics of Bryophytes

The phylum Bryophyta include Musci - Mosses, Hepaticae - liverworts,
Anthocerotae - hornworts as classes. Bryophytes are the first plants which migrated to
land Bryophytes comprise the small and simplest non flowering land plants which
usually occur in moist shady places, rocks, walls and bank of rivers etc. They are non
vascular plants. Thus the transportation of food, water and minerals occurs by
diffusion. The plant - body is green branched thallus, lacking true roofs, stems or
leaves, but 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

lled sperms which are motile while the female gamete

mitosis. The male gametes are ca :
le and one in each archegonium. The sperms

is called egg or oosphere which is nonmoti : e s|
swims towards the archegonium being attracted by the sweet fluid secreted bythe neck

ofarchegonium, and fuses with it to formdiploid zygote. e o
Fusion of sperm with the egg to form oospore or zygote 1S called ferHilzation.
ium for some time and then develops by mitosis i
diploid embryo. Bryophytes are therefore, called embryophytes. = *
The embryo develops into diploid sporophyte which proct
by meiosis. The spores then develop into game
attached to the gametophyte for nourishmentanc
alteration of generations, which is ul
Examplgs of bryophytes are liverworts
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a. Marchantia b. Anthoceros

Life-history may be studied by referring to Funaria or Polytrichum. Moss
occurs most commonly on old damp walls, trunks of trees, and on dan{p ground during
S the rainy season, while in winter, it is seen to dry up. Itis gregarious in habit; wherever it
- growsitformsa green patch ora soft velvet-like, green carpet.
~ Mossplantissmall, about2.7 cm or so in height, and consists of a short axis with
~ spirally arranged, minute, green leaves which are crowded towards the apex; true roots
are absent. It bears a number of slender, multicellular, branching rhizoids which
perform the functions of roots. The axis may be branched orunbranched,
Reproduction, The moss plant is the gametophyte, i.c. it bears game"cgs#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 asthe |
antheridium and the female organ as the archegonium. These organs are somefimes
intermixed with some multicellular hair-like structures, known as the paraphyses
(para, beside; physo, to grow or an off shoot). Antheridia and archegonia may oceur
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 bddy which 1s
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.

L " ‘:‘
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J

(he mucilaginous walls surrounding
ntherozoid cells di ssolved in water and the
mllum/ul(ls arc set free. They are very
minute in $ize, -.plfd“'y coiled and biciliate fl
after liberation they swim in water that (;U“f_;-‘__‘_l_‘-,
 the apex of the moss plant after rains.

Fhe archegonium 18 also z
body, but it is flask-shaped
ippearance. It is provided with a short,

multicellular stalk and consists of two portions: hg 8 3 FPasaria

the lower swollen portion 18 known as the venter (bell ly), and the upper tube- like portion

as the neck. The neck is long, narrow and straight. Within the venter there lies 2 large cell

which 18 lhc ovum (egg-cell or oosphere) or female gamete: above this lies a small
ventral canal-cell and hwhu up in the neck there are a few peck canal-cells. Except the
ovum other eells mentioned above are functionless and soon get disor zed. The neck
t first remains closed at the apex by a sort of lid, but as the archeg the lid

apens and allows the antherozoids to enter and pass throuceh it
} !

. Mitosis and & Spermi(n) (reieased from

development their gametanginm)
Spores ..o o - ;
mye e 2 Gametangium
@ g containine the eggin)

(remains within
ametophyte)

Meiosis

Sporanglum
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plant produce haploid spores by meiosis. The spores give rise to new gametophyte
plant. Examples of mosses are Funaria and Polytrichum. B

mfir Inforil

Peat bogs and their Importance -

Peat bogs are areas of great natural beauty, as well as being rich in 1
wild plants, insects and animals. Peat bogs are fed by rainwater and

the soil builds up its own water table and acidity. Sphagnum mosses :
grow and decay eventually forming layers of peat, then peat mounds §

_ many metres deep. This process takes thousands of years, which 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

plants and wildlife, some of which are unique to these environments.

Egg and sperm fuse to form zygote which develop into sporophyte. The sporophyté_?f

82.3 LandAdaptation by Bryophytes
Bryophytes had invaded the land from water and therefore, they are called the

firstinvaders of land among the plants. They show the following adaptations for life on
land or terrestrial habitat. - - S

a. Multicellular plant body and conservation of water

When the bryophytes migrated to land from water, theYdan of
dehydration due to evaporation. To cope with this problem they“ﬁe ger
structures which prevented loss of water or dehydration, .
made of many cells which kept the needful water with in them for successful -l' B
Moreover for protecting dehydration due to €vaporation from the surface ot:{h: o
;hc:‘y formed a waxy waterproof layer called cuticle (made ol‘cum;) 01; the ,,m »
In_ ?_j.)ll.(. of t}hcs‘u‘ d(‘Jd.['JtElllOl]_S, if somelbryophylcs are dry, they become brittle and tum
green soon after getting water from rainorany other source of wate oo
h. Absorption of carbon dioxide g |

i I f"')’OPh}’lL'S h‘zw.c evolved elaborate structures to absorb sufficient of cé
dioxide. The epidermis is provided witl many pores for the diffusion of carbon dioN6®

and oxygen. This carbon dioxide is absor : B
o 5 X1de 1S absorbed by the wet surfaces af ythetic
ccllsJm‘lhcIltupruccsscs of the bl‘}’U[ﬂlyl.cs_ & aces of the photOS){l}i_.-__,,_.

Plant body or thallu§'s

W

et Ly
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Upper epldermis

Chlorenchyma

Storage
Parenchyma

Lowall:
epidermis

B 8.0 Structure of thallus ofbry ophyte showing multicellular

Mant hodv and coneoryvatinn afwatos
E"--.-\ LOAay and conservation of wate

Brﬂrophytes 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 un}iversal occurrence of sexual reproduction of heterogamous type
involving the union of sperm and egg in green plants like bryophytes is the most
successful type of reproduction. The large, non mo_nle egg formed in heterogamy is full
of stored food. After fertilization this stored food is used to nourish the early stages In

the development of new offsprings. The heterogamous sexual reproduction is best

suited for life on land. :

Protection of reproductive cells s injury for the
Reproducti 3e cells should be safe and protected from any kind ;i;frﬂ“gl;‘_’agm

plants to live on land. Fortunately the bryophytes possess t]l;lsa:;ns%enns and egg or

which enable them to survive land habitfflt The reproductive zit;eﬁdium and the egg in |

oosphere. The sperms remain protected in male sex organ 0::& ented from drying by the

the female sex organ or archegonium. The vsex—orga_‘lls ;“_301:3 which bear the ¢ |

leaf like structures and sterile hairs produced at th?1 s rztect od from drying.

Moreover the spores of these land plants are also WX p el

Produced inmulticellular sporangia. TR s
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I bryophytes the sperms are transported to the cgg and unites with it

 female reproductive structure. A zygote is formed here which develops into an
The embryo remains protected in the female organ from e
mechanical injury. In this way the chances of survival are mcreased I

By R T

Fig: 8.6 Formation of Embrye
Alternation of generation |
The life cycle of bryo

and survive the land habitat.
8.2.4 Usesof Bryophytes ¢
Bryophytes have many useful economic valuese.g,
B A kind of moss - Sphagnum or peat moss is used (When f
material by the horticulturists, for it can take up and hold I
water. Remains ofthis moss become peat which
Through their chemical and physical actions,
simple soil - constituents. _
2 The decay of their dead bodies builds up the much needed organic matterofthe
soil.
4, Make habitat suitable for new plants,

Isused extensively as a fuel |
rocks are broken down jater

b

8.3 General Characters of Vascular Plants (Tr-acheophyte'ﬁ)z

Tracheophytes form a large and diverse oup Ofthe-present ;
They include most of the dominant land plants.’r%are’mas—cf irplar
of the presence of vascular tissues. They are called tracheophytes becau

have cells called Tracheids.
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st Cond“gm:g cells of xylem. In tracheophytes. the sporophyte
enoratiCael glommant ‘an ¥1e gametophytc small reduced and short lived.
Trachcophy(es form successful group of land plants because they can adapt themselves
oven 10 TOUGREHEEE el Sy P All-Saye theme’*lves from high temperature by
”';”Hpimli(m i S galn a large hc‘gl_“ Wlthoul‘ f"}C,lng any problem of water supply.
vascular plants are divided into two major sub - divisions namely lower vascular plants
and higher vascular plants. [n. the l?Wer Vasculor Ll e g
eproduce by spores e.g. Rhynia, Psilotum, club mosses, horse tails and ferns.
The higher vascular plants are seed producing plants i.e. gymnosperms and
Anglosperms.
~ 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.

. Sub - Phylum: Psilopsida
’. Sub - Phylum: Lycopsida
3. Sub - Phylum: Sphenopsida
4. 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 1s differentiated into an
underground rhizome and an
aerial part, The rhizome grows

horizontally il and _ e
y mm soil and may : : Wy o
bear thizoids but noroots. Fig: _8.7(%).31. Rhynia “Eee - b. C_aoks_mna

The upright stem shows dichotomous or forked (Y - shaped) branching. The
! *Productive organs are sporangia (singular: sporangium) which are produced at the
'ip S of the branches. The spores are formed in the spor: The two genera are
Silotum and'TmeSipteris, i) ,} ERES Al _
silogy2mples of Psilopsida are Rhynia,
m aﬂd’Tmesipterz‘.g..: o e e T O

T

s s 44

T
4
:
»

B e, T R T Y T T S e e T TUIL M ST A i WL R e T LT TN
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Fig: (B)8.7 a. Psifotum b. Psilophyte

2. Sub - Phylum: Lycepsida (clubmoss)
Lycopsida includes both the living and fossil g
Lycopodium, Selaginella, Isoetes loglos:

- dichotomous. The spores are formed in the sporangia. The gametor v
large, underground and independent. The sporangia develop singly on the upper sid
the sporophylls. The sporophylls usually form strobili. At the base of sporoph
present a small outgrowth called ligule to retain moisture. In some lycopsida suchas
Lycopodium, the ligule is absent. a -
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. - L i

Selaginella
General Characters oy e s O
E : Selaginella comprises over three hundred species, most ¢

and grow abundantly on hills. Selaginella grows in damp places in the hills
plains. It is a slender, much-branched plant, either creeping on the
ground. St e e
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I he slender stem bears four rows of leaves--two rows of small leaves on the upper
The s

ee and two rows of larger leaves at the two sides. A long slender, root-like organ is ~290

Slll.l_::: off from the stem which is known as the rhizophore (root-bearer).

' Selaginella plant 1s the sporophyte. It bears two kinds of sporophylls -
microsporophylls and megasporophylis, Both‘ kinds of sporophylls may occur
(oucther in the same cone, or they may be borne in two separate cones cither on the
same plant or on two separate plants. All the sporophylls are nearly of equal size and
spirally arranged, usuall){ 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.

gl

Fig: 8.8 Selaginella denticulata

3. Sub - Phylum: Sphenopsida (horse
tails)

This group includes both extinct (e.g.
Calamites) and living plants e.g. Equisetum, the
only surviving genus. In this group, the individual
plant Is seldom more than a few feet high. The
E:::jnlt 3 sporophyte, distinguished into roots, stem
unoi::ves. The stem i_s not 51.nool':h‘but has ridges, |
i“temofj orribs, and divided into Joints, nodesand |
i es. Therefore these plants are also called |

OPhytes. The leaves are reduced to scales and |

arran ged

o whorls at each node. Sporangia are |
ClOSely paqked tofori I Sporat

WE

e orstro

s d a2 S 3, =

e
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- Fig: 8.90. Equisetiom.
4. - Sub thh:m Pteropsida {fernsaudmed phms)

Sub Ph'f}am picropsida constifiiies a group of the best

21 f)-r. a = < ;-.'."."-_' T ATIGIC CEv %8 % ~ a -
Cditln riciopsiGa 1S a NCICTOZenCous group. consistine of thr
fu'-' mneae,; Gy MROSPETINac 2nd Angiospermae
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praces. 1hic plant body is divided into roof; stern and lcavess

D o g S o
UUHD diT UEYVE = x

au;}»d oI the base of rMizome. LE&VES are
iis. _eaves or fronds are simpie m!hapeuolar sorponn

Cunrai axis or rachis. Thei }mmn_ture and young fr-ond is ceﬂad SEh, ;&: 'ﬂze mpgnant
characterof this gr nup_ - :
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a: Maideo-hair fern (Adfantum) b. Dryopieris (Aspidium)
Fig: 8.11 Some representative of ferns)

© Sporangia are grouped to form sorion the under surface of leaves. Most of the plants are
bomosporous. Gametophyte is small, heart shaped and photosynthetically independent.
Ae sex organs are antheridia  or archegonia, produced on the under surface of
metc 'l'i“-._‘. te. The class filicincac comprises nearly 10000 species, which are widely
istributed. Common example of this class are ddiantum, Pteris, Dryopteris and

‘13 E__I".'.‘. .._.’

3 I Es olutmn offeaf

Leaf is a green mostly flat structure borne at the node on the stem or on its e
. branches in all the vascular plants. The primary function of the leaf is pholosynthems. JE== =
. also helps in transpiration. Another activity of the leaf is respiration which involves the |
. absorption of oxygen and liberation of carbon dioxide. The primitive vascular plants
P lacked leaves. The stem being green was photosynthetic. It is the evolutwn of leaf which
. resulted in efficient photosynthesis. e
How did this important organ of | il_}_ﬂplants arise, when none was preqent in the
I primitive vascular plams 'efo;e we answer this question, we must distinguish between
¢ w0 basic types of leaves i eurring among vascular plants. One kind is nuscrophyllous DR
i leafwith aamglg.vgﬁ{m fﬁ”ﬁ'ﬁﬂler is megaphyllous leaf w1th many veins. N
% Evolution of microphyliousleaf _
§ icrop f is present in club moss and horbe tails, The mterpretatmn of
mita clear 'anSWer asto how the microphyllus leaf evolved.
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One possibility i that this lcafoﬁgmatedasanm Wﬂl,
the naked branches of the primitive plant. With increase in m_
transport so vascular tissue in the form of one vein Wﬁ’
microphyllug leaf was formed, A
Another possibility is that the microphyllus leaf o
size ofa part of the leafless branching system of the primitive vz

Fig: 8.12a,b: A dizgrammatic s mmary of two d)ﬁelfm
evolution of single veined leaves.

In any possibility, this simple kind of leaf became well estabhm mn
primitive plants such as club moss and horse tails.

b. Evolution of Megaphyllous leaf =
Megaphyllous leaf is found in many pJants such

examine the leaves, we ﬁnd that they a '

the forked ~branching syst

organ, now a leaf looked :supert' c1ally the web a2,
changed into veins which resulted in many veined leaf or megaphyuous eaf

Kig:8.13(a) Primitive three dimensional (b)
branches become filled with tissue, The Princi
Much evidence from fossils of ancient vascular

Branches are all ahgned i
pal steps in the evolution
plantssuppo tsthe__s_

Scanned with CamSc




MDCAT BY FUTURE DOCTORS

® | . . .
{ T . . 5

ses f WE o et ooy A it Be APTFR N
114 | vRGERE T RA™ F

Adiantum is acommon fern, growing wild in places along the walls of wells and
water courses. It if" a smalll herb; f:onsisting of a stem, roots and leaves. The stem
s 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
hrownish 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.

Adiantum is sporophyte. It has asexual reproductive organs called sporangia
which contain spores. Sporangia are arranged in groups called sori. The sporesare 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
gametophyte called prothallus which is capable of manufacturing its own food.

Adiantum
P
EMBRYO
OOSFORE SPOROPHYLL
A — a— -—-—"mﬂ‘ i
FERTILIZATION (SYNGAMY) %, %o
Qv,;\ o SORI
SN %
NN '
EGG ANTHEROZOID 4,9 P B
\ %\\ 3 SPORANGIA
| <
2N
ARCHEGONIA  ANTHERIDIA N SPORE MOTHER GRLLS
\
L z \?A._.....
PROTHALLUS osf§ ot
MEIOS %
emGrOREBMIT ok
Figi bl Lifocycle ot ddimiane 4

Scanned with CamSc



- prothallus is green. small. flat and heart shaped structure. F,- _
e nrothallus arise a number of thizoids. The ribzoids fix the p
.~ shsorb water and mineral salts from the soil. The prothallu
bearine both the antheridia and archegonia on its under surface =k
conains sperm mother cells or spermatocytes which gives rise.
q:-erm Eadz archegonium is a flask shaped body consisting of 3

nasz! swollen venter. The venter contains a single long naked cell ¢ e
&-r:-“;:?*—:":' "-':f‘-,-.'-'";:: »n occurs when the soil is thoroughly wet ““th wm
Spermis cluster round 1eopen mou:.‘ofthearchegomumand one of them p:

> the venter fuses with ooqphere to form oospore or zygote Whlc egin:
procuce an embrve which develops info a young sporophyte OfA d |

\lternation of Generation in 4diasrum =

dhe Bife histery of Adignium includes two quite dJS

. sgomp-:tyﬁ generation and the gametophyte generation. Fh
Spores which on germination gives rise to a heart - shaped ga

The gametophiviz develops antheridia and archegonia, which cont
respectively. The m:hpore resulting from the fusion of the sperm w

grve rise 1o gametophyte but grow into an independent yautigsporqp

Thus the sg_'ﬁ:;-ophyze gives rise to the gametophyte and
maaajtemanonofgenemﬁon. ==

-commumtzea

8.4 SeedPlants

8.4.1 Evolution of Seed
Seed may be defined as 4 fertilized and ripened ovule. The cvolution of

the most important process in tbe;yphm;m of vascular plants because sce
structure which can survive under unfavorabfe conditmns jf 18 t&p’ﬁnsi
presery ation of species. Seeds have made they la.nta om Ve, :

he evolution of seed involve the follomngsteps
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Hevelopment of heterospory : et
1= All the seed plants are heterospor’_ous. They produce two types of spores

crospores and megaspores. The microspores produced in the microsporangia
":(,ch sac) germinate into male gametophyte and megaspore produced in the

| .m-uas;mrangia (ovules) germinate into female gamctophyten(em__: b__-_'_'YO sac), -
| Leention of megasporeinside the sporangium S E—— ey
" Instead of being shed from the sporangium like the spores of the lower s
| e megaspores of the seed plants are permanently embedded and pri tected inside the

megasporangium. Here the megaspore develops into a small female

‘: 1

-'

Female !
| gametophyte

!r‘itggflm;!_it- : e

o
: ] - envel
Heterospory and endospory ; imegl?z;ee?-.;y e 8

Fig: 8.15 Main stepsin the evolution of seed

. Formation _ﬁfintEgum enta mt:__nil the még _spdrangiti :
The fossil record shows that there were certain fern

In this case the megasporangium was surrc

J@rowths became fused, during evolutic
. cBuments, around the sporangium. Th
"Negumenteq py
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The non vascu]ar plants 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 totheeggs
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
regions or the descrt

iy

By Ay

G) mnosperm is derwed from two words,
g_vmnos means naked and sperma means seeds.
2. Gymnosperms produce seeds without fruit,
borme 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 cong
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 cambrum.
8. The reproductive structures or cones are unisexual. Both the male conesand 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 % O_f

oospore is concerned with the development of embryo.
11. Polyembryony (the production of many embryos \lll’lUlIJllL.O'lel)’) mofoommoll

occurrence but finally a single embryo matures.
12. The number of cotyledons in the seed 1s variable from one to many

[3. Thereisaclearalternation of sporophytic and gametophytic generation. - the %
14.The significant character showing advancement over the pteridophytes 1S

permanent retention of the megaspore in the megasporangium fertilizatiot
development of embryo inside it. This feature has given rise to seed habit.

and
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a ruie yenation I8 reticuldie 16 dicoiyiedons,
monocotyledons. Among toonocotyiedons, sarsaparilie; 8
‘f-’f‘f"- ored). Kowever. Show reticulate venation and W’

Alexandrian laurel (€ alophiyTlm} }‘Jr?.~;r¢,"f'?‘ mfmﬁ_

Woneeoie

monocotyledonous has trimerous symmetry.

6. In the dicotyledonous siem. the vascular bundles areamrans=2in 2 —

are collateral and open _'-':. e monocotyledonous stem, the bundies are sc

ground tissue and they are coliateral and closed. Also the bundiss are more s %
monocotyledons than i dicotyledons. Further, the bundles are more or e

monocotyledons and wedge- -_d“ iped indicotyledons
7 in the dicetyledonous root. the :aumbcf of xylem bundies ¥

seldom more, but in the monocotyledoﬁam Toot, thc:»e are nUmerg
pumber (5 1o 8)

8.
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Life Cycle of Angiosperms

The angiospermic plant is a diploid sporophyte which is composed of root
<tem, leaves and flowers. Flower is the reproductive organ, while stamens and thé
;;arpb’ls are its reproductive parts. Stamens are male reproductive parts while the
carpels are the female reproductive parts. Each stamen consists of an anther with four

pollen sacs. A large number of micn:ospores 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 sti gma 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 gamefes.
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.

8.4.4

anther

stigma

style

— ovary

pistil

receptacle
pedi_qi"e:l__.'_ g )

The ¢4 s Fig: 8. 20 Structure of a t.""—?'l-ﬂﬁ*?r G

Ovuleg e COBSISts of a basal swollen part, the ovary, which contai

integot o vWe consists of a tissue called nucellus, wt

The et Certain changes oceur in the ovul

(dip[ _Ile' Of these seven ¢
"idin nature), o sy

'
i
i
.
3
.
i
\
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... Pollen grains disperse
via wind or animals

Mitosis

Meiosis

P Hapioid (n)

Microspore (n)
.Dlploid (2n)

~ from pollen grains

Top ©

' g

i3

Ay

MQ[OS‘S . I

A

. o ' Megaspo
egasporangium  (n; retained -
on o oy ~ inovary

TN S A Embryo
& @n) 5
| - - Nutritive ',
Mat\.lre!wt f : tissue * \
sporophyte . 3n
(zn) | wr (3n) _ !
l Developing _.Jj
/% sporophyte 2
A - (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. s
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 sF;d |
coats called testa and tegmen, The walls of the ovary develops into fruit on ripentng:
Under favourable conditions, the seed germinates to produce seedling which on
development becomes sporophyte. The two kinds of generation i.e. gametophyte an
sporophyte, oneafter the other show alternation of generation. i
Anglosperms are successful because they can adapt themselves to alr ost &

kinds of environments. Moreover they produce flowers, fruits and seeds which sho¥
v i

L=
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stations for disp_ersal over large areas. Double fertilization i
They range in size from 1mm up to 100 m (Wolfia = 1 1on is of common
pOSSES broad leaves and may be annual, biennial or perglnnril; 1Eur,alyptus 2

Jarious adar
LEUUH_":”CC'
{00 m). They
“florescence and its major types
[ some angiosperms individual flowers are qui :

the pedicel. Such flowers are termed as solitaryei‘ll:;.tr:r}sar%e A hopic ihly on
L : . In most angiosperms the
flowers are «mall and occur in groups. Such cluster of flowers arranged on the floral
alled an inflorescence. Cluster of flowers in some way ensures pollination
d thus the reproductive success of the species. :

The inflorescence may be racemose or cymose. Inaracemose inflorescence the
| axis continue to 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
apex. In a cymose inflorescence the main axis soon ends in a flower. One, two or more
lateral branches develop below the terminal flower, each ending in a flower like the
main axis. In this case the termjnal flower is the oldest and the lateral flowers ar¢

axis 18 €
fertilization an

mair

younger.
Chieftypes of racemose inflorescence are:
]

1. Typical Raceme
In a typical raceme the main axis is elongated and bears laterally a number of

flowers. Each flower hasa pedicel or stalk e.g. Cassiafistula (amaltas)
Thespike

The spike is a racemose inflores

raceme but the flowers are sessile i e. without stalk €.8. Achyranth

bottle brush.

cence in which the main axis is elongated like
us (puth kanda) and

3, Catkin e :
Itis a spike that usually bears only pistillate or staminate flowers. Examples are
mulberry and willow. | !
4. Corymb < of the lower flowers are
Inthis case the main aXis 1 comparatively sHog 0 thlct, s;?ll}t{lfe?ég\l:érsf lie at about the
longer than those of the upper younget ones. AS 8 954
same level e.g. Iberis (candytuﬁ)- _ | fabe
5. Umbel ' talked. Due to shortening ©
A olic: ¥ v wcrsaresa A .boﬁ) In
[n umbel the main axis 15 shortened. F10 cotyl (brahmi DOOT:
e.g- Hharaed Suchacompount

ar to arise at oné leve .fﬂm.main e

inflorescence is called umbel of

6. Panicle e i e
Abranched raceme.l.i,sicall‘?d pamcle

main axis, the flowers appe R
2 : +he t1p OL L2245

some cases ; are resentonﬂlef_‘l’- ] e.g. carrot.

me cases a number of umbels ar 'Pl;els or compol m_\_d_umbel eg
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Flowérs all at one leve] |

| Umbel ¥~ "l
; Pedicels all arising |
Raceme Spike Corymb at one level like i
Fig: 8.22 (a) Types of inflorescence :
- : @0e%09 9909% - 15
Umbellet Qete® =17 "Pe Oo
| e ] W N e
' o/ A% ¥ % 3 s
. : . . ,e &;1'\‘-..,_" -..\‘\ 7 ’_.,5-”‘!-:‘ E
'« peduncle

Simple umbel Compound umbel _

Fig: 8.22 (b) Types of inflorescence

7. Capitulum eoia T A
| In capitulum or head, the flowers are sessile and are crowded together on a very
' short axis. It looks like asingle flower .g. sunflower. g

" Chieftypes of cymose inflorescence are:

me (Monochasial Cyme)

In this case the main axis ends in a flower below which it produces one daugh =

axis only. The daughter axis as well as each succeeding one again end in flower af

givesrise to one daughter axis only e.g. Begonia, Tradescantia.
flower

1. UniparousCy

1 pedicel
| o_ne-mdcd B, < e
| ; (monochasial) :
. cyme % AXIS T
capitulum as in Tradescantia (peduncle)
P

Fig: 8.22 (c) Types of inflorescence



_ MDCAT BY FUTURE DOCTORS
. Biparous Cyme (Pichasial Cyme) it
' B me the main axis ends in a flower and produc
In piparous cy : : : produces two daughter axis.
Each of the two daughter axis agam'end.s in a flower and produces nvogdau_m;?tie:ls'
qxis which may continue the branching in the same manner e.g. Silene, Ipo;mea

:+  Multiparous Cyme
In multiparous cyme the main axis ends in a flower and produces three or more

daughter axis each of which continues the branching in the similar manner e.g.

E uphorbia.

d. Benefits of Angiosperms for Humans

Angiosperms contribute huge quantities of food and of great variety, €.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, haen?atoxylon,
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. 355
One of the important aspect of angiosperms 15 their
prominent plants in this regard are discussed below:

1. Cannabis (Cannabis sativa) e
Used medicinally for thousands of years, today it is used
. sleeping disorders, autoimmune diseases and glaucoma.
E 2. Coca (Erythroyion coc '
1 ea (Erythroxylon coca) o

. Cocaine was widely used as a local anaesthetic 11 the.1 9q1
1S taken for altitude sickness in South America.

3 Daffodil (Narcissus
: s Spp-) |
gatlantamme hydrobromide, a comp
reat Alzheimer's disease.

4, Dudl e .
y mightshade (Atropa belladonnd)

‘:ktll parts of this plant, especially the berrics, con the eye

SIJ;sI:;f;e' Atropine is used to relax the muscles of th¢ 7

medicinal nature. Some of the more

in the treatment of

skt B R R e L S SR

ound derivéd fl'roﬁl daffodil pulbs, is being used

1y toxic chemical

tain the e:ntlﬁg sf‘:)p muscular
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5. Fever tree (C u::--.*mnd\@%;;ﬁg{)FUTURE DO

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
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.

To this vast assemblage of flowering plants must also be added thousands ofnew
varieties, races or strains, etc. which owe their ori gin as also their perpetuation to man

N e e N PR
P e o L _E)_.__'i". 3 ¥

- 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
in practically all sorts of soil and climatic conditions and constitute the main source of
. man's food supply.
. DO Iil'n(a\&’i{i
angiosperms are;
1. Theiradaptability to all kinds of environments.

, : : Cedar (Cedrus deodara)
show various adaptations for dispersal over large is the National ‘oo =
areas.
vascular plants (Pteridophytes) though widely

- distributed are, however, not found to flourish in such

the grass family with 7500 species, which have colonized great areas of the earth surface
The factors responsible for the success of
2. The production of flowers, fruits and seeds which Deodar or Himalayan
The conifers (gymnosperms) and other Fakistan,
b _ diverse habitats as do the angiosperms.
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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 totzally dependent
upon the gametophyte.

BryOphytes are the first plants which migrated to land. Bryophytes
comprise the small and simplest non flowering land p]ants 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.

Tracheophytes have cells called tracheids which are water -

conducting cells of xylem.

The phylum tracheophyta is further divided into the Sub - Phylum:
Psilopsida, Lycopsida, Sphenopsida and Pteropsida.
Microphyllous leaf is with a single vein and megaphyllous leaf is
with many veins.

Psilopsida, a group of seedless vascular plants have evolunonary _.

importance as they represent connecting Imk bemreen t
and ptendophytes e
Seed may be deﬁnedasal‘lpenedand fem, zedovule.
In most anglospgrms the ﬂowera am's “ gccurm groups.
Such _elusfer of ﬂowem Arran '_'-.;_;_ on the ﬂ'j_;i_jj; | axis i

L
el ._.'. .
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Choose the correct options from each statement and encirele it
In bryophytes the male reproductive organ is known as:
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

C. Sporophyte d. Embryophyte

Gymnospen_n is characterized by:

a. Having fruits b. Having seeds

G Lackingovaries - 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

(o5 Antipodals d. Endosperm

Embryo sac is termed as : o
a. Megasporangium b. Megaspore | ; g
c: Female gametophyte d.  Femalegamete. . Lo
The plants which have naked seeds beloﬁg to the grohp: :

a. Tracheophytes b. Gymnosperms

C. Angiosperms d, Pteridophytes

Double fertilization is the characteristic feature of only the:

a. Angiosperms b. Gymnosperms
e Pteridophytes d. Bryophytes

| -
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e
Y

The inflorescence of mulberry and willow is calf ol i
1. e Catkin b

.. Umbel e DA G s
"i:hc female gametophyt_e Oftheﬂowenngp]é'_ntsm - ? Moo
2 & iovule - ~© b Endog ;
C. Embryosac ; d.  Placenta
13.  Which of the following characteristics differentiates pte
gYMNOSPErMS?. oo tanfinl in o oe Sk T e A A i
a, Production of seeds b. ' Formation of archegonia

C. Production of pollen tube d.  Alternation of generation

14 Theliverwortand mosses belong to which group of plants?
a. Thallaphytes ‘S b. | Bryophytes
[ Pteridophytes d G

S . Gymnosperms
I5. TheTracheophytes include which of the following groups of plants?
a. Thallophytes and Bryophytes Vo SRS
b. Bryophytes and Pteridophytes ; e
c. Pteriodophytes and Spermatophytes R SRR
d.  Thallaphytes and Spermatophytes ';
16.  Which one of the following vascular plants is said to be
. Rhynla A0 R e ¥ T 2=

. Psilotum
c. Selaginella R Equiset
7. Mycorrhiza is a common feature of the sporaphyte
Pl Psilotum 5 _
e

w0 — gy

~ oA
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'EXERCISE

Answer the following questions in detail. .
Describe the adaptations shown by bryophytes to land life.
Explain the life cycle of flowering plant.

Write detailed note on any two of the following.

a. Psilopsida

b. Sphenopsida

c. Lycopsida

4. Give important characters of liverworts and hornworts.

N

Projects - - '
e Teacher may plan a trip to nearby area with natural vegetation and ask
his/her students to collect plants in the following manner. . :

1. Two examples of bryophytes. e A
Two examples of fern. e §
Five examples of angiospermic plants. I

W

Three examples of gymnosperms
Take guidance from the teacher for proper preservation of plants.

3

]
o Make a medicinal plant collection present in your local environment. Pasteij
them on cards and write their taxonomic classification for every collected plant. 3
Take guidance from your teacher for identification and classification of your plant 3
collection. g

»
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Describe the general characteristics of animals.

Classify animals on the base of presence and absence of tissues.
Differentiate the dlp]OblaSth and triploblastic levels of orgamzatlon.
Describe the types of symmetry found in animals.

Differentiate pseduocoelomates, acoelomates and coclomates.

'-_._T\‘-“*; i
AT iR

Describe the general characteristics, importance and examples of sponges,
cnidarians, platyhelminths, aschelminths (nematodes), mollusks, annelids,
arthropods and echinoderms.

Describe the evolutionary adaptations in the concerned phyla for di
gas exchange transport, excretlon, and coordmanon. |

Classify coelomates into protostomes and deuterostomes. 41

List the diagnostic cha.ractenstlcs of jawless ﬁSh
bony fishes. | S
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Introduction S A, e
Kingdom Animalia include all the animals found in this world. The worg

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 wall)

are classified as member of kingdom Animalia. According to the recent reports

kingdom Animalia is comprised of more than half a million species of animals. Some

important characteristics of animals can be described as follows:

e Animals develop from two dissimilar, haploid gametes 1.e. a larger egg and a
smaller sperm. | ' 2

e Theoutermostcovering ofall their cells is a cell membrane.

e Theyhaveamulticellular body.

e Theyare made of diploid eukaryotic cells.

e Animals are heterotrophic and they in gest 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 group of
protoctists, they have evolved. Their ancestry is still a topic of hot debate among the

biologists. 5

9.1 Classification of Animals

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.

a. Vertebrata: This group includes all those animals which possess a back bone or
vertebral column, Vertebrata included fishes, amphibian, reptiles, birds and

mammals. :
b. Invertebrata: Allthose animals which do not possess backbone were included in

~ this group. Invertebrata was divided into following phyla.
1. Phylum Porifera

2. Phylum Coelenterata

3. Phylum Platyhelminths
4. Phylum Aschelminths
5. Phylum Annelida
6

7

8.

9.

Phylum Mollusca
Phylum Arthropoda
Phylum Echinodermata
Phylum Chordata (excluding subphylum vertebrata)
Few invertebrate animals which do not fit to any of the above mentioned

Scanned with CamSe
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< fied into “phylum-cten()phora" and “minor phyla” but the number of animals
are classti™ ecies present 10 these phyla are so much less that they are generally
and cl%-;!::y are inhabitants of deep seas and we know very little about them.
jgnore \nimals have also been classified on the basis of the cellular composition of
irho‘dY into following thref b

Protozoa: 3 . :

Animals have asingle celled body which performs all the vital functions of the
ife ¢.g- amoeba, paramecium, plasmodium, tryponsoma etc. (In recent classification
F:rowz"a has been treated as a separate kingdom Protista).

9 Parazoa: g s

" 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. :

3, Metazoa: Animals of this group are composed of many cells. The cells are

arranged into tissues, organs and organ systems. This group includes all other phyla
from coelenterates to chordates. for example, metazoa are kept in a subkingdom
Eumetazoa. :

: Another way of classifying animals is on the basis of arrangement of their cells
~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
- 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.
- cctoderm, mesoderm and endoderm are called triploblastic. All the phyla from
platyhelminthes to chordates are included in this group.

_[
!

the

- 92Complexity in Animals - _ =
| Eumetazoa are classified into two groups on the basis of symmetry of the

ngg. Those having a radial symmetry are included in grade Radiata. Their bo
s | -1

- Animals of phylum coelenterata (cnidaria) are included in this group.

s Animals with a bilateral symmetry are included in to grade Bilateria. I
ot - imals can be cut into two identical halves onl :
of the bil .

e bl

ded in to equal parts in more than one plane. These animals are dipl btlc s
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ped some organs but they show
is not well developed. They do
he form of a network of

present called mesogloea. Although they have develo
lesser degree of specialization, hence the organ system

e
tran tem and the nervous system 15 In _ :
B il eir body contains a central cavity

eurons without any central control (brain). Th _ . entr
galled coelenteron o¥ gastro-vascular cavity. The anterior end of this c?l:;?i ;swn];m:;h’
through which water and food enters. As they do not_poss'es anyh§nus i eztiv:
undigested food is also excreted through the same opening. 78 1;1 ?}:pasexuaﬁ e
system is called as sac like digestive system. They reproduce bo y
sexually.
S{n triploblastic animals the body is composed of three layers of cells called
ectoderm, mesoderfn and endoderm. In triploblastic animals the cglls show greater
degree of specialization in to organs and organ systems. Their digestive system 1S tube
like and most of them have a separate opening for taking food and excretion of

undigested wastes respectively.
The ectoderm forms skin (integumentary system) and nervous system. The

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 with a
muscular layer and internally with s =
the cuticle of intestine.
Pseudocoelom has no relation with
reproductive and excretory
systems. Animals of phylum
Aschelminthes are included in this

group.

¥ =

= 4_-—“._357:" nied wiut udll
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L tes are the animals having a true body cavity or coelom. The cavity is
) ‘m_-uuil(;clomic fluid. All the amt:nals from phylum annelida to phylum chordata
G “;lth;tes Coelomates are classified as Protostomes and deutrostomes.

es (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-
’plan, and a true coelom. Deuterostomes (as exemplified by the
. sderms and chordates) develop the anus first, then the mouth at the other end of
"Ch’lmbryo_ Deuterostomes are coelomate animals having the following
:;:b;yological characteristics:

syn
a-tube body

Radial cleavage in embryonic cell division: the daughter cells lie on top of

coelo

body covering
(from ectoderm)

4 tissue layer

lining coelom
) digestive tract and suspending
(from endoderm) internal organs

(from mesoderm)
/:.:

pseudocoelom

(a) coelomate

body covering
(from ectoderm*

muscle layer

(from
| e mesoderm)
- 1gestive fract
| (from endoderm)
| (b) pseudocoelomate
: body covering tissue-
| (from endoderm) filled region
|

(from
" mesoderm)

S

digestive®

(from endoderm)
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previous cells. ;i
- Fate of cells is indeterminate; if embryonic cells are separated, each omj
develops into a complete organism.
. The blastopore is associated with the anus, and the second embryonic Opening
is associated with the mouth

9.3 Subkingdom Parazoa
The only phylum included in this subkingdom is Phylum porlfera

9.3.1 Phylum Porifera

Word porifera is derived from Latin: Porus means n:unute holes or l:my
openings and ferra means to bear. Hence anlmals 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 or gans are not present. They are the most primitive

metazoans and are commonly called as sponges. All the members of this phylum are
‘aquatic mostly marine.

* ‘Interpreting and Comm_ 2
Evolutmnary tree of various ;

IR o A o hrw A il

Acoelomate phyla Pseudocoelomate phyla

s T

-
-
)

E

e Tal

numerica e ol nematoda rotifera
platyhelminthes and others

modern surviving animal phyla
(600-500 million years ago)

nidaria ,\ f
c \ i protostomes
ctenophora | \ /

Parazoa

radiate phyla

= hemlchordata
P chordata | |
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ater circulates and brings food to
il " pis food is digested inside body
e bo .‘f‘lccnular digestion) as well as in the
gl ‘U; ol (extracellular digestion).
ponge f‘ porifcra includes phytoplanktons,
000 ,U]ktoﬂ g, protozoans, crustacea and
‘,_,grc_apla:na] | organisms but the major part (80
._n:qcrj_ the food is comprised of dead
%) ° g organic matter. Sponges are

E The ostia are part Ofﬁ@'&fﬂﬂé FOPORE DOC

Jecaymn

ssile (stationary) and do not contain any
;D_‘Comowry organ.Their dlspersa! takes
lace during asexual reproduction by
nudding and gemmule formation or by
xual reproduction through the formation
of eggs and sperms. Process of excretion
ukes place by diffusion.

|
TORS

Ascon type canal system
(Leucosolenia)

Fig: 9.2 T.S of sponge
body to show canal system

| ._ osculum
Spongocoe —:L : : s[;_‘l

&
canal ———f£88 Resall
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Sponges also lack any nervous system. Neurosensory cells and neyropy . |
found which are believed to coordinate the ﬂow of water, i

Al sponges except class mykospongida have skeleton. The mmcﬂnﬁ.
of carbonate of lime or silicon in the form of spicules or of spongin (2 fibrous prote,
in the form of fibers, Sponges are cconomically important animals a5 they are used g,
washing and bathing by human beings from ancient times, Even after the productie,
and availability of artificial sponges, still natural sponges have tb@rdetmndinﬁ,_
market and they make a considerable pmponicm of the total business all Over fae
world. Sponges found in the warm waters of Mediterrancan Sea are mmﬁcﬂ,
more important. Sponges are used in surgical opcratmn.s because of their ability i
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 (z
common marine sponge), spongilla (a freshwater sponge) leucoselenia (a tubule
marine sponge), Euplectella or Venus flower basket (a very beautiful, delicase,
siliceous sponge appear to be made of glass framework ) etc. T

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 intoe

halves in many planes. The only phylum included in this grade is phylum coelent
also called phylum cnidaria.

I. Phylum Coelenterata (Cnidaria) i

The word coelenterata is derived from Greek: Kolios means Hollow, €

means intestine, and hence the animals of this phylum have a hollow, S
intestine. Phylum coelenterata is also called cnidaria because the animal
group have certain specialized cells, cnidocytes which give rise _

(special stinging cells).

A
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re exclusively aquatic; majority live in marine environment but some

aferates &
clenteraes AT€ X

| ['I'L‘h'hw“w

y

tentacle

epitheliomuscular

cell
longitudinal

gastrovascular 1
muscle fibers AN

cavity
gastrodermis

mesogles

epidermis
mesoglea

g::slmdcrmis -'1

gastrovascular nerve net

cavity

epidermis

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
between the two layers a jelly like, noncellular and nonliving material is present,
ﬁf‘?‘“d' mesogloea. The ectodermal cells are not only protective in function but they
‘r c?;%gg rise tonematocyst. The cells of endoderm are specialized for digesti ey
i e1gtest:ve enzymes and also absorb the digested food. The only cavi
weat nt :el:'on or gastrovascular cavity which is associated not only witl
S“"mund::j i many other functions of the body of animal. In coelent
Nemag y number of tentacles which bears organ ffense
ocyst, As soon asan oreani .

Which - it
Easlrovmovement of tentacles

a >
Blandy] poke Cavity.

Mater
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arrangement is found in Obelia and the animals of order siphonophora. Coslener
are carnivorous. Their food varies according to their size from zoe lariicon,
crustaceans, insect larvae to small fishes. Both the type of digestion ie. Intracellyjs,
and extracellular is found. In coelentrates locomotion is performed in mriany Gifieyes
ways. Although many coellentrates, especially colonial forms, are sessile 2nd e,
attached with certain object in the water e. g obelia, corals ete. but 2 large Bumbey of
coelenterates can move actively. Coral reefs are the huge volumes of calcig
carbonate in the sea formed by the skeleton of stony corals.

Physalia pelagica, common] y known as “Portuguese Man of War™. can swirg
y the rhythmic contraction waves. Jelly fishes are fast moving
ase water with force from their umbrella like body and move
n. This type of locomotion is called Jet-propulsion method.
Respiration and excretion takes place by simple diffusion. Both asexuzl and 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 eggs and sperms which are produced in ovarics

and testes. In most of the coelenterates, the sexes are separate.

A very important characteristic of coelenterates is the presence of
polymorphism (Gr: Poly-many, morphe-Form). The existence of 2 single species m
more than two morphological forms (individual types) is 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
found in coclenterates is alternation of generation or metagenesis. In this

phenomenon asexual generation alternates sexual generation.

atarateof 12.1 cm/sec b
coelenterates. They rele
in the backward directio

: 'rentacles Polyp | .- e
|\ Mouth




MDCAT BY FUTURE DOCTORS

Jle in Obelia, the polyp form, called blastostyle reproduces in to saucer
i jusac. These medusae develop gonads in which eges or sperms are formed.
qaped M ll.;.‘.-liiiz.g~ the eggs and the planula larva is formed which plianhicaiie
ook n.m;:ﬁi“ way the polyp produces a medusa and the medusa produces a polyp.
g Iutl"”"f common example of this phylum are Hydra, Obelia, Jelly fish, sea
¢ and Corals. Corals are cconomically very important as they form coral reefs.
o s s arc caten as delicacy. Some of them are poisonous and cause serious health
h‘”'\.n' llﬂ:':‘lil\-crs and swimmers. Corals live in colonies and they make huge structures
:'[:1|I|L|L‘d L'nl':ll reefs.

ol

|

|

%

Fig: 9.6 Corals Fig: 9.7 Sea anemone _,‘,

b. Grade Bilateria :
Animals included in this grade have bilateral symmetry. Body of 3

these animals can be cut into two identical halves only in one plane that is they have a

fght and left side of the body. All the phyla from platyhelminthes to chordates are £
bilaterally symmetrical. They are all triploblastic as well. |
L. Phylum Platyhelminthes _ --
i I‘B‘Ody of all the animals included in this phylum is dorso-vent:faily ﬂatte:_ned,
-'h.c :1{ Eukc Or paper like hepce called flat worms. They are bil'a_tc'frally §ymmen:1cal.
s, ,:]:‘: ‘1.1‘1’-' first triploblastic metazoa and are acoelomates. Their bodies are cither
i\’inz Rt'_"t'd or superficially segmented, and true segmentation is absent. In free
thick CO,:tmf“}e ectoderm is ciliated but in parasitic forms thec:lmareabsentanda
o oL 1 :kumcle s present for protection. Organs of attachment are pljgﬁ_ﬁ!?%l}:%l:
Paragii f(}t- S qr‘suc’kcrs. Digestive system in free living form _ls—_-—d__evel_oge__ijw bl;l :
lngs Ccstl‘mls It 1s either poorly developed (Class Trema r completely absent
With fi oda). No Circulatory or respir;
Cavity o At cells (Mame cell is a stru
Open o eb{:::tez:g:‘;ng man'y l'.o_l?lg ¢ ﬂmﬂl
Pore. Nervous sy

.

‘\;..'_:.ep.‘...{ o iy,
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ventral ganglion connggtyd Ay BY\EUTYREDGOCTORSE nerve cords. _
IR

nucleus A
Cilia gl |
a‘ Interstitial fluid ™% :
R ‘ gastrovascular filters through kL |
? ,  cavity membrane where |
-4 cells interdigitate
mouth
| pharynx
i opem'ng
i g/ of pharynx
s _-
g ¢ tubule —-
\\/ nephridiopore
: in body wall
-5« i 9.8 Planaria showing Fig: 9.9 Planaria showingexcretory system _

- digestive system
- Muscular layer is well developed in free living forms which helpiné
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 copuléihﬂ'.l
organs. Eggs are small with yolk and are produced in very large number. Self and 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 laryae are formedaﬁ*m|
liver fluke. s
Regeneration ability is present in Class Turbellari ia) but Class.
Trematoda (liver flukes) and Class Cestoda (tape worms) beit?g g;l;lrgilt?:at:’ show

any regeneration. All the members is 1 e
colonies. | Of th 1s phylum are solitary 154
In Cestods (Tapeworms) the digesﬁve- AR e 5 e

LS Ve system 1s completely a
worm absorbs digested food from the wall of the intestine ofgheééx;i

;z?;;fs.attached with the help of scolex (head) which is prOvi.déﬂ..-:
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pl: dtyhelmmthcq is a diverse group with about 15000 species ranging in size
w millimeters (Planaria is about 10 mm) to many feet (tape worm reaches to 16
nfe about 5 meters). Economically they are very lmportdm Liver flukes and tape
feet or ause Serious diseases 1n sheep, goat, cow, buffalo, pigs, horse, donkey and
rmhi Cmebncatcd animals causing heavy mortallty Wthh inflicts great economic
-otﬁ er ((;{umaﬂ tapeworm Taenia saginata is a serious health hazard in poor and
assﬁlf‘fJ ing countries of Asia and Africa. Its infection results in retarded growth,
c:;:capwenght loss, abdominal pain and nervous disorders (resembling epilipsy) and
. - of children death may also be caused.
Common examples of this phylum is Planaria (Dugesia), Liver fluke
asc,ola hepatica), Tape worm ( Taenia solium) etc.

phylum Aschelminths (Nematoda)
The word nematoda is of Greek origin which means thread. Nematodes are

called as round worms. In nematodes the body is long and cylindrical tapering at

ends. They are bilaterally symmetrical and are triploblastic. They are
udocoelomates i.e. the body cavity is not a true coelom. The body is non-
mented.
Nematodes do not have any cilia on their body. A hard layer of cuticle is
esenton the body for protection. No respiratory or circulatory system is present. The
'd contained in the body cavity performs the function of the blood. The alimentary
al is well developed with an anterior opening (mouth) and posterior opening
us).
The excretory system consists of two longitudinal canals on each side which
0 en on the ventral side by a small excretory pore close behind the mouth. Nervous
-":_+. stem consists of a nerve ring which encircles the pharynx and sends its branches in
different parts of body.

- In nematodes the muscles are arranged in four longitudinal bands. Circular
cles are not present in these worms. Therefore, they show specific type of
ing movements.

eration is absent. _
In male the testes is a long, coiled thread with a semlnal vesicle which
l‘lorly opens in to rectum by a short ejaculatory. duct. Female reproductwe organs
pair of very much coiled ovaries passing into

criorly forming vagina which on the ventral surfa
tdin the mlddle line. '

Sexes are generally separate. Males are smaller than females Power of

| two uteri unite

AN S ek

wh Al

L P AP R TNy ¥
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are separate. The female IMBEANehe FlUTgREIDRGTARS 6-12 inches in length “-r!

_ The anterior part of both male and female is similar that is pointed Bllt
posterior part of the male ascaris is curved with two spine like structures calleg the
setae. In female the posterior end is not sharply pointed. Peng

male

Fig: 9.10 Ascaris

Enterobius vermicularis is another human parasite commonly known
nworm. It mostly parasitizes children which ingest its eggs with soil or in some other
iy. Itlives in the caecum, colon and appendix of its host. £ R

It causes severe itching of the anus, inflammation of the mucus membraneof
lon and appendix. This results in sleeplessness (insomnia) and loss of app'etitq;

Nematodes are found every where in fresh and salt water, in soil etc. A lumpo!
» soil may contain thousands of nematodes. Many of them are free living but som®
parasitic on plants and animals including man. e o
These parasitic forms cause great economic losses in terms of expendifu!
Ith sector and crop destruction. Free living soil nematodes decompose 0rg
ter and play amajorrole in soil fertilization, T e
Nematodes are an important part of most food chains and food w
efore economically very important. e e e
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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 which are mostly
protected by calcareous shells. This is the second largest phylum of invertebrates
having more than 80,000 species (in addition 35,000 fossils forms are also reported).
General characters of molluscs are following: : 2 %

_ They are soft bodied, triploblastic animals possessing bilateral symmetry.
They are coelomates. 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
kidneys and anus open. They respire through gills present in mantle cavity. They have
4 rasping tongue called radula. The digestive system is well develo
Cavity is a haemocoel. Blood vascular system consists of
ventricle and one or two auricles) arteries, veins and haemoc

' ists of three pairs of orange colot

molluscus”

- The nervous system consists o
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Common examples of this &1}* um are garden sna-lrl 5—2/& aspersa), slug (Limay

maximus), Freshwater mussel (4nodonta grandis), marine mussel (Mytilus edulis )
oyster (Ostrea lurida ) which makes pearl, squid (Loligo pealii), cuttle fish (Sepiq
officinalis) and octopus (Octopus bairdi ).

TR

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).

o | |Haemocyanin can transport three times more
en as compared to haemoglobin.

, Fig: 9.12 Glochidium larva

Fig: 9.14 a. Oyster (strea lurida) b. Mussel (dnodonta grandis),
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3 ynnelida (First true Coclomates)

lu]I_Il:-e word annelida is of Greek origin; annelus means little ring, the animals of
it 1 have their.bogliesr divided in to rings (segmented body) hence called
 Body of annelids 15 bilaterally symmetrical. The body may be cylindrical as
= hh-,-vorm, or dorso-ventrally compressed as 1n neries. Body is metamerically
i eart the organs are repeated in every segment. They are triploblastic. They

Jented i.e. : :
S“Coelomates having a true coelom They have a closed circulatory system. In

f‘f‘;hwoml four to five pairs of hearts called pseudo-hearts are present, which |
cd

ontract rhythmically. to l'ceep the blood moving in the system. Colour of the blood is
d due 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 ecarthworm) or parapodia 3
(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
.. the same animal contains both type of sex
organs; ovaries and testes but cross
fertilization is common. Trochophore larva
1s formed during life cycle of some annelids
cspecially in marine species. They are found
everywhere in damp soil, fresh and marine
Waterand some species are parasitic too.

In annelids like earthworm every
Zegmeﬂt of the body contains a blood vessels,
ag:jdcrmal structures (like setae etc.), nervous
in Xcretory organs. This pattern is repeated

most of the segment with some variation.
immnﬁr&ﬁnnelids_ are economically very
m group of invertebrates, Earthworm |
akes the goj] 7 fortile whichilt
INCreageg the p0r91.1_s.._.,..a_1:1_d_, ferti e wk ch .
iS gron production of crops. Animals of |
P are an lntegral vart

Ch ain S b
: oth j s
e"“"llfcmmt%nth 1 aquatis

a. Neries
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 (earthworm), Hirudinaria MREATBNsFHTMREROCEORSNeries 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.

The exoskeleton provides
not only protection but also a
surface for the attachment of
muscles with the help of which

arthmpods show aegvp locomotion

by swimming, crawlmg,fwalkmg or
flying. The chitinous exoskeleton is
‘considered one of the reasoﬂsc, for

their success among the animal

kingdom.

Body can be differentiated
into three regions; head, thorax and
abdomen. Body cavity is
haemocoel. Circulatory system is of
open type. Blood does not contain

any respiratory ptgmcnt Blood is called haemolymph becausel
oxygen) it only carries food to different tissues of the body

nephrostome

nephridopore

Fig: 9.16 Nephridium

Science Technology \
and society B

Processing of organic material's“ by
carthworms into homogeneous and htfl'.'ﬂlls'
like matenalb is called verrmcom

composmon of orgamc 'w
reducmg its OIgamc'-'carb"“
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— Head Thorax Abdomen

AntenNa v yanum 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 body 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 either 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

dorsal :
heart tracheal  @1F Sac
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. behaviour. They live in c&W%H:ﬁMFMJ@mgiR@&F@Rﬁmg?ltlffz!l;:fitgiroips, g
Nervous system in arthropods is well dcvclopcfi.‘ rdLA dI‘l r lizn? Pair gp

cerebral ganglia (simple brain) connected to a double t?cr\‘w L;i:ct. thcg: wﬁolc ];zgrescnt
in each segment and nerves arising from these gungh‘a. 'wjr'mtcnnae Y. The
responses are well coordinated. Scnsorg organs are cyes and ¢
: sis in Arthropodes ‘
e etzmg: 52:1:;:.9 occurring ﬁ'lom the fertili.zatiun 0 fan cggtt%lgi fﬁ'(')f:_atlon ofan
adult are collectively called metamorphosis. During metamorphosis a Japy,

5th moult

Sth stage
nymph

4th moult .
4th stage |
nymph f

aé - oo eges
3rd m:_rulr_\ :
hatching
3rd stage“
nymph

2nd stage nymph Ist stage
\ ‘ nymph
2nd moult

1st moult

Fig: 9.19 Incomplete metamorphosis in Cockroach : S
undergoes a scries of changes called ecdysis or moulting in which it casts ¢
(removes) its skin many times to attain it maximum size, The stages between ecdys
are called stadia (singular stadium) and the form attained by an msect larva
stadium between two ecdyses is termed as instar, The final instar is the a

“Imago”. On the basis of the metamorphosis arthro MR G 5 5
three groups, ! pods are clasmﬁ_eq into foll

a. Ametabola are the insects in which no m

other primitive wingless insects are example,
b. Hemimetabola are the insects in wh
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:; l; P
o adult

@ ©9

pupa ‘ fakching j_ |
113t moult f

s tage !

5th mouit larva
j 2nd moult

5th stage .
larva( ﬂﬁgggﬂﬁﬂﬁﬁ

4th moult\ /3"1 moult
- 7@ 4th stage
hsiage

Fig: 9.20 Complete metamorphosis in butterfly it

Science 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.
fhznculme’ or silk farming, is the cultivation of silkworms to produce silk, Although
fe 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
Stparated from the main evolutionary line of the arthropods. They
share characteristics with both annelids and arthrop ds, henc
believed to be the most primitive arthropods and are considered a
connecting link between Annelids and Arthropods. This cla:
contains only about 70 species classified in 1 %
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Most insects are holomet%g&tﬁﬁk&ﬂj&:&;%ﬂb@ﬂi@ﬁﬁoths, beetles etc,
6. Phylum Echinodermata

Name of the phylum has been derived from two Greek WOords; ekhin, m
spine and derma means skin. Animals of this phylum have spiny sking. Ge Ay
characters of phylum echinodermata are as follows. e

Echinoderms are exclusively marine, triploblastic animals.
bilaterally symmetrical in the larval stage but are radially symmetrica]
Usually five arms are present. They are coelomate animals with distine
aboral surfaces. A water vascular system including organs known as tube fe
used for locomotion. They have a spiny skeleton made of calcareous pl

shape is rounded to cylindrical or star like, with simple arms radiating fro

They dre
asmhm
t ora] ang
etis f()uhd
ates, Bod
ma Centry|

body. s T

T al s
T i)
e
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: o OCCUTS through a variety of structures e.
ra_a]t]l :)in sea urchins, genital b'ursae in brittle star
 (omic L - atory tract in sea urc!un.s.. Tube feet also |
o pacal rcf-jl’n Nervous system is primitive consisting of
pin s 122:::;&6(_1 into the radial ganglia containing nerve

20 coﬂ  organs are poorly developt?d.

5. Sense are usually separate with few exceptions.
Sexes is usually sexual but power of regeneration is
“d“c“‘fg ed. Fertilization is external.

dcveelﬂ is indeterminate including
cvolﬁfr’i‘:tic larvae called bipinnaria larva
| “E];Lahcfﬂ dergo metamorphosis into the radially
- mmetrical adults. :
' Amoeboid cells kr_lown as amoebocytes
- paming about in coe;lormc fluid absorb waste
. paterial and make their way out through the wall
| frectal 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
“nal, the radial nerve cord ends in a pigmented

g;zzs known as eye which is a light perceiving
n,

o g- papule in star fishes,
Resp!

we

t-
!
1
3

The star fish and other echinoderms have a

With p;lrlzle Power of regeneration. A single arm
Nimg) of central disc regenerates into a new

thino :
dermes-
ik Ms: Ancestry and Evolution

noderms are very d;
) Y. Some of ot very different from other

Temark

2 erences are:
& :y have no parasitic member. ig: 9,23 Examples of Echinoderms
Iij) Theg are af] Mmarine. _ . Ophiothrix ﬁqg;m (l_:nm:;g%

: A€ unique in hayin 1g bilateral b Arbacia puncticalc (BH s L

k. Thyone briareus (sea cucumber
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symmetry in larval st MDBAT- BN STHIREBOGTRRS stage which seems to be 011‘ \

secondary phyllogenetic origin.
Although they are very different from all invertebrate phyla, still they haye 5
strong Fin v t0 ph)‘]ﬂm chordate especia]ly to Subphyhlm Hemichordata, Clllated
larvae of certain Hemichordates (e.g. Tonaria larva of Balanoglossus) and bipinna; =
larva of echinoderms are very much similar in shape and structure. Pattern of cleayag,
of fertilized egg, formation of mesoderm, anus, mouth and coelom in echinoderm; |
and hemichordates is similar. Creatinine phosphate in the muscles of both
echinoderms and chordates are similar which produce energy for muscular activity,
On the basis of these similarities the echinoderms and chordates appear to be Closely
d and evolved from a
common ancestor. For this reason
these two groups are placed near
cach other. Examples of this
phylum are Asterias rubens (star
fish), Ophiothrix fragilis (brittle

fidoip

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 | 2 5 -
urchin), Thyone briareus (soq | CSC2PCffomanenemy tosave life. The broken

ciicumnber) efc., arm regenerates rapidly into a new brittle star.

i - S 7 - s &
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 is 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 ar¢
Saccoglossus kowalevskii, (Acron worm), Balanoglossus sp. etc. =

P

I
Evyiuil

8. Phylum Chordata R rs i e
Name of the phylum has been derived from thcwordNotochordwhlchis
found in all the animals of this group (chord means threador mpe)mlsofthlﬁ
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’ poSSes following MDGAT B&SEJM&BQFST%%%era
ylum ”

lly termed as chordate
:I_Scterb- \

A dor
~flor dates

a] stiff rod is found in all the
called as notochord. In lower
0 s it is retained but in higher
chordate vertebrates) this rod is replace
nordates ( :
s vertebl‘al column.
}'aAll chordates have a central, dorsal,
rollow nervous system which lies above
e notochord. . :
1 All chordates develop gill slits
fs'ometimes called perforated pharynx) at
least in the embryonic stage. In some
chordates these are non functional and are
sfterwards closed while in others they are
still functional as in fish and amphioxus,
Phylum chordata has been classified into
two main divisions and three sub phyla
Division 1. Protochordatsa Or Acrania
These chordates do not posses
cranium (skull). They are also called as

lower chordates. They are further divided

o two sub phyla:

Sub phylum Urochordata:

- Notochord is present only in free
Wimming larvae and is absent in adults,
They are also called tunicate as their body

IS ‘Overed by a sheath called tunic which is
“hemically made

rel of tunicin, a substance Fig:9.24 Saccoglossus kowalevskii
_ l.at"d, to cellulose. Larvae are free R e n ]
are "IMing but ady]ys are sessile. Examples
"N intestingljs, Molgulaetc,
""Jlil) phylun] Ce

Phalochordata:

nteg \Ctochord | i ir body is in the form of a long,
P 18 well developed in adults. Their body ,
t}il:tegd o fence called as sea lsncelet. They have a hollow nerve corfi::_’ l'lll‘;l;;?ll:
filfey fe;)ut the length of body. They are free living and swim aboyt in water, They

Divisiq g gr:;( Xamples is Branchiostoma (amphioxus).
“raniaty '

These'c

ordsposs okl hihri s




Fig: 9.25 a.Cicna intestinalis, b.Molgula

included in sub phylum vertebrata.
9.5 Sub phylum Vertebrata :
Vertebrates are divided in to following five groups or super classes:
[- PiscesorFishes ;
)- Amphibia
i- Reptilia
- Aves or Birds
- Mammalia
. Class Pisces
Fishes are aquatic vertebrates which respire through gills and perform
\comotion with the help of fins. Fishes are the largest group of vertebrates and
ynstitute about 48 % of the total vertebrates. The number of living fish species 1S
ore than 29000. They are divided into three classes.
Class Cyclostomata or Agnatha
These are the most primitive jawless fishes having circular mouth. These
shes have a long, eel like body. Skin is naked i.e. without scales. They lack palfed
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. Sexes ar®
sarate. Examples are Petromyzon marinus (lamprey) and Maxine glutinasa_(hag
Class Chondrichthyes: (cartilaginous fishes) S :
Their skeleton is made of cartilage. They have streamlined bodies. A% ©

Fig: 9.26 Branchiostoma

»ndrichthyes live in marine environment. Their moﬁthlsveggal het o)

e By e g S
o8




' j with placoid scales which ape
241 gree

TeSpira

** 4 of sanC pap<t.
A v

Numer, _

0 atory system is With many pairg of S0rtic anches OUS and give the skip 5
“ - -hdorsal lobeis Iongsj:r than ventral obe Respirati, They have e 5
" wlls. Gills are not covered With operculum qoq oon takes place gy m‘g‘;*;l‘t?xh'm
amivorous and sharks are very active hypgers . OPeR LY. Most of thegy o
E:-im bladder is absent. are
<exes are separate and many of them

TY sma]) and

sreviviparous. Examples are sharks, T3ys, skates ang chimaerag

.. Class Osteichthyes: {(bony fishes)
These fishes have 3 skeleton made
of bone hence called bony fishes, They are
the most successful group of fishes angd
mhabit all types of aquatic habitats. Their
body is covered with scales of different
types; Median fins i.e. dorsal fin, anal fin,
caudal fin and paired fins i e pectoral and
pelvic fins are present in bony fishes,
A specific organ swim
bladder is found which is hydrostatic in
function and provides buoyancy to the fish
'l Water. They respire through well
developed gills which are covered with a
bony cover called operculum.

_ . Jaws may be with or without teeth.
Brain is developed with 10 pairs of cranial
woVes. Heart consists of an auricle and a
"¥Niticle, Blood contains haemoglobin as
'ory pigment and its colourisred.

Sex S te an few
SPecies g AT Separate and except

- S the fertilization is external.
djorj

°f bony fishes are oviparous but

IViparous and viviparous.

. 97 Hag fish A

y
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fearful reputation, the

graceful swimmmers .

Caudal Fin

Fig: 9.29 lung Yishes are

considered 1o be a 7
connecting link between fishes and amphibians
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ryouL germaiion:

' sub clogs Dipnol are called lung fishes 1 here are on
l r i i - . v’
ecies left in the world, ‘These fishes aestiy

! he mud for few dry months

[fishes
(hree

yin ‘
dug oh the extremely vascularized swim bl
(hroug

vy
ate in the holes
s and during this period respire
M bladder which acts 28 4
o hen the rainy season comes again they come out and start
I;"‘il,_ normal life in which they respire through gills like all other
Imll,\’ I—Iﬁhch'

=

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.

2.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
terrestrial animals. Amphibia are considered on the
border line of these two groups. Transition from
iquatic life to terrestrial life is clearly indicated in §
amphibia. It is believed that certain lobe fin fishes of
the group dipnoi came to live in shallow water. They
Started crawling from one pool to another in search of
iUPSd and to avoid overcrowding and competition. In
fisk "2y they used to spend some time on land. These
Sarebelieved to give rise to amphibians.

Amphib; - :
"'—‘Ttebrat;nphlbla are poikilothermic (cold blooded)

S. Se S b 8
®Xlema) T XCs are separate and fertilization is

tadpge a2 breed in water and their larva called
nd gy arva lives in water and respires through gills
After (;m With the hel

o elp of their laterally flattened tail.
“Omg EOpmg gills during metamorphosis, they
Mphibiy r‘?’(ater and start a terrestrial life. In some
lhmughoutnlf; Necturus the gills are retained

€Y are tetrapods having two
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pectoral and two pelvic limbs Some forms q‘?chg g e.g. caccilians. They have‘
eir

webbed feet but fingers are without claws. skin is pigmented, smooth ang
glandular which is always kept moist and help in respiration. Heart in amphjp, is
three chambered; two auricles and a single ventricle. Two additional tubes (sometimeS
considered chambers) truncus arteriosus and sinus venosus are also present. Thei;
circulatory system is not very perfect as mixing of oxygenated apd de_ongenated
blood takes place in the ventricle. Most amphibians hibernate during winter. In thig
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 =22
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 [SESSS
membranes i.e. yolk sac, chorion, and allontoise are P =
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 Ses ot .
epidermal scales and digits are with claws, Teeth are & 9-31 Lizards, snakes, .
. : : ., tortoises, turties and Tuatar
present on the jaws except in turtle and tortoise. Al reptiles are carnivorous. Heartis
four chambered with two auricles, a ATy
completely or partially divided
ventricle and a pair of systemic arches,
Colour of the blood is red due to the
presence of haemoglobin as respiratory
pigment. Respiration takes place
through lungs which have spongy
texture. Gill slits appear during
embryonic stages but gills never

R

ok
i

s

Most of the I izards never take water i

their life. They survive with conserving

Stdilieu Wit udliiog



lop in reptiles. bxcretO%DCAT
e

T2ans are m,
2y » - N ta = :
g; iand they are uricotelici.e. excreqe uric aCidn:ph.?(i Kidn Ry
mog‘l’glivc intemperate and tropjcag] areas i : gaﬂ‘:ltlofhve
: - 0 - Viost o
rep ’ It is behe‘;ﬁ? V::{ha‘[ tLlose amphib;, thfj:WDr]d. the
aquatic environm , elre the ancestorg of the ¢ ally depa
1 minant group on the land ang that time s l';’tll&’:‘s_ Repti w‘;rﬂed from their
ceptiles. - 'ﬂ — 8%ologicq] 1, :;Nhe gt
Reptiles flourished ip Mesozo as g
0 £¢€ of
reptiles are the descendents of 1€ cra (225. :

the Dinosayrg ... 0> Millio

n :
back anq Cre:tace.ous cra (136- 65 million G aslfic era (13'5"?3 S3gacl§). Modery,
C

Tuatar
also called living fossi]. 2 Gp henodon, Punctatym)
4. Class Aves

i-

I- Forelimbg modified in tg flying wi

11: Téalllu With two rows of feathers,
- Skull large with g o Ipi
“ndyle, g a single occipital

E :
Epjt?l\ys elongated toforma beak.
. an characters of archaeopteryx

One specimen of archacopteryx is
Iese
i Ace of scales on the e gs.

present in Berlin museum and the other
in British museum
Ones goli % : |
Spaceg *id.and heavy without air
I~

‘ J&Ws -
v Ay With teetp presentin sockets.
Congjg

ts‘;‘;g" tapering lizard like tail
20caudal vertebrae,
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v- Nine to ten cervical vertebrae. 1

vi- No fusion of trunk and sacral vertebrae. ';
5 - . :

vii- Sternum not keeled. Free cervical and abdominal ribs are also present. r

viii-Simple 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 successful

group of vertebrates

a. Distinguishing Characteristics of Birds
They are homoiothermic i.e. warm blooded animals because they can

maintain their body temperature. The body is covered by different coloured feathers
which are epidermal 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 &’—?'CC*E:P-t for

uropygial gland present at the base of tail.
Bones of the birds are hollow having air spaces which make them light in

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 0
store the food and a gizzard to grind it. - o

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 ided with extra alr sacs. Tllese

air sacs are extended into v1scera

across the eye. Arudunentary pmna ls present outSIde the external auditory ojié"nmg
Excretory organs are metanephnc kldneys Ureters open in common cloaca -

and nitrogenous wastes are excreted in the form of sem i soli e ET i

Sexes are separate and sexual dimorphism is found Mﬁﬁy blrds Fetﬁlimtlﬁn 15__

internal. Female has only left ovary and oviduct is well devﬂ oped Fbmaleshave shall N
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ds Buosa ’I\/ID}CAIT BY UTURE DOCTERE able amount of yolk
4 calcareous siicll. Birdsare amnjotes and have 2]l the four extra
. r

o .. e pranes 1.€. amni chorion, yolk sac and allontoise. In many birds
onit ~ developed.

na

gl
oo Birds _ : . e
Fly® B airds A€ those which do not fly in the air. They are called running birds
Bird : : . ;
¢ fi-:-'i ng they secondarily has adapted a running mode of life. Their bones
s jostedC Ji..qd sternum is not keeled. Tail feathers are irregularly arranged e.g.
(44 - ;

4 11 ~vgs
: it} Jl
il holio

i .'_I]’,‘{i{—:‘q;

ol
s

A oo, KiWi, CASSOWATY, penguin etc.

> Loy, ST
assOWary

R g ey ; b.emu
s. ostrich Fig: 9.32 Flightless Birds |
ed sternuri. ‘.[he.lr

r flight and keel in

. f :
e the birds with strong wings o are used for stecring the®

i, Flying Birds 2T | developed an
bones are hollow, Tail feathers ar¢ wel gle, owl ete:

t,ca ; ik
PRI : arrow, parros . tahies with T8
arduring flight. €.8- pigeon, 5P

S, Clg : - '
Dru;:e%\;:);gajmmﬂsagfc ft;’lzammfls ! ﬁego‘gﬁzﬁ : t recently
mammals isy the most remarkable i e el ous ]

fcvolutroan:g;ze.o : possessiﬂg solic} ﬁd bo morc contin! § mamme =,
e o, he o 57 7 e
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fossils animal (named MDEWHE YhEL BIRE mam'mﬂlsfro‘m Tc.xas whi-ch hag 509, '
mammalian characters. The ancestors of mammals were of the size of mice and Jjy
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 bogiy and help i,
maintaining temperature. Mammals have two pairs of pentac:!actyle_llfnbs Which are
adapted for walking, running, climbing, burrowing, swimming, gliding. In aquag,
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 developeg
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 pinpg
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. Parentui 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 _ :
These are the most primitive mammals and are also called as egg ll'aylﬂg

mammals. They have certain characters of reptiles like they lay eggs but thesoesss“;:

kept in long oviduct where they are fertilized and later on de'velopment_tnlﬁe,ﬂjpﬁm‘_f{fbr. |

these mammals there is no connection between the body of mother andfocms

e Ll
AT
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2 jents. :
fnutne ;mals are more rightly be called as ovo-

SR _ Viviparous, The
ESe jnn immature form and are nourished by the teas present on):;:gr:r%:s :‘rn;
g birth g _dv in females until they grow enough to et

i survive and start taking their
fthe

P e ; 4 - ]

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
amimal. In adults teeth are absent and a
nomy beak is found. Their body
iemperature varies between 25- 28 °C.
Example of these mammals are duck
b]i_]ed platypus ( Ornithorhynchus) and
piny ant eater ( Tachyglossus).
b.Subclass Metatheria or Marsupials
These mammals are also called
ﬁ:ﬁz;ﬁ mammals. Females of these
e mt:thear a pouch or marsupium on
g ;al side of the belly in which
Very N a:l': kept as they are born ina 5
age, Teats of:::loped and immature 5 aggp:roo =
Present i th € mammary glands are ' Fig: 9.3 SR .
Poorly ey, elz Pouch from which the babies suckle milk. In these animals placenta is
mﬂpgd and babies come out of the body earhler in immature form. Ry
VI Speiag 4T AIS AT also confined to Australian region with the ;xcepn?:nestrial
b"‘TO:Wing. o Merican opossum, Their body is covered with hairs. They are .

arboreal (living in trees) in habit. Examples are Kangaroo, Opossum,

" E
i
|
b
.I=4
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¢. Subclass Eutheria or MBDEATBY FUTURE DOCTORS 1
These animals are the true mammals having the highest degree of evolution of

brain and body structures. They are also called placental mamg}al!lstis ;élacema' of
different types is formed in these mammals with the help of wh 1Ic de eveIOplng
embryo gets nourishment and oxygen from the body of mother al“ removes jtg
metabolic wastes. Young ones develop inside the uterus to a relatively matun:: stage,

A fter birth mother feeds them on her milk produced in the mammary glands with we|]

developed teats, Teeth are present in jaws. Cloaca is absent and urino-genital duct

opens independently of rectum. Testes are in SCrotum hanging outside the body either

throughout life or at least descend to scrotum during breeding scason.

Eutheria are divided into sixteen orders. Some important orders with examples are
mentioned below:

Insectivora: Feed oninsects, includes moles and shrews.

Chireptera: Flying mammals like bats, flying squirrels.

Cetacea: Aquatic mammals e.g. whale, dolphin. porpoises, sea lion etc.
Carnivora: Flesh eating like dog, cat, lion. Wolves

Rodentia:  Cutting habit like rats, mice, squirrel, beavers etc.

Edentata:  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. |

ational animal of

Sldilieu will U



- coelomates.

& Yﬁg&iﬁﬁm

Animals have been evolved from the single celled organisms i
protoct1sia, but it has yet to be decided that fi ; s euded in kingd

2 rom which s S
55 S e group of protoctists, they
System of naming of animals is called binomial nomenclatu |

| AT e nclature.

Accor_dlﬂg_m modern classification simplest animals which d : i
Orgamzed into Organs belong to subkingdom Parazoa A;‘ c;n s e
are included 1n subkingdom Eumetazoa. A
[n diploblastic animals the body is composed of two layers of cells
[n triploblastic animals the body is composed of three layers of cells

Triploblastic animals may be classified into acoelomates, pseudoceolomates and

e form of spicules.

avity or ceolenteron or enteron.

symmetrical triploblastic,

on in flat worms are flame

Porifera possess skeleton in th
lenterates possess a body ¢
helmenthes) are bilaterally
hrodite. Organs of excreti

Coe
Flat worms (platy
unsegmented and hermap
cells.

Round worms and thread worms (nematodes) are bilaterally symmetrical,
triploblastic, unsegmented animals in which the sexes are separate.
Annelids have bilaterally symmetrical bodies.
Arthropods pOSSEs paired jointed appendages.
Organs of respiration in arthropods are the trachea, gills or book lungs.
Insects belong to class insecta (phylum Arthropods). Theit bodies are
divided in to a head, thorax and abdomen. The thorax bears two pairs of

wings and three pairs of legs.

Organs of excretions in insects & : -
Molluscs are fundumcntally bilaterally symmcmcnl generally prov ided
with shells of various types. _ 5 kol
locomotion are the tube feet whic tf S ochord e intho >
Phylum chordata characteristics ar¢ P " i the embryonic condition

embryonic condition, presence of gills
presence of dorsal hollow central nervous system.

re malpighian ubules.

h are connee

resence 0
slits at leas
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MDCAT BY FUTURE DOCTOR 4 '
!
EXERCISE e ‘

A. Select the correct answers in the following questions,

I Animals are believed to be evolved frmp:
a. Non living matter b. Higher plants
G Water Plants d, Prokaryotes
2 The most important and basic category of taxonomy 9
a. Phylum b. Classf
C. Family d. Species
3 An animal found from ocean was observed to have no tissue OTganizatis,
is most likely to be the member of phylum.
a. Porifera b. Coelentrata
C: Echinodermata d. Hemichordata
4, Cells of the inner lining of the endoderm in diploblastic animals are calk::
a. Cnidoblast b. Choanocytes
C; Pinnacocytes d. Amoebocytes
5: Animals found in more than one morphological form are said to
exhibit:
a. multigenecity b. polymorphism
C. pseudomorphism d. isolation
6 A flat worm was divided into three pieces during an experiment and W2

ké:pt in the nutrient medium. All parts grow into new worm. The animals ma¥
be: '

a. liver fluke b. tape worm
c. planaria d. hydra
gk Group of vertebrates in which placenta is formed
a, Fishes b. Amphibia
C. Aves d. Mammalia
8. Organs of excretion in annelids are
a. Flame cells b. Nephridia

c. Malpighian tubules d. Kidneys "

o
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. MRCATBY EYTYRE DE)RS 1

| 3 o y ™ 1 1>
ordet pc rissodactvle! are als
- alSo named as:

T o P L x|

N ‘lCIl]l‘L‘I'S of the
gyneulates b ‘

: : 1 P
oofed mammals

eutheria : 3
C. d. Allofthe above
Acoelomates are characterized by:

¢

the absence of brain.

the absence of mesoderm

2 <olid body wi

a1 solid body withouta cavity surrounding internal organs

i. a coelom thatis notcon i 3

( : : 1pletely lined with mesoderm.

of the following characteristic is probably most responsible for the

ects on land?

chmcntation b. Antenna

d. Exoskeleton |
i

Which
great diversification of ins

a.

Bilateral symmetry
| of the following characteristics EXCEPT: :
:

o
Mammals ar
endothermy.

descent from comm

2d living birds share al

a.
b.
h
d. an archosau

on amniotic ancestor.

a dorsal, hoallow nerve cord.

r common ancestor.

eatures of :
d amphibians. |

ArchaeopteryX shows
b.  reptilesan

a. reptiles and mammals.

G; reptiles and aves. d. aves and mammals.
Write short answe lfglll_mf’ing.}o 5
Why certain ani o called living fOSSESE . gz S
W hétiﬁénr:;l;g? 1;?1' the formation of larva during the life cycle ot m
animals? R

What is the importance of polym()!'phlsm. e
Cuttle fish, jelly fish, S ertedrd
many invertebrates are ca
Why the reptiles excrete ni
crystals?

qucstiuns.
2 )]
any

ot fishes: Why |

In what heamolymph 18 different
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EXERCISE %

7. Differentiate between Proterostomes and Deuterostomes,
Why alternation of generation is required .

What 1s the difference between haemocoel and coelom?

List down three organisms, each representing radial symmetry and bilaters

symmetry?
L1, Difterentiate between prototheria and metathersa.

oldl

[ Write down the detailed answers of these question.

L. Describe the importance of classification in animal kingdom. What are

different categories used for classification?
2. What are the salient features of phylum Annelida? Describe their economje

i

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.
5. Discuss the distinguishing characters of phylum arthropoda. How will you

evaluate the economic importance of class insecta?
6. What adaptations are found in birds for aerial life? Describe evolutio

history of birds with special reference to the fossil birds.
7. Write short notes on the following.

a. Binomial nomenclature

b. Parazoa

c. Poikilothemic animals
Projects
¢ Make a collection of insects present in your locality, Identify their scientific
An exhibition of this collection may be arranged under-the'gﬁiaﬁee-ﬁﬁ? '

names.
teacher. - S | . |
® Working in group of four, prepare a presentation discussing the main
causes/events of extinction of major animal species. Collect information ffom
reference books and internet. Share your findings in the classroom. _j g

s ] - L e Y




MDCAT BY FUTURE DOCTORS

cronutrients of plants highlighting the role of each nutrient.

and mi
th |es of carnivorous plant.
Gtal€ ¢ ; ‘ . .
" o therole of <tomata and palisade tissue in the exchange of gases in plants.

e examp

EI\'P}'JII[

Reate ranspiration with gas exchange in plants.
Clc

pescribe (he structure of xylem vessel elements, sieve tube elements, companion cells, trachieds
o ' :
their structures with functions.

1o movement of water between plant cells, and between the cells and their environment

andrelate
. Exphli]ll
En terms 0f W
b Explain the movement O

ater potential.
f water through roots in terms of symplast, apoplast and vacuolar

pathways.
IExplain il
Describe the mechanisms
xplain the movement of sugars within plants.
Define osmotic adjustment.
Explain movement of water into or out of cell inisot
Describe osmotic adjustments in hydrophytic

Je movement of water inXylem through TACT mechanism.
involved in the opening and closing of stomata.

onic, hypotonic, and hypertonic conditions.
(marine and freshwater), xerophytic and

fesophytic plants.
xplain the osmotic adjustments of plants in saline soils.
List the adaptations in plants to cope with low and high temperatures. :
Ixplain the turgor pressure and explain its significance in providing support to herbaccousplaﬂts ‘-
mjibethe structure of supporting tissues in plants. . 2 A7 b‘ 5 ‘;". g
eline growth and explain primary and secondary growthinplants. Tk =
cn'be therole of apical meristem andlatcralmenstﬂn \primary- ar wth. |
Eln ?now annual rings are formed. "2 S
W el
Plin the types Of p intp
4 pes of move
oo,
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Introduction ‘ ‘ |

’, y “5;]“]]‘1‘ plants upon which we depend for Ihc It()()(l'}\:-srlf;]a‘t, z,md for Fhe DXYgen
breathe, depend in turn upon the soil. A good soil ?sup'p.lu.s (ép ants witp the o W
elements they use. Mineral nutrition thus comprises the study thoqw Plants oh{tra]
mineral elements (cither through water, air or 5(_)11_) and utilize them for thejt gmi«j];
and develorment. Like any other living organisms, plants Ica({'a versatile Jifg e;r
have a system for proper gaseous exchange, transport of materials, and an abi““’r;
adjust to the changes taking place in the environment. Plants are Constyy.
un-dcrgo.in gthe process of growth and devel opment which is reglufated _by Speciﬂlize"
tissue and hormones. In thig chapter all these different aspects will be d;scussed‘

10.1 Plant Nutrition

Plants need a variety of nutrients in order to sustain their fiaﬂ}f’ life Processe;
Depending upon the amount of each nutrient required the mineral nutrieng arg
divided into two groups: macronutrients and micronutrients
a. Macronutrients

Macronutrients can be divided into two more gro ups: primary and secondary
nutrients. The primary nutrients are nitrogen (N), phosphorus (P), and potassiyp
(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,

La_.rge amounts of Calcium and Magnesium are added when lime is applied to acidic

~_b. Micronutrients
Bt Micronutrients are those elem
needed in

 clements essential for plant growth which are
only very small quantities. These elements are Semetimes called minor

trac =clement,s,‘1hqmicronut;ients includes boron (B), copper (Cu), iron

grass clippings and tree
OWing plants.

ding micronutrients to gy

S
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i \ Summary of Mineral Nutrition in Plants
n * 1".1 ik
1.ahl:‘ﬁﬂ_“_._gl_t_:_ Used in the form of | Functions
y g [alas :
: H,0 or O, omponent oﬁm
Ay ompounds
1 H,0 « | Component of Organic compoun ds
sagh -
{ drog Sy P 3 3 e
] __— 1 NGO Amino acids, proteins, nucleotides, nucleic acids. |
T chlorophyll, ang coenzymes ’
. K- Enz?mes, amino acids, and protein synthesis.
potassium Activator of many enzymes, Opening and closing
of stomata,
e Ca2 Calcium of cell walls. Enzyme cofactor. Cell
Galoum permeability,
[ 4 H,PO: or H,PO, Formation of “high energy” phosphate
phosphort compounds (ATP and ADP). Nucleic acids.
Phosphorylation of sugars. Several essential
enzymes. Phospholipids.
fapnesium Mg Part of the chlorophyll molecule. Coenzyme A.
IMagnesium ‘ :
e SO¥

Micronutrients

“

Some amino acids and proteins. Coenzyme A.

—

Chlorophyll synthesis, cytochromes, and
nitrogenase.

2+ i+
on Fe™ or Fe
Bhiorine (8}
2
sopper Cu

Osmosis and ionic balance; probably -m'cg;id':'iim: i
photosynthetic reactions -:fh:a;-_pib‘dme' oxygen :
Activator of certain enzymes, e

Manganese

.5

olybdenum

Obalt

Ol it
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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.

Depending upon the source of food such plants may carry out Parasfi
utrition in which parasitic plants wholly depend upon other plant or in some cases
lants may be involved in saprophytic nutrition in which saprophytic plants extracs
utrition form dead organic matter. However, the most interesting example of
ieterotrophic nutrition is the carnivorous plants which feeds on insects.

a. Pitcher Plant b. Sundew ¢ Butterworts
Fig: 10.1 Carnivorous plants.

_'_,"a'. . P T e
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© Subdiyigeq
Sl G e
o {raps and those Wlth active traps. For S‘m:elnto 2 ma
St | ccomposition involves digestive . i th
21

mskt-ri'll decay within t!]e trap. :

jingtonia and Sarracenia of the Sartaceniag ey, PCher pi
par’ ihaceae, where an insect falls into £ae
Nept

‘Ceae, ang g
' 4 Vase- ; epenthe
o hairs on the slippery wallg Do e-like Modifieq | S of the

oif! i Im : Ot the ing €af. D Wnwarg.
| {ll;*']‘»‘*‘*‘ victim ultimately drowns in a poo| ofdigestiVete 0. Crawling oyt 404 tl?e
1C ' ¢

Examples of active traps are the bottom,

nposera. Droseraceae) and butterworts (Pi
1[{c<0 anrelated genera, the leaves are

: . ; . |
(Drosera) Of @ sticky layer of mucilage (Pingyie, la) Whicgky, gland-tipped pgire
ruegling victim. |

iy
y 4

oleoiStomatain GaseousE
The small pores on the epidermis o

stomatal pore is surrounded by two guard

shaped or bean shaped. In monocot stomat

opening.

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 contains a single nucleus and n

nd num
Starch is synthesized in guard cell by chloroplast and sugars trz

mesophyll cells and they are characterized by accumulation of's arch during
dark) and thejr degradation during the day (in li

h’ieSOphyll cells accumulate s
hls property helps lIl th e =i
fanspiratig of

Night T
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10.3 Transportin Plants ‘

0.3.1 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 NUtrie, «

respectively. Let’s discuss these tissues indetail.
10.3.1.1 Xylem

Xylem cells are elongated and connected end to end to form a tubular Wate.
transport system throughout the plant, continuously replacing the large amoyp; of
water lost by transpiration, water that is essential for both photosynthesis and 4
maintain turgor pressure. The main kinds of xylem are tracheids and vessel elements

a. Tracheids

Tracheids are elongated cells up to 80pum wide with secondary, lignified cell walls
When mature, tracheids are subject to loss of protoplast ( nucleus and cytoplasm) ang
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 cell to cell
~ Functional tracheal conduits are surrounded by support and storage cells, including
: chyma, fibersand sclereids. '

“d..'.

 Water 'mdve_g
! trac
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l ’ pi1lt"_‘{".0|ulc.5 move through phloem which is generall
lli_},l"(”,}:.;llll'_-“lu-é* in plants. Phloem forms the inner bark, Ty,
1SS

Y found on the outer

‘ : ccells ofth !
L1:‘.\_},1&'” Ay Urﬁfl“iC sol_utes through out the plantare the sieve tubes Phci(?::;-? f'h']
e _‘“M_mll % prcsent in all vascular plants. It consists of five differcntkindiﬂodf

;.’ a qsUe ] 3. S l $

e pleX "_,:n pm-cnchym& L7Il110‘?f3‘ ﬁ:’elz Sy SICV.E tUbe}» companion cells and phlgem
i *'l”f};m ¢ these cells, the sieve tubes are especially adopted for the process of
o 118

() U‘."u'-.”'l-nﬂ'

™" tubes : U1 : . ;
(LI .« are clongated living cell i
:a»f‘““@i ve tubes are clong & S, placed end to end with the walls

s .,Lot‘ceilulose. The end walls are perforat.ed by a number of small pores. The
""‘”fiftl;.lfl Jrea of the end walls look very much like asieve and is called sieve plate.
07t the sieve plate are open channels which help in the translocation of

e Pm: -.ociated with almost every sieve tube is a thin walled elongated cell called
a¢ A M

Aluleas
ot i ¥,
> panion cell

,fuiﬂ{-???“i”“ gell oo N

"~ Companion ccll_ is living
1| containing cytoplasm and
-:!Ennu:ll-\‘t'l nucleus. The sieve tub;s
;nd the companion cells are In
-ommunication with each other.by
plasmodesmata. The companion
«ells supply energy to the sieve
wbe and help the sieve tubes in
translocation.,

The organic solutes from
the mesophyll of leaf pass into the
sieve tube through the companion
tells via plasmodesmata. The
“mpanion cells are present in
iglosperms but absent in |
§¥mnosperms and ferns. ege I

comf

Sieve plate

Sieve tube
member

' Phloem
parenchyma
cells - | |
ateral sieve & §
area ‘

=¥

w 0T WS X O

N e
192 Waterstatus in plames B
ST
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a. Water potential Ry
a Mg]ecules of water possess kinetic energy. Therefore, the

2 g Y are 111 4
motion from one place to another. Water potential is directly Proport, _I(Tstam

concentration of water-molecules. Grcatelz the conccntrzftlon of W?lte'r mole E(s]ithe
system, greater 1s the kinetic energy of Water.molecules. ThJs_ IS calleg Wa?:
potential. Pure water has maximum water poten-tlal. Water Pf)ter}tlal IS 1 s%é
by the symbol "P'w' (y; pronounced /sai/ sigh). It is measured in kilopasca]' Dl p,
Kpa=1000 Pascal.

A (our nforieiion
“Blaise Pascal was 2 very mfluencial F rench

mathematician and philosopher who contributed
to many areas of mathematics.

Factor such as heat affect the w
important role in plant physiology becaus
hairs and its onward transport in the plant.

ater potential. Water potential plays an
¢ itaffects absorption of water by the root

b. Solute potential or osmotic Potential
The solute potential or osmot:
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ormal cells of the roots are freel
j wall® ) membrane however 1s partially permeable to some substances in
"|‘T1C water which enters the epidermal cells of the root passes throﬁgh
; jodermis, pericycle and finally to the xylem-cells through the paths
he ® {eXs e .d below.
ot ’ csCﬂbf' '
pich & pathway i ;
\hqmp ast ] om the soil is absorbed by the root hairs, from where it moves
e cortex through a system of Interconnecting cell-walls and inter

water ﬁl
+oss th : ;
saCrO> 1 reach the endoderm and peticycle. Water is then poured into the

i 1[1\\-;1[1‘ ’ 1‘1005 an

< of epid Y permeable to water and

| olular h}l 1“‘ wholenonliving water path is called apoplast pathway.
w‘.}‘lcm. This
== Epidermis
Endodermis
;J., - Casparian strip
ex fn\\— Pericycle
hair ®x C‘ cy
©F =
Transcellular [} ‘A 50
thoyy, if\' |,|! h.rﬂﬁ different pathways of water movement through roots. Apog :
lne, ° lack line, Symplast pathway shown by blue line, _.;l._ ar pathwa
h.s. - o 2 '
}mplast pathWay &

?.:nces but alsI(I)Ot only translocates along
08ig. Mmoves inwards acre &
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Such a living medium transport of water is termed as symplast pathy
system of intercellular protoplasts (cytoplasm of the neighbouring cells) in g, 'S the
of roots. In the cells of the roots, both the cell membrane and cytoplasm act :_;el]s
partially permeable membrane. e
¢. Vacuolar or transcellular pathway

The attached cells have interconnected vacuoles. Cells and the vacy
connected with one another by the plasmodesmata. Plasmodesmata
cytoplasmic strands which extend through the pores in the adjacent cell walls) 1,
this pathway water moves from vacuole to vacuole. The plasmodesmata act a‘s ;
source of water movement across the cells towards the xylem. This is also Symplagt
pathway but specially the vacuolar pathway. Whatever may be the path but waer i
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.

ay. It e,

OIeS al-e
are the

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.

‘movement “—’“-04-""“-'—.__ Diffusion

through xylem

= TR |
y/ U'pward'
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. attractive force between water molecules

_ and other Rt
b s the er and cellulose are polar molecules substances.
| N & ¢

there is a strong attraction for

h e ny :
2 s llu_vl1 he hollow capillaries of the xylem.
eVt ithit
. 30 W 1 2
\ alt ('()h 8510“ |
: (e attractive force between molecules of the same substance. Water has
:; [e

Ay high cohesi_ve-fm'ce due FO th_e hydff{gen bondings. It is estimated that
i L”mﬂmh&qi\’c force within xylem give it a tensile strength equivalent to that of a '
s O milar diameter.

ation of adhesion, cohesion, and surface tension allow water to
all diameter tubes like xylem. This is called capillary action.

rmed by water as it climbs the walls of the tube is called a

A C()ll'lbiﬂ
the walls of sm

Climb o
!an” U shaped gurface 10
L dc .

Meniscus |

Fig: 10.6 Meniscus formation in the xylem |

, Tension
It can be thought of as a stress placed on an object by a pulling fo.rcc_. This
ulling force is created by the surface tension which develops in the leaf's air spaces.

Tension is a negative pressure - a force that pulls water from'loc-aﬁaﬁg-whm.
ewater potential is greater. The bulk flow of water to the top of a plant is driven by
%131 energy since evaporation from leaves is responsible-far-trahspiraﬁyn;pulff_ .

3 \“:eChaqism of Opening and Closing of Stomata i e’ L
s 0Wi£1 ech?nlsm of opening and clos_ing‘ of stomata can tudied
. m’% ?;0“ acceptable theories. ' Yz ST

Acl uggr TheOry - | eyt
irbgndm:iodfdlng_ to this hypothesis photosynthesis
3 ¢ which lowers the H ‘ion of cell
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This causes an increase in the osmotic pressure of guard cellg and
S

diffusion pressure deficit (DPD) also increases which results in the Movemeny

~ water into the guard cells from surrounding cells. Guard cells become turgid ar?g
: . Thus the stomata open.
~ During dark, the level of carbondioxide in substomatal cavity is i“CFcaqed

results in the decrease in the pH of guard cells. Atlow pH glucose is Co’“’erlted
‘té)stafch in the presence of enzyme phosphorylase. Synthesis of starch leads ¢,
2 ’E?[ﬂﬂon of cell sap by consuming its dissolved glucose molecule. Thus 0Smotjc
ul ell sap is decreased and its DPD (diffusion pressure deficit) is decreageg
cells lose water to surrounding cells and becomes flaccid and s.tomat‘.;1

Stoma Opening Stoma closing

Guard Cells

;‘10 0 ’ Qo n

H,0 s o Tmoly 2" MO
‘4"""0 ' 2 .
o o

‘ e” Q 3‘ 2

& D a——
o - . H,0
& MO il ol o s

~
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' , ,,”Nmrtcd out of guard cells into the syrr ;
PR surrounding epidermal cells

of guard cell is decreased which regylts in th
sults € move

jon 5
,,H“'h (ic yressurt oundin 11 JHEAE 0%
-~ ' “ l” I. J -, e (.:
"_'11. o guard cells to Sull g cells and guard cells becomes flacei ln “'i
1 _l-l_”n ¢ o HdCCIAd ang
' J0sC>

incation of organic solutes
1 ::.'[:‘ki‘tr . B : » £ -
36T Teaves are the photosyntl}eu‘c machinery of the plant. These green
Ul [Acg'ﬂ'dcd as “source of assimilates  because these are the sites of
o are e : : : i e sites o
A of sugar during the process of photosynthesis. This sugar is converted
oduc e which 18 transported out of the leaf to the stem and then upwards to the
*“Ef_ui't; orseedsand downwards to the roots or the underground stems.
1o . T e
huds: he buds, seeds, truts, r.o.ots and the underground stems are together called
P assimilates"’. They utilize or store sugar. This transport of organic solutes
'+ e SOUICE of assimilates to the sinks of assimilates is called translocation of

g, Pressure flow mechanism: ( Mechams.;z nftranslocation of organic solutes)

e Tood primarily SUCTOSE 1S tran:-';po?ted by the vascular tissue called phloem
from a source 10 a sink. Unllkf_: tranquatlc'm'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
quoar 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 in roots may be mobilized to become a source of food in the
carly 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

c-allf;d translocation.

;:'I.'h‘ie Pressure flow or mass flow hypothesis
~ Theaccepted mechanism needed for the translocation of sugars from source
called the pressure flow hypothesis. As glucose is made at the source It S
1o sucrose (a dissacharide). .

is then moved into companion ¢
active transport. This process of loading at the source
dition in the phloem. Water in the adjacent xylem mov
. As osmotic pressure builds the phloem 3P willmovele

ells and into the living phloem
produces a
es into the

areas of
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k osmotic pressure must be reduced. Again

ting it into energy, starch, or cellulose.

active trang

the sucrose out of the pholem sap and into the cells Which Wp.““ Iy

1] lise

are removed osmotic pressure decreases and water Moves g,
of

Sieve tube

° Sugar is actively transpor‘ted?

into the sieve tube members |

of the phloem. Water follows

by osmosis.

i " /,3_ 5_,__\

a2 67 & Source cell
i ®2 00 og,

|
1
e

° Higher water pressure at

; ) the source forces the phlo

-..33p to move towards the sihk.

EAS | f, l/c--;
g )f.

\%
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: o

|
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pSLAD

1V . X7e - +
, Hom* o sresent 1n diverse environmental conditions, In ord
I)];Illth ‘ ]()pl yarious measures. Sl.lCh measures d er to survive

, i (2K '€ part of th "
e 10 at e 1e the " v ¢ home

(s have 1 meostasis 1S thp_ ability of I;vmg OTEanisms to maintain oromaslls
ant internal conditions. It provides the organism with certain :;ear y
¢ ' egree

.\,]ﬁ[

. from variations in the external ' o

f environmental conditions,
of "t o necessary for normal body function
e Nnarrow limits. Most of plant
cchat ST on is the homeostasis of wateri.e. the ¢
areg . . :
3 nt situations in terms of their
q"i\'ﬂilabihly'
-hé 1]1{,’15- akts 1
ul:j 1;_1 ‘here will be net movement of water molecules into or out of the cell. Whether
51063

i [[ll‘ 5 -iL‘“CL 2
ne not mean to keep a fixed internal environment ¢ changes with in
S a
me= oe ar ST :
Ho™~ . rang€ o tissue fluid in the body is kept withj
< are re of water. Osmoregulation or
smotic ts. Plants are confronted with differe
wat® Water moves readily across cell membranes through special protein-lined
o is nct movement of water mnto or out of the cell and which direction it moves
there

qsis dO€S
S. It refers to the fact that the
iosiatith :
i 01 ] lated with the presence or absence
11‘-‘\]1 v 1
. ontrol of gain or loss of water
10 ¢ - .solved sal
gn
nd if the total concentration of all dissolved solutes is not equal on both
eends on whether the cell's environment s isotonic, hypotonic, or hypertonic.

Hypotonic 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,

im?vement of water out of the cell is exactly balanced by movement of water into the
cell. :

b, Hypotonic

Pﬂﬂicle{;n @ hypotonic solution the total molar concentration of all dissolved solute
.con{:em}a:.s less than that of another solution or less than that of a.celj.,lf
°““°entrat;gns of dnssolvefd solutes are ls?ss outside the cell than mg;_d;:,___thg

Such hYDOI():'Of water outside is correspendingly greater. When a cell is expo:v:.gq,ltp :
alls wijy gwlil%ndltlons, there is net water movement into the cell. Cells mth_t_mt_‘ % o
Cellg With el and may burst (lyse) if excess water is not removed from the cell.

mVHOnmerﬁs Is often benefit from the turgor pressure that develops m‘hypotmjlﬁ.- :

)
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Hypertonic
A hypertonic solution is a particular type of solution that pae
concentration of solutes on the outside of a cell when compared with the ; o ﬁreater |
f :

cell.
10,4.1 Osmoregulation in Plants l

Of 2l the environmental factors that determine the vegetation of 5 hab
water 1s considered to be the most important. seee . at
Osmoregulation has enabled the plants to be distributed 1n
wide range of habitat. Hence according to the amount of
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
the plant, root hair being absent. The surface area of the
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, ¢.g. citrus, brassica, pea, peach

and rose etc.

c. Xerophytes -

Xerophytes are desert plants which grow in dry,
hot aﬁdy;:ndy places with scanty rainfall. They
have long roots to absorb water. The stem contains

bl sue. _The leaves are modified into
water s:;.rﬁf duce evaporauon of water,

Fig: 10.11 Brassica
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Jop! 1u can grow in a soil containing large perceng; :
{ |I;1In|‘“-\ cur on seashores forming specia] t le(}gc T oaal
z.lut‘tmxc,l.‘ifc salt tolerators and not salt lovers. X]I:}(:O::ihvcgctayion S
.mﬁlgr- Al ;mtcr absorbtiolf' 1S fﬂ.irly difficult due to zlbufda;llczrilli'ﬁltcmy e
o 50 ce they sh.OW phyblo]oglcal drought and show Xerophytic L;’la: ”-] th.c
el dcvclop?d wa!er storage tissues, The leaves are ¢ dwit
event evaporation of water.e.g Salsolq (saltwort) ;md R/?z;z;»c:o‘:;h

‘\.-]l ] U > .
iV contal
, gterh:

IL
ticle 10

pl'

alsola (saltwort) b, Rhizophora
)is a halophyte (a salt-tolerant plant) that typically grows
and can be irrigated with salt water.

, dominate in mangiove forests around much of the

10.4 tions of plants to low and high temperature

" Temperature is one of the most important ecological factors. Temperature
"aplant may be maximum, minimum, or optimum. Metabolism becomes slow at
°h low temperature and high temperature. Extremely high temperature causes

Cal Injury : _ : .
mhlt”“”.\ n plants while the freezing temperature causes 1ce crystal formation.
1@51\ :

l-_?_ffeCls are harmful to plants. At
'S¢ variations in temperature range require the plants to adjus

S 10 the envi S ls ation. Plants POSSESS some
environment and this is adapt very low

m
Pholog; . :
gic : -
l"mperalul.f al and anatomical structures to counter very hl_gh 0

;, ‘ --. A —:h_.:-.;._&;‘ a
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Some of them are as under:
L. 1 OW temperature from 1ll-effects. To m:
Elants BroWIRgsiniowaSI; 1k for protection antishortringelﬂw
lcnlpcruturc.th}'posscss\wcH-dcchupcd_hu:k hjﬁl[ tos inithese ikt le Yelgg
Such plants bring changes in the composition of solute: A e © Preye IQQ
crystal formation. The leaves and steins are hard and can withstand low temp

£t CTatyy,
Most of them possess scale leaves and the rate ¢

yeratures may sufier

ranspiration-is low ¢
| 0 Fetar
cooling.

High temperature

The protoplasm, enzymes and proteins may
the plants use structures and mechanisms to adjust themsel“?s to such conditigy
Plants absorb maximum water in short rainy season. The water 18 :stored for Ca"yiné
out various metabolic activities. Some plants produce an extenswe_ branching oot
system, so they can absorb even the little available water. The CXLeNs1ve spreading
upper parts of the plant reduces the evaporation of water from thg §011 surface, The
leaves of the plants contain thick cuticle and in some cases, an additional waxy layer
Such adaptations protect the plants from the strong rays of the sun and reduce wae
loss from the plant body.

The sunken stomata regulate transpiration and stems of some plants are
succulent with large vacuoles to store water for the cell metabolism. In many plants
leaves are modified into spines to reduce tran spiration.

denature at high temPEratme i
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| plant tissues are supported b

~ cell wall. Herbaceous plant do
e Ce

nte are often known for thei :
b L ~eous P["“[h o i | Irattractive flowers or
e rbac - qmon observation that plants can
|' ’ o J L‘{ . = L ]
o™t i fibre is damaged or they lose turgor.

¢ Z D : 3
esUical tissues, which consist of colle

| foliage.

Not remain upright if their hard
niﬁ;)port todthe plants is provided
| on: Mma and sclerenchyma, -
E'\ > ﬂ:{‘:n“ e SuppO el bydm;gldlgy (Water pressure) of parenchym:ftous 2?12.
g ,];;.u:: emain erect an | 1m_1”ccausfe of the pressure within these cells.
—,*hc-“;‘t At of drought, the tissues ot such plants lose water and result in
])l“" o

'l'\",l[-‘;““::.

A. Hypertohic 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
}(Oﬁh:v'polomc environments, water rushes into the cell, and the cell swells, but is
mf Lf;ﬁm breaking by the rigid wall layer. The pressure of the cell pushing against
iHStancelb T{a l‘l.ed turgor pressure, and is the desired state for most.pla.nt tissues. For
Plre wa{ ; dEmg awilted celery stalk or lettuce leaf in a hypotonic environment of

ts ?? Wil oftenrevive the leaf by inducing turgor in the plant cells.

%h Ln:J ‘ture of supporting tissues in plants e
PeToquisite f: vilop ment of stable supporting elements has been an 1mpo _
T exoske etonrt ¢ cvolution of large terrestrial organisms. Anima.lsh&ve‘ endo- .

tChitey,, that are similar in function to the woody stems or runxs O K ts.

ct : '
Ural design of the plant is very complex.
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Thin petioles carry heayy and flat laminas, stems support leaves, flowers
All plant organs are exposed to mechanical strains. Extensive specializeq g, fryj,
tissues exist only in vascular plants. Vascular plants have up to three Maip orti"é
supporting tissue: P ot
L. Collenchyma

)

Sclerenchyma

Vascular tissue
1. Collenchyma

The name collenchyma derives from the Greek word "kolla", Mmeap,
'glue”, which refers to the thick, glistening appearance of the walls in fresh tissueslér
The collenchyma is the typical supporting tissue of the primary plant body 5,4
growing plant parts.

Collenchyma is characteristically found in leaves and elongating stems, [,
leaves, it appears as strands, often located above and below major veins, as well asip
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, especially when
observed in cross-sectional view. The different thickness patterns of 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 physiologically with
parenchyma cells. Where collenchyma and parenchyma cells are found adjacent to
each other, they frequently intergrade through transitional cells. The resemblance to
parenchyma is further stressed by the common occurrence of chloroplasts in
collenchyma and by_thej.ablllt)’_' of this tissue to undergo reversible changes in wall
thickness, and to engage in meristematic activities. Thus, it is entirely appropriate to

consider these two cell types in the same unit of study.

I

g mguei' is "the sclerenchyma. The term
] eros ,:neanmg "hard". Itis ﬂlen'hﬂl'ds
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Lo V5 q B
r~~luclel'Js ! ’] (| {' }J Primary walb . R
Th'" .‘*‘*’ﬂ; '-3 a1 with irregular :
__P_”"“ETL.L ‘}_‘DII?- E‘»‘. corner " " .
wa . 4t bafd | thickening * 4 I
#f kA g - . i
S .;-\'{% | 1A k‘ h i I‘_ 1
Intercellmall?.. b’ B B . |
s gpace ~ ! ¥ e

_ Long section cross section Long section
. from the stem of sunflower

b. Collenchyma from a sunflower stem

eyl o N

)/ end wall d. from the flesh of a pea, some thick,
= ‘“} lignin impregnated stone cells

(a type of scleroid)

16 Example of ground tissue, which make up the bulk of the plant body. The most

"“Eri: 'Ypes are parenchyma, collenchyma and sclerenchyma (the stone cell in 'd' are a
¢d form of sclerenchyma),

seThe gl o0 G0 30 : Transitions

dy o, '~ Qillerenc t always clear. Iransitic

% exj 7 _nc___:he.bgtweel} fibres and sclereids is no { tyFib R
e :zm times even within one and the same plant. Fibres anse from

A o A s . ; ' : mm centcrs Qf' P »
- Cambium and procambium are their ar bundles. The

the xylem are

ften associated with the xylem of the vascul

are always lignified. Fibres that do not belong to

5
S8

el
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r’

for (our Informaiion) —

Fibres are generally long,-slender, so-called prosenchymatoys
cells, usually occuring in strands or bundles. Suclj bunc}{cs or the
totality of a stem's bundles are colloquially called fibres. Their high
load-bearing capacity and the ease with which they can be processed
has since antiquity made them the source material for a number of |
things, like ropes, fabrics or mattresses. The fibres qf 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 Development in Plants
~ Growth and development in plants are two associated physiological
processes, following each other in quick succession They lead towards
morphologically distinct tissues and organs. Growth is defined as increase in numbe’
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 g
~ The flowering plants (angiosperms) go through a phase of vegeta™"
- growth — producing more stems and leaves — and a flowering phase where they
- produce the organs for sexual reproduction. Meristems arc undifferentia®™
~ perpetually juvenile plant tissues which are capable of dividing mitotical!¥
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rstcmatic tissues arc of two main kinds:
emeristcrn
soon :
| Ap:cralmﬂf‘Stcm
T afe |
2, L lel.isfelll.\ R web
] Apic? ol meristems are areas of actively dividing cells at the tips of all roof
U 1 * = . ]- + e 2 : adll [N
‘tﬁ’s. The apical 'mcrlstelg gives rise to the three primary meristems
ad shOrm " round meristem an procambxgm) and these in turn produce al
(Pfotodis in -oots, the outermost _layer gfa primary lshoot is the epidermis, which
- issues: m the protoderm. The epidermis may contain stomata or lenticels for gas
g or may have a waxy or hairy surface to prevent dessication. The shoot
 pxchang ' es from ground meristem. The primary vascular tissues, the primary
| wﬂcx vascular cambium and primary xylem, arise from the procambium. These
are organized into separate vascular bundles. Finally, the innermost
| shoot tisSuC is the pith. It1s produced by the central ground meristem, and functions

& afashortpefi"d as a storage tissue as shown in the following figure.

f

s 7
[ e -e_tissuGS

Zone of
maturation

Zone of
elongation

Zone of cell
division

¥18:10.17 Root tip showing different phases of growth.
s -afatlll.le tips of root and shoot, apical meristems help in inCl'eﬂSiI‘lg tllli
erh ¢ body. This elongation is called primary growth. All v?;.c[ul:ll
es erbaceous or woody, undergo primary growth. Production© : ;1 c;:d
cots o Howers also occur by primary growth. Primary growth s fou

P andsome herbaceous annual dicots.

=l
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Primary Primary Lateral

Sac .
Meristem tissues meristem Nda

tissues
—_—

i
|
ProtodarmJ Epidermis : I|

__-_—_-_‘_--—-‘-N-

|
Primary phloem | Secondary -

» Vascular cambium
Primary xylem Secondary xylem
:

e )
|

i-ﬁl’bﬁnd & Ground Pith
~ meristem | tissue Cork cambium ——sp

Cortex s COTK
Periderm

= Fig: 10.18 Flow chart of apical meristem.

eristems
tems are the cylinders of dividing cells found in gymnosperms
oncerned with secondary growth or increase in thickness ofthe
types of lateral meristems—vascular cambium and cork
um produces secondary vascular tissues, which conduct
orovide added support. Cork cambium produces cork cells,
ot from water loss, pathogens, and herbivorous insects.
ccurs in perennial dicots and gymnosperms. This type of
hickening or lateral growth, arises from secondary
m in the vascular bundles secondary cambium s
‘phloem and secondary xylem. In some species
e develops from parenchymatous cells in the
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Fig: 10.20 A young stem showing apical and axillary buds,

{, Inhibitory correlation (Apical dominance)

The inhibition or control of lateral buds to develop by the activity of apical bud is
ulled 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
e 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
budsbelow. Apical dominance may be complete or incomplete. '

t) Complete apical dominance ' | 1
P In complete apical dominance only the main shoot grows and the lateral buds
fo cllowed to developed, as in sunflower the growth of lateral bud is completely

Blibiteg

.

b o
““lplete apical dominance SRRy e ol

' this ¢ :
: ent
Mg
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10.6.2 Annual rings

Every tree keeps its own diary of climatic changes Of other events that affecy
its growth. Each year a page is added which records whether thatdwas_a lean year oy,
fat one. Each year, beneath the bark, the tree adds a layer of wood 10 1ts trunk. Whe,,
conditions are ideal, the layer is thick. When there is @ s€Vere drought, or a plagye of

insects that destroy most of its leaves in carly

One of the most accurate way
to estimate tree age is 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 ofits age.

First year growth

Rainy season —
Dry season

c_entrl_c rings.

thes trouble, the layer will be thin. If the tree is cut down witha
Ly r on the stump as a series of concentric rings called Annual
e Rings. A tree ring is simply a layer of wood produced during one tree's

- arks a hne between the dark late wood that grew at
the relatively pale early wood that grew at the star!
omposed of a ring of early wood and a ring of lat¢

el

spring, the cambium begins dividing
eter of the tree at two places:
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summerwood 1s the darker-coloreq part of
ge growth, a tree adds extra tissye

rowth is slowed and the tree produces 4 thin ring

ais 12 < encour
‘ﬂ(!l lr[[]ﬂ }Cﬂr- g

_+h Responses in Plants

< show growth responses by releasing certain ch
__wih rate or movement.

Gl |

! emicals or by showing
ential grO%

I
e o1ant Growth Substances

Hormones of plants are referred as Phyto Homones. Phyto Hormones are

i substances which are naturally produced in plants; control the growth or

@rgf hysiological functions, at a sight remote from its place of production and

mhicﬁtl'ex ireme minute quantities. There are five major growth hormones namely
:igins. sibberellins, cytokinins, abscisic acid and ethylene.

[, Auxins | i
Auxin is a Greek word, which means “to increase”. Naturally occurring

qxin 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
asauxin. 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. '

~Auxinalso plays a role in differentiation of vascular tissue and initiates cell
dvision in the vascular cambium. It often inhibits growth in lateral buds, thus
mamtamjng apical dominance. The same quantity of auxin that promotes growth in .
thestem inhibitg growth in the main root system.

. Gibbemllins : ’ .- -

by unnglhe gibberellins were first isolated from a parasitic fungus that

&owth growth in rice seedlings. They were sul i O} DX
... Omones present i wv plants. ' f g1b
oSt in dwarf pag '
it and in p
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[tcan break the dormancy of the seed and cancels the effects
substances. In apples and grapes the exogenous application cause
Gibberillins promote flowering, helps in growing seedless grap
storage life of banana etc.

3, Cytokinins

- The cytokinins were first discovered as a consequence of thejy ¢, aci
mote cell division and bud formation in cultures of plant tissues. %}C}ty 0
cally related to certain components of nucleic acids. Cytokinjn can a;:y i
 With auxin to cause cell division in plant tissue culture. [p, tobacg Wy
S, a high concentration of auxin promotes root formation, While ; hp_nh
ation of cytokinins promotes bud formation. In intact plants, cyto): l-gh
growth of lateral buds, acting in opposition to the effocs s

: ! ! . €Cts of auyy
senescence in leaves by stimulating protein synthesis |

Oftheinhi A

5 Ory

es More frujy S.;}
> fnd ‘mprm;ets:

of auxins, plant physiolo
At last a substance that p
alled “abscision I1”, At

gists suspected a dormancy
romotes abscission of cotton

_ the same time a substance was
which promoted

_ bud dormancy and was callzd
L on _em__lcal analysis. The abscision II was later
S absc haracter and acidic nature.

1y and seed dormancy. It inhibis active
‘ lants and promotes abscision, During
Y the concentration of abscisic acid
Htates influx of water into the roofs.

LL
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m,vcmcﬂ‘- of plant parts can be classified according to the
[ ) . : .

| Plants movements are classified into two major types: turgor
' ements, rest of the classification of plant movements is

» 11] ]}'
- IVEC
v

and ul'i’wth e

Growth movements Turgor movements

{ 1 1

Autonomic Paratonic Rapid movement Sleep movement

tampﬂﬂasty l

4 v

Tropic movements Nastic movements Tactic movements

Nu

Thermonasty Seismonasty l

Phototacitc Thermotactic Chemotactic
Y

| 7 y e
| Phototropism Geotropism Hydrotropism Chemotropism Thigmotropism
'|-: =

Photonasty

; 'mrgo:rll\nl:\:::glilsl ;e due to the differential changes in turgor and s1ze ofthe

ult of the gain or loss of water and are casily reversible. The effecm::
ften different from ordinary cells and may be concentrated in certain a}if,m
R of many grasses in dry weather 18 cause:d by lpss of w(af:‘;r %
cells, which form longitudinal rows in epldem].ls' it 1ls 5? thi
ome plants at night are caused by turgor changes 1 s

f; present at the base of the leafor leaflet.

i : 1
e ol ith I sl
trand of vascular tissue. The water passes 1t de. This unequal

e side of the pulvinus than on the other s1 A

s "'“neqllal'enrl)argement or shrinkage (turgor response)

ntofthe petiole and leafblade.
may be: (a)rapid movemen

ts (b)sleep movements..
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When the leaves of Mimosa or “touch me not™ are touched, the 1:;\.\,'u‘{-vil

the pulvinus loose their turgidity. The leaves bend downward. After SOme 1‘1!111\-}1]‘
I'.:

leaves regain their turgidity and thus become erect.

aflets A
™ in normal : folded
' position drooping

Pulvini at bases of leaflets-
Fig: 10.22 Response of Mimosa pudicato shock. Left (before) a
b. Sleep Movements

| S_ome plant§ of famil'y leguminoceae such as bean plants lower their leavesin
the evening and raise them in the morning. These are called sleep movements. The

When the turgor pressure on the lower side of the pulvinus increases, the leaves rise
and when decreases, the leaves lower. This s called sleep movement.
2. Growth Movements

Growth movements may be self controlled or induced by the plant organs by

external stimuli. They are irreversible move rth ot
3 : ments, caused d al growth ol
both sides of the plant organs like roots, st ue to unequal g

ems, buds a i is basis (¢
growth movements are CI'aSSiﬁed _iﬂto: | nd tendrils. On this
a.. Autonomic b. Paratonic
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pes of the autonomic movements

" ¢ ale

ANE

fo
astV

1 l“;!I~i i i
1, EP fis seen 11
LAY the lcaf ° :
Eﬁ{_mL <ylts in the opCI'Il

whlch =

the petals and leaves especially in the byc o

. ud con ]
hows more growth in the bud condition than t;]lm](m'. The upper
ng of the buds. ¢ lower surface,

asty
. Hyponas . : 45 79,
ll 75 s also shoWn by petals and leaves in bud condition, the lower surface of the

s More growth than the upper surface which keeps the bud closed.

jeave SO
i Nutﬂﬁ““ : R = «
ng tip of the young stem moves in S o

The growi .
anner due to alternate change in growth on

g 788 M2
gpposite side of the apex.

b, Paratonic Movements
These movements are induced by the external

<timuli. Paratonic movements may be:
i  Tropic movements

Nastic movement e

_ Tactic movements Fig: 10.23 Young stem of Japanese

Trobic M Knotweed growing along the ground

iz P_c Pvements rather than upright into canes often
ese are induced movement of have a zig-zag appearance.

ure shown by the plant organ (shoot or root), |
capable of turning in any direction. The direction of movements 18

by the direction of stimulus (light, water, gravity etc). Tropism or tropic

cotropism occurs in radially symmetrical organs like root and stem. The
onof stem and roots in response to the force of gravity is called geotropism.
Tows towards the force of gravity and are said to be positiy ely ECOU?PllC’
OWS away from the force of gravity and is there fore called negatively
Pis m | th
8 .'. * T . to e
Plé movement of curvature induced in plants
lightis called phototropism.

organs in response
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Young stems are positive phototropic, turn towards light. The curvature is dye to the

greater growth on the shaded side then on the side on whic_h the light acts. Roots ara
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 tl_u: stimulyg of
moisture. The primary roots, secondary roots of higher plants, rhizoid of liverwoy
and hyphae of certain fungi exhibit growth movement in response to variation in g

amount of moisture. Roots are sensitive to variations in the amount of moisture ip the
soil.

hy

d. Thigmotropism
These movements of the plant organs is in
response to the stimulus of touch, contact or friction e.g.
~ the plants, which climb by means of tendrils, are
- sensitive to the stimulus of contact. The tendrils are
- found in a number of plants e.g. in Passiflora, Lathyrus,
- Thigomotropic responses are also met within the
f the tip of the young root comes in contact with a
: such as small stone, the root bends away
 negative curvature helps the root to avoid
soil. The stamens of certain plants are
touch and their dehiscence takes place only _
ody o anmsectmbsthem Fig:10.24 Passiflora species

have tendrils that allow
-‘--: : them to crawl all over
S everything,

mentofa part of the plant in response to a chemical stimulus
elther towards the chemical stimulus or away from ite.g.
s e egg | angiosperms due to the disintegration of
: imilarly the tentacles of Drosera (Of
iemicals like the proteins, phosphatei.
 bend. In the same way the hypha¢

e :

hich are non directional tl’]:‘e

on in the intensity of S
hich acts as a stimulu®

=
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- ction of the movement 1s here determined by the
The dl]'kc the leaves and the petals of flowers, which can b
g 11 .ments may be the result of growth changes or

structure of the
end only in one
they may be the

1"1101'0"3“-": ) ey sl

This nastic move:ment is induced by variation in the intensity of light. Many

. which keep their surfac_es fully exposed during the daytime, drop at night.
lﬁawfj}opping of the leaves is brought about by changes in the turgidity of
!eench ymatous cells of the pulvini i.e. Many flowers such as oxalis close up at night

L when the light is diminished on a cloudy day and open during the daytime in
§U hine.

. Thermonasty

This is due to variation in the degree of temperature. Many flowers open
whenilluminated and close up when it is dark e.g. crocus, tulips etc.

Seismonasty
This nastic movement is induced by mechanical stimuli such as touch or

fiction etc ¢.g. when the leaf of Mimosa pudica is touched the leaflets close and the
hole leaf drops. This shock movement of Mimosa pudica is called seismonastic
lovement. These movements are caused by the differential loss and support of
goron the two sides of the pulvinus.

¢ TacticMovements

ese are the movements of the entire organism or of motile organs and are
the external stimuli, which influence their direction. The stimuli can be

“_"f°m°tary movement of free swimming organisms or their organs in
sided illumination e.g. Chlamydomonas, Volvox and the 200SPores
lany other algae when illuminated by weak li ght move towards the
itive phototaxis. When illumination is too intense, they mc;ve
23 Ong ‘negative phototaxis. Similar movements ar¢ a SO
- OF last in the pallisade cells of the green leaves.
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b, hermotactic "

) 3 ‘.:":’... v s T U -

This is the movement of free organism in 'ﬁﬂ)r (our l”f‘“l"‘«“.l?,
response to the stimulus of temperature. When N iy ;

there is difference in temperature, the | Photoperiodism corod;

nateg

unicellular aleae are seen to move toward the | seasonal activities Such g
warmer side. STOWth,_ dcvjelopmem‘
¢. Chemotactic reproduction, migration

s d

This 1s the movement of free organism or dormancy that make j diré]cdt
their gametes in response to chemical stimuli. | contribution to SUWiVOrship
The spermatozoids of bryophytes and | and reproductive success o
pteridophytes move towards the chemical the species. Depending on the
substances like sugar and proteins secreted by length of the day, animg]
thearchegonia. show behavioural apq
' biological changes. Day
length affects their fur colour,
migration, hibernation and
also sexual behaviour. For
example, the singing
frequency of the canary bird

depends on the length of the
\day. J

&

= Fig:]ﬂ.iﬁ The sperm cells of ferns are
B ~ typically multiflagellate,
Photoperiodism

The relative lengths of the
ffects on the bel

day and night to which the plants are exposed have

Ofplants particularly on the development of
and night to which the plant is exposed 5
fthe Plant to photoperiod 1s the
I Its are classified into three ype
eutral plants. |

when the day leng l;
I._t_obacco, Dahllaf SO}
[ value is maximu™
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Hjants y s LS ATaL N
" plants produce flowers in summer when the day length ig |
ong \,}]uc. Examples (lf!qng day plants are Hibiscus bCCtgq 8 Engcr
5 day plants the critical value is a minimum value for nofvlnac and
" AR as cring.

O &

Long day plant

Short day plant

3
‘{, Flowering

¥ hours. |

Flowering

g | Lk ts. ’[‘ile difference is that the
eticallong day and short day plan mum value short dsy plant.

1 value for the long day plant and maxim® A)or
ower when the dag lelzgth is slightly above the Cﬂ‘t‘;:’c % s l( )

t day plant will flower when the day length is sligh pén it is above the
ch below the critical value (E), but will not flower WIEETE

: . .
AL LY 3 . = i
L Y 4 = E s
L P 2 . < ¥
- . .
. g o : - . : : -
- -~ - . - 34 - ¥y -
. ¥ S ES AP : - s emmasticmden o s S
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Day neutral plants are independent of the day length and thereg,
affected b\ the day length. They produce flowers whenever they bccmne ])r‘e o
irrespective of the day length. Examples of day neutral plants are Maize. ludtur,;
sunflower and cucumber etc. Maty
10.7.3.1 Phvtochrome .

Phytochrome, a pigment commonly present in small amounts i, the fi
of higher plants, is sensitive to the transition between light and da"kneg:”;m
pigment can exist in two forms, P, and P, .The P, forms absorbs red light‘;’;’_i hhe
wavelength of 660 nm and is thereby converted to P,. The P, form abso;bg l:ar[ qa
light (730 nm) and is converted to P,. The P, is also lost from the cell in the darkr;j_
reversion to P, or by destruction. P, is the active form of the pigment. It Dottt
flowering in long day plants and inhibits flowering in the short day plants, P, also f
responsible for changes that take place in the seedling, for germination of see (s ané
for development of anthocyanins.

i g

Flowering hormone (Florigen)

- Florigen, is a hormone, produced in the leaves and travels through the
~ phloem to the floral buds and initiates flower formation. A Russian scientist named
- M. H,' Chailakhain proved by experiment in 1936 that flori gen 1s produced in the
== leavgs He performed experiment on a short day plant, the Chrysanthemum.

Does not bloom
Short day
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ants and removed E‘IC l:caves fro%?t%_cr(jRS

% e lower half. He then exposed the y

qihe _L:]- he lower half of the same plant to short day
. AN e
ays ‘1[‘:";] ﬂ()\’\’Cl 5.

I toOK two Plﬂ
ev" eson _
ne " aves O Pper half of one plant to

8. The result was that the

i —cedthe defoliated (leaves removed -

P e then & 1mt-‘(]' ted lower half to long d: § pypper halfof the other plant

fe P° and the 108 " g i Ay, The result was that the plant
gort o flowers: From=this e?perg]{]enﬁ Chailakhian, concluded that the
i ) g ren 1S produced in t :

.rnth"f,“‘ ormone or florig P e leaves and then transmitted to the

2 pere itinitiates flower formation.
ﬂﬂl"l] h“_d W __tization _ .
074 \-'Lirnaﬂizatiqn is a Latin word meaning “spring”. The conversion of winter

nto the SPring variety by 10'{"’ temperature treatment is called vernalization.
qariet : was coined by Lysenko in 1928. Some plants require a period of low
ghis €1 efore producing flowers.

is condition 1s not fulfilled, they will not
ors. For example, if the germinating seeds
eat are exposed to low temperature, the
pants developed from them wii! ﬂower_ much earlier
#an would have done otherwise. This method of
simulating the earlier production of flowers by
sbjecting the germinating seeds to low temperature is
inown as vernalization. Vernalization is therefore the
mmotion of flowering by applying low temperature to
seedsand buds before sowing or grafting. Vernalization
helpful to the agriculturists in inducing earlier
bvclopment of flowers and earlier ripening of crops
also in extending cultivation to the regions where
ature is very low.

. Ithas enabled the Russian farmers to grow crops in Siberia where the soil
S covered with ice for ten months of the year. Biennial and perennial plants
ated to flower by low temperature treatment. The embryo of the seed and
he stem are the parts which receive the stimulus of low temperature.
€ around 4°C is found to be effective. It produces a hormone, the
Which induce vernalization. Vernalization procedure was applied on lg;goc
Crops, particularly wheat in Northern Europe _dunng 1930 and 1949,
winter varieties were grown as spring varieties.

If th
mduce ﬂOW
o winter Wh

Fig:10.28 Lysenko studying
wheat

i o
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, % '__gpendmg upon the amount of each nutrient reqmrcd the mmeral Nutrieng Sare

- "1:'-" ~ . * 1
» Macro nutrients include nitrogen, phosphorus, potassium. cyc;, -
_magnesmm and sulfur. The micronutrients includes boron, copper. iron,

i

r the concentration of water molecules in a system, greateris
fWatermolecules
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ng tO the amount of water available, plants

are classified ;
Hydrophyacs mesophytes, xerophytes and b nto four

ome morphological and anatomica Structures to counter very b
. °T very high

alophytes.

let»: PO"SCS“‘ ;

orve

ressure is caused by the uptake of water by the cytoplasm of the cells so th

Turgor P o

cesSUre 1 exerted atthe plasma membrane on the cell wal|
p [

Growth 1 defined as increase in number and size of cells. Three phases of growth
are: (a) Phase of cell division (b) Phase of cell elongation (c) Phase of cell
ion and differentiation.

maturatl
Apical meristems are arecas 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
cork cells, which protect the stem and root from water loss, pathogens, and
| herbivorous insects.

¢ The inhibition or control of lateral buds to develop by the activity of apical bud 1s

b ;_called inhibitory correlation or apical dominance.

-_honnones are organic substances whlch are naturally produced in plants

alled
ative length of the day and night to which the plant is exposed is

- . i
Period and the response of the plantto photoperiodis the photoperi o
Tome, a pigment commonly présent'in small amounts in the tnssugs .

'Vetothe transition between light and darkness: o
pt Wmter variety into the gprmg variety bY ‘
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AEﬁK(“J _)51"' ‘-“ ‘

s the follo -
.\_ h{lll\t the correct answel i d \Hl u 'H'Ii't\

15 The thick wallcd dead cells like tracheid and VCSSCIS are inclyq, ed
a. parenchyma b. sclerenchyma In;
c. collenchyma d. mesenchyma

2 The increase in thickness of the plant due to the activity Ofcﬂmblu

called.
a. primary growth b. secondary growth
c. tertiary growth d. stunted growth

3 The movement restricted to bifacial organs like the leaves and petals gf

flower is the:
a. tactic movement b. nastic movement
C. tropic movement d. chemotactic movement

b. vascular tlssue
d. permanent tissue

ased chlorophyll production. plant
droponic culture. |

 for trapping and |
é:lgestlon areused0
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-..,..1‘_

like hemp and flax are made up of:

I bres Idem‘llb by
- nchyma cell d clerenchym,
are - Collenchym,

o growth of a plant is due to the action of the

P
), | merlstem e
I ,. latera vascularcamme

d. cork cambium

apical meristem
Uhich bonds are responsible for the cohesion of water molecules?
S

a. lonic | b, Hydrogen
. Non polar covalent d. Polar covalent

1 a sugar sink, such as a taproot, sugar is converted into
5. fatty acid ' b. proteins
c. glycogen d. starch
3 Plants are able to detect photoperiod changes by the
a. alternation of the two forms of phytochrome
b. settling of amyloplasts
¢c. direction of the light source
d. movement of potassium ions
14, Which one of the following is true for annual ring?
a. Itis composed of a ring of early wood and aring of late wood.
b. Its growth is co- related with the production of abscisic acid.
c. Itis produced from the axillary buds.
d. It is produced as a result of primary growth
B8, Write short answers to the following questions.
- L Why insectivorous plants depend on insects?
- 2. What do you mean by water potential?
- Differentiate between mesophytes and xerophytes.
OW turgor provide support to the herbaceous plants?
ifferentiate between primary and secondary growth in plants.
fly describe the mechanism of formation of annual nngs in plants.

}}the adaptation in plants to cope with low temperatures

wing questions in detail.
te the l‘_OIe of macro and mlc_ronuments P

2. In

——

lant growth and devehpment
TACT mechanism.
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EXERCISE o,

4. How the osmotic adjustments of plants in saline soils tak placey
5. Describe the structure of supporting tissues in plants.

6. Discuss the role of important plant growth hormones,
E
8

Classify plants on the basis of photoperiodism and give eXampleg
Describe the mechanism of opening and closing of stomata,

'and wnte taxonomlc cla551ﬁcat10n of at least five plang
I ""erophync mesophytic and hydrophytic charactes

e tlfy some major symptoms of mineral deficienciesiy
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3  pescribe the mechanical and chemical digestion in oral cavity
, Explain swall
e structure of stomach and relate each component with the
and chemical digestion in stomach.

owing and peristalsis.

, Describe th
mechanical

. Explain the role of nervous system and gastrin hormone on the secretion of

gastric juice.
' Dcscnbe the major actions carried out on food in the three regions of the

- small intestine.
s Explam the absorption of digested products from the small intestine lumen
bE ~to the blood capillaries and lacteals of the villi.

3 '._Descnbe the componcnt parts of large intestine with their respective roles.

ctive

_'__;Cﬂll'e of pancreas and explain its function as an exocrine

etin hormone.

the secretion of bile and pancreatic Julce with the secr
disorders;

¥ ¢ the causes, prevention, and treatmcnt of the following

'—,:-‘ d_,pms"mng dyspepsia.

| bes‘ty in terms of its causes, preventlons nd related disorders:

l
!
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Introduction

When we eat foods——such as bread, meat, and vcgf-:lﬂhlt‘s ~they are not i
form that the body can use for nourishment. Food and drl_nk must be Changeg : 8
smaller molecules of nutrients before they can be absorbed into the blood apg carr?l” |
to cells throughout the body. Digestion is the process by which food 1s broken dﬂxzi |
Into its smallest parts so the body can use them to build and nourish ce|g an ¢,

| provide energy. o3 P b e
e Digestion involves mixing food with digestive juices, moving it through the

%&% : mgestwe tract, and breaking down large molecules of ti(l)od int(()j smaller Molecyje
- _Digestion begins in the mouth, when you chew and swallow, and 1s completeq i, the o

smallintestine. _. .

- The digestive 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 Organg
- that help the body break down and absorb food. There are also two solid digestiye
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 Mechanical and Chemical Digestion in the Oral cavity

~_ The gastrointestinal tract starts in the oral cavity where your teeth grind and
w food, breaking it into small manageable pieces. This chewing process, knownas
dent upon powerful muscles (masseter and temporalis), as wel

maller n permit fine control; they move the mandible (lower jawbone)

temporalis
muscle

B
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increases the gy

. fooq

pmolecules intg g 5 Which 1.

:im’ L";ion ocey \l_ﬂlth. o dars by the : help 10 acce

idiges “CUTS in the n Lgest; e

secreted by e lands o the do. P for the e At prog Starch

: The actiong a .y ONthe Orsa) Case of in ; Otein oy fa
¢ S of the ¢, SUrface Bual | ;

: =3 €th Ofthe : v an epgy.

are rca(_Jy to SWallow, the ¢ gu-dnd tongye Prepar, f011 : NZyme

back of your throat and g o DUS.hes ap: 00d

Stomach, T 2

i€ Mouth, The process |

L Chewing ¢ gether swallowing of a bojys

ith the Stimulation of

€ gums ang palate by
3 Movement of food
8INs 5ome of the
lex activities which
- OVer once the food
Ves intg Stage 2, the
AT DX.Enzymes in
Saliva help to form
100d intp g bolus,
ich ¢

Fig: 11.2 Stages of swallowing process.

1 " g .. e -.
1 s e e O o
s Ol h ol ELL
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¥ )

| he |

Pharvngeal Stage

The larynx lifts up to meet the epiglottis, w hik’h IOWETS, m"‘lfmg a seal thy
prevents material from entering the windpipe. This is important as it stops foog or
liquid from being aspirated into the lungs.
stage 3: The Oesophageal Stag

The bolus is passed into the oesophagus by automatic contractions of g
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 di gestive hormones, enzymes and
gastric juices which help to break down food molecules in the chyme into small

Fundus
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g for furth

l ::1:1» ally 2 ﬂﬁ

h[’fd as muc
’ te or VHIV
pr” - wheredi gestion continues.
ol re of Stomach
4 The stoma
s SMbdi\»'ided into 4 regions:
Ccardiac region: Here the conten
sJower esophageal or cardiac sphi

Fundus: AD expanded area curvi

central and largest region.
stomach that joins the

he pyloric sphincter 1s a ring

Body: The
Pylorus: T
incter. Lik
ulates the movemen

The wall of the stoma
rete 400—-800 ml of gastric juice
ach meal. Several kinds of cells

found in the gastric glands
o parietal cells

o chiefcells

o mucus-secreting cells

hormone-secreting
(endocrine) cells

he narrow end of the

arietal cells
Parietal cells secrete

hydrochloric acid

e the cardiac sphincter, t
t of food out of the stomach.
ch is lined with millions of

Lumen of
stomach
Y.'[-'_'/-‘., : :
pARZ . e
A
R ©

small intestin

er digestion. An empty stomach has a volume of ‘
ra mea!, its capacity expands to about | liter Offiprc)lrox;matcly SOml.
as 4 liters. The chyme slowly exits the stomg };an_d may expand
e and passes into the duodenum - the first Segfner\:tlag;hfh pyloric

e small

ch is a muscular organ located on the left side of the upper abdomen

ts of the esophagus empty into the stomach through

ncter.
ng up above the esophageal opening.

e at the pyloric
of muscle that

gastric glands, which together

N =
Substance
. Cell Types Smund
g Mucus
Mucous (protects lining)
/ neck | e —
o Bicarbonate
______._..-————~_______.___._-——~
Gastric acid (HCI)
parietal
7 cells intrinsic factor
' (Ca++ absorption)
Histamine
- Enterochromatfin-
L ca | totmalates 252
—\ Chief pepsin(ogen)
cells Gastric lipase
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iL Intrinsic factor

Intrinsic factor is a protein that binds ingested vitamin B, and enabeg it t

: Eie 0b
absorbed by the intestine in intact form. :

b. Chief cells

The chief cells synthesize and secrete pepsinogen, the precursor 1 the
proteolytic enzyme pepsin.
¢. Mucus secreting cells
e Special cells secrete a protective coating called mucus, on the stomach wallstg
- prevent damage from gastric acids. Originally it was thought that peptic ulcers Were
caused by an erosion of this mucus lining by these acids. However recent research
s that these ulcers are caused largely by the spread of a type of bacteria called
cter pylori bacterium into the gastric walls. '

ehely 5
Rl mbAS Ty r
- = v

.

réting cells

onby the gastric glands is stimulated by the hormone gastrin. Gastrinis
ne cells in the stomach in response to the arrival of food.

: | lin the stomach

soxptlon occurs in stomach. However, some water, certain ions, ':
and .ethanol are absorbed from the stomach into the blood
_ck.gehefgfaheadacheaﬁerswallowing aspirin). |

e °°mP1°x organ W.hiCh performs a wide variety 0 _-{:
‘ main functions: 1

o ol large number of food calories in#
et 1t over a longer period. Without the
to eat v?ly small amounts of ,_ 00X

a number of pow
ligestive enzym
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empﬁ““, he Pallit.l;tll:t'dlgested chyme into the duodenum (the first
b€ el of t,het small inte ‘11’18). ata manage?abl? speed, through the the pylori
SOBL cter. While the intestine 18 full apd still digesting food, the stoma ifl ric
phtt"™ " rea for food. The absorption of food and water ,by the stOrriacath_s
1S

l-mf’df:\(’ : .
ible, but 1ron and highly fat-soluble substances like alcohol are

»olig
neste

f1h;nrb€d directly. 2
.«m of secretion of gastric juice
(.l A5 nteresting questiqn is raised here. What causes gastric juice to be
.47 There are two possible answers to this question — chemical control and
gometimes even the sight, smell, taste or hearing of delicious food
gimulate the nervous system whjch orders for the secretion of small amount of gastrici
jice iike watering of mouth. This is proved by the experiment of Russian, Pavlov. He
utthe esophagus ofa dog and left the cut end open to 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
the gastric nerves proved it. If there are more proteins in the food, a signal is sent to the
brain which in response to this signal order the gastric glands to secrete more gastric

juice.

the secretion of gastric juice. Protein
f the stomach to secrete gastrin. The
hich 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 w
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

i As the contents of the stomach become thoroughly liquified, they pass into the
wodenum, the first segment (about 10 inches long) of the small intestine. £00¢
‘?{ﬁaﬂ? takes 4-5 hours to pass through the stomach into the duodenum, the first part

£ e small intestine.After being churned and mixed with digestive juices in the

PYII:a'Ch’ food chyme moves slowly into the folds of the small intestine through the |
ke ﬂ?c sphincter or valve. The small intestine (or small bowel) is the longest section
: duode dlge?“_‘.’e tract (approx 17 feet) and is divided into three s.c'gmcnts:. the
Ch enum, jejunum and ileum, each of which performs different digestive functions.
~hyme from the stomach is propelled through the small intestine by peristalsis.
'l'z‘ Functions of the Small Intestine | B

, intestine is where most chemical digestion takes place; peptldes

) wn into amino acids; lipids (fats)

atbohydratesare roken down nfo

tein molecules)
3 A de l

are broken

ycerol; an
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parotid gland
(salivary gland)

e
sub-lingual - sub-mandibular
glm}d all gland
(salivary gland) é (salivary gland)
E}.‘
i
| oesophagus
gallbladder
stomach

pancreas
transverse
colon
- descending
colon

LT )

... sigmoid colon
e den rectum
e anus
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gnction of the Duodenun

d. natomically, it is is sub-divided into f;
ontal and ascending duodenum. Inside tj,
from the gallbladder (bile) and pancre i
articles into smaller droplets, While as (Pancreat.lc juice). Bile

5 : . Pancreatic juic e
nvert fats into fatty acids and glycero] alic juice contains
haCId gy » and sodium bicarbonate tq

7 feet in length, the Jejunum is where chern:
1eel > | emical breakdown of the
leted. Pancreatic enzymes, along with enzymes produced l?y :ﬁg

liz > the food digestion process, The term jej
e o Jejunum stems from the

eet long. It is the final section of the intestine and is connected to

the ileocecal valve.The main function of the ileum is
e il to absorb
‘absorbed here and returns to the liver through blood vessels in

__'fe unabsorbed watery remains of the food chyme now pass into
}vater-removal and final processing, before being expelled from

ENutrients in the Small Intestine

?qma]l intestine that we absorb most of the nutrients in our food.
testine has a relatively small diameter, the intestinal walls are
lled rugae, which are themselves covered in millions of finger-
villi, which are themselves studded with millions of smaller
villi. This provides a surface-area of about the size of a tennis
) l'pﬁo.ﬁ Inside each villus is a series of lymphvsssels (lacteals)
ipillaries). The lacteal lymph vessel absorbs digested fat into the
ch eventually drains into the bloodstream. The blood vessels
transport them via the hepatic portal vein to the liver. Here
are removed and the nutrients are processed. An important
1 this context is the regulation of blood glucose levels to
- the body. Excess glucose is converted in the liver fo
ormone insulin, and stored. When blqgleucme leve}s
1 meals), the glycogen is re-converted fo glucose It
yihehormoneghicagon.

I ] 's'lﬁ._"
.
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After all nutrients have been absorbed from ingested food during its passage
through the small intestine, the watery waste passes into thc'large intestine. It is the
final section of the gastrointestinal tract and its main function is to remove water (plys
any remaining minerals) from the food waste and compress it ‘mto a form for easy
expulsion from the body. As the chyme passes throu gh the large intesting, the water i
removed and the chyme is combined with mucus and bacteria (gut flora), and s

converted into feces.

" Asin the esophagus and small intestine, undigested food 1s propelled through
the large intestine by waves of muscular contraction and expansion, called peristalsis,
However, unlike in the small intestine where these waves occur at irregular intervals,
penstalsm 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

' ,- The 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 progressively
r in diameter. It consists of four regions: the ceacum, colon, rectum, and anal

1. (The term "colon" is sometimes used to describe the entire large intestine). The
1 (or caecum) is a short pouch into which food enters from the ileum (via the
al valve) and exits into the ascending colon of the large intestine. The colon s
est segment of the large intestine. It is sub-divided into four sections, named
osition in the pelvis: the ascending colon, transverse colon, descending
noid colon. The rectum is the final part of the large intestine. Feces

colon ﬂqctm the rectum before being excreted via the anus. Afterthe
anal canal, a short passage about 1.5 inches long, terminating in 0

1al gndextemal sphincters. As waste products from the
nal, nerves in the rectum cause the internal sphincter to
sphincter also relaxes, permitting fecal discharge-

r voluntary control. Young children 12
et training. Once trained, loss of contt®

12 EE

| disease, impaired water absorpi%".

S B 1 ST

s

e
LY
i

1GE

its central role, liver 415
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N g SA S S S

satening. The liver has a multitude of important and cortol
functions are: g

nsm
energy source for cells and its levels in th
ver helps maintain blood glucose leve]
sulin and glucagon. After a meal, glucos
rise. This excess glucose is dealt wit
s glucose into glycogen for storage, T

ce energy by a process called glycolysi

c_bk)od stream must
§ In response to the
€ enters the liver and
h by glycogenesis in
he glucose that is not
S. This occurs in every

meals or during starvat_ion, blood glucose levels fall. The
ing liver cells) detect this change, and restore glucose levels by

which converts glycogen back to glucose, or gluconeogenesis
ch as amino-acids are converted to glucose.

involved in fat metabolism and synthesizes lipoproteins,
pholipids essential for many body functions. If fatis in excess, the
orage. Lipogenesis is the metabolic process in which fats,

s and glycerol, are converted for storage in subcutaneous tissue

i ucose levels are low, stored fat is converted back into glycerol
cess called lipolysis. This occur in adipose cells, but the fatty
e transported to the liver for use as an alternative energy supply.

e transported to the liver during digestion and most of the
ized here. If protein is in excess, amino acids can be converted
at depots, or if required, made into glucose for energy by
has already been mentioned. However, before amino acids
iys, the first step is to remove the nitrogen-containing amino
important metabolic process is called deamination.In the

nino group) quickly changes into ammonia NH,, which is
dy. The liver acts fast to convert ammonia into urea that then can

dlays a vital role in detoxification and destruction of endogenous and

es. The liver's own phagocytes which reside within the
ijp,‘ digest and destroy cellular debris and any mvadlt.gg
bstances such as drugs and alcohol are detoxified ';’.' :
nated, some hormones are inactivated, and blmud:anr:ad
old red blood cells, is also detoxified and ren
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The liver plays an important role as a storage facility. The hepatocytes take up
many types of vitamins and g TR
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 - 4 Y
muscle tissue can also store : - T e
glycogen too. k Rib cage L

~ The liver synthesizes bile

‘Which is important for fat
on and is also a route of

excretion from the body. Bile
consists of water, bile salts,
- cholesterol, phospholipids,
rolytes and bile pigments

pical yellowish-
dile is stored and

ed in the gall bladder.
sence of fats in the gut
r . a ;-‘ 2 1

e i Pg .6 1..oc§tian of Liverin rib cage e
odenum emulsifying fats into smaller globules,

flltth?.;by ]-lpase Cnzymes. Metab.olic wastes and drug i ‘:

Tact o the e et can then be excreted from the body through, |
: SRR },L!{'L}b!?x the t.OXI,C_.t_e_I_l_d pIOduct of haemoglobf!

3

(1
o

head, the body and the tail. The
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Pancreas

pancreas is composed of pancreatic exocrine cells and their
ded within this exocrine tissue are roughly one million small

liver

F ? gallbladder

ommory
bile duct

duodenum_
(first part of
mall intesting

ommon bile duct
sphincter of Oddi

----

T

_the:_fo_llowing four major cell types
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4

a gall bladder o~

common bile duct Dancress

S pyloric sphincter =)

T
i Yo g
- ,,...-J',.,.

islet of
langerhans i

5
P
t.

h‘; a. __p,_arg“of_pancreas b. Bunch of acini . c. Section of acini  d. Section of acinar
BT SIEA et ' Fig: 11. 8 Anatomy of Pancrease

LIS s

N

ion of water and electrolytes originates in the centroacinar and intercalated duct
Pancreatic enzymes originate in the acinar cells. Final product is a colorless,
rless, and alkaline fluid that contains digestive enzymes (amylase, lipase, and
sing 00to 800mlofpancreat1c fluid is secreted per day. Alkaline pHresults

arbonate which serves to neutralize gastric acid and regulate thepH

rete 1sozymes like amylases, lipases, and proteases. These &€
lic reticulum of the acinar cells and are packaged in the

trom the acmnar cells into the lumen of the acinus 20¢

here the enzymes are activated -
* secreted by the pancreas inana";':l

starch and glycogen to gluc
ile salts. Proteases are essential f0f
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.. m sreted as Proenzymes anq equire activation for
odenal enzyme, enterokinase, convertstrypsinogcn 10 trypsin

vates chymotrypsin, elastase, carboxypcptidaqe and

,_ d_pancreﬂﬁf juice with the secref in NOrmone

._ periodically regeives acid from the Stomach, and is

fire in a hurry to avoid acid burns Secretin functions asa

in response to acid in the small Intestine, and stimulates the

1 response to one known st

. mulus: acidification of the
nly when liquifie

d ingesta from the Stomach

-
-‘}l*\.'? !I\ %d
LAl 1UUL

| ™ hite
| i'l.:‘.;,]]-. »

some of the disorders related to digestive system and general

€ gastric or intestinal mucosal lining of the stomach by
a direct cause of peptic ulcer. Infection with the bacterium
s thought to play an important role in causing both gastric and
licobacter pylori may be transmitted from person to person
and water.

q";iiucosal lining, and weakening of the mucous defenses

ah

ulcers. Excess secretion of hydrochloric acid, genetic
ical stress are important contributing factors in the
lodenal ulcers. Another major cause of ulcers is the
medications, such as aspirin. Cigarette smoking is
yrmation and ulcer treatment failure.

5330
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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. pylori) was established as the leading =
cause of pep! ""J}E‘egl‘:slqthe early 1980s. 1t
was also found ,tp‘mca,use gastritis

nflz 'thhﬁning)

Flg. 11.9 Ulcer is the destruction of muco

aking it mor m:scepﬂble to the damagmg effects of acid and pepsin;
a; pe monmg;nearby cells and producmg more stomach acid.

iy Hy- fac

L. pylori are treatcd with a two week course of
y, cons sting of two antibiotics to kill the bacteria and T
ymach hmngeshmeldmedmauon._

' 'Obesn;y o Welght gain occurs when
e eat provides more calories

y _.faj: cells increase in Size:.
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(inactivity) are the most factors for obesity.

ose muscle and gain fat ag
. Both of these lower their calorie requirements
1, on average. Because muscle burns more calories

use more calories than women, even at rest. Thus,
o gain weight with the same calorie intake.

they grow older. Their

: 1gh an average of 4—§'pounds more after a pregnancy
"-ancy.'Thl_S weight gain may contribute to obesity in

ﬁﬁ"sf:.*andm Medications: Certain medical conditions and
¢ or promote obesity, although these are much less common
o

' Bi%ﬁ’i‘eanng and inactivity. Some examples of these are as
m, Cushing syndrome, Depression.

Rl 17

2 vr]th ebesity

1 leading cause of preventable death (after smoking), and is
> II diabetes, hyperlipidaemia (presence of excess lipids in the
°ry disease, arthritis, gallstones, psychosocial disability. Certain
im and prostate in men; uterus, biliary tract, breast and ovary in
valent in the obese.

/ .;:__c'épted method of
€ obese is by measuring
Nﬂ To calculate your

inds by 705; divide by |
this number by your . e
ie.- . - : - :

9; overweight=25.0 to 29.9; obese = 30 or greater; and
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T T T T

h. Treatment of Obesity
Successful programs for weight loss reduct

started and followed under the care of a physician an

| program may include:
e Exercise (30 minutes of physical activity on most days of the week)
ber diet

o Alow-fat, high-complex carbohydrate, high fi

e Behaviormodification to change eating behavior

ion and maintenance should be
d/or a nutritionist. A weight-losg

80 Social support
- e Medications

ll 7.3 Bulimia nervosa
bie ‘Bulimia nervosa is an eating disorderin which a person may cata lot of foodat
once and then try to get rid of the food by vomiting, using laxatives, or sometimes
- over-exercising. People with bulimia are preoccupled with their weight and body

image. Bulimia is associated with depression and other psychlatrlc disorders and

shares symptoms with anorexia nervosa, another major eating disorder. Because
bk, - individuals with bulimia can maintain a normal weight, they are able to keep
k. "f"ﬂlen:: condition a secret for years. If not treated, bulimia can lead to nutritional

iencies and even fatal complications.
sand Symptoms:

Jiﬁ'e: Bulnma is often accompamed by the followmg signs and symptoms
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is a comerstone of bulimia treatment. Cognitive behavioral thera Y,

u to replace negative thoughts and behaviors with healthy ones, is
r mind-body and stress-reduction techniques, such as yoga, tai chn

b%lp you become more aware of your body and form a more
t is important for the person with bulimia to be actively
ent. Antidepressants are often prescribed for bulimia.

.,_cmot:onal disorder that focuses on food, but it is actually an
w p_erfectlomsm and a desire to control things by strictly regulating

People with anorexia have an extreme fear of gaining weight, which
to maintain a weight far less than normal. They will do almost

d gaining weight, including starving themselves or exercising too
ost commonly affects teens. Although anorexia seldom appears
be a chronic disease, one that you deal with over your lifetime.
‘help you develop a healthier lifestyle and avoid anorexia's

y 'ptomS'

ary sign of anorexia nervosa is severe weight loss. People with
ry t .‘lose weight by severely limiting how much food they eat. They
gxcesswely Some people may engage in binging and purging,

hey may vomit after eating or take laxatives. At the same time, the
'tlmt they are overwei ght

Xia patients have distorted perception of self (insisting they are
'*n 35 ey are thm) Being preoccupied with food thoughts they refuse to
ol _-tQacknowledge the seriousness of thc illness. They suffer from ;
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depression and refuse to eat in public. Such patients constantly weigh themselves 4
doregular excercises,

e. Treatment:

The most successful treatment is a combination of psychotherapy, family therapy,
‘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}used by eating
food or drinking liquids contaminated by a toxin or infectious organism. Poor food
'hj{giene is arisk factor.

2 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
(i . '«"-‘"'?-!Mbst-'caseﬁ of food poisonirfg 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
toxins, they may be produced in the food before it is eaten. Most types of food
~ poisoning cause diarrhea and/or vomiting, often with abdominal pain. The severity of
nptoms and the speed at which they develop and the duration of the illness depends

1e cause of food poisoning. -

or food Poisoning Agents

S Gtk o1, - .
/ aimed at preventing dehydration: I
dintravenously in hospital. Typica!)

R '-.'.. i oS
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.« are prescribed only if specific bacter; |
ibot1Cs a ] 3 eria have been identi _
3«15' y recover quite rapidly from an attack of food poisoning and raré?eg' Patients
 piasting hoalth COPREEUREE (B NETVitare Cases, thete is ridke of septooli
spread into the blood stream. Both dehydration and septicemi fcaslzl;a if

usc

bacfcria o . :
dock -2 condition that is sometimes fatal.

I]'T b ,_‘_zwjyspepsia

. Pain OF discomfort i.n the upper abdomen that is not associated with a structural
- pnormality. Dyspepsia describes recurrent and persistent indigestion that occurs
-~ without an ideqtiﬁable cause or abnormality of the digestive tract. The condition is
more common in adults, especially men, and may be made worse by stress, obesity,
smoking and a diet high in rich, fatty foods. |

2. Symptoms of dyspepsia

The symptoms of dyspepsia may include pain in the upper abdomen, often made
worse by eating, and nausea, particularly in the morning. Patients with Non-ulcer
Dyspepsia often experience these symptoms several times a week for months.

b. Treatment for dyspepsia

Ablood test may be carried out to check for infection of the stomach lining from the
bacterium Helicobacter pylori. Also, upper digestive tract endoscopy or contrast X-
Rays may be carried out to look for abnormalities in the gastrointestinal tract.

¢. Prevention of dyspepsia

In order to help reduce both 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.

Avoidrich, fatty foods such as butter and fried foods.
Learn to overcome stress, which can often trigger episod
discomfort.
[f overweight, try to reduce weight and avol
If ossible, avoid medicines that irritate the
% and chcr nonsteroidal anti-inflammatory drugs.

es of abdominal

d tight fitting clothing.
digestive tract, such

as aspirin
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KEY

OINTS

Digestion is the process by which food and dri_nk are broken dowr_1 Into theijr ¢
parts so the body can use them to build and nourish cells and to provide energy,

B Peristalsis occurs throughout the length of the digestive tract and is responsible f,
keeping things moving.

»  Stomach is subdivided into four regions which are: the Cardiac region, the Fundys,
Body and the Pylorus.

e A hormone called gastrin, controls the secretion of gastric juice. Protein molecy]es
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 four regions: the ceacum, colon, rectum, and anal canal.

. The liver helps maintain blood glucose levels in response to the pancreatic hormones
insulin and glucagon.

e 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.

e  Ifenergyand glucose levels are low, stored fat is cenverted back into glycerol and fatty
acids by a process called lipolysis. _

e 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.

Mal|egy

|
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 1'
o i BCIAUEREC G ‘-
e  Destruction of the gastric or intestinal mucosal lining of the stomach by hydrochloric J
acid is a direct cause of peptic ulcer. o i 8 |
e  Obesityor welghtgam occurs when we eat more calories than our body uses up. i'
~ Bulimia nervosa is an eating disorder in which a person may eat a lot of food at on¢¢ !
‘and then try to get rid of the food by vomiting, using laxatives, or sometimes 0VeEl"
exercising. R o o
~ Anorexia is an emqtlonal disorder which deals with perfectionism and a desire ©
 control things by strictly regulating food and weight. |
07 ST sia describes recurrent and per_sistent indigestion that occurs without @7
: mgable cause or abnormality of the digestive tract,
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EXERCISE 2

> '__zmswers in the followine
wulg convert’s pepsinogen to

4

& Questions,
the active form of pepsin

b. Gastrin
d. Chief cells

b. Kldneys
d. Pancreas

ng is NOT a function of the liver?

b. pancreas
St d. acini
on of the soft palate?
to nasal c‘avity open at all times

- b. trypsin
~d. lipase ‘
‘small intestine because of TEETE

b, its length
. its thick walls

0N 'L
*

mduodenum

~ colon
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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?

a. Loss of menstrual cycles or periods
b. Low blood pressure

- ¢.  Increased sore throats and tooth decay
d. Increased dry, scaly, cold skin

_.,' B. Write short answers to the followin

g qllestl(ms

What do you mean by physical digestion?
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’ e ———

it 1etail the answers of the following questions.

-
gd
nescribe
pescribe the composition 0
roles.
Discuss the mechanism of digestion and absorption of food in the small
iptestine.

Explain the symptoms and

la'm the rﬂ]ﬂ of nervous EFHE-EIII and Eﬂﬂtl'iﬂ hormone on the secretion of

sfric Juice.
the mechanism of digestion in the stomach.
fbile and relate the constituents with respective

treatment of bulimia nervosa’

mjects

disorders and record some commmon

2 digestive : = ;
| ldentify some common CIg O eatment, Give your justifications of

mschold remedies being
fher wise for the effectivencss ©

ERITHOT.

fﬂll'ﬂt'i"ﬂd for the the

f these remedies, Share your finding 1




&t 'tho nd of th!s chapter student: will be able 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, 1
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. F
Describe the role of precapillary sphincters in regulating the flow of blood-thm_ug’hJ 4
capillaries. Trace the path of the blood through the pulmonary and systemic cire
(coronary, hepatic-portal and renal circulation). :
Compare the rate of blood flow through arteries, arterioles, capillaries, venules and véin
Define blood pressure and explain its periods of systolic and diastolic pressure.
State the role of baroreceptors and volume receptors in regulatmg the blood p
Define the term thrombus and differentiate between thrombus and embolus.
Identxfy the factors causmg atherosclerosis and artenosclerosm

n,.
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s 1
duci on

aterials in the human body need to be taken from one organ to another and
. .cues from where they are dlstnbgted to each and every cell of the body. This
1¢ 1ISSUCs of material called circulation. It is a vital process of the body

Omplishcd by a system called circulatory system.

o circulatory system is an organ system that transports nutrients gases,
od cells, nitrogen waste products, etc. to and from cells in the body to

ones, blo A2
oo ases and help stabilize body temperature and pH in order to maintain

h :
pelp fight dISCE ' :
.. This system is composed of the cardiovascular system, which

]mmenslaSlb- . 5 T 7
lood and the lymphatic system.which distributes lymph. Human beings

Jistributes b
and other V€
blood never leaves

rtebrates possess a closed cardiovascular system. In closed system the
the network of arteries, veins and capillaries.

(2.1 Human Blood Circulatory System
means of transport of food, water, wastes and gases in

circulation throughout the body, blood requires a system
scular system. This system

The most important

puman body is blood. For its
" called blood circulatory system, also known as cardiova

gonsists of heart and blood vessels.

Human Heart

Human heart (Greek word kardia) is muscular pumping organ. It is conical in
eand is generally about the size of your tightened fist. It is found on the left side of
thoracic (chest) cavity. Heart is covered by a tough double membrane called
sardium. This membrane protects the heart from over extension especially when
in or take a hard exercise. Both the membranes are slightly apart and in between

sent a small cavity called pericardial cavity filled with a fluid, the pericardial
bricates 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
eart is composed of cardiac muscles wheh are spec'i;&lized.tYPO'Ofm“Sdes
day and night, untiringly. Atria are smaller and thin walled, separated
r by an inter-auricular septum. They form the anterior portion of the
are larger, thick walled chambers, also separated by ventricular

tricle through a valve called
of three flaps of muscles) and

Tum communicates with right ven
called tricuspid because it consists
. --QEﬁ-mujglg;ﬂjmughfbieuspidnvﬁlﬂﬁz

™
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broachiocephalic ~
trunk

superior vena cava

right pulmqllary ¢
arteries %

right pulmm&ry
veins N\

right atrium ——

right coronary
artery

right ventricle

inferior vena ——&38
cava .

BY FTUREDRGTORS =

_~left subclavian artery

, _. _ ~oleft pulmonary arteries
’ pulmonary trunk

—left pulmonary vei,
left atrium

left cardiac vein

left ventricle

aorta (arch)

'« bulmonary
~ arteries

left atrium
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< control the blood flow and blood is allowed to flow only in one direction
of []Cﬁrt -

~tjon :
';;Ll o atrium rece1ves the deoxygenated blood through vena cava (largest
Bt whole body. T_hls happens When the heart relaxes and space is produced
) fron .. The blood is forced to right ventricle through tricuspid valve. When
: ][ ontracts the deoxygenat_ed blc_)od from right ventricle is pumped to the lungs
: Cd}l'  jmonary arteries. (During this the tricuspid valve is kept closed preventing
hrOUg lkl qow). After oxygenation the blood comes back to left atrium through
the b"“" - veins. (The semilunar valve in pulmonary vein allows the deoxygenated
| T:} o to lungs and prevent its back flow). From here via bicuspid value
h100i1 ed blood is sent to the left ventricle. On contraction the oxygenated blood is
“'\"yghni\:[]1 full force into aorta (the largest artery) which distributes it to whole body

the smaller and smaller arteries.

';hl.' h

pushed
through
[ike 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.

12.1.1 Cardiac Cycle and Phases of Heartbeat

One contraction and one relaxation is (s s Sy e i i) e ;:-.ié'\l laelp
falled a cardiac cycle. Contraction of heart is "IJ“) 5 ‘)J.“““"!'-’-i'g RSS!
las systole and relaxation as diastole. The sound produced by heart is
iplete cycle takes 0.8 seconds. The generally verbalized as lub-
bon and relaxation are cyclic and | §p [ub (first sound) is produced
. In first phase called diastole blood by closing of the AV valves
0 all 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 dub(second sound) is p_rofluc_ed
mpletely with blood. Then in - by closing of the ‘set.mlunal‘_‘
ventricles contract together for | alyes in the beginning of
d pouring blood in to aorta and | giastole. '

vy, ‘ :
mal rate of heart beat in a healthy

=
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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 againin veins

The continuous working of heart is due to certain specialized structures |ike

SA node (also called pacemaker), AV node and some specific type of fibers calleq

purkinji fibers.

STEP1:
SA node activity and atrial
activation begin.

e e

STEP 4:

The impulse travels along
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.

|

by Purkinje fibers and
elayed throughout the

The impulse is distributed ||

CamSc
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e generate electrical impulses fa« /
The cells OF "7 SAr?:st of the heart's electrical 2ct?$?l fasgtir lhdn. H u“‘f cells and are

ile for e aker. Dysfuncti Y- SA node is thy, ' iimes
responsivt o acen e ysiunction of SA node causes disturbanc, in heart
called _th";l"i pecomes very 13s or very sl9w Or some times a combination ofpoth.
beat. El:{lnother 1m|:r<:)rl'lzﬂlsrlrumure is AV node (atrio-ventricular node) which is
the part of clc‘Ctﬂ'C{'l cl(;n on n};cs;l o tof the heart. Its main function is to CO‘Qf‘dini}tCS
heart rate. It clcctncath)é i anci t;l rial and ventricular chambers. It is an elf}‘ClFICal
relay station be _,.%e,-’:‘ o | '€ ventricles, Electrical signals from the atria mus;
the AVinOae 10 reach the ventricles, This node slows down the speed of

pass through tf :
the electrical signals to delay the contraction of ventricles until the atria are not fully

contracted. di _ ;
Purkinji fibers were discovered in 1839 by Jan Evangelista Purkinji. These

fibers extend in the form of a —
branching tree in the heartand play an [ /ATT (| Frcemicl/ar
important role in its continuous = R
working. Purkinji fibers are the | In certain heart disorders natural
extension of the autonomic nervous | Pacemaker fails to generate impulses
system. They are found in the inner | for heart beat. Then an artificial
wall of the ventricle just beneath the | Pacemaker is implanted near AV
endocardium. These are specialized | node. This pacemaker is an electronic
myocardial fibers which conduct | device which automatically generates
electrical signals (nerve impulses) to | electric impulses after every 0.8
different areas of heart to enable it to \S€conds. .
work in a coordinated way.

ScdalnreawrtarcamSe

.2 FElectrocardiogram (ECG)
The Electrocardiogram (ECG) is a electrocardiograph used for recording the

The information is used to di
I scover heart rate arrhythmi I :
atriz ’ 1as, myo
rial en ]{ ?lrgem.ent's, ver_ltncglar hypertrophies, and bundle branci ly‘:l?)zcll:sa Ltl::l Hhshors,
¢ principle implied for recording the electrical impulse ECG is quite

It I'Cgis[ A st -
t'ﬂecrj;; 5 E}F Egzgw{; deflection. Those that go away from the lead register a negative
gisters () ; o ; which are at 90 degrees or perpendicular to the vector of the lead
Re;& €18 seen as an isoelectric line. -
€Cording flrllqg OfECQ requires following conventions to be kept in mind.
' lmpy ;(-; ot ¢ ECG is 25 mm/s which results in: .
D4 sec (oreach individual block)

5 Mm = o)
0.2 sec (or between 2 dark vertical lines)

h R i
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. . bl
.,a.,,,,a,,zmu—-k R Jrﬁ~r—r-r

¥ .
Fig: 12.4 a. Heart beat recorded through Electrocardiogram (ECG)

The voltage recorded from the leads is also
standardized on the paper where

Sudilieu Wil AmSc

] mm= 1 mV (or between each individual
block vertically) This results in:

e 5mm = 0.5 mV (or between 2 dark
horizontal lines)

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 relating 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 LG TP Interval (Ventricular Diastole)

.’ ntricles are relaxed; blood is flowing into the atria from the veins. As 2

1T ..m?reases above that of the ventricle, the AV valves open, allowin

mpyting theatria.
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The AV valy

ical impl

purkit!

S [nterval (Ventricular Systole)

- heatria.
ye_thlgh en
ST Segment (Ventricular Systole)

[ ]

ough toopen the SLvalves.

e T Wave (Ventricular Diastole)

continues.

12.1.4 Blood Vessels:

The circulatory system consists of three
types of vessels.

1.  Arteries

i. Capillaries

i. Arteries '

~_The vessels which carry blood
away from the heart are called arteries. All
ghem-tenes transport oxygenated blood
émpt pulmonary artery The only artery
Lich carries deoxygenated blood from
| m f ﬁl~‘3 lungs s Jpulmonary artery.
| 165 being very elastic resist flow of

bloodwmch Is maintained through the very

¢s remain open as all remaining blood s squeezed into the v
|se from the SA node reaches the AV

hecle the walls of thc‘vcntriclcs via spc_:cialised cells called bundles of His and
':fhfoughofbrcs The R peak is the end of ventricular systole and the start of diastole.
.o fibres:

L lood is nOW all within the ventricles and so
i -Asthfhe AV valves close. The ventricles start to co

ressure increases until it equals Aortic pressure, whe
bl ood?;:sejected into the Aorta (and pglmonary artery) as
t!i’us time the atria are in diastole and filling with blood returning from the veins.

Ventricles relax, the ventricular pressure is once a
and so the SL valves close. The cycle

CamSc

entricles.
node which spreads the signal

pressure is higher here than in
ntract although pressure is not

n the SL valves open. The
the ventricles contract. At

gain less than the aortic pressure

~ Tunica intima
~ (endothetial cells)

~___(elastin)

Tunica media
(Smooth muscle)

Tunica extena
(loose fibrous
connective tissue )

serosa
epithelial cells)

B¢ pushing f : e d|
COntraction, € Tlorce during ventricle

© Wall of ap or¢
o ' : :
°lasticu;ier T

.

ese fibers give elasticity to

Fig: 12.5 Internal structure of artery

ery is made of three layers. : 2 :
ayer, tunica externa, is made of areolar tissues and many layers o

the artery to expand and withstand the

d. Very large blood vessels require their own blood supply.

oudlilieyu witni |
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otldllieu wil

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 is
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 mmto 10
micrometers. Larger arterioles have all three layers but smaller arterioles have only
two; a thin layer of endothelium
surrounded by a single layer of smooth

muscle fibers. )
. Arterioles play an important role Colour of the arteries appears to
in vasoconstriction and vasodilation. be red due to the bright red

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

oxygenated blood flowing
through them. Whereas due to
deoxygenated blood veins
appear to be bluish.

“blood pressure. : i
= The largest artery of the body is iﬁ?tgzazziirtﬁgg ft?plllllBarCy.
‘which arises from left ventricle. It ie. 75 pm Thia g © L
and re-divides into smaller and t'hé biogd ﬂ $ gecreases
branches which make arterioles. | o ) 0 O and provides
 finally break up into capillaries - - F;le {me for material i
tissues. Clange, v

- system, the smallest blood vessel |
neter. Their wall is only one ce|] th1cgl;

e capillaries allow the exchange of

ete. inbetween capillarieg an

o
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capillary pores

fetime 0. After epithelial

provides amp
for exchange ©:
releasing nutrient> ¢ to form

capillaries start joinin

venules.
Flow of blood in the capilla{‘ifs is
1 th recapillary teratit
adjusted by the P p ;?J;S“al i >

sphincters. A precapillary
sphincter is a band of smooth

- muscle that encircles each Fig: 12.6 Internal structure of canills
capillary branch at the point cture of capillary
where it branches off from the
arteriole. Contraction of the : :
vein

b
=
-
o
5
[ precapillary sphincter can close

off the branches stopping the
blood flow. If the sphincter is Tunica int:
damaged or can not contract, (endothetialf.?;lis)
blood can flow into the capillary .

bed at high pressures. When
capillary pressures are high, (clastin)
fluid passes out of the capillaries |
mto the interstitial space and | Tunica media
edema or fluid accumulation is | (Smooth muscle)
resulted.

(i)  Veing

Vei Tunica externa
iffereng Og ¢ blood back from ccuve tissue)
Owardg p, fgans of the body
f cart. All the veing

fanspq deo serosa
Xeept Xygenated blood | (epithellal cells)
Which brinor Pulmonary vein

% OXygenated blood. Fig: 12.7 Internal structure of a vein

-m_ ' A.____ iy
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Walls of the vein are composed of the same three layers but the midde laye
thinner as compared to that of arteries. They are less elastic as they do not haye toh -
systolic pressure. Most of the volume of blood is contained in veins. The reagop, is

. e : ) : ' q
nstead of providing resistance in the flow of blood like arteries, they €Xpang ,
accumulate additional volume of blood.

Yoy

The average pressure in the veins is only 5-10 mm Hg (In arteries it is 1

Hg). The Veins have a very low pressure of blood which is not sufficient to tak, the

blood to the heart, they keep valves which allow the flow of blood in one directiop e
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 of tissues star
joining with each other to make veinlets and larger veins. The largest veinsin the body
are; superior vena cava which brings deoxygenated blood from head and upper region
of the body and inferior vana cava which brings blood from lower parts of the body.

12.1.5 Path of Blood through Pulmonary and Systemic Circulation 8

When a heart contracts
“and forces blood into the blood
vessels, there is a certain path that
the blood follows through the
body. The blood moves through
pulmonary circulation and then

~ circulation. Pulmonary and
~ systemic are the two circuits in
_the two-circuit system of higher
als with closed circulatory
s. Humans and other
Is have two-circuit
ry systems: one circuit is
circulation
lungs; pulmon

continues on through systemic |

=

Superior
vena cava

Pulmonary
artery
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1.6 Exchangeof Material i o
gaenk - 2 ant function of blood circulatory system ig to 1Tgmpm.t
The most lmportcllch cells of the tissue and remove the mt‘la_bohc waste
oxygen and nu]:fi‘:‘,]t:ug ::r:d transport them back to the organs responsible for their
products from the tis

excretion. .
In the alveoli of the

~ lungs oxygen binds to the

. filled in RBCs. Blood also
| ~ absorbs nutrients, especially
L cose, from villi found in the
’;":.';?@aﬂs ofthe small intestine and
. comes back to the heart.

e This blood is pumped
to the aorta with full force of

heme part of the haemoglobin,

L

&
W Ty
b

Blood is pumped to the
great pressure to confirm
farthest parts of the body |
nails of feet. On the other hand the blood is
pumped to the lungs (via pulmonary artery) with

body (via aorta) with
its distribution to the
ike hairs on head and

lesser pressure due to which it moves slowly
through the alveoli of the lungs, getting sufficient
time for oxygenation. )

e contracted ventricle. From
a it moves into branching
eries and then arterioles.
hen this blood, loaded with
ygen and nutrients, reaches capillarie
naterials in tissues, oxygen and nutrient

ter tissues. The concentration of waste
ito the capillaries.

s, due to the low concentration of these
s diffuse out of the walls of capillaries and

material is more in tissyes so they diffuse

Due to the pressure of blood some
mterstitial fluid. This water increases the
‘herefore, at venous end of the capillaries
dlong with dissolved waste products.

1

water also oozes out of the capillaries as
osmotic pressure outside the capillaries.
Wwater again diffuses back to the capillaries

.7 Control of the Capillary Beds

_It has been estimated that an adult human being has some 60,000 miles of
#Dillaries with 4 tota surface area of some

800-1000 m* (an area greater than three
i courts). The total volume of this system is roughly 5 liters, the same as the total
&11¢ 0 blood in human body. However, if the heart and major vessels are to be kept
- all the capillaries cannot be filled at once. So a continual redirection of blo_od
.. r;):gam to Organ takes place in response to the changing needs ofﬂthe t‘)ody.n Dalintrﬁg
e, !f_ oL cise, for example, capillary beds in the skeletal muscles ope
*¢0fthose in the viscera.

=

=
oudinea witT CamSc
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The reverse process 0ccurs a fiera heavy meal. The table 12.1 shows the distri

produced by the muscles. The total Heart 250 %0

blood flow dlln{lg CKC['CiL\;C 3 Kidneys 1,200 600
increases because of a more rapid | Skeletal Muscles 1,000 125000 —
heartbeat and also a greater volume | . o o

of blood pumped at each beat. ) 2 Rl

blood in the human body at rest and during vigorous exercise. Note the in‘;;tlonuf -

- ) to the working organs | ; EE——— ase | -

blood hll]’hl} to the 5 5 _ | Table 12.1 Showing approximate blood flow iy W\ﬂ ;
(skeletal muscles and heart). T'he | ililer;mimm

increased blopd_ sup'pl_v to the skin | Orzan At Rest | DUring Strengp 5

aids in the dissipation of the heat | Exercise D

0

>

12.1.8 Blood Pressure (B.P) | Viscer Lo o
.. Brain 750 750
We know that rhythmic | Other 600 400 Jadi

pumping of the heart pours the l’. Total 5.600 17,500
blood in to the arteries. This | S —
pulsation can easily be felt in those e TN T
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 clastic layer of arteries
expand rhythmically allowing blood to pass through. al
The force per unit arca that blood exerts on the inside walls of a blood ves
called blood pressure. It is measured in millimeter of mercury (mm Hg).
measured with the help of an instrument called sphygmomanometer. Blood p
1softwo types
e Systolic blood pressure which is felt during the venn'icularcontracﬁgﬂ»:'x-
- e Diastolic blood pressure which s felt during ventricular relaxation.
~ Systolic B.P is greater than the diastolic pressure. The B.P is 8
pressed as a ratio in which numerator shows the systolic and deno ina
stolic B.P. An average, healthy adult human being has a B.P. of
reasing age the normal value of BP also increases due fc
the blood vessels. . s
ressure is generated by the contra
¢ is highest in the aorta. As the arte
sart the blood pressure decri |

=

ol _pfes_spre:ﬁ_dis_app

b

)
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e

- - ] Bk a1
“Jeasuiie BIBPHIPTESSUre
- TP the doctor wraps a cuff around
oM he patient: Then this cuff i1s inflated with
arm O "a pump. This 1nflation compresses
help ©F :wrér\’ against the muscles around

achial o ;
b;:neru* hone, temporarily stopping the blood f]
he doctor ) 1
by and start releasing air gradually from the ¢

' measure

reading is taken when the sound of

gliable for accurate reading.

places a stethoscope near the compressed

& the doctor concentrates to listen to the sound of
& 1se. When the first pulsation is heard, through

stethoscope. the sphygmomanometer is read.
sading shows the systolic blood pressure. The

§8ation stops (because due to further decrease in air
Ssure in the cuff blood start flowing evenly
the artery). This reading depicts diastolic blood pressure. Nowadays different

s of automatic digital BP apparatus are also available but the manual method is

the
the
the
the !
OW.

uff.

the

ble 12.2 Blood pressure in different hlood vessels

'"Name of Vessel Systolic B.P. | Diastolic B.P | B.P l
[Aorta 120 80
[ Arteries 102 60
| Arterioles 60 85
| Ca pillaries = 2 40
5 S 20
5 5 10
0

°nsors (nerve endings) are locat
eptors (or baroceptors).

-~y
=1

.and can send messages (si gnals) tc
stal peripheral resistance and card
gulation mechanism.

ed in the blood vessels of the human

They detect the p
o the central nervous system

iac output. They work as

ressure of blood

oudlllieu wl'ﬂii CamSc
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Baroreceptors detect the amount of stretch of the blood vessel wallg ,and
Send
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 o
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 the mean

pressure throughout the system, in particular in the venous side where most of the

blood 1s held.

The low pressure baroreceptors have both circulatory and renal effects, theyr
produce changes in hormone secretion which have profound effects on the retentionof

E -:.""-.an_y disorders are associated with the circulatory system. Some ¢
¢ the following. : |

is and Embolism

Sc

ouLdlirieu witll
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: and
ing is bolus was coine
e..ﬂoaﬂ ) X Comned by
; in 1848. An embolus migrates from " . >
virchow 1 g One part of the body,

reulation, and causes a blockage of a blood vessel in

e

part of their
becomes fre
Rudolph Carl :
through blood ¢!

the body. _
In thrombo embolism, the thrombus from a blood vessel is

ially detactied from the site of thrombosis. The blood flow will

embolus (via blood vessels) to various parts of the body where it can bl
and causes vessel obstruction or occlusion. One of the most commo
problems 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.

termed as an embolus. The term e
another part of

completely or
then carry the
ock the lumen
nly recognized

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
lumen

9‘%‘ ." . . . .ﬂ.;i

—

. . en has been
Fig: 129 A coronary artery with atherosclerosis. The lum

narrowed to a greater extant.

. d ridden patients and people h!(c Faibers who keep standing for hoyrs »
~ Generally b:: iy routine suffer from this disorder. A thromp« which (iighn:lm
7 o lges

ocatnieu wit CamSc
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When oxidized LDL comes in contact with the wall of an artery, » Series Of react;

oceur to repair the damage to the artery wall caused by oxidized LDL, T ¢ long
o . - I o L » AT i !

immune sends specialized white blood cells called macrophages an Vs

Segas A T-lymph
to absorb the oxidized-LDL. forming specialized foam cells. POcYtey

l
51
eamsSc

oldllieu witl

Unfortunately, these white b!um_l ‘cc!ls are not able to process the ox
LDL. They grow and then rupture, dcpumtl.ng a greater amount ofori Cholesteml
into the aricry wall. This triggers more white blood cells and the cycle Continues, A
result, the artery becomes inflamed. The cholesterol plaque causes the muiscle cells t:
enlarge and form a hard cover over the affected area. This hard cover causes the art,
lumen to become narrow. Narrowing of artery reduces the blood flow and increases
blood pressure. Atherosclerosis typically begins in early adolescence, and s usually
found in most major arteries, yet is asymptomatic and not detected by most diagnostic
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 work,
medicines are usually the next step in treating cardiovascular diseases

atherosclerosis leads to symptoms like angina pectoris then it becomes necess
start medication. '

idizeq.

Physical treatments which are helpful in the short term include ang

rocedures that may include stents to physically expand narrowed arteries and

asive surgery, such as bypass surgery to create additional blood u
ections that go around the more severely narrowed areas. e

Arterielosclerosis: It is any hardening, stiffening or loss of

s, It is.;:bﬂén.due to hypertension. The most common sites for a
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jtal Heart Problem
n

r {2.2.3 Conge e o defect is a dr::ﬁ.:cl in the strucl%u'c ul_thc heart and large
A congenital wborn baby. Most of these heart defects either obstryct blood
blood vessels of @ rlew,-ssels near it or cause blood to flow through the hear In an
O or
. heart
flow in the

Defect may also-o(‘:curaffccling the hc;n‘1.rhylhm., Heart defects are
abnormal pattet®h. = "' ith defects and are the leading cause of birh defese:
among the most €0 enital heart disease can be categorized in to different types. In
related deaths. Confntricle or the left ventricle fails to develop. As a result only one
some babies rlghil:;ps the blood the body and lungs. This defect is called | lypoplasia

| ;}(:E: lf;g;ith;;?cﬁ is rare butis the most serious form of congenital heart defect,

Other type of defect may be called as Obstruction defects. Obstruction defects

cur when heart valves, arteries, or veins are abnormally narrow or blocked.

g;mmon obstruction defects include blockage of pulmonary valve, aortic valve and

J' bicuspid aortic valve. Any narrowing or blockage can cause heart enlargement or
v hypertension.

The most common among the congenital heart defects are the defects in the
septa of the heart. The septum is a wall of tissye which se

blood reduces the overall efficiency of'th

cyanosis depending on the severity of th
 that it requires no treatment and is corr
increasing age. Major defects require me
12.2.4 Blue Baby or C yanosis

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
foetus start beating after four month of g

%Pening, “foramen ovale” connects the right atrium with left atrium. The blood RASSES
from righy atrium to the left without passing through lungs. The reason for this bypass
1S that the supply of OXxygen to the foetus is from the blood of the mother through
Placenty (g g notby lungs).

¢ heart. Septal defects May or may not cause
¢ defect. Some times

the defect is so minor
ected by itself with the passage of time and
dication and surgery.

e After the b

not CIOSe
the degy £
paﬂ[a]h

irth the foramen ovale closes sﬁontaneops]y bu_t n so(;ne:vaggzl::
mpletely. When the baby exerts force during crying and m

‘ the
Y8enated blood from the right atrium enters the left atrium through
oPened foramen,

estation. In the heart of the foetus , an

ocatnieu wiut CamSc
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When the haemoglobin of this venous, deoxygenated blood
carboxyhaemoglobin, it imparts blue discoloration to the skin
organs of the baby, resulting in cyanosis or blue baby.

- 5
, 11ps, ears and OEhL(:-

oldilieu willl

Fig: 12.10 Blue baby

2.2.5 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 Hg and with increasing (3

classified as

e Essential or primary hypertension

e Secondary hypertension

b Primary or essential hypertension means that no medical cause is fo :
- explain the raised blood pressure. : o e

ondary hypertension indicates
the high blood pressure is a
tof another condition, such
ey disease, Cushing's
1 disorder in which

1 glands can

For Your Informatior
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R A
. is one of the risk factors for strokes, heart
jon 18 ©

! . attack;
nd is a leading cause of renal (Kidney)
], A0G 2 %

it 3. heart failure
!mltl:‘c.

Persistent hypcﬂetlsn

and arterial aneury

Prevention and Treatis o

ension can be treated by:

Weight reduction 3

. regular aerqblc ex_erc;.se

SRRREIREdIctay Intake of sugar and table gy

* By taking a diet rich in fruits and Vegetables and [ow.
dairy foods

* By discontinuing use of tobacco and alcohol]

+ Reducing stress and tensions

* severe cases antihypertensive medicines a

Hypotension is the Qpposite of hypgnension. Hypotensiop IS abnormally
low blood pressure. It is considered as a physiological state, rather than 3 disease. Not
always but most often hypotension is associated with sh

1y ock. Hypotension can also be
life-threatening. The initial Symptom of hypotension 1S dizziness. [f the blood
i ' ow, f:

pressure is sufficiently | ainting and often seizures will oceur. Patients with
hypotension also complain chest pain, shortness of breath, irregular heartbeat and
headache.

The most common cause of producing hypotension is reduced blood volyme
inthe body. This reduction in the volume of blood can result from hemorrhage (bloog
loss) insufficient fluid intake (as in Starvation), excessive fluid losses from diarrhea or
vomiting, or is often induced by excessive ug

¢ of diuretics. Some medicines can also
produce hypotension as a side effects.

12.2.6 Angina Pectoris

entof Hypertension

Hypert

Scdinieu wiurwamsSc

fat or fat- free

re also used.

Angina pectoris or simply angina s a severe, ra
lack of blood supply to the heart muscle, generally due t
toronary arteries. Main cause of angina, is atherosclero

_'0f'ang.ina starts from left side of the chest and radia
sometu;pes cerebral region.

diating chest pain due to the
0 obstruction or Spasm of the
sis of the cardiac arteries. pain
tes to left shoulder, neck and

. Angina s the first alarm of the body to show that something is going wrong
zlt? the heart, Those wheo realize and start precautionary measures and bring a change
ang it h-fesme and diet, they lead a success ful and active life. Those who do not ca;
exp:r?:;m“e With their Jife style generally come across a heart attack. It is a comm

ey C At people survive in first two attacks but mostly third attack is fammd
Sinheart fyijyre e
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Treatment of Cardiovascular disorders:

In the above description you studied many ways to prevent anq L
different cardiovascular diseases. These ways help the patients to certaip extlm izg
sometimes doctors advise major or minor surgery or some other modery, ::l b
provide relief to the patient. Among these methods some are s to

VVILlI

a. Angiography
b. Angioplasty
c. Coronary bypass
d. Open heart surgery
a. Angiography

Angiography is a test that uses an injection of a liquid dye to make the arterje
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

One method of treatment of a blocked artery is angioplasty. The term
angioplasty is a the combination of two Greek words; aggeios meaning "vessel" and -
plastés meaning "formed" or "moulded". It is the technique of mechanically widenir
a narrowed or obstructed blood vessel; typically as a result of atherosclerosis. In th
freatment a balloon-tip catheter
- ispassedintheartery. Atthesite
.~ where the lumen is narrowed due
- to blockage, the balloon is
inflated to a fixed size using
yressures some 75 to 500
- more than normal blood

¢ (6 to 20 atmospheres).
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Now other arteries which get narrowed by atherosclerosis are cleared and
opened bY this procedure generally called peripheral angioplasty. This type of
angioplasty includes renal artery angioplasty, Carotid angioplasty, Cerebral arteries
;m?_-_*iamlasty etc.

Coronary bypass or Open heart surgery

Another treatment is called Coronary artery bypass surgery (also called
coronary by pass or simply bypass). In this treatment a vessel 1s 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. :

— T

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 mammary

artery as the donor vessel and was

anastomosed to the right coronary artery.In
| 1967 Dr. René Favaloro introduced a
| technique in ey ;

otarnieu with CamSc
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A successful graft typically lasts around 10-15 years which means ¢

sufficiently improves the chances of
atherosclerosis.

d. Open Heart Surger)

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.

his
survival of a patient Suffeﬁngmfcess
: TOm '

| 015
= e AR

The first successful surgery of the p,
performed without any complicationg

by Dr. Ludwig Rehn of pp, mc*f:'as
Germany, who repaired a stab wounq o o
right ventricle on September 7, 1896. Tt wag
soon discovered that the surgery is bette
done with a bloodless and motionjess|
environment, which means that the }

should be stopped and drained of bl

—

ouldlilieu witlll u

-
The first successful intracardiac correction|
of a congenital heart defect using|
hypothermia was performed by Dr. C}
Walton Lillehei and Dr. F. John Lewisa
University of Minnesota on Septen
1952. In all the major Govt hospitals.
Lady reading Hospital, P
Hayatabad Medical complex,
Teaching Hospitals Abbo

cardiology centres are providing
treatment for cardiac patients.
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12.3 l.ymplm!ic System

mphatic system isa

ouldliiieu willl

The ly :
network of vessels ﬁ:’unq{]l-cm )
vertebrates that carry a milky 'y I tonsilg
fluid called ]ymph,’ It ’also :,};‘l:]]p!] nodes “;\ .-_:.? sils
includes the _lympho:d tissue ) : 1€ neck 8l ‘J thoracic dycy
through which the lymph thymusgland . ~=% & 78 .
travels. This system transports TP 4 Y L);"T}?h vessels
and returns materials from the | AR Y s ¢ chest
tissues of the body to blood. In 0l 3 RN O
. . ’ { B r.’ L g h
1652 the lymphatic ducts in L’é‘;}fﬁl’s oed/l [ T8 oy & dage AR O%Tl?e ar;c(l)ﬂg:v
the liver were first described the abdomen’ | 1 | g M :
by a Swedish Olaus Rudbeck T }‘.‘aé.-_;_f?“ie"
(1630-1702) and the very ' . W (&)
next year it was Thomas \ > ;
Bartholin who described these i
vessels in the whole body and #PPendix ..
gave them the name of Vil ,,,E“‘- b patng 1l
lymphatic vessels. AL BT lymphnodes
ymp "i L [ A :11‘ : & ‘.-‘?'-"-"‘"_-'.'- —*-'I,I: L% of lf?c groin
~ Lymph vessels, at YENL (7 /2% WA\ A1
certain points , have masses of fuEr YANY  (hER \
connective tissues called y“

lymph nodes. These node
(more than 100 in human
body) are present in the
ampits, groin and  peck
°glon. These are the sites of

lymph nod
Behnd (e

Yorage, They act as barriers to

ifection by filtering out and

- S00ying toxing and germs.
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a. Position of lymph node

Lymph nodes generally
occur in 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 debris from lymph 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 Provide

pressure/force to transport material byt the '
activity of skeletal muscles, breathing
movements and movement of the viscera proyide
it ample energy to move the fluid upward, The
valves present in lymph vessels prevent the back
flow of lymph.

(1) The cervical region: Nodes in this area are grouped along the lower border of the
jaw, in front of and behind the ears, and deep in the neck along the larger blood vessels.
They drain the skin of'the scalp, face, tissues of the nasal cavity, and the pharynx.

(2) The axillary region: These nodes are in the un
from vessels that drain the arm, the walls of
of the abdomen.

derarm region and receive lymph
the thorax, the breast, and the upper walls

(3) l_nguinal region: The nodes in this area receive lymph from the
~ portion of the genitalia and the lower abdominal wall.

: (4) The pelvic cavit ¥: The nodes here appear mostly along the paths of the blood
i vessels within the pelvic cavity and receive lymph from the lymphatic vessels in the
‘area. ’

Abdominal cavity: Within this are
es of the arteries of the intestine an

legs, the outer

a, nodes occur in chains along the main
d the abdominal aorta
icic cavity: These nodes occur between the

' ' »andrecclve lymph from this area and from the internal wall of the thorax.
iphatic vessels generally

il : s called lymphatic trunks drain lymph from

gbody. These trunks then join one of two collecting ducts: (a) the
rlght 13{111phat1c duct. These collecting ducts finally drain the
tVian veins to become part of the plasma, just before the blood

of Fhe heart. The lymphatic vessels are present wherever
sentin the body. :

lungs and along the windpipe

1 uamSc

ieyu vwilll
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P-'?.ffi“-——
_are joi d by a capillary syst
They arf:_rogne ry system. When the blood
nd Capillﬁﬂe sth e wat‘er.al ong with certain salts, some pl;:::;: thrroulgh arteries , veins E‘
issue Spaces: This fluid is called interstitial fluid. Interstitial ?hﬂ?ﬁtstc otzeof s
(he tissue SPace: From here this fluid is collected in the fine, very pe n;i‘a*l\fl cells in ®)
-nded capillaries of ])_zmphatlc system in the form of lymph which join to maki’ li;lmd 2
vessels. The lymphatic vessels transpo_rt’ this excess fluid to the end vessels withrag:zl; =
tion. This system is very important for the R

ance of any "pumping” ac
d nutrients in the body, because it drains excess fluids and

of fluids an

hat tissues do not swell up. Our body also climinates the products of
and bacterial invasion through this system. It filters out organisms

s and fungi that cause disease, produces certain white blood cells

the assist
distribution
protein SO t
cellular breakdown
like bacteria, viruse
called lymphocytes.

Spleen as Iymphatic organ

The spleen 1s an effective in pro
blood cells and other foreign bodies from th

lymphocytes and macrophages, which can engulf an

-~ oU

by clearing Worm out red
The spleen contains

d destroy pacteria, dead tissuc,

tecting the body
e bloodstreamn.

and foreign matter.
[ ymphatic syster
The study of lymp

and treatment of cancer.

g the canc

n and cancer
hatic drainage of various organs is important 11 €
cer cells. If they arc

Lymph no
er cells then N4, . =

prognosis,
not successful in destroyin

tumors.

d. Diseases Ufl}'mphzltic systemnl

problems with the system can impair the body's ability to fi at infect!
Hodgkin's diseas is an enlargement of the lymph nodes in the i

adjoining organs and nerve endings can result in 8 d¥S

-
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The circulatory system is an organ system thah transports nutrients gases, honnones,
blood cells, nitrogenous waste products, etc. to and from cells in th-e body to helps to
fight diseases and help stabilize body temperature and pH to maintain homeostasis, j
One contraction and one relaxation is called a cardiac cycle. Contraction of heart i
termed as systole and relaxation as diastole. _ _ ,

The pacemaker or SA node is the impulse-generating tissue locateq in the upper
dorsal wall of the right atrium of the heart, near the entrance of the Superior venacaya,
Electrocardiograph (ECG) is a medical device used for recording the electrical
activity of the heart. , : W
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 exerts on the inside walls of a blood vessel is called

blood pressure.

Blood pressure is of two types:
ventricular contraction. Diastolic
relaxation.

Certain sensors (nerve endings) are located in the blood vessels of the human body
called Batﬁoreceptors (or baroceptors). They detect the pressure of blood flowing
Throru%lléus is a blood clot which is fo
-vessels. The disorder in which a
hrombosis.

Systolic blood pressure which is felt during the
blood pressure which is felt during ventricular

rmed by the aggregation of platelets inside the
person generates a thrombys in 2 vessel is called

JamSc

ouldliinieu will
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EXERCISEl

Je correct answers in the following questions.
ovale in the fetal heart is located in the:
b. Left atrium

i (ChooS® th
' The foramen

~Scaineu with CamSc

]' a. Right atrium
c. Interventricular septum d. Interatrial septum
), (olouration of the skin of a baby turns bluish shortly after birth. The
reason may be: ’
a. Increased level of anesthesia was administered to her/his mother.
b. Baby has an unclosed foramen ovale. : !
C. Some hormonal disturbance has caused discolouration.
d Blood capillaries in the liver are ot working efficiently.

circulatory system in

3. Lymph is poured back to the :
b.  hepatic portal VeIl

a. pulmonary vein
C. subclavian vein d. renal vein L y
4 The interventricular scptuin and the intra-atrial septum separatcthe
a. chambers of the heart : b. chambers of thelungs
d. bicuspid and tricuspid valves

¢. aorta and pulmonary artery

% The systemic circuit of the cardiovascular system extends: T

a. from the heart to the lungs. :
b. from heart to the coronary arterios S LaESE S
coffopthehicart to the body's organs and tissues.
d. from the gastrointestinal tract to the liver.

3 [yl T
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EXERCISE 2.

8. All the following apply to the bicuspid valve EXCEPT:
| a, It is also called the Imitral valve
is a semilunar valve

B.. IItt 115 ?ound on the left side ot_~ the' heart .

d. It prevents blood from backlng nto the le‘ﬁ atrium
9. The condition called arrhythmia is characterized by:

a. rapid heart contraction.

b. irregular heart rhythms.

¢. mitral valve prolapse.

d. semilunar valve dysfunction.

10. Intercalated disks are found:
a. between the right side and right side of the heart.
" - between the flaps of the tricuspid valve.

¢ where the aorta joins the pulmonary artery,
= d. between the cardiac muscle cells.

E ‘:.. 11. Blood flowing throy
R a. pulse,

C. carry oxygen to the body cells.

gh a vein tends to:
b. collect blood.

d. flow at a faster rate than in the artery.

Werite short answers to the following questions.

How the interstitial fluid is formed?
Why the norma

1 value of BP increases in old a
b ..

8¢? Explain your answer.
SCeplors are removed from an artery what would be the effect ?

MSc
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EXERCISE h -

nescribe the principles of angiography.

pescribe the functions of lymph nodes and state the role of spleen as containing lymphoid

I

- tissue.

[ist the changes in life styles that can protect man from hypertension and cardiac
pmblems. ok
(dentify the factors causing atherosclerosis and arteriosclerosis.

).

|

. 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, digtary habits and
genetic history. Draw a conclusion from this data for preventing cardiac issues and for
. sustaining healthy life. :

P T 3= b

et trap) -3 T 2 wvlant it

otainieu with CamSc
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13 Imrriumty

nts will be able to: -

e it 1mpenetrable barrier

i
D

At the end of this chapter the stude

= Describe the structural features of human skm that mak

against invasion by microbes.
= Explain how oil and sweat glands within t
kill microorganisms.
= Recognize the role of th
bacteria present in food.
= State the role of the ciliated ep
‘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

he epidermis inhibit the growth and also

e acids and enzymes of the digestive tract in killing the

ithelium of nasal cavity and of the mucous of the

microbes.
= State how the proteins of the complement system Kkill 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.
List the ways the feverkills microbes.
gnze the unmune system that provides specific defense and acts as the most

; ocytes T-cells and B- cells as the components of the immune system. . ‘*.3

'born and acquired immunity as the two basic types of immunity. : i'-
ate the two types of acquired immunity (active and passive immunity)- |
roc -gs of vaccination as a means to develop active ac uired iy
oles T-cellsi in cell-mediated i immunity. ST e
fB-cells in antibody-mediated i immunity

: odel ofan antibndy molecule.
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Introduction _
The immune respo

nse is how your body recognizes and defends itself
»HsCifagainst

bacteria, viruses, ul. Immunolog

of the branch of BIU 2 i e tection from i-"l'CiL{n
macromolecules or invading organisms and our responses to them. These invaders
- z 8

include viruses, bacterl:a, protozoa or even larger parasites. In addition, w

immune responses against our own proteins (and other molecules) in autoimmunity
and against our own aberrant cells in tumor immunity. Organisms must find a me 1 )r_
defense against antigens otherwise bacteria, fungi and viruses would re li((:'-ncmm Qf
control and results in the destruction of the body. Therefore organisms cpm -I.(Wou't 0
types of defense to stop this happening. Means of defense can be cate r;)rizcrzl ' Jtmtim'-y
second and third lines of defense. In this chapter you wil] see the ""‘Crzﬁl e lnth ;}m
running the immune system in our body and how our body i ’-“gup W .I.C is
employs methods which ensures our healthy survival. GBEIS Tesponscs and

and substances that appear foreign and harmf

logy which 1s the study of our pr Y 1S one

C f_l(_:'-.r't_‘ !”p

ocartnieu wit) CamSc

13.1 Firstline of Defense
In humans, the skin is the largest organ of the inte ‘
_ gumentary system. Skin i
rg?gardgd as one of the ﬁr§t line of defense because it provides an almos?impenetrar;)llz
biological barrier protecting the internal environment. [t protects the body (especially

- the underlying tissues) against pathogens and excessive water loss, It is also involved
inproviding insulation, temperature regulation and sensation.

13.1.1 Physical Components of the Skin's Defense

S Our body's first line of defense is nonspecific and includes structy
- chemicals, and processes that work to prevent pathogens enterin g the body, These t{:;s;
X hne defenders include the skin and mucous membranes of the respirator).r di estiv:
. urinary, and reproductive systems. Skin is compriséd of two main layers » Q18 ,
-+ Epidermis :
¢ Dermis

~ 4.TheEpidermis

: few -m.e ePi"__iei_mis is composed of multiple layers of tightly packed cells, which
| 'iatur];? 10gens can penetrate on their own. In addition to this structural barrier, the
- there sheddmg of dead skin cells removes many attached microorganisms. Then
3 Phagoqem-ozthgr cells called epidermal dendritic cells that actively patrol the skin to
: ¢ (engulfand digest) pathogens. |

| b. The. DEI‘mis

“llag, :‘g dermis i situated beneath the epidermis and contains protein ﬂl;;rs G‘nﬂd _
Ollagen is a tough fibrous protein which gives skin the strengthand

al

_D.
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. A - S-
pliability to resist abrasions that could introduce microorganism

AmSc

=
pores hair shaft ;
X! ’
& >
: D
skin surface ——— ‘ . =
sweet pore epidermig =
O
3
capillaries —— N
erectile muscle — dermis or
sebaceous | true skin
land
sweat gland — &
subcutaneoug
venule - © tissue
arteriole — = . \ connective tissue
adipose tissue  perye ending matrix
(fat)

Fig: 13.1 Section of skin
13.1.2 Components of the Skin's Defense
a.Perspiration

. Secreted by the skin's sweat
Few microbes can live in a highly saline en

™ Sebum is secreted by skins sebaceous

1.3 Defense against Infectio
per levels of HCT in

.

nin Digestive Tract
the sto

e mach are our first line of defense against
Vi Ng we unavoidably ingest all kinds of bacteria
-and food we eat. These germs just cannot survive
cause of acidic environment. The healthy stomach

(oil) glands. The oil helps keep skin
0 lowers the pH of the skin to a more
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important function of the nose and nasal cavj
tlg;gthe lungs. This filtering process is im

amount of air that passes through the respi
the nose:

ty is to process each
portant for several reasons.

ratory system each day, itis

_ : g et T
h breath to prevent cold air from damaging sensitive lung tissue

af:gunt of Slll‘fili)CE: area and many blood vessels in the nasal cavity he?p

each breath quickly as heat transfers from the blood to the passing air.

moi i d lungs from becoming
‘moisture to each breath to prevent the airways an ' ccoming
md damaged. As air passes through the nasal cavity, rqmgture I
; erred from the mucus secreted by the lining of the nasal cavity into the

coordinated
he nose and nasal cavity are so | 'ayerofmucus beating of cilia

: el carrying debris  gw, muscus
ring, warming and moisturizing _ m@"ﬁm”
is g enerally better to breathe %

cilia — (_'__(((_(d(é EL&; ((§
» ‘f . : -,

g can dry out the |
rways and lungs.| [ |

CamSc
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absorbed into the blood stream and is carried to all parts of the body.
To help the breathing process, the lungs have their own natura]
methods. Your airways produce a thin coat of mucous that catches the dust an
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 B
system etc. Fig; 13.3 Neutrophil
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 ma”"‘“’!
blood cells, macrophages are the biggest. Most l ..
- boundary tissue has its own macrophages. For se
ample, alveolar macrophages live in the lungs [
keep the lungs clean and disease free by
sting foreign things like smoke, dust bacteria | blood .
crobes. Macrophages also swim freely. One
eir jobs is to clean up dead neutrophils.
ghages clean up pus as a part of the healing 5

clearam:e
d bacter',a

dilieu vill

ouU

macrophage

s are the most common form of i
s in the body. Bone marrow | fssue-
0of WBCs every day and releases
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of Natural Killers (NK)('QIIS‘

ral killer cells are a type of lymphocyte (a white blood cell) and a

ponen! of innate immune system. NK cells play a major role in the host-rejection

th tumours and _v.lrally ll.lfected cplis. NK cells are Cytotoxic; small granules in

0 ytoplasm contain special proteins such as perforin and proteases known as
S.

: -:ase in close 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.

ion between apoptosis and cell lysis is important in immunology - lysing a

ed cell would only release the virions, whereas apoptosis leads to

1 of the virus inside. NK cells are activated in response to interferons or

ye-derived cytokines.

iplement System and interferons
athogenic bacteria get through all the immune system's initial defenses, the
the complement system is initiated.
ment system includes proteins and
ells, which carry antibodies. The i —

microscopic killing cells that a;;‘tis“::d 3 ., | firstcomplemend
g they don't recognize as being | (1gG) < R A '

i
y.The proteins circulate in an L,S‘T
Inac ut in response to the recognition : -
=]

b\
.

juentially activated, working in
in the binding of one protein |

vading bacteria with
s the bacteria

.
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specific antibody to break apart the bacteria.

13.2.4 Interferon

Body frequently encounter situations of viruses attacks. Although Viruses ae

efficient source of some of the lethal
infections but at the same time All_all
has gifted us with set of proteins
which provide an effective shield
against viral attacks.

The interferons are a group of
natural proteins that are produced by
human cells in response to viral
infection and other stimulj. They have
the ability to interfere with viruses that
are replicating. There are three main
types of interferon:Interferons beta
and alpha—produced mainly by white
blood cells and certain connectiye
tissue cells called fibroblasts.

Interferon gamma—oproduced
antiviral agents anq can
nterferons-mediated activ,

ation o
| killer ¢

fight tumors. These

5 (B—viral antivira[prmcins
VRIS nucleic O block viral
D\ acid ©) reproduction
e o
interferon AN () | viruses Q.:
genes turned

on

nucleus : {
o mRNA '
o/ erferon Stimulageg
A cell to tum op genes
s %:’_\: a 7 forantiviral progein
mterferon 4
molecules 0
HOST CELL | HOST CELL 2
makes interferon; protected against vipys by
is killed by virus interferon from cell |

Fig: 13.6 Interferon mechanism
against viruses,
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¥ The tissucs in the arca are red and warm. as

lood reaching the site a result of the large amount of
loo S

e tissues in the area are swollen, ag

; amn due to the increased amount of
blood and proteins that are present. |

, area is painful. due the expansion of tissues, causing mechanical
ssure on nerve cells, and also due to the presence of pain mediators.

the inflammatory process has begun, it continues until the infection that
been eradicated.

°)
)
N

microbes proceeds in establishing a major infection the body often
which slows down microbial production and enhances the body's
ties.

used by abnormalities in the brain itself or by toxic substances that
perature regulating centers. Such causes include bacterial or viral
ally, the temperature of the
almost entirely by nervous

sms, and almost all of these infection or inflammation
h a temperature regulating !
the hypothalamus at the base leucocyles
e receptors in the skin and Jr
feedback that drives the
nserve heat, produce endogenous pyrogens
of heat (shivering), or .
(sweating or panting). prostaglandins
egulating process are l
modifications that go -




ﬁ— - - A
that cause fever during JIMRGAT BY t(RWTURE ROCTORSXtremely potent Since g

- | — one billi injected into animalg
little as a few nanograms (nano = one billionth) 1n} nals can cause ,

fever. ; : : :
Pyrogens are produced by many microorganisms including bacterig, Yeasts

and moulds. Most potent pyrogens are the endotoxins produced from the cel] walls of
the Gram- negative bacteria.

Ways the fever kills microbes _
When someone has a fever, the body raises the normal body temperagyy,

above 37.8°C (100°F) to try to kill bacteria or viruses in the body (this temperatyre is
taken orally). Fever is actually the body's natural way of defending itself frop,
invaders like viruses and bacteria, because many of them can't survive in the body dye
to the high temperature caused by a fever. High body temperatures also signg]
infection-fighting cells of the immune system such as phagocytes, neutrophils, and
lymphocytes to defend and help fight off infections. The degree of temperature
increase doesn't necessarily correspond to the severity of the illness. The fever
response tends to be greater in children than adults. The two functions of fever are:

1. To stimulate the immune system.
2. To create an inhospitable environment for invading organisms. That is, to turn up
the heat high enough that the invading microbes cannot live.

The Benefits of Fever

¢ antibodies -- cells trained to specifically
cact type of invader that your body is

Fig:13.6 Fever has certain beneficial
aspects too

d line of defenses
mbranes have
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-+ ymphocy1€s or T cells, along
L acrophages, oversee the

with ma

Yell mediated response, while
& : ~lle take
the B |ymphm‘.}"t‘“ or B cells take All complement pathways carry out 6
charge of the humoral ICSpOLIAS: beneficial innate defense functions. They:
“" Monocytes develop from I.  Trigger inflammation.
stem cells 10 the bone HIQEow: 2. Chemotactically attract phagocytes to
They then go 1nto blood, where the infection site.
they circulate fora while and_th en 3. Promote the attachment of antigens
migrate into tssues. In the tissue to phagocytes (enhanced attachment
they further mature 1nto or opsonization).
macrophages. MOHO_C}“CS and 4. Cause lysis of gram-negative bacteria
i macrophages play important and human cells displaying foreign
Lroles in the immune defence and epitopes.
inflammation. 1 5. Plays a role in the activation of naive
- Lymphocytes are one of the B-lymphocytes.
¢ kinds Ot_Whlm:. bl???hgillto‘;r 6. Remove harmful immune complexes
: > 1t .
.Iocytes),mrc,u ating from the body.

ough mature lymphocytes all
pretty much alike, they are

dinarily diverse in their
fetions. The most abundant lymphocytes are:

» B-lymphocytes (B cells)

s T-lymphocytes (T cells).

ells are produced in the bone marrow. The precursors of T cells are also produced in the
rrow but leave the bone marrow and mature in the thymus. Each B celland T cell is

¢ for a particular antigen.

asic Types of Immunity

here are two main types of immunity :

or Inborn or Natural immunity

The innate immunity system is what we are born with and it is nonspecific;

are attacked pretty much equally. It is genetically based and we pass it
prings. It is present from the birth and is inherited from the mother to

lor Adaptive immunity. : : ¢
present from the birth but is acquired during one's own hf?. Itis
organism in response to a disease caused by the lﬂ_fec_“m_‘ﬁf
.In this, the protective lymphocytes of body prq_duce_rgqtlb@@ :
vate the antigens and relieve from an infectious disease but
ne antibody producing cells persist as “memory cells o l%‘l:g - ol
dies immediately after second infection to counter 1t The

we R e .
ERL S s r e ¥
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acquired immunity so developed may be temporary (e.g., intluenza) or DCl‘munenN
(e.g., measles, mumps, polio, smallpox) for life long.
13.4.1 Types of acquired immunity
(a) Active or Natural immunity :
It is a long lasting immunity developed by antibodies produced by ap
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 ROIIO.}'
¢. By having killed micro-organisms or detoxified toxins e.g., killed 'Salk
vaccine (against polio), tetanus toxoid (against tetanus).
(b) Passive or Artificial immunity ;

Passive immunity is "borrowed" from another source and it lasts for a shgn
time. For example, antibodies in a mother's breast milk provide a baby with
temporary immunity to diseases the mother has been exposed to. This can protect the
baby against infection during 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

us disease, typically by the administration of a vaccine. Vaccine stimulates

dy's own immune system to protect the person against subsequent infection or

' d vaccination or vaccine had been evolved from vacca which means

' virus for cowpox. The cowpox and smallpox virus is very

f the human body is exposed to the COWpoOX virus through

immunization against smallpox. We can define vaccine as

ince which produce specific protection against a given
duction of protective

Scanned with CamSc



g : MDCAT BY FUTURE DOCTORS
because of vaccines. .

1 Y . = =
YTl & . W amon maoarhaniormo
DECLHIIC Aciensec MEeCnAniSms

Specific defense mechanisms are effective against specific pathogens. There
are two main types of specific defense mechanisms involved in the immune system.

a. Cellmediated immune response
b. The antibody 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, etc. within host cells and react against foreign matter such as organ
transplants.

; There are three ) O @
kinds of T-cells. Cytotoxic
‘T-cells directly kill
invaders. Helper T-cells aid| ¢ ¢/
~ B cells and other T-cells to| &5

1. T cell makes
Granules contact and
releases granules.

Virus-infected
host cell

Virus particle

B- and o ol "\ MHC protein
' don! _ _ po T displaying viral
antigen

2. Granules induce
cell to self-
destruct, virus
cannot replicate.

~ Fig: 13,10 Mechanism of specific defense.

ctivation phase, Tc cells that have the appropriate T-
iggered to divide repeatedly. In the second called the
sells encounter target cells and kill them.
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\b. Ihe antibody mediated immune response

The humoral immune system consists of B-cells which originate in the Bope
marrow and stay there to develop. B-cells can produce anti !mdms_, but need €Xposure
to foreign antigens to do so. These antigens are cell surface oligosaccharides anqg
proteins which the cell uses as “ID tags”. ‘

Antibodies are chemically proteins present in blood plasma and‘lymph. They
help in fighting bacteria and viruses in body fluids. All daughter cells of a B-cell wi|
be able to produce the same antibodies as the mother cell. Antibodies bind to certaip
parts ofan antigen to mark it for destruction (by the T-cells). iy

The body humoral or antibody mediated immune response be gins 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 matchin g 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 sclected B cells to go into rapid reproduction. Some B
cells become memory cells ready to respond to a later invasion by the same pathogens
but most become antibody producing factories called Plasma cells. Freely

ating in the body antibody dock with pathogens this neutralizes them or marks
o1 destruction by other weapons in our immune arsenal.

clone of plasma cell Secreted antibody
: molecules
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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

Neither the killer T-cells nor the B- = 7 ¢ .

cells just die off after they kill the Fig:13.12 Structure of a typical 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-
sells make killer T-cells and memory B-cells make B-cells. This process is so
‘and so explosive that the pathogen is killed off before it has a chance to
)ecause of that, you are immune 1o that pathogen.

la
Variapic

consiant

light chain

heavy chain

are abnormal reactions to ordinarily harmless substances. The
ces, called allergens, may be inhaled, swallowed, or come into |

skin. Allergens that most frequently cause problems are: pollens,
> dust mites, animal danders, foods, insect bites or stings, plants,
viruses, bacteria, medications and environmental conditions

tures). ,

gies can develop at any age, the risk of developing allergies is

ones family history of allergy. If neither parent 1s allergic, the
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chance for allergies is about 15%. If one parent is allergic, the risk increases to 30%
and if both are allergic, the risk 1s 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 quantities. Normally, this antibody is important in protecting us from
parasites, but not from other allergens. During the sensitization period in allergy, IgE
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"

~ and yroduce autoantibodies — antibodies that attack its own cells, tissues, and/or
This causes inflammation and damage and leads to autoimmune disorders.

: eria triggers an immune response and the antibodies or T-cells
because some part of their structure resembles a part of the

hich the body's immune
joints of the knee, hand,

LI
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B e i b s el
13.9 Role of T-cells and B-cells in Transplant Rejection

Transplantation is the act of transferring cells, tissues, or organs from one site
to another. The malfunction of an organ system can be corrected with transplantation
of an organ (e.g kidney, liver, heart, lung, or pancreas) from a donor. H‘Z;wcver the
immune system remains the most formidable barrier to transplantation as a I'Othine
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.
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"KEY POINTS

The first line of defense is non-specific and is part of the innate IMMmune

; - \ R - : DN nhawa: -
system. The first line of defense consists of: 1) physical barriers 2) chemic
barriers.

al

* The second line of defense is also part of the non-specific, innate immune

System and includes non-specific immune cells, chemical mediators. fever:
inflammation, phagocytosis.

* The third line of defense is part of the adaptive or acquired 1'mmune system.
This line of defense provides specific, long-term protection against microbes.
The third line of defense includes: 1) T-cells; 2) B-cells and 3) antibodies.

* Neutrophils are granular, non-specific immune cells that patrol the borders of
the body and eliminate microbes by phagocytosis.

* Monocytes are agranular, non-

specific immune cells that circulate in the blood
‘and mature into macrophages

when they migrate into tissues.
. Macr0phag_es are agranular, non-specific immune cells
| -fbllbwing. functions: 1) phagocytosis (professional caters); 2) sound chemical
o alert other immune cells; and 3) present information about the foreign
s (antigens) to the T cells, which arc the generals of the immupe army.

second line of defense process in which foreign materials

lfed and broken down by neutrophils or macrophages
nentknown as the lysosome,

. Ury or infection that: 1)
Immune cells to the site of

microbes or damaged cells so tissue

edby pyrogens and regulated by

cell growth and increases

""""" ally-infected cells that help
degrading viral
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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 oftargetedmicrobes and leads to their lysis.

« Vaccine asaimmuno _biological substance which produce specific protection
against a given disease. It stimulates the production of protective antibody and
other immune mechanism.

e There are two main types of specific defense mechanisms involved in the
immune system.: Cell mediated immune response and the antibody mediated
{mmune response.

e Antibodies are immune system-related proteins called immunoglobulins.

e Allergens causc the production of immunoglobulin E (IgE), an antibody that
all of us have in small amounts. Allergic persons. however, produce [gE in
abnormally large quantities

. When the body produces an inappropriate immune response against its own
tissues 1t results in the autoimmune disorders.
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EXERCISE e\

A. Select the best answers for the following questions.

. 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 ¢. plasma cells
b. B lymphocytes d. Bothaandb.
3. Which one of these is specifically responsible for antibody mediated
: Immunity?
et a. Tcells c. Platelets

b Epithelial cells d. Plasma cells

nsible for cell mediated immunity.
ors in the body:.
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EXERCISE 3 E

vacrsensitivity to an allergen is due to:
1. Increase in temperature  C. Age
b. Food habits d. Aberrent functioning of immune system

9 Surgical removal of thymus of a new born shall result in failure to produce:
a. Monocytes ¢. T- lymphocytes
b. B-Lymphocytes d. Basophiils

B. Write short answers to the following questions.

|. What are pyrogens? How they affect the hypothalamus?

2. 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 nor.specific defense and specific defense? -

6. Define allergy and allergens. List down some common allergic conditions.
7 Differentiate between the two types of acquired immunity.

C.  Write answers of the following questions in detail.

—_—

What are the main events of inflammatory response?
2. Describe the structural features of human skin which provide effective
control against microbes. ' '
How macrophages and neutrophils help in killing bacteria?
How cell mediated immunity is attained? 5 it
. What do you mean by autoimmune diseases? Give some examples of -
immune diseases. 3
ibe the role of T-cells and B-cells in transplant rejections.

Bl . gl

o s
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A

GLOSSARY

: ote ancy, and help the plant
A [;lant hormone that generally acts to inhibit growth, promote dormancy, and help the p Olerate
stressful conditions.

In f}lants. the dropping of leaves. flowers, fruits,

formation of a two-layered zone of specialized
(ethylene).

or stems at the end of a growing season, as the resy]s of
cells (the abscission zone) and the action of a hormone

The movement of water and dj ssolved substan

spectium .
Therange ofa Pigments ability to absorb various wavelengths of light.
aeetyl Cap

ces intoacell, tissue, or organism.

; formed from a fragment of pyruvate

stance across a biological membrane

; against ijts concentration or
elp of energy Inputand specific transport proteins.

0s¢, and two phosphate groups; formed by the removal of one

free e Ty When its pp,
hcells PRosphate bonds are

1}i0h.mqst individuals do ot
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|e gametangium, a moist chamber in which gametes develop

fn plants: thema

pocyanin . . _
:"1:@1 water-soluble p1 gments of blue, purple or red which are dissolved in the cell-sap vacuole of

plant cells.

hiotic S ;
1n"|imntcal that kills bacteria ot inhibits their growth.

antibedy 5
Anantigen-b inding immunoglobulin, produced by B cells, that functions as the effector in an immune

I'L'!\F[‘Fn:\(.‘.

antigen

A ['t_‘?:'uign macromolecule that does not belong to the host organism and that elicits an immune
response.

aorta

The major artery in blood-circ
apical dominance
Concentration of growth at the tip

growth.

apical meristem
Embryonic plant tissue in the tips of roots and in the buds of sh

grow in length.

apoplast

In plants, the nonliving continuum
matrix of cell walls.

ulating systems; the aorta sends blood to the other body tissues.

of a plant shoot, where a terminal bud partially inhibits axillary bud
oots that supplies cells for the plant to

formed by the extracellular pathway provided by the continuous

Programmed cell death brought about by signals that trigger the activation of a cascade of "suicide”

proteins in the cells destined to die.

assimilation

The energy-reqpiring process by which plant cells convert il )
plants into ammonium ions (NH,"), which can then be used in the synthesis

1t nitrate ions (NO, ) taken up by the roots of
of amino acids and other

nitrogenous compounds.

atrioventricular valve _ . = £ blood when the

A valve in the heart between each atrium and ventricle that prevents a backflow of blood when Hhe

ventricles contract. R .0 'I . : 1

T e i L e :

Animm W&Jﬁ‘@l

disorder in which the immune system turns against itself.
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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 particular kind of chemical bong: equal t ¢},
quantity of energy the bond releases when it forms. i
bud
(1) In plants, an embryonic shoot, including rudimentary leaves, often protected by special byd Scales.
(2) Inanimals, an asexually produced outgrowth that develops into a new individual.
bulb
Amodified 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 leafand 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.,
Inplants, undifferentiated tissue; a term used in tissue culture, grafting, and wound healing.

of two major stages in photosynthesis (following the light reactions), involving
ic CO, fixation and reduction of the fixed carbon into carbohydrate.

achemical reaction by forming a temporary association
the reaction is accelerated. Enzymes are catalysts.

tists, bacteria, and viruses inside host
Is that circulate in the blood and

- h

Scanned with CamSc



MDCAT BY FUTURE DOCTORS

J——

1:".3;[0;‘.0-.1_4,

l-h“hl“cm] - -ssential component of animal cell me

A steroid that forms an essential P imal cell membranes and acts as a precursor molecule
orth ynthesis of other biologically important steroids.

TL:.'i]'.:: S} @S

. IL'"{“ me | | : | I ' ‘ '

t;'l organic molecule serving as 2 cofactor. Most vitamins function as coenzymes in important
'11-:[.1%1:"‘11': reactions.

xtlf;lc'ur

Any nonprotein molecule or ion that is required for the proper functioning of an enzyme. Cofactors can

be permanently bound to the active site or may bind loosely with the substrate during catalysis.
cohesion .
Ihe binding together of like molecules, often by hydrogen bonds.
cohesion species concept '
I'he idea that specific evolutionary adaptations and discrete complexes of genes define species.
cork _ ‘
A secondary tissue that is a major constituent of bark in woody and some herbaceous plants; made up of

flattened cells, dead at maturity; restricts gas and water exchange and protects the vascular tissues from
injury.

cork cambium ;
A cylinder of meristematic tissue in plants t
secondary growth.
cytokines

hat produces cork cells to replace the epidermis during

In the vertebrate immune system, protein factors secreted by macrophages and helper T cells as
regulators of neighboring cells.

cytosol

The semifluid portion of the cytoplasm.
D

day-neutral plant

Aplant whose flowering is not affected by photoperiod.
dehydration reaction

A chemical reaction in which two molecules covalently bond to one another with the removal of a water
molecule.

diastole

—g‘e Z‘Lﬂge of the heart cycle in which the heart muscle is relaxed, allowing the chambers to fill with
: olic pressure

sure in an artery during the ventricular relaxation phase of the heart cycle.
plant species that has staminate and carpellate flowers on separate plants.

ndividuals within geographical population boundaries.
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electron acceptor: Substance that accepts or receives electrons in an l}.\'.!L!eilitJH-!"Ct.lur:I_mn r(_.am“n
becoming reduced in the process. _ " o "

electron carrier: A molecule that conveys electrons; one of several membrane Proteins jp electrgy,
transport chains in cells. Electron carriers shuttle electrons during the redox reactions that releage

energy used to make ATP.
electron transport chain: A se
electrons during the redox reactions that release energy used to make A'I:P. _
endergonic reaction: A nonspontancous chemical reaction in which free energy is absorbed fropm the
surroundings.

energy of activation (E,): The amount of energy that reactants must absorb before a chemical reaction
will start.

exergonic reaction: A spontaneoys chemical reaction in which there is a net release of free energy.
exocrine glands g)
Glands, such as sweat glands and digestive glands, that secrete their products into ducts that empty ont,
surfaces, such as the skin, orinto cavities. such as the interior of the stomach. '

execytosis

quence of electron-carrier molecules (membrane proteins) that shitt]e

hdhumm The sponta s pas ; scules 10ns pecifi -
pmteins,_acrossabiological mimbrxgl:i;\zftﬁ:gifc{;;;E;)tflfactlil(l);hg?;jdicﬁzm S B
ﬁl. A long carbon chain carboxylic acid. Fatty acids vary in Ier‘lgth and in the numbe d

j ; three fatty acids linked to a glycerol molccdui[e form fat. g
the blood-clotting protein fibrinogen, which aggregates into threads that
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mmunity (hyoo-mur-al); The type of immunity that fights bacteria and vi i
intibodies and viruses in body
A body strategy n'nualed by the release of chemicals following inju Y

ings 2dditional blood withiits protective cells to the injured area. RBAURIEction

Imm‘)""‘_I .
fluids with @
Inﬂgmmatlon:

which br

[ ong-day plants: plants that flower when the length of daylight exceeds some critical period

Meristems: In plants, clusters of cells that retain their ability to divide, thereby producing new cell
One of the four basic tissues in plants. e

Microfilaments: Th”.] protein fibers that are responsible for maintenance of cell shape muscle
contraction and cyclosis.

Microtubules: Th’in._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 zome: The open oceans, divided into threclayers:1) photo- or cpipelagic,(sunlit), 2)
mesopelagic (dim light), 3) aphotic or bathypelagic (always dark).
Placenta: In mammals (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 ONA N 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 cc_lls of various
shapes and sizes, providing support or protection. They continue to function after the cell dies.
Short -day plants: Plants that flower in late summer Or fall when the length of daylightbecomes shorter
than some critical period.
Thigmotropism: Changes in plant growth
climbing on cement walls.
Transformation: A genetic transfer mechanism that produces new DNA in bacteria when DNA froma
new organism is combined with the DNA of the host cell.
Translation: The cell process that converts a sequence Of nucleotid
amino acids.

Vernalization: The promotion of flowering or garmination after aplantis

: Viviparous: Referring to an animal whose offspring are born rather than hatched throughan egg.

stimulated by contact with another object, €.8., vines

es in mRNA into & sequence of

exposed to low temperatures.
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Anaerobic Respiration, 96
Angiospermae, 189

Annelida, 233
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