A

peroxisomes and glyoxisom
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«  State the structure and functions of the csm

animal and plant cells.
s Describe the formation, structure and functions of the lysosomes. v,
the malfunctiomng of

« Interpret the storage discases with reference 10

lysosomes.
» Explain the external
with its function. .
"« Explain the external and internal structure of chloroplast and 1

with its function. _
’ « Describe the structure, composition and functions of centriole.
l
|

and internal structure ol‘milochondrion and interlink 1t

aterlink it

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

movement.
»  Describe the chemical composition and structure of nucle
Compare the chemical composition of nucleoplasm with that of cytoplasm.
Explain that nucleoli are the arcas where ribosomes are assembled.

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

« Describe the composition of cell wall in a prokaryotic cell.
Differentiate between the patterns of cell division in prokaryotic and

cukaryotic cells.
« Relate the structure of bacteria as a model prokaryotic cell.

ar envelope.
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m(roductinn
One of the most important concepts in biology is that the basi€ unit Qf

muc(urc nnd funrfl?on m l'i\'“lg organisms 1s the cell. It 1s the smallest unit that can
carry out all activities of life. Cells are the building blocks of complex mumccnuw

organism. . 3 »
The modern theory of cellular E‘ndb"
organization statcs that,
1. All living organisms arc composed
of onc or many cells.
3. All new cells anse from by the
division of pre existing cells.
3. Cells contain the hereditary
material of an organism which is passed from parent to daughter cells.
4. All metabolic processes take place within cells
(.1 Techniquesusedin Cell Biology

' i Ils.

Microscopy makes a very valuable contribution to our understanding Of‘;cd

However, techniques are also needed if the functions of organclles are 10 bc stu li
various ¢€

Various techniques have been used for isolating and cxaminm_g s
components. Of these, differential staiming, centrifugation, tissuc cu The.
chromatography, electrophoresis etc are the most common lcc}}nlqucs. :
examination of a cell and its component depends upon the magnification pOWers 0

two convex lenses to produce a magni fied image of a very small object.

dated life form 18

The oldest accurately
> terium

a microorganism, Eubac
isolatum which dated back
Lllll”lul\_\'c;lh

Tuble 1.1 Magaification of the Microscope

Objective lens = _ls.yc p!cc;: lens | M;_:gniﬁcation of
| object
x 10 _;:\—Q __ |x60
x 40 "_x_(\ [ | x 240
x 10 2R e ) | x 100
| x 40 30 - { x 400

1.1.1 Resolution versus m;lguiﬁc:niun of |.ni.c|'us'cnpc. .
The biologists who study cells, use different devices and precise techniques in

their efforts to develop exact dcscriplions of ccl_ls and their parts. Their most
important tool is the compound light microscope. Itis very useful but itis limited by
the nature of the energy it uses 1. light. The limitation of any microscope defined as

resolving power; the ability to distinguish close objects as being separate from one
another. §




950nm. This resolution power is about
an differentiate between WO points

¢ been developed with different
s a mean of increasing the

. The resolving power of light microscopes is
500X is that of naked eye. The human naked eye ¢
atleast 1.0mm apart, Different light microscopes hav

resolution and magnification powers. Magnification 1 an 0t :
apparentsize of the object being viewed to a reasonable size. With a light microscope
to 2000 times.

a specimen could quite casily be magnified by as much as f the ligh
Fortunately, we are not dependent only on the resolving powcg & Thc T|Eg\;
microscope. We now have the Transmission Electron Microscope (TEM) ;'atizn "‘w

; : e ‘s One recent innov
can magnify an object upto 1,000,000 (1 million) tim dimensional images of

Scanning Electron Microscope (SEM) has produc

whole objects.
1.1.2 Staining i
RS rent so that some techniques of
Most biological structures are transpa sre mployed. The most

different structures mus : > m
ess of treating a specimen for examination
tructures visible

obtaining contrast between
This makes certain s :
y are shown in

common method is staining. It is 3 proc

under the microscope with a reagent of dye. This ma :
without affecting others. Some of the stains used in light microscopy & Vi
toxic to living

table 1.2. Certain stains when used in low concentration are non- )
be used 1n

tissues and can therefore be used on living materials. Two stains may
tain and the second as counter stain. Counter

which the first stain is called principal s

stain is stain of a contrasting color used to color the components in a mICroscopic

specimen that are nol made visible by the principal stain. These stains arc called vital
| red. Two stains may be used in

stains. For example, methylene blue and neutra
lled counter stain.

which the second 1s ca
Table 1.2 Profile of Permanent Stains
Stains Final Colour Suitable for
['i. Aniline blue | Blue Fungal hyphae & Spores
['i1. Borax carmine Pink Nuclei, Obelia colony
' jii. Eosin Pink / Red Cytoplasm / Cellulose
iv. Feulgen's stain Red / Purple DNA (particularly during cell _
. ‘ division) 1.¢. chromosomes
v. Leishman’s stain Red / Pink / Blue | Blood cells '
vi. Methylene blue | Blue Nuclei i
vii. Safranin Red/ Purple Nuclei, lignin & plant tissues
T Table: 1.3 Profile of Temporary Stains
___Stains Final Colour Suitable for il |
=sulphate | Yellow Lignin |
on | Blue-black Starch
Y‘3“0\\'/ Blue / Lignin, Cutin, Protein. / Starch/ |
Blue or Violet | Cellulose |

ok .




As revealed by the above table different cell organclles st
stains, hence increase the resolution power of
1.1.3 Centrifugation (cell fractionation)

Dwndmg the cell into its parts or fractions is called cell fractionation. It is
done in a centrifuge and the process is called centri fugation. Cell fractionation can
isolate various components of cells including

_ _ : \ . organelles according to their
particular size and density. This process is accomplished in the following manner.

am differently by different
amicroscope.

o The first step is grinding up the tissue in g

: liquid medium of proper osmotic
concentration to forma homogenate, which i

s then put in a centrifuge and spun.
Initially 1t 1S spun at a relatively slow rate 1o 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 speed and cellular components of intermediate size, such as mitochondria,
plastids etc precipitate out and are removed.

The supenatant liquid can then be spun at still higher speeds and smaller, lighter

cellular fractions are precipitated.
. - = 4
v.!"“
C;—%ﬁ ¢

Homogenization Differential centrifugation ] . LT

Fig 1.1 Cell fractionation technique,

.14 Tissue Culture

Tissue culture is the growth of tissues and cells separate from the organism.
This is typically facilitated by the use of quuid semi-solid growth medium such as
broth,or agar. Tissue culture produces clones in which all the product cells have the
same genotypes unless affected by mutation during culture. In the following



sections list ol apparatus and main steps of tissue culturc are given:

\. Tissue Culture Apparatus
o Cell culture hood (1.c., laminar-flow hood or biosafety cabinet)

o Incubator (humid CO. incubator recommended)

« Water bath

o Centnfuge

¢ Refrigerator and freezer (-20°C)

e Cecll counter

¢ Inverted microscope

o Liquid nitrogen ( N. ) freezer or cryostorage container

o Sterilizer (i.c., autoclave)

Main steps in tissue culture

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

. This tissue must be sterilized to remove microbial contaminants.

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

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

~ Multiplication of the explant gives rise to a callus (a mass of loosely
q_rmngcd cells) which 1s mampulalcd by varying sugar concentrations and
the auxin (low) cytokinin high ratios to form multiple shoots.

The c allus may be subdivided a number of times.

The -- tsare transferred to a growth medium with relatively higher auxins,
ytokinin ratios which results in the formation of roots,

lar .{ £ g'c deflasked and hardened off by gradually decreasing the
A . T xs necessary as many young tissue culture plants have no

A

s “ L mear ofseparanng one type of molecule from others.
nixtu as a liquid or a gas, over a stationary phasc
tro.n may depend on a range of chemical
ch as solubility and molecular mass.




o7 ﬁclcssosl:lcﬂ‘l“llws':::hl moves through the n:
molcc“ - Simi arly, a thin layer of s paper by capill
b. Column( hromatography - stlica may be prllary action carrying the
is more COmmOnl ea . Y be used instead of
riing matri hy S?Ld method whicl P
11X Cld mn ;‘glz‘*ht)r it 1 1Involy s !hL' mol :
etal tube nobile phase flowing

(1.0 Electrophoresis
Jris @ technique used
S o Scp'".“ i
arate molecule
' lin(oi?::‘il'cf | wlecules of different ClCC"’iCSl ChnISC-
mﬂucﬂcl 2 erent electrical field, negativel
( Olcfl:l . w(; i ‘.O“'“rd?‘ anode (+) and un and positively charged 1075
aﬂ'cc( (o with which Chargcd molectiles ‘ ‘.c e (-) 7':\[K‘L'|l\'cl)ﬂ Two factors
1) The a!“Oum of charge (greater charge t-“.w ownrdsanelectrer
i) The s1z¢ of molecules (smaller m.,l%t_' I‘N';r S ovement & vice versa)
.17 S ectrophotometer? ccules, fster movement & vice verss)
Thls‘ifaclhl:’l:nll(?lls llSt{d to measure the change orcentage mnsmission of
sity) of the suspension aicrial. The cell mas is directly
Ihe determination of amino acids by
Such analysis

ight (OP

the optical density
(;eht absorption.

proponional to
trophgtomcl_cric analysis is based upon spes if7c g
Of l.he i‘n\mo acnd gchI’il")’ dL’pC!lds upon absorption C\hlhlk‘d by their color
derivatives.
1.1 Microdisscclinn
[t refers t0 @ variety of rechniques i % hich microscope is used to aid the
p(ooﬁs of disseaion cells or it organclles. Different kinds of techniques involve
‘microdissec tion:
il-® Chromosonle micn)di.ssccllun use of fine¢ gl:l.‘».\' nccdlc under 3
’ miCrOSCOPC (o remove i porii(m from3a complete chromosome
er MICTO dissection yse of o laser through & microscope 10 dissect
of a laser through @ microscope 1©

selected cells
c ,dqu'cc(iun

heretod {ilm.
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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 picce units at

ecach magnification.

Eyepiece reticles and stafc micrometers
Overlaping retic
and micrometer scales

0.0

Slide —=
Eyepiece g
(ocular) o
0.2
0.3

0.4

W2 NN W N =D

= Stage
0.5 microlgnctcr

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
- walls of neighboring cells are held together by an intercellular substance called
: ' ddle lamella.

Cg]lwnll varies grcatly in morphology and chcmncal composition but its

Cellulwe,aoell wall component, can be used in
Industries in the following ways:
mell 1) Nitrocellulose (Explosives)
condary | 2) Rnyan(’l‘exnleﬁbct)
JERtAL) e ;3) Cellophane (Partially permeable membranc)
TR :Ehmmmcludmgeellulom's&cmcmatogmph)

5) Paper making 2




The ‘.:,c," walls have three fundamental parts namely i) Middle lamella 1) Primary
wall iii) Secondary wall.

Middle lamella cements together the walls of the neighboring cells. 1t 18
usually thin and about 1 pm in thickness. In woody tissucs the middle lamella is
commonly lignified. ’

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

The secondary wall follows the order of primary wall in development. Itis
laid down inside the primary wall. Its thickness is about 5-10 pm, more or less rigid,
crystalline, and strongly optically active. It is mainly composed of lignin, cellulose,
non-cellulosic polysaccharides, hemicelluloses and mineral salts of Ca, Mg, K, and
some silica.

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

1.3.2 Plasma Membrane
Plasma membrane or cell membrane is the outer most boundary of the
animal cells and inner 1o 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
L membrane. The modern technology has revealed that lipid bilayer is not sandwiched
between two protein layers. In 1972, Singer and Nicholson proposed a most
acceptable model for membranes called Fluid Mosaic Model. This model is in
agreement with photograph of cell membranc by clectron microscope. This model
explains that “the membrane is like a sca of lipids in which protein are floating™.

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



Glycoprotein
and carbohydmtes

are responsible for functional
kes the membrane differentially
ar materials across it and
hand makes 1t sclectively

b. Role of Glycolipids and
Lipids, proteins
diversity of the membranes. Lipid bilayer mn
permeable parrier that allows the transport of non-pol

ents ionic materials. Membrane proteins on the other

pcrmclblc barrier that select

materials according to cell's need. If
concentration inside the cell
is proper, no morc glucose can enter
the cell. Extrinsic proteins function
as receptor that receives the stimuli
from the environment and thus
inform-the cell to respond. Integral
proteins also called as “permeases”
regulate diffusion, osmosis and
active transport of ionic materials.

our Inforilel
ments towards Fluid

embrane
Two layers of lipid

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

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

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

mosaic model

=

Hydrophilic (polar) head
of phospholipid

Sugar side
Hydrophobic
fatty acid tail of

phospholipid

-.'j.\..
. f e nan

. ¥ Cholesterol W 4
Integral (intrinsic) Pmph;t:lo é:mnsic )
~ Fig: 14 Fluid mosaic Model
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T LAY S‘Ycoprotems prowdc receplor
ofsttn.muh like Hormone Receptor Sites (HRS).
n of antigen and food materials thus inform the
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lasmic streaming movements. This is an active mass movement of cytoplasm
whichis called cyclosis.

Nucleus Nucleolus
Nuclear po Chromaty

mitochondria
Vacuole
Chloroplast

Ribosomes

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

Fig: 1.6 Plant cell

ytoplasmlc Organelles
Endoplasmic Reticulum
- Under the electron microscope a net work of channels is seen running
the cytoplasm of all the cukaryotic cells. These channels are often
wnh plasma membrane and also appear to be in contact with the nuclear
ne. The whole system of channels is said to be endoplasmic reticulum.
embranes vary widely in
2 from cell to cell. These Nuclear envelope
- are separated from the
1ic materials by the
ular membranes one
r, called cisternae

Nucieus

"':‘t.wo morphological
'nC ]a;mlc reticulum;
n with a ttached ribosome

: _' ' t!’wutnbosomc Rough endoplasmic
plas c retnculum , reticulum
‘ Smooth endoplasmic

reticulum

AAAAAAA

Fig 1.7 Endoplasmic reticulum
torec m ‘the cytoplasm or exported out of the cell through i
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The Smooth Endoplasmic | SER mak

A:..‘ . . i aKe

et .‘.’“‘.'“‘“ (SER) helps in | absorbed :::r::l.m.l\ from fatty acid & glyeerol
ot Jism of a number of different | bodies for L\L gut & passes them to the GOIg!
8 ort =T - I Xpon ormone ¢ ‘o i
:.‘ Of‘m;:lcculcs panu'u'ar'y hpld made n 'Nll(',n;ll l'n'”rL'"\‘ $ ::’:“;gsr:;roo':gz
ynine mld:z’ also help to detoxify | testosterone, estrogen are nls-c’; nitiated bY
e hart gs. Insome cells SER | endoplasmic reticulum

for exam it
; ple, muscle cells, nerve cells etc. In additon, SER play an
o the other. It

", mc ant 1 Q 2 ; :

srovides mechanical sup :

support to the cell so that its shape

Ribosomes sshape s maintained.

ied b fLucserate tiny cc‘ll organelles, about 20 nm in diameter and were first
y Palade ,“955)- Eukaryotic ribosomes are composed of almost cqual

t Of RNA (nbOI\UClCIC 3Cld) a"d pn“L'|n. hence ”lcy are nbonuc'coprotcin

The RNA present in

‘ribosomes is ribosomal-RNA.

Ribosomes exist in two forms; cither Q ) Small subunits

1 ed in the cytosol or ,
“attached with RER as tiny granules _ SRS

and are the site of protein synthesis.
Ribosomes are synthesized in &

Large subunits
" nucleolus of the nucleus. An example .

of protein synthcsizcd by free
| ¥ i : in in youn ;
ribosomes 15 Haemoglobin in young e o

' RBCs Each ribosom¢ consists of two

" subunits; one 1arge and one small as

shown in fig 1.8. .
| g ation has revealed Due to small size ribosomes are the last
organelle to be sedimented in a

Sediment o lled
. s of r‘ somcs ca C . . .
two basic type 4 80S(60S anfl centrifuge requiring a force of 150,000

S) an : !
ﬁ)‘iﬁﬁﬁf () - Svedberg unit '““f gravity for 3 hours. Chloroplast
used in ulu-accmriﬁngalion). The 708 :i%osom‘:bonqﬂa contains 708
ribosomes are found in prokaryotes s showing their prokaryotic
while slightly larger 808 in cukaryotes. \

n attachment with

The two subunits 0 :
¢ ribosomes are attached to mRNA through small

cach other require Mg 100% Th
ribosomal units. A group of ribosomes attached tomRNA are called polysomes.
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Golgi apparatus (Dictyosomes)
The Golgi apparatus was
discovered by Camillo Golgi in 1898, §
using special staining techniques. This
tus which was found virtually in §
-all cukaryotes consists of stacks of
flattened, membranc bounded sacs
called cisternac. These cisternae
together with associated vesicles are
called Golgi-complex. It is a complex
system of interconnected tubules
around the central stack.
The Golgi complex consists of
units called dictyosomes. Fach

dictyosome is formed of bundles of
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 glycolipids. Secretory vesicles produced by the Golgi apparatus may play an
importantrole inadding surface area to the plasma membrane.

iv.  Lysosomes

~ Lysosomes (lyso - splitting; soma - body) are cytoplasmic organelles found
most eukaryotes and are different from others cytoplasmic organelles due to their

m logy. These were isolated as separate components for the first time by De

Fig: 1.9 Golgi Apparatus

PSRBT

;:: 3{%949 They are surrounded by a single membrane and are simple sacs that
contain very large variety of food digesting enzymes called hydrolases. Any foreign
0 Al AR {s’u..‘o A<, ' » ~ Ay s s P - = v
at gain entry with in the cell are immediately engulfed by the lysosomes
bgkcn down into digestible pieces. This process is known as
ey are very abundant in those animal cells which exhibi
T .-~.~ phils' >

bounded by single membrane and contain numerous
sphatase enzymes. These enzymes are synthesized on RER
inthe Golgi apparatus. The processed enzymes are buddcd

ind are called primary lysosomes. These contain those



es which can digest the
ocytOSCd food paniCICS. m:t\:\?v';.mc ° f " .
‘i' During autophagy (self food vacuole i Jysosome
eating) some old womn out parts engulfment| | s . ’w
"of the cell are also digested. In ol o 0 " o ) organetie H
this way, materials of cell may { ' 4
be recycled and cell may b-c 4\? o~ golg! "
renewed. Their enzymes can a | contiioa 1 - = "
also result in degeneration of “food\ ??L-':?}f-?."’;" R o 2
cell, as may occur dunng the P . A TS
developmental processes. : 2 f?",;" .
— ;_ -/. rough ER

a. Malfunctioning of Lysosomes VSOSOMES
Several congenital discases have been found to be Jue to accumulation of

substances such as glycogen or various lipids within the cell These are also called
storage diseases and are produced by a mutation that affects one of the lysosomal
enzymes involved in the catabolism of certain substances.
For example, In glycogenosis type 11 discase, the liver and muscles cells
r filled with glycogen with in membrane bound organclles. In this discase, an
hat converts glycogen 10 glucose, is absent Similarly Tay-Sach's discase
f lipids. Accumulation of lipids in brain cells lead to

appea
enzyme t
is involved in the catabolism 0
mental retardation and even death,

Peroxisomes and ( il) oxisomes
The pcroxisomcs are small sub-cellular bodies approximately 0.5um in

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

V.
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Membrune

/

Lipid

Bilayer
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crystalline




08 are known to break

en peroxide into oxygen
otecting cells from its
5. In the leaves of green
spiration may occur in

xisomes are present only
It contains a number of
g glycolic acid
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ing plants and animals which are also called microbodies. In ani
T - ,.l - * nﬂnlmnls(hc-
ommon in liver and ludncy cells. They are similar to lysosomes, but lhc; :::
atmore dense and have different enzyme systems. For example, the enzymes

Glyoxisomes only present during a
short period in the germination of the
lipid rich seed (castor oil seed) and is
absentin lipid poor seed such as pea.

ase .These organelles are most abundant in plant seedlings. The
‘the glyoxisomes is the conversion of fatty acids to carbohydrates.
chas soyabeens, glyoxisomes provide sites for the breakdown of
' &g‘m absent in seeds poor in lipid.

in' 1928, by his |
suggested the | oy

yotic cells.
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IR ccnlriolc
‘microfilaments_ *S. Cyclosis
¢ell shape and il'll her? as Ntermediate :;Pd amochojq Movey
: Cgration of Haments gre : NENLs are bee f
Ml cc"ul are inv Iy . ause o
a. Microtubules Arcomponents olved in determination of

important function ofg‘ Unbrancheq slende

$ micr. : :
the spindle structures d, Otubules js their

r IR S
b. Microfilaments g cell division

proteiqs, linked to the ; hin cylinders made
cyclosis. plasma membrane
c. Intermediate filaments

They have diameter i, between those

They help in maintaini of microtubules ; i
INing the cell < ubules and microfilaments.
vii. Centrioles §thecell shape.

Animal cel
ells, cells of so i¢
N SOME MICroscopic orpanis :
example mosses, liverworts etc. containtwo | e e Piaats for

z‘«:‘t:ou“lno(l)c;.lgcsatcd near the surface O“h.c nucleus. These are small hollow cylinders
3-0.5 uym |0ng & about 0.2 pm in diameter) that oceur in pair
. In cross section each centriole consists of cylindrical array of nine
microtubules. However each of the nine microtubules is further composéd of three
tubules (fig 1.13).

The two centrioles are

up of contractile actin
hey are involved in

usually placed at right angic 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 t}?c
nucleus. They are flbscnt in
higher plants. Centrioles pla}:
an important role 10 l'ha.
location of furrowing during
cell division and in the
formation of ciliaand flagella.

centriole pair

triplet

microtubule

Fig 1.13 Centrioles



yiii. Cilia and Flagella
'e Although cilia and flagella are
e same, they were given different
gs before their structures were

g flagella, whereas ciliated cells
many short cilia. For example, the
lian spermatozoon has a single

, the unicellular green alga

In higher plants, cells seem toj

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.

C ’ nas has two flagella, and
STLAE S e A . ¢ . ili ‘ili
Mmfcellular protozoan Paramecium is covered with a few thousand cilia. Ciliary

beating is characterized by a series of bends, originating at the base of
1l eukaryotic cilia and

ing a central bundle of
doublet microtubules
otubules

?'wm and propagated toward the tip. Virtually a
fla ’1 lla are remarkably similar in their Organization, possess
crombulw, called the axoneme, in which nine outer
‘surround a central pair of singlet microtubules. The bundle of micr

. comprising the axoneme is surrounded by the plasma membrane.

uler
Microtubule
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Central
Microtubule
_(Axoneme)

Fig 1.14 -Wl)muhﬂon of cilia
‘be cytoplasm of all eukaryotic cells.
asmature RBCs, they may be absent. The?

- microscope, mitochondria appear to b¢

in 1850. They are known as the power

rphology.
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Although their number, shape and internal structure vary widely, 8 .
rion is bounded by two membranes, the outer one is smooth, while the
ser membranes form infolding into the inner chamber called mitochondnal =
atrix. These in folds are called cristac (sing: crista). The membranes have the same '
iemical nature as that of cell membrane. The presence of ribosomes and DN P

A Loy
side mitochondria indicate that some proteins are synthesized in it, so itis a ¥
rpllcaﬁngoxgane\le.

Riboso

Mitochandrial DNA
-e Matrix

Inner
Membrane Duter

A
/ Temhrane

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. lts 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.
There are three main types of plastids: ~ a) Chloroplasts  b) Chromoplasts
¢) Leucoplasts
a C

~In photosynthetic plant cells, these are membrane bounded structures

containing a green pigment, chlorophyll. Chlorophyll is an organic compound
Which helps the cell to absorb sunli ght and utilize 1t to manufacture food.

Chloroplasts vary in their shape and size with a diameter of about 4-6 ym.

Undcg 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



med by 2 doubled membrane, while stroma covers most of the volume of the

loroplast. 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.

Chloroplast

Nucleus
Vacuole
Cell Wall

Outer Membrane
Inner Membrane
Thylakowd

— Stroma

Fig 1.16 Location and structure of Chloroplast

. » ';,Lf':&".‘l;_ Py |

' ~ Thylakoids are the flattened vesicles which arrange themselves to form
E: ‘ appears o be a pile of }hy!akoids stacked on each other like coins.
( ¢ are 50 or more thylakoid piled to form one granum. On the layers of

: dﬁomphyll molecules are arranged and that is why granum appears
=eu granum s inter-connected with other by the non green part called

“- “V

Chloroplasts are also selfreplicating organelle like mitochondria.
5,,,,.,:,‘% > impart colour t.o the ?lanl parts other than green. They arc
the flower and in the ripened fruits, They help in pollination

 Leucoplasts are. :
i :z:less They are triangular, tubular or of some other shape.
mostl ’1ound n th undctg;:omxdpansoftheplamsandstorcfood.
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tofcell nucleus was reported in 1838 by Robert Brown. Its early



discovery was due to its prominence in many cells, where it stands out as shi
~ darker than the surrounding cytoplasm. They are typically about 10 jum in diam |
Itis one of the most important organelle because it controls all the metabol
- activities and has the genetic information in the form of chromosomes and D
They may be irregular or spherical in
‘.{'h’pc'

Generally, the cells having one
nucleus are called mono-nucleate.
those with two nuclei are bi-nucleate
‘and with more than two nuclei are said
tobe multi-nucleate.

Parts of Nucleus: Nucleus consists of .
the following parts: Sciealis

a. Nuclearmembrane

b. Nucleolus

Chromatin

'
|
|

envelope

¢. Nucleoplasm #

d. Chromosomes \
a. Nuclear membrane Fig: 1.17 Parts of 2 nucleus 3

The outer membrane of the nucleus is the nuclear membrane which scparates ¢

the nucleus from the cytoplasm (eukaryotic cells). The nuclear membrane is actually
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 cytoplasi.

"~ b. Nucleolus

It is darkly stained body within the nucleus and is without any membranous
‘boundary to separate it from the rest of nuclear material. There may be one or more
nucleoli in the nucleus. The rRNA (ribosomal RNA) is synthesized and stored 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

Nucleoplasm . |
The nucleoplasm is a colloidal mixture of organic and inorganiec salts and

ions. It serves as a matrix in which nucleoprotein complex (chromatin) is

Italso serves as storage place for enzymes, raw material needed for DNA replication

and synthesis of RNA.

. : mcs » ’ . A . o~
During cell division chromatin material is stained as dark th e like

.__A - , ~~—M
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directly submerged in the cytoplasm. Prokaryotes include bacteria and blue gree?
algae, while cukaryotes include all other unicellular or multicellular organisms such

as protists (amoeba, paramecium, and nm* —
cuglcnaclc).nnimnls. plants and fungi. =
Detailed studies show that Undifferentiated cells such as €28

. have about 30,000 pores per nucleus
prokaryotic cells generally lack many of where as differentiated cclls
the membrane bounded structures (erythrocytes) have only 3 to 4 pores
which are present in cukaryotic cells.

pernucleus.
For example, mitochondria,

endoplasmic reticulum, chloroplasts, Golgi complex etc are absent in prokaryotes.

‘Since there is no nuclear membrane a prokaryotic cell has no distinct nucleus and 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

ission.Because of the simpler structure of prokaryotes, it was widely accepted for a
Jong 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 carlier 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.

Ihe all of bacteria has murein (as mentioned earlier), it is rigid
nines the shape of the bacterium. It also protects the cells from
oterial cell unlike eukaryotic organisms lacks discrete

“ S i e

IO o2 )
l' DO tnw? "
omc L
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nuclear membrane. The nuclear material (DNA) in bacterial cells

=) ol
R

)
zry

sition near to the center of the cell. This material is a single, circular
and double stranded DNA molecule. |

Bacteria only have ribosomes, composed of RNA and proteins. There
thousands of ribosomes in each healthy growing cell. Sexual reproduction

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

———————
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EXERCISE 2

ose the correct answers in the following questions.

,«,f of the following is best suited stain in order to study chromosomes?
~ lodine solution b. Leishman's stain
Fdﬂgen s stain d. Aniline blue

\‘\ﬁ vengas 'or'Digestive bags'ofacellare .

~ chromosomes b.  centrosomes
c.  lysosomes d. ribosomes
o )
0 r"' o are the functions of cytoskeleton EXCEPT:
a.  Maintaining cell shape b. Movement
Contraction d. Respiration

fy the mismatch in the following pairs:
Muochondril-— cellular respiration

__~ygopome-inm°clluludngunon
, .J‘;a’w’ yoxisome- deamination
nost prominen sécllocgam:lleot‘atm:tcrulc:t:llmlxentnnDNAﬂ\ is:

om b. Ribosome



, ﬁr l
. | ’
9. Theorganelle which is absent in animals cell: Nl B

a. Plastids b. Centriole -
| c. Lysomes d. Nucleolus 4
10. Thcspecul ins which carry lipid —insoluble large molecules throu hpores

membnneuecalled

a. Permeases b. Catalases

¢. Arginases d. Amylases
" 11. Themembrane enclosed spaces of endoplasmic reticulum mulled

‘a. Lamellac b. Cisternae

c. Stroma d. Cristac

12. Allof the following refers to lysosomes EXCEPT: B
a. Slightly larger than mitochondna

b.  Roughlyspherical
¢.  Single membrane bounded

d. Contain powerful digestive enzymes

13. Lysosomesmnlnoulledas
Peroxisomes b. Mesosomes

c_. Phagosomes d. Glyoxisomes

14. Inthe Ieamofguupllnts. peroxisomes are the sites of:
a.  Respiration b. Photosynthesis !
¢.  Photorespiration d. Phototropism ‘

hor! tanswers of the following questions.



€. Write the answers of the following questions.
 Differentiate between a prokaryotic and eukaryotic cell.
Describe the fluid mosaic model of plasma membrane.
- Whatdo you know about Golgi apparatus. Describe its functions.
Explain critically the role of lysosomes in human body.
Wnteanote on cytoskeleton.
W do you mean by tissue culture? What are the main steps involved in
"ﬂgepmcws of tissue culture?
How dc ih”ecgll organelles work together to keep usalive.

47%0 ‘b_ow the structure of specialized animal cells is related to their

'\wv

¢ 4 mat , ywrchmcemdmmuretheszzeoﬁtscellsby micrometry.
are in tabular form, the functions of organelles with the processes
%mﬂswdphn(sonacbaﬂandshmnmtheclass
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At the e

able to

* Introduce biochcmislry and describe the approximate chemical composition of
protoplasm.

. Dislinguish c:lrbohydratcs. proteins, lipids and nucleic acids as the four
fundamenta| kinds of biological molecules

*  Describe and draw sketches of the dt‘hjnlr.i!lnll-.\\nlhc.ﬂs and hydrolysis
reactions for the making and htcukmg of macromolecyle polymers,

* Explain how the Properties of water (high polarity, hydrogen bonding, high
specific heat, high heat of vVaponzation, cohesion. hydrophobic exclusion,
ionization and low erdensity of ice) make it the cradle of life

* Define carbohydrates and classify them

* Distinguish the properties and roles of monosaccharides, write their ¢mpirical
formula and classify them

» Comparc the isomers and stereoisomers of glucose

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

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

*  Justify that the laboratory-manufactured sw cctfncrs are "lcﬂ-handcd" sugarsg
and cannot be metabolized by the “right-handed cnz_\'mc.s.

*  Define proteins and amino acids and flr.m .lhc structural formy|, of aming acid,
Outline the synthesis and breakage of peptide linkages, N

. Justify the significance of the sequence of amino acids through the example of

i | hemoglobin.
» gr:s]:l:; lprl:)c(cjnf as globular and fibrous proteins.
L

Listexamples and the roles of structural and functional proteing.
Define lipids and describe the prope

iies and roles of cylglycergls
PhOSpholipids, terpenes and waxes.,




Introduction

All material things in this world P of chemical elements. These
clements are composed of atoms. The atoms.are joined together hmnin molecules
and compounds. The bodies of living organisms arc made up of soric of these
chemical elements. Thc L ) S in the bodies of living organisms are
carbon, hydrogen, nitrogen, oxygen, phosphorus and sulphur. Of these, carbon,
hydrogen a{xd OXygen constitute about 95%, of human body by weight. Other elements
are present in smal| proportion. Biochemistry is the science of biology that deals with
the structure, composition and function of molecule

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

are made y

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.
compounds. These compounds are present |
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.

¢. organic compounds and inorganic
n somewhat different proportions in

Table: 2.1 Approximate chemical percent composition of a Bacterial and a
Mammalian animal) cell
Contents Bacterial Cell Mammalian Celj
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 l I
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'Q.lgl" Fundamental Biological Molecules
- - There are four types of fundamental biological molecules present i

-

These are carbohydrates, proteins, lipids and nucleic acids.
are distinguished from one another on the basis of their chemical struc

- f:.‘ Pt . % m‘.
composition 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

: diversity of organic molecules. Some functional groups are hydroxyl (alcohol)
- group, earboxyl (acid) group, aldehyde group, amine (amino) group etc.

ol ~Inorganic compounds such as water and inorganic salts are also present in the
- protoplasm. Water is vital for the life of living organisms and without sufficient
~ quantity of water the protoplasm is unable to perform normal functions. Though

ganic salts are present in small quantities but they are important for most
- biochemical functions.
- 2.1.1 Condensation

-~ - Large organic molecules are called macromolecules or polymers. These are

! ;ﬁﬁnedofpm'ucular types of small organic molecules or subunits called monomers.
& ’m&omers Join together when a hydroxyl group (OH) is removed from one
~monomer and a hydrogen (H) is removed from another. This is called condensation

¥

) tzC«jelly‘drauon) In the process water molecule is removed e.g.

| J 0 acids join together to form a molecule called a dipeptide. The OH from
the carbo ; yl group of one amino acid combines with a hydrogen atom from the amine
-y e R L act s OB . . o
foup of the other amino acid to produce water (blue) in the equation below.

Raoty |
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2.1.2 Hydrolysis (Hydro-water; Ivsis-splitting)

Polymc(s (mz}cromolcculcs) are broken down into monomers by @ process
called hydrolysis. It is the reverse of condensation. In this process hydroxy! group
from water attgchcs to one monomer and a hydrogen attaches to the other. This 15
called hydrolysis reaction because water (hydro) is used to break (lyse) a hond €.8-

Sucrose + Water ——————» (Glucose + Fructose

Both condensation reactions and hydrolysis need specific enzymes.
2.2 Biological Importance ol Wate
_ Water is essential for life. There is no existence of life without water. Allah the
Almlghty 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
prqto;?lasm can{lot survive ifits water content is reduced as low as | () percent. Because
of its immense importance water is present in sufficient amount in most of places on
earth. The chemical and physical properties of waler are 50 designed that they are
absolutely important for the vital processes of life.

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

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

water molecules to remain attached together.

b. Universal Solvent
Due to polar 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 1o 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
tissucs.
c. Cohesive and 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 withoutbreaking apart, Water molecules alsoadhere (stick) to surfaces
It can fill a tubular vessel and still flows so that dissolved molecules are evenly

distributed throughout a system.



a. Electron shells In a wator
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Hydrogen Distriution of partial
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2.2 Chemical configuration of water
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. Water Expands at Low Temperature
Water has a unique property. as it expands when temperature falls below 4
%C. Water is most heavy at 4 'C. Therefore ice (solid water) 1s less dense than liquid
water and this is the reason that ice floats in liquid water. Water body freezes on th
surface at low temperature.
f. lonization of Water ,
Water molecules may ionize into hydrogen tons (H ') and hydroxyl 10ns (OH )
few molecules out of a very large number may ionize. The 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 contain cither aldchy_dc or
ketone as functional groups attached to one of the carborn #l0ms. They also contain two
or more hydroxyl groups. They arc the mostabundant organic biomolecules in nature.
Carbohydrates are organic compounds thatare 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 that is 2: 1. Bul now many
carbohydrates are known that contain hydrogen and oxvgen in different proportion.
Examples of carbohydrates are glucose, sucrose, starch, cellulose ete. Carbohydrates
are classificd into three groups, i.c. monosaccharides, oligosaccharides and

polysacchandes.

/O
\ Aldehyde group




Monosaccharides: (Mono =one; Saccharum = sugar) e

Monosaccharides arc simple sugars. They are not hydrolyzcd (hm Lfl 1t.Jhwn

dition of water) into more simple units. They e casily soluble m"wau,r." c);_

o . ste. They have empirical formula (CH ¢ J), containing lh‘c .s.;:ne ra 1ouo

sgen and Bxygen as in water, i.¢. 2:1, They contain cither aldehyde or keto g{roh p.
ve carbon backbone that may contain from three to seven carbon atpms: "cy

:s which end in—ose. Those with three carbon atoms are celled trioses, with
with five atoms-pentoses, and so on.

o)
- CH,0H fructose

\

. Fig: 2.4 Fructose containing keto group

. the simplest monosaccharides with three carbon atoms.

with aldehyde group. Ribose is a pentose. It also contains
s nic form. Glucose, fructose and galactose are
! @'o'n?ula (CH,.0,) but different structural

ea} fonnula but different structures are

e

fuctose is ketone. Therefore glucose,

o) I-IT’. D ” f




CH,OH
(0]
G 9,090 o A N
gg{g — NG oH
HO OH |
H H H OH
Glyceraldehydes Ribose Glucose
(Glycerin) (Pentose) (Hexose)
(Trios)

Fig: 2.5 Some examples of various types of Monosaccharides.

2.3.2 Oligosaccharides

Oligosaccharides are hydrolyzed " H
to form (break up) from two to ten H~C—OH C=0
simple monosacharide units. The

S -0 H(-0H CHOH
units or monomers are bonded ) G e
together by glycosidic bonds. The ! el B » /% .
oligosaccharides that are [H-¢ on o =3 on &
hydrolyzed into two simple units | #-¢ on H=C —om WO\ . om
are called disaccharides, those "-4' —on H=C—oH )
hydrolyzed into three units are | " it
trisacchrides and so on. Fructose Glucose Glucose
Disaccharides are the most S ) {fing form)
common oligosaccharides. Fig: 2.6 Isomerism and stereoisomerism in glucose.

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

I CH,0, CH,,0, C.H..0,
o o synihesis 0 O
K >| hydrolysis OO * HO
OH HO
glucose . fructosc AUCTORe . watcr

——
-

monosacchanide + monosaccharide  —— Casecharide ) ot

Fig: 2.7 Formation of disaccharides from monosaccharides monomers

e —
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Sucrose+ Water +Sucrase (enzyme ) —» Glucose + Fructose + Sucrase
The covalent bond that is formed between two monosaccharide units is called
slycosidic bond. Lactose is found in milk that contains galactose and glucose.

: Hydrolase
Lactose + Water ‘L—_’ Glucose + Galactose
N actase
fisaccharide found in fruits. It is composed of (w0 glucose units and is
digestive tract as a result of starch digestion.
Hydrolase

";',f + w!tcrmclucose + Glucose

harides are polymers of monosaccharide units (monomers). They are
 than ten monomers of glucose units. They are tasteless and are
xamples of polysaccharides are starch, glycogen, cellulose, chitin
des act as macromojecules (polymers) for the small carbohydrate
ants prepare glucose during photosynthesis, which is immediately
' starch. When plant needs glucose, starch is again converted into
tarch is stored in plant cells. Starch is a polymer made up of many glucose

s bonded together forming unbranched or branched chain. Glycogen is stored in
al cells. It is also a polymer made up of glucosec monomers forming extensively

~ Cellulosc is another polysaccharide, formed of unbranched chain of glucose
mits. It is the building material of green plant cell walls and is probably the most
sohydrate in nature. The bonds linking glucose units in a cellulose
;Wyﬁomsthandglycogen.Ccﬂuhscmfmtoampof

e .,hyaolyuccnummmmdiguﬁvesyuanmisenzynw

arc example of cellulose. Chitin is a polysaccharide. It is
such as crabs and insects. Itis also a polymer of

attached to each molecule. Like cellulose chitin

e

'5. =9 |

il d



Cellulose fibers

CH,OH H

Fig: 2.8 Cellulose is a polysaccharide, formed of unbranched

chain of glucose units.

Storage Molecules

Carbohydrates are stored in the cellsas re
27 % glucose. Honey contains large amounts o
polysaccharides such as starch and glycogen exc

use.

your inforieliiely

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.

almost all left-handed--our bodies can't manufacty
proteins out of the right-handed version. (The cell
walls of bacteria are one exception; they contain
right-handed amino acids.)

Amino acids, the building blocks of proteins, are

serve food. Grapes contain as much as
f glucose and fructose. Some of these
ess amount of food 1s stored for future



Structural Building Materials

Cellulose a complex carbohydrate is the major structural component of cell
walls of green plants. Similarly chitin another complex carbohydrate is the structural

of units (monomers) called amino acids. A large number of amino
[ these, only twenty different types of amino acids combine in
different sequence forming hundreds and thousands of different

Hydrogen
--Amino Ca |
H 4 'l‘ 'béiy
. [ B
H = \P
R
R-group
(variant)
~ Fig: 2.9 Structure of Amino Acid

03 el J e
- 8 4mino groups. Each amino acid has a
. Ther © four different groups attached to
oup, hydrogen of alpha carbon
ipha carbon

-----



Glycine

(Gly)
1
(¢
) -l 7
BN~ —c/
: PN
H 0
”“\'+ Lysine
7/ (Lys) ~
oy £ :
CH,
B
CH,
=&l
.‘N | . .
H 0
Phenylalanine
: » (Phe)
|
CH, 0
¢ L
HN= 5 =6
H O

Fig: 2.10 Different types of amino acids



H
womed wogether o make a protein The “\N—%
R

order of the sowno acuds determines H7 g H
w huch protem will be made. When two - R
amine acids are joined together, a Peptide group

dipeptide 1s formed. Fig: 2.11 Peptide bond between two amino

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

Haem molecule wit
st

—~‘




l'f an amino acid is not oc-cupyi!lg its specific position in a protein molecule it will
fail to pcrljurm is fllllc.ll()ll. For example if one out of 574 amino acids in &
haemoglobin molecule is not present in its specific position then haemoglobin
changes its normal globular shape and becomes sickle-shaped. As a result
disc-shaped red blood cells also become sickle-shaped. In sickle cell hncmoglobin
molecule glutamic acid is replaced by valine, Such type of haemoglobin cannot
perform its function and the person with sickle cell haemoglobin dies. The size O
protein molecule depends upon the number and kinds of total amino acids present:
in the molecule. '

Sickle cell anemia is a blood disorder that affects

heamoglobin. Sickle cell anemia occurs when a person i
inherits two abnormal genes (one from each parent) that 7
cause their RBCs to change shape. Instead of being
flexible and disc-shaped, these cells are more stff and .

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

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

sl_upc is similar 10 a crescent moon. Red blood cells .blm d cell Sickle Cell
with normal haemoglobin(hacmoglobin A, or HbA) move

easily through the bloodstream, delivering oxygen to all

the cells of the body. Normal RBCs are shaped like discs or doughnuts with the centers
ially "scooped out” and are soft and flexible. They can casily “squeeze® through even very
all blood vessel. :

2.4;2 Shape of Proteins

As regards the shape, proteins are classified into two types: fibrous
proteins and globular proteins

.a. Fibrous Proteins

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

b. Globular Proteins ’
Globular proteins, as the name indicates, are globular or spherical msbapé
due to folding of polypeptide chains. They are usuvally water-soluble. Examplesof 2>

__-—h .:&;&b-.a



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

243 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 protein into four different types. The primary structure is the sequence
of the amino acids joined together by peptide bonds. Sanger in 1951 was the first
person who determined the sequence of amino acids in insulin molecule. -

. A polypeptide chain having a linear sequence of amino acids is cﬁ
primary structure. When a polypeptide chain of amino acids become spirally
coiled, the structure is called a secondary structure of protein. When | :
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

P

a large sized molecule, it is called a quaternary Structure €. haemoglobin.

2.4.4 Functions of Proteins b g0

Proteins perform the most important functions in the life of livingorganism:
Proteins are the structural and building materials of cellular m«:mbramas}g;.l[eds
lipo-protein membrancs. 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
digested. Some hormones such as insulin are proteins which regulate biochemical
processes. Myosin and actin fibers play an important rplc in the con
muscles and movements. Haemoglobin is oxygen-carrying protein of red blood
form most structures such as skin, irs,

cells. In animals’ proteins .
hooves etc. In plants proteins are stored in most seeds for the future need

embryos e.g. bean, pulses, pea elc.

2.5 Lipids g e
Lipids are a group of different types of organic compc nds. They contar

carbon, hydrogen and oxygen. Other elements such as nitrogen am
may also{» present in lipids. Most lipids are no:}-polar and are inso
(bydropbobic) They are easily soluble in organic solvent such as.

ol etc. They usuall contain more carbon
1, alcohol etc. They Y o s are classified i



2.5.1 Acylglycerol

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

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

RCOOH H,C— OH H.C —o—-i——ﬂ
(o]
ccoon oy . —o—b g +3HO
s o
R*COOH HC—OH u,c—o—':l:—n"
F:‘:y":dd' Glycerol Triglyceride

Fig: 2.13 Formation of Triglyceride from tatty 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
carbon atoms (C=C). In such molecules the number of hydrogen is less than tvo
per carbon atom. Any more hydrogen can be added to these molecules.
Unsaturated fatty acids such as oleic acids are stored in plant seeds. Acylglycerol
with unsaturated fatty acids are usually liquid at room temperature.



The triglyceroids
have high caloric value | Ghee with saturated fatty acids is prepared from
and usually yield twice | yegetable 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. 4

m———

2.5.2 Phospholipids

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

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

253 Waxes

Waxes are formed by long chain fatty acid bonded to long chain alcohol. They
are solid at normal temperaturc 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
representutive example of the steroids. It plays a role as an essential component in
anumal cell membrases. Cholesterol is also a precursor of all steroid hormones
such an ahlosterone. wn hormones and vissmin D Aldosterone helps to regulate
the woadium .onmrut oA dha Bormones help 1o mamtain male and female




—

bh. Aldosterone

¢. Testasterone

Fig: 2.14 Some representative « wamples of the steroids.

2.5.5 Terpenoids
Terpenoids are lipi
lipid soluble and water inso
isoprenoid units. They join b
Wofcompounds such as rubber, caroten

CH,

ds that like the steroids do not contain fatty acids. They are
I'he terpenoids are formed of units called

juble substances
lensation and give rise to different

y the process of cone
onds, etc.

Fig: 215 AN prnnold units
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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 seeds 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
ipo-protein membranes. Lipids provide insulation to various organs and to the
bodies of ani.mals as a whole. Some hormones are lipids that regulate various
processes inside the bodies of plants and animals. Examples of plant hormones
are auxins, gibberellins, cytokinins while that of animal hormones are
 aldosterone, testosterone. '
216 Nucleic Acids
Nucleic acids are polynucleotide chain (polymers) formed by the linkages
of units called nucleotides. There are two types of nucleic acids i.e.
" soxyribonucleic acids (DNA) and ribonucleic acids (RNA). DNA is formed of
‘ xynbonucleouda while RNA is formed of ribonucleotides.

.1 Nucleotides

- In a typical nucleotide, the NH,
‘:'.. pgenous base is attached to carbon N C'Z
no. I of pentose sugar while phosphate BT =N
prou }uatnchedtocarbonNo 5 of the o O g\ LR
pentose sugar. The bond formed (|) N~ ~N#=
-’_‘ een phosphonc acids (H,PO)and | 1 Nitrogenous

..'; yl (OH) groups of pentose 2 ﬁ O-CH, o base
sugar is called ester linkage. In a

‘s* cleotide chain one phosphoric | . copare 1 H
‘-,-f:-w to the OH group of group
No 3 of pentose sugar while OH OH
P acid is attached to Sugar
of wbon No 5 of pentose Fig: 2,16 Skeleton of a nucleotide

es are classified into two main types, Pyrimidines and

‘ e ling ‘compounds while Punna are double ring
> furt qlmiﬁed into three types, i.e. Thymine,
._y;' ~inlotwotypeu.c.AdemncandGuaumc
1) e are mononucleotides dinucleotides

-.4



OH H
n. Deoxyribose

Phosphodiester
bond

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

mononucleotide is the adenosine tniphosphate OM
(ATP). It is a nucleotide with three phosphates b. Phosphodiester linkage
Adenine base linked to pentose sugar (nibose) OH

forms a structure called adenosine. When
adenosine is bonded to a single phosphate it will
form a nuclecotide called adenosine |

monophosphate. This reaction needs energy OH
¢. Phosphoric acid

O—P=—0H

Purines : Pyrimidines
H
T AR
L
H | Thymin
Adenine I
kel e
| Cytosine
VA
i e B
Guanine L ad of thymine (T). itis not
| part of DNA.

Fig: 2.17 Chemical structures




Adenine + Ribose (pentose sugar) — Adenine-Ribose (Adenosine)

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

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

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

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

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

~and P and almost 7 Kcal energy is produced.
ATP + H;O0 — > ADP + P + 7.0K Cal

\dcno Triphosphate Adenosine | [Diphosphate  Phosphate

D [— - | + @ -7Kal

= ATP I — ADP + (P)+ Energy
| i ' Fig: 2.18 Hydrolysis of ATP molecule.

s moleculesare produced during respiration when food molecules are broken
nto simpler substances and the stored chemical energy is released. This
used in the generation of ATP molecules.
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The adenine dinucleotide 1n

c‘.’mb'.““"o" with .d'ﬂcrem Nicotinamide is a vitamin called nicotinic acid
vitamins  form  important (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.

- — |

V[ Adenine P Adenine
| \ 3 / \ . /
\ p
P Nicotinic Acid " Nicotinic Acid
\S / "y » >

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
.fu their 1953 determination of the structure of deoxyribonucleic acid (DNA).
\ I 1o this model the DNA molecule is double helix. The double helix can
UOW as spiral stair case wound around a central axis. Watson and Crick
suggested that base pair always consists of purine pointing toward pyrimidines,




keeping the molecule diameter at a constant 2nm. The base pair are flat with a
distance of 0.34 nm between them.

' DNA contains pentose sugar as deoxyribose. It is formed of four different
types of nucleotides. These nucleotides are named after the base present in them
hey are: Adenine deoxyribonucleotide, Guanine deoxyribonucleotide, Thymine
goxyribonucleotide and Cytosine deoxyribonucleotide.

i'l'lme four types of nucleotides are used as building blocks of DNA molecule.
4_' icleotides in the DNA molecule are bonded to one another in such a manner that
ar of one nucleotide is linked to the phosphate group of the next one. In this way
f & nu 1eotxda form a linear molecule called a strand in which the backbone is made
up of's garaltcmanng with the phosphate group. The bases are projected to one side of
;f.,;,-.- tr: n : The sequence of the nucleotide in one type of DNA is constant while it is
different f; mothertypeofDNAmoleculc

Sugar (deoxyribose)

in opposue direction to each other
' n bonds between purine and
vmh ademnine in the
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There are two hydrogen bonds be
bonds between guanine and cytos
2. Ribonucleic Acid

::‘vcc ¢n adenine and thymine and three hydrogen

adenine ri i : : ; :
ribonu:lcolt)i(:izu';‘:,?ud? guanine ribonucleotide, cytosine ribonucleotide, uracil
3 nucleotides in the RNA molecule are linked in the same manner as

in the DNA molecule. RNA is a sin le : :
oceurs instead of the base thyiine gle polynucleotide strand. In RNA the base uracil

l.(:
v @
oo_g_o Yon n*o =
‘-
\
' 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.

c. Ribosomal RNA (rRNA)

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

N —



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) 1o pathogenic form,
W"“ Avery, Mcleod and McCarty provided experimental evidence to prove
that the virulence of Pnewmococcus, which is due to its outer surface. can be
transmitted through DNA 1o bacteria that have lost their virulence.

_ Hershey and Chase who Studied the life history of bacteriophages
. PfOVIdedfnnher conclusivc.cvidcncc. Bacteriophages consist of DNA enclosed in




LuU ., focu= A G
U [uue Pheluce QC_JU’ Tyr |UGU ICys u
Y Leu el AA StopUGA Stop A
__E%:M-GE%‘ G_Stopuce Trp | G
Fist | C [S05 [Leu SEC |pro|CAC™ IcGC || C
(5'end) — CA CGG.. G_| position
leé ACUT  |AAU [ 4gn/AGU T T U | (3'end)
| A Ay le [ACC Thr |1AACL AGC_ C
UA-1  |ACA |AAA | s [AGA™ ] org| A
AUG ACG~  laa AGG_ G
GUU™ GCuU™ GA Asp |GGU™] )
G GUC |y, |GCC |Ala |GAC_ GGC Gy | €
GUA GCA GAA 1~ IGGA A
J_loac |”"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 Tp=
Asp = aspartale His = histidine Phe = phenylalanine Tyr = tyrosine
Cys = cysteine lle = Isoleucine Pro = proline Val = valine
Fig: 2.23 Various combination of Genetie Codes

There is a lot of information stored in the DNA. If we had to write down all the
information in the DNA, it would make 900 volumes, each of 500 pages. All
this knowledge has been fitted into a tiny molecule that we cannot see with our
naked eye. Who has fitted all this information in DNA. Certainly this is the

work of supreme intelligence,He is Allah with His supreme intelligence,
limitless knowledge and eternal power, Who created the universe.




There are four nitrogenous bases involved in the formation of many codes;
adenine, guanine, thymine and cytosine. These four nitrogenous bases make
sufficient codes for the 20 different amino acids which synthesize a large number of
different protein molecules,

2.6.5 RNA as a carrier of genetic information
Three types of RNA molecules, mentioned earlier, are involved in the
ransfer of genetic information from DNA to synthesize proteins.This transfer of

netic information takes place in two steps:

! ~

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

'T is thc transfer of the genetic code from a mRNA toa sequence of
iminc  acids in a polypeptide.

-~

? ’-,_._-_ Molecules

njugated molecule is defined as a molecule that is formed by the
omb 2 two different molecules belonging to different categories. For
example when a carbohydrate molecule combines with protein, a conjugated
r.‘é‘f-'?-n -_; "“5,, Aglycopmlein is formed. Other examples are nucleoproteins,

i1 il
e D oy~toraat)
-

- - BN

otein are formed by the combination of lipids and proteins. Lipoproteins
: hmeworkofplasnamembnncmdallotheﬂypwof

WWMWQfmlmc acids with proteins. A
' 3 thui:fonnedhytheDNAmd



KEY POINTS

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

In higher plants inorganic compounds are obtained from the environm
and are used to make different organic compounds.

Water is one of the best solvents, regulate temperature of the body and has
high absorbing capacity to absorb different materials.

Condensation is a process in which large organic molecules are

synthesized and water molecules is removed.

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

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

Carbohydrates are generally the hydrated carbons which are composed of
carbon Jhydrogen and oxygen

Carbohydrates are classified into monosaccharides, oligosaccharides and
polysacchandes.

Starch is a common storage product in plants and glycogen in animals.
Cellulose is a common polysacchanides found in plants,

Carbohydrates provide energy, a building material of different body

structure and are storage molecules,
Proteins contain carbon, hydrogen, oxygen and nitrogen as four essential

ent

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 ¢ 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 carbon, hydrogen and oxygen and some
other elements particularly phosphorous and nitrogen and include animal

fats, vegetables oils, waxes, steroids etc,




e Vegetable oils and animals fat are called triglyecrides.

. ﬂ‘l\iy&olycuuumwhhmw.mdchnm bonded to one molecules of

» Fatty acid may be saturated or unsaturated.

e Lipids are important as storage molecules ,building material, insulators

A g:.l?inlbefudiseﬁonmdspeedingupofvimwviﬁu.

- nucleic acids are Deoxyribonucleic acid (DNA) and ribonuclei
- acids (RNA). (BN "

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

o, RNA) and transfer RNA (t RNA).

- Mmonwleoudecmyhnvesinglepboopbaﬂem.e g. Adenosine

(AMP), two phosphate groups .c .g . Adenosine diphosphate (ADP) and
; .‘ﬂnac M“’MNP ¢.g. Adenosine triphosphate (ATP).

- two nucleotides join together form polynucleotides

DNAandRNA. s RN

dmpmmhcmumﬂymnwm

s and lipoproteins.




EXERCISE 3

A.Mﬂlm SRwers for the follerw g
1. which of the following i & duc harige

, -y G]W ¢ Frocwose
2 W"’g’ of the following has the greatest number of glycossdic s *
;: : ucose C. Cellulose
nse d. Malose

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

b. cellulose d. protein
4. The kmds of amino acids which are involved in the synthesis of
proteins are :
a. 20 c. 40
b. 30 d. 50
5. Amino acids mainly differ from each other by the difference
their:
a. R —group ¢. amino group
b. carboxyl group d. alpha group
6. Keratin is a type of protein found in:
a. silk fiber c. blood cells
b. nails d. muscle cells
7. DNA is more or less present in all of the following EXCEFY
a. m ¢ nbosome
b. chro mes 4 mtochondnon
et s o ainted Do s o

8. Insaturated fatty acids more hydrogen &7
a mﬁzof single bonds between GaiRE A
b, Presence of double bonds bEr= SRS ERSES
Presence of triple bonds Per* =" v
nd between

Absence of bo




EXERCISE 3.

: ‘energy as compared
' lecules have the capacity to store double amount of en &. p
9. Lipid molecules h ‘ ) cause of high number of:
to same amount of carbohydrate b“m"b C-H bonds
a. C-Cbonds i .
N C-O bonds
¢. C-Nbonds d.

R *cules orient away from
10. The “tails”™ of the hydrocarbons in the phospholipids molecule X

: e way from water?
water. Which of the following describes the tail's movement a y
a. Polar b.

Adhesive
¢. Hydrophilic d. I-lydmpho?is
L1. Lactose is a dis:;ccharidc formed by the formation of a glycosidic bond betw een
glucose and :

a. glyucose
C. Sucrose

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

b. galactose
d. fructose
cal reaction between:

b. H,PO, and CH
¢. H,PO, and COOH d. H,PO, and OH
13. How many nitrogenous bases are involved in the formation genetic codes?
a2 b.3
c.4 d.s
B. Write short answers to the following questions,
L. Define the following:
(2) condensation
(b) hydrolysis

2. What are differe example ae
3. Compare the isomers and Stereoisomers of glucose. = sach,
4. Give the chemical nature of the glycosidic bond.

5. ;low _dchydmtion-synthcsis an

nd hydro| 1S reacti
. gofmacromolegule, polymers. & gons
6. Outline the Synthesis ap ‘

15 and
7. Evaluate the roe of sterg breakage

nt Kinds of carbohydrates? Give two

are used for the Making and

of peptide
e y F4T7 ,‘. wi*'

1
‘ y
1 SOme exampleg of gyt




C. Write detailed answers to the following questions. I..q

1. Explain how the properties of water make it important for life” ' Fi
2. Describe the properties and roles of disaccharides. - .
3. Classify proteins. List examples and roles of structural and functional proteins- oy

4. Describe the properties and roles of acylglycerol, terpenes and phospholipids- |
5. Define conjugated molecule and describe the roles of common conjugatcd molectlcs: i
6. Explain the double helical structure of DNA as proposed by the Watson and Crick-

Projects:

« Make amodel exhibiting the hydrogen bonding.

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

« Create a 3-Dimensional model of Watson - Crick Model of DNA.
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A\ Reaction Mechanism ubstra

Inany chemical reaction | | 5
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product (P): =\
enzyme NZyme-sut nzym product |
S~p mj
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le attached to the
nism can be

compiex, then the
‘hzyme, and finally the
shown as in the Fig 3.2. The enzyme is then

substrate is converted into product wh;j
product is released. This mecha
free to startagain.

ehzyme changes shape

| products .
shightly as substrate binds ‘

=

enzyme ‘products
p \'Ulnplcx

.

. - 1
R e

o LTS : — . OL &) VI
3 \
CER 2 Sequong LT T —



~ Thesubstrate molecule fits . he | ive sitc ofthc ensyvie oleCHE Moty

malock Once there, the enzyme ché : e R iy e

in thcnctiw site, and making it more likely to change ek L. pERe- S A
: ‘ an)me making

mm 1de the

i"-
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 their shape and making them functional. One can think of these cof "t
iy witch for activating an enzyme. If the cofactor is = non-prot=in ke 2
an" op-ofl” **

4 k) ion{i.c. Zine, COPPET, or iron) it is referred o as 2 prostheticgroup. Sone
A S are small organic molecules called coenzymes. Like enzymes they aré not
NZ mancatly altered in the reactions.
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Coenzymes are derived from vitamins and romerzls that age 4
i absence of these cofactors can lead 1o vitamin and rmineral
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Table 3.1 Enzyme Nomeénchature by Substrare
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____ Substrate l Enzyme
Lipid Lipase
Urea Urease
Maltose . Maltase
Ribonucleic Acid RNAase
(RNA)
ATP ATPase
Dextrose Dextrase
Protein Proteinase

4, Lyases

Lyases catalyze reactions in which groups (e.g. H.O, CO, and NH,) are removed
1o form a double bond or added to a double bond .Decarboxylases, deaminases and
synthases are examples of Lyases.

5. Isomerases

This is a heterogeneous group of enzymes which catalyze several types of
mtermolecular rearrangements. Epimerases and mutases are the examples.

P

6. Ligases
Ligases catalyze bond formation between two substrate molecule

s. The energy
for these reactions is always supplied by ATP hydrolysis.

3.5 Factorsthat Affect the Rate of Enzyme Reactions
Rate of enzyme reactions depend on the following factors.

A. Temperature
Enzymes works best at an optimum temperature, Enzymes present in mammals
works best at about 40°C. Animals present in different environments are adopted to range
‘of temperature. for example, enzymes of the arctic snow flea work at -10°C whereas in
thermophilic bacteria enzymes work at a temperature of 90°C.Upto the optimum
'm eraty  the rate increases geometrically with temperature (i.e. it's a curve, not a
ight lme),'l’hmtemmesbecause the enzyme and substrate molecules both have
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etic energy so collide more often and also because more. mo!?“”!ﬂi‘:; h"” E Gt
nt energy (o overcome the (greatly reduced) activation energy. Themmm“"_ H
mperatur c?ﬂ.bgqlmnﬁﬁedasaQ,;_IO,-which-isthemlative increase fOl"w?gﬂy' i

: ;f’*’{c. ' A\'.'.-



- I'he rate is pot zero at O°C, $0 ENZYMes still work in the refrigerator (and fodd'stil|
goes ofl), but they work slowly. EnZymes can even work in ice, though the rate 1s

extremely slow due to the very slow diffusion of cnzyme and substrate molecules through
the ice lattice ——— . RS - e
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reaction. At very high enzyme concentration the substrale concentration may become
rate-limiting, so the rate stops increasing. Normally enzymes are present in cells in

rather low concentrations.

). Substrate conce niration

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 Fig: 3.5 Effect of substrais
enzyme molecules, so adding more ot
substrate doesn't make much difference.

X= point of saturation

Rate of Reaction

increasing
concentration does
not affect reaction rate

Substrate concentration

concenti ation

E. 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 1o 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 s slower ¢.g the sulphonamide to an
antibacterial drugs which actas compeutwe inhibitors.

() Anon-competitive inhibitor molecule is quite different in structure from the -
substme tmlecnle ahd dtm not fit into the active site. Tt binds to another part of the

e molecule, changing the shape of the whole enzyme, including the active site.
nd substrate molemles,lnhnnm that bind weakly andeaf

v
\“ “. }u .

T el e e SRR




TTT————

The activity of some enzymes is controlled by cc.rlain nulvlcm.nlcs buul.mg 1o a
specific regulatory (or allosteric) Site On the enzyme, distinct lrn@ 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 it is
needed.

3.6 Feedback Inhibition

,.%«Another kind of inhibition is called feedback inhibition. In feedback
> here > is a second binding site on the enzyme where the inhibitor binds, so

Ty,

tor i m@gecmsudy similar in structure to the substrate. The absence or
'-." - at this second binding site activates or deactivates the

} Q:.\;‘

’gtlie conformation of the enzyme so that the active site is made

avallable or-un;avallable to the substrate. The inhibitor is usually the product of a
mactwn formed during the metabolic pathway.
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l- KEY POINTS

Enzymes are organic chemical substances produced by the living organisms o
speed upa 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 nhibitor 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 ofa particular substance in the cell is nhibited when that substance

has accumulated to a certain level, thereby balancing the amount provided |
with the amount needed.




EXERCISE 7

A. Cheose the correct answersin th(‘ following questions

L Which one enzyme catalyzes the oxidation-reduction reaction?
a. Oxygenases b. Transmethylases
c. Lyases d. Peptidases

2z Enzyme catalyzing reaxrangement of atomic groupings without altering
molecular weight or number of atoms is:

a. ligase b. isomerase
¢. oxidoreductase d. hydrolase
. 3 Eﬂz}'m%arepolymers of:
o 8 hexose sugar b. amino acids
bgss . fattyacids d. inorganic molecules

lici \one forms the raw material for coenzymes?

ins b. Carbohydrates
i S d. Metals
T tereactlon ifenzyme is added?
&ereeses b. Rateofreactionincrease

- C.INo€ "_f,‘ﬂwmofreacnon d. Reactionisreversed
6. Whatls mducedﬂtbypodlesw? i
'ﬁ.f. When enzyme change shape due to absence of siiﬁmate

A b.  When enzyme do not change shape due to absence gf s’ubsm
¢. ~ When enzyme change shape due to presence ef substrate

n enzyme do not change shape due to presence of substra
ot Sl me digest’ egg albumin into pepudes and amino a best in
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- a. Enzymes concentration 7 e Water °°ncéne"uz§'“° “tion

- b. Substrate concentration - d Temperature

The Optlmum pH value for pepsin toworkls- e
'.c b 4 5 1 s d. 1.5 - "__'1. -."

= B.Wﬁte short answers to the following questions.
w 1. Whatisacofactor? Give examples.
’” 2 What are metal activators? Give three examples.

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

5 -;, - 4. HowpH ofa cell affects the enzyme activity? 3 4
i =9 C‘ \i’ﬁfe detailed answers to the following questions. gt

1. Describe the characteristics of enzymes.
} 2. Explain the process of enzyme inhibition. M
~ enzymesinhibitors.
3. Writebriefly the mode of action of anenzyme g
S How do the enzyme and st
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ake a list of some cummm :
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 their shape and making them functional. One can think of these cof "t
iy witch for activating an enzyme. If the cofactor is = non-prot=in ke 2
an" op-ofl” **
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A S are small organic molecules called coenzymes. Like enzymes they aré not
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i absence of these cofactors can lead 1o vitamin and rmineral
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Table 3.1 Enzyme Nomeénchature by Substrare
. w:

____ Substrate l Enzyme
Lipid Lipase
Urea Urease
Maltose . Maltase
Ribonucleic Acid RNAase
(RNA)
ATP ATPase
Dextrose Dextrase
Protein Proteinase

4, Lyases

Lyases catalyze reactions in which groups (e.g. H.O, CO, and NH,) are removed
1o form a double bond or added to a double bond .Decarboxylases, deaminases and
synthases are examples of Lyases.

5. Isomerases

This is a heterogeneous group of enzymes which catalyze several types of
mtermolecular rearrangements. Epimerases and mutases are the examples.

P

6. Ligases
Ligases catalyze bond formation between two substrate molecule

s. The energy
for these reactions is always supplied by ATP hydrolysis.

3.5 Factorsthat Affect the Rate of Enzyme Reactions
Rate of enzyme reactions depend on the following factors.

A. Temperature
Enzymes works best at an optimum temperature, Enzymes present in mammals
works best at about 40°C. Animals present in different environments are adopted to range
‘of temperature. for example, enzymes of the arctic snow flea work at -10°C whereas in
thermophilic bacteria enzymes work at a temperature of 90°C.Upto the optimum
'm eraty  the rate increases geometrically with temperature (i.e. it's a curve, not a
ight lme),'l’hmtemmesbecause the enzyme and substrate molecules both have
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- I'he rate is pot zero at O°C, $0 ENZYMes still work in the refrigerator (and fodd'stil|
goes ofl), but they work slowly. EnZymes can even work in ice, though the rate 1s

extremely slow due to the very slow diffusion of cnzyme and substrate molecules through
the ice lattice ——— . RS - e
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reaction. At very high enzyme concentration the substrale concentration may become
rate-limiting, so the rate stops increasing. Normally enzymes are present in cells in

rather low concentrations.

). Substrate conce niration

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 Fig: 3.5 Effect of substrais
enzyme molecules, so adding more ot
substrate doesn't make much difference.

X= point of saturation

Rate of Reaction

increasing
concentration does
not affect reaction rate

Substrate concentration

concenti ation

E. 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 1o 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 s slower ¢.g the sulphonamide to an
antibacterial drugs which actas compeutwe inhibitors.

() Anon-competitive inhibitor molecule is quite different in structure from the -
substme tmlecnle ahd dtm not fit into the active site. Tt binds to another part of the

e molecule, changing the shape of the whole enzyme, including the active site.
nd substrate molemles,lnhnnm that bind weakly andeaf
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The activity of some enzymes is controlled by cc.rlain nulvlcm.nlcs buul.mg 1o a
specific regulatory (or allosteric) Site On the enzyme, distinct lrn@ 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 it is
needed.

3.6 Feedback Inhibition

,.%«Another kind of inhibition is called feedback inhibition. In feedback
> here > is a second binding site on the enzyme where the inhibitor binds, so

Ty,

tor i m@gecmsudy similar in structure to the substrate. The absence or
'-." - at this second binding site activates or deactivates the

} Q:.\;‘

’gtlie conformation of the enzyme so that the active site is made

avallable or-un;avallable to the substrate. The inhibitor is usually the product of a
mactwn formed during the metabolic pathway.
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l- KEY POINTS

Enzymes are organic chemical substances produced by the living organisms o
speed upa 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 nhibitor 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 ofa particular substance in the cell is nhibited when that substance

has accumulated to a certain level, thereby balancing the amount provided |
with the amount needed.




EXERCISE 7

A. Cheose the correct answersin th(‘ following questions

L Which one enzyme catalyzes the oxidation-reduction reaction?
a. Oxygenases b. Transmethylases
c. Lyases d. Peptidases

2z Enzyme catalyzing reaxrangement of atomic groupings without altering
molecular weight or number of atoms is:

a. ligase b. isomerase
¢. oxidoreductase d. hydrolase
. 3 Eﬂz}'m%arepolymers of:
o 8 hexose sugar b. amino acids
bgss . fattyacids d. inorganic molecules

lici \one forms the raw material for coenzymes?

ins b. Carbohydrates
i S d. Metals
T tereactlon ifenzyme is added?
&ereeses b. Rateofreactionincrease

- C.INo€ "_f,‘ﬂwmofreacnon d. Reactionisreversed
6. Whatls mducedﬂtbypodlesw? i
'ﬁ.f. When enzyme change shape due to absence of siiﬁmate

A b.  When enzyme do not change shape due to absence gf s’ubsm
¢. ~ When enzyme change shape due to presence ef substrate
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= B.Wﬁte short answers to the following questions.
w 1. Whatisacofactor? Give examples.
’” 2 What are metal activators? Give three examples.

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

5 -;, - 4. HowpH ofa cell affects the enzyme activity? 3 4
i =9 C‘ \i’ﬁfe detailed answers to the following questions. gt

1. Describe the characteristics of enzymes.
} 2. Explain the process of enzyme inhibition. M
~ enzymesinhibitors.
3. Writebriefly the mode of action of anenzyme g
S How do the enzyme and st

iy
ake a list of some cummm :







Introduction

photosynthesis and respiration. Bioenerse .

in biological systems. Metabolic process e il reactions
. » - 1 [ e : - a 2 A
of living organisms. These processes involv Lare CONCermed

with making or breaking of bonds in the molecules: Whet,i’('h"?“c"” bonds are broken
energy is released and when bonds are formed, eneltgy 15 stored. All living cellg yge
energy for performing functions. Sunlight is the matn SOUTCe of energy Maintaining
all life forms on the earth. But no organism can make usc dfr ectenergy of sunlight 4
source of energy for metabolism. All organisms use chemical energy stored in food
molecules such as carbohydrates, fats etc. Photosynthesis is carried out by green
plants which capture solar energy, transform it into chemical energy and is stored in
organic compounds.

4.1. Photosynthesis

Photosynthesis is the process in which green plants sy nthesize organic food
from carbon dioxide and water using energy of sunlight. CO,and water are used as
raw materials in the process for synthesis of organic food molecules. Chlorophylls
and other photosynthetic pigments capture energy of sunlight and convert it 10to
chemical energy. .

Photosynthesis acts as energy capturing and storing process. Encrg)i' of
sunlight is used in the fixation of carbon dioxide to a carbohydrate. Thisserves aslt(?od
not only for plants but for the entire life on the planet earth. Therefore all living
organisms, directly or indirectly depends on photosynthesis. Autotrophic organisms
which are the green plants are able to carry out photosyntht’-'SiS- Heterotrophncf
organisms cannot carry out photosynthesis and are unable to use direct energy ©
sunlight. They, therefore, are dependent for theirene oy requirement o greenplants
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Oves aH reae {ton nrlihtl(".‘y‘m% is:
Light)
hl'(?..L:“” : e “-".'(*.lj HEH.O
‘ (chiorophylh)

Photosynthertic 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
SR enetgy tqchat travels in the form of electromagnetic waves of different wavelengths,
- Ttalso acts as beam of particles of different frequencies called photons. Thereisa
~ widerange of waves for synthesis of organic food molecules (wavelengtbsomng
~ between gamma rays and radio rays). Energy content of photons is i ,
 proy ?bn;iltothewavelengths. Short wavelengths are more energetici.c. have high
y conten than long wave lengths. A portion of the solar radiation is called

mmsmvetoonly a small portion of this solar radiation i.¢. visible
s from about 390 nm to 760 nm in wavelength, Photosynthetic
b aporuonofthevmhlespecmm Wavelengths shorter

e. uavmletfadiaﬁonaremmenezggnc and are dangerous to

¢ molecules. W&?éiéﬁ‘gthslogga‘:thanvisiblc
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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 (sun).
Yo i Sura An naba, Aavah: 13
‘ “Blesged is He Who made constellations i the skies, and
; placed therein a Lamp and a Moop giving light;

Dl Surg Al-fus 'yan Aayah; 6

wavélcn_gﬂm are mostly reflected theref; hyll appears green The
oids which are called accessory pi mog;hrl;)lrio g‘t’lt):n £ visible spect
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'\ chlumplnst L‘t)llSiBw 0"‘ th('t‘-c cnlllpumnlw, An Oty Maost ""\'Clln.u

(.énvelup). grana (singular granum ) and """'"""' Hhe outer most co =g (envelop)

of the chloroplast is formed by @ double membrarc .\“m.“.w Hist gclanes th - e

' I stroma. A granum consists of many flattened fluid-filled membranous sacs o

=y d.:;w called thylakoids which form stacks and resemble a pile of coing. 11010 tre
many grana which are interconnected by lamellae called mntergrana. The grana are
visible under the hight microscope as grains, Chlorophy!l ‘“"" other pl otosynthetic
p‘ggneuts (cm'o(cn()ids) are present within the membranes of the Ihy]:ll-;()ld\. [hese

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 solunm} called
matrix where light independent reaction (dark reaction) of photosynthesis takes
ace.

4. Chlorophviis
Chlorophyll is a complex organic compound. It absorbs mainly blue and red

portion of sunlight. The green portion is mainly reflected therefore chlorophyll
appears green. There are many types of chlorophyll i.e. Chlorophyll a, b, ¢, d. e and
bacteriochlorophyll

- Photosynthetic prokaryotes lack
olasts but they do have unstacked.
nthetic membrances, which
like thylakoid membrane,
phyllis aftached to the thylakoid

R IIL ' mnner

PR iy B membrane

stroma ™

thylakoids

ok Fig:-t.Z(‘hloroplast

:%en la:;hs“n dantmdm"*“‘t umportant photosynthetic

e
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Chlorophyll molecule i$
composed of two parts, i.e. head and Fall.
The head contains a central magnesium
gtom 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 0 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 |
Chlorophyll “a” ( C,, H,, O, N, Mg) HC-CH,
Shlcorophyll “b”(Cy H,, O,N,Mg) (CHy),
srotenoids
They include carotenes and KE ok
xanthophylls. They are yellow, orange, (CH,),
redorbrown pigments, Carotenoids play Ht':'CH,
~ two important roles in plants. They | Hydrocarbon tail
~absorb light and transfer light energy to (CH,),

ot 9,1‘.39!9?53’11 “a”. Therefore, they are :
~ talled accessory pigments. Carotenoids /C\H
.~ Potect chlorophyll from intense light ‘
W j:jﬂfﬁbmoﬁdaﬁon by oxygen produced ch s
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;.;;.!{-f"':q‘_ > Ths' absorption spectrh ofMOfthcse chlorophyils are <o

mewhat different frony
g eachother. This s clear fmmlh#dlffefem peaks as sho:

Wi inthe followi ng fig4 4.

h b e Wavelength of light (nm)

Fig: 4.4 Absarption Spectra of Chlorophylls and Carotenalds

- The carotenoids absorb light between 430-470 nm of light spectrum and
transfer it to chlorophyll 'a' molecule. To measure the absorpuon 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
,,amoum of light that passes through the solution. The amount of light can be

'..- r

alated from the amount pm]ected on the solution and the amount of light
: vedat tfhe other end after passing through the spectrophotometer This gives the
sure u of the absorption spectrum of a particular pigment. Chlotopbyll “a”
¥ " v differe mabsotpnon spectraasshown above

s



Spectrum

(‘l:lmuphyll At)goy')l'n‘ll
of Visible Light

AN,

. gy
. )‘1.

. . .
B ot al i

450 200
Wavelength (nm)

4.1.5 f\'“’,'v“ ). 8 "
The carbon of CO. 1s fixed in organic compounds in photosy nthesis. Carbor

1S MOSt important component of organic compounds. Carbon -carbon chain formsh
. L

back bone of the long hydro-carbon molecule and makes a stable and symmetric
compound. Carbon makes bonds with oxygen linking the monosaccharide of
carbohydrates. It makes bonds with nitrogen linking amino acids of protein
molecules. Carbon dioxide is used as one of the raw material for photosynthesis. In
the absence of carbon dioxide the process of photosynthesis does not occur
4.1.6 Roleolfwates in photosynth

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

Earlier it was thought that the oxygen released n the process 91
Photosynthesis comes from CO,. In 1930, Van Neil hypothesized that plants spl¥
Waler to release oxygen as a by-product. The idea of Neil was supported by Hill In
1937 he observed that when 1solated chloroplasts were given light in Comg:;:
ssence of CO, and some hydrogen acceptor was present oxygen is rc}casc:ia o
:‘:?gfﬂ‘:it’:rrcczg gl:;‘lc::leil's hypothesis when first use of an iS‘O‘C’t‘;‘;::a‘g heavy”

: S made. Water and carbon dioxide con

"lysm Isotope O were prepared in the laboratory.
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jants tn one group were supplied With H.O containip,
aly common oxygen O [t.lnnts in |hc. second groyp
{ning cOmMINON OXygen () but with € f) containing
duced O" but the plants of second group

J
K

Experimental green p
0" and with CO, containing ©
were supplied with water conia
O". It was found that plants of first group Pro
did not. -
Groupl. CO" +2HO" —* CH,O
Groupll 0"+ 2H,0° —

CHO® + HO ol B
H.O )

4.2 N i tosynthesis , 40
l 1%23;:;133&0 photyosynthesis consists of two distinct stepg: one that
requires light is called light reaction and the other that does not require light called

dark reaction.

4.2.1 Light Reaction (Light dependent reaction) . $e o
Light reaction takes place in the granum of chloroplast. It is initiated when
photosynthetic pigments capture light energy. Photosynthetic pigments are
organized into clusters called photosystems. There are two photosysten}s Le.
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
acceptor

Reaction

. centre

. chlorophyll,
3 izabile
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Photosystem I absorbs light of 700 nm and 18 call?d £ )| Wh"rcas Phoy,
absnrb.; light of 680 nm and 1s called P680. The primary electygy, a%m;ayu% .
clectrons from the reaction center and then passes them on to 1, e, i, e

carriers. There are two possible pathways of the electrons in ¢, gy :fele"")n
photosynthesis. They are called non-cyclic electron transpory and Cycl: tiy, e
transport " Clectrgy |
a. Non Cyclic Electron Transport of Light Reaction

a This reaction starts when sunlight strikes the photosystem (P 63 0
absorbed by the chlorophyll molecules which loses its two electrons and becﬁme. Eu%] i
charged with a deficit of two electrons. * Positiye,

e  The lost high energy electrons arc captured by an electrop acceptor
Plastoquinione (PQ). o
s _From plastoquinone the electrons pass along a series of electron 'ranSport chgiy
which includes cytochrome 'b', cytochrome 'f' and plastocyanin molecules.
. Each molecule in the electron transport chain is alternately reduceqd when it gaing
electronand is oxidized when it losses electrons.
. When electrons are passed through clectron transport chain, they lose energy. This
energy isused in making ATP from ADP and inorganic phosphate using energy from sunlight
inaprocess called as photophosphorylation.
*  The electrons from plastocyanin are received by another photosystem called
- photosystem [ (P700).
L8t - 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 1. From FRS
 electrons are passed to oxidized NADP (Nicotinamide adenine dinucleotide phosphate). The
- reduced NADP receives hydrogen from waterand is converted into NADPH,
o q,, 'h ‘plmtosystem [T absorbs light, water molecule splits (photolysis) into OH and
ﬁa H. ions react to form some water again and release oxygen and electrons.
L 4HO ——— 4H+4(OH) |
B HOH) ———% H 0 +0, g g
from water molecules are accepted by posiively cwm"f'm“ S

......

.....



Splitting of water
releases oxygen

4.7 Nen Cyelic Electroa Tramspe

h. Cyclicelectron transpect

e Cyclicelectron transport involves only photosystem L. [t occurs mtars condinoss
if the activity of photosystem ITis blocked.

o When P 700 form of chlorophyll molecule in photosystem | absorbs bght 1 8
activated and it loses electrons, which are captured by ferrodoxin rRGUCEE
substance (FRS).

s From FRS the electrons fall back to P 700 chlorophyll molecule through a sens
of electron Carriers,

s ATPmoleculesare produced during cyclic electron flow.

o The electrons which are ejected from P 700 molecules are cycled back i 8%
above electron transport therefore the process is called cyclic electron :

o AP synthesie during this cyelic electron flow is called cyeli€
pbotopbosphorylntion. s 2 U 5
water and energy of sunlight are used in light reaction. The products of &

reactions arc ATP and NADPH. Both of these are transporte mg‘mmmﬂ

yse indark reaction. B







otion where ' i
fren re ADP ix converted into ATFP and

: ADP and NADP return back to '
o reduction prod ess fixed carbon is reduced

NADP is reduced into NADPH. !

carbon sugar molecule of PGAL.
1,0

PGA+ATP = NADPH o PGAL+ADP+ P+ NAD
)

e,

erated so as to continue the cycle. The
P v many alternatives. Out of every
cule leaves the cycle to be used by the

.
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“dark eactions complete. |
4.3 Respliration . 08 IYOCoNes wis.

Rexpiration in defined ag c,'uuclnlipn-rcdt“r:‘of;,:: e "”wn”;:'“;qm i

the lving cells during which organic food d‘membvc ehetgy i

loased Respiration ix of twa lypes 0. seroblc and a

A Aerobic vespieation (Cellulur Hesplration)
24 Aerobie re:pimnon needs free O, In aerobic respiration TEANE fong i
completely broken down nto €O, and H,0 and the stored CTIETRY I8 released The
overall equation of aerobic respiration for glucose breakdown can Be written as
Tollows:
CH,0, 4 PR —— O, 46HO+36ATYP

Glucose and oxXygen

are used and carbon dioxide and wa
Energy is released which i y

ler are produced

sed in the synthesis of ATP molecules, This 1S just the
opposite of photosynthesis where glucose and OXygen are produced and carbonp

raw materials,

‘dioxide and water are used as




47 .@.,elcm Encrgy stored in organic 2R 4
Juced. Why living cells do nor acquire direct
ecules? Why do they synthesize ATP? Tiis is
gluwbc 15 reieased i will Be oo o greas for
'»'dunl reactions. This will resu Bl heating up of the cells and als0 4 lasge amoun
£ will be wasted. ATP& tains theright amount of energy a4 vailable 1o the cel)
y furictions when it is broken dows into ADP and inorganic phosphate. Alf 1y ng
-~ cellstherefore use ATPmolwulei%fmgy R emant
. Glycolysis is the brcakdmofglw 8 6-C molecule, in two molecules of
‘ -,-v“c (3.C moleculc) and a net gain of two ATP molecules. It takes place in cytasol
_ “ plasm) and is common in both aerobic and anaerobic respirations. Glycolysis
e ‘_hotneed free oxygen.

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

R oo of b tio
ex and ATP molecules @

2

gy from the breakdown of fo

;,\, | ructose-6 Ph30phate reacts with another ATP molecule forming fmctose-l-é
3 ; hosphatc -




.m Fructose1, 6-diphosphate

= Glyceraldehyde 3-phosphate
Dihydroxyacetone (GP)
phosphate(DHAP)
2NAD

1 3 dlphosphoglyccrlc gcld
ZADP

Yy "3“{(’.!"'

¥y
-l" . 'O‘n \4 L




stoms are removed Som

" _ t0 2 molecule of NAD Sy

PGAL ace m’*ﬁk*‘ t the end of

‘ mpodtedmthemx Thisreactipn
E TS Themfm'm cules are 1.3

2PGA _——>m+2!1.0
. hl&mWMmMADP

Pyruvic acid .In this step phosphoenol pyruvate gives up 2 phosphate group o AD?
generating ATP and riself oxidizestopyravicacid.

p

ormmung an ATP and

2PEP-24DF ——» mm-vm

Mmleaﬂesgfpy“mtedpn@dgbmh& Simce me




o : R tlinks Glycolysis
_ This process is called linked reaction because it eKeebs oy

, +C0O, 421
& Acetyl group + CoA ———— Acetyl CoA
,',.‘ NAD+ 2" . NADH‘

2 Further oxidation of acetyl - CoA takes place In 8 cyclic manne, 1y Cycleis
~ called Krebs cycle.

i e Koeb's Cycle or Tricarboxylic Acid Cydtmi'l‘]’ o i .
. In first step of cycle, Acetyl CoA produoed - reactj
~ with pre existing oxalo acetic acid (4-C) in the presence of water mojecyje ., St
-~ citricacid (6-C). Co-A becomes free and is ready to react with another acetyl group,

AcetylCo. A+ oxaloacetate — Citrate+Co A
- » Citrate is converted to isocitrate

On combines

i Citratt —— [socitrate

- *® Iso-citrate is oxidized 1o “ketoglutarate (5-C). one carbon of isocitrate is oxidized
~ tocarbon dioxide and hydrogen is removed which is picked up by NAD reducing into
- NADH,.
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- W€ the inner membrane forms enfoldi . :
» Pmtub‘erance_s called cristae. The cristae are present in the inner chamber or

%s-.-ﬁ??‘.“sm"system are present on the cristae. A space is present between the outer and
~ 'MMermembrane called intermembrane space.
SR
{1’ 7275 (" Table No: 4.1Production of ATPs in respiratory chemical pathways.
R e e e e e R R~ (T AT
45 Pathway . CO::\:;"mc | ":I’: Seurceof ATP
Sb'“b;:i’ ' 2 To bagin ghvoal wsis requines the mput of o ATP from Secyiopless. |
phase R4 L = This s the activation cnergy neodad 30 start ths macton
off phase JATRR (4 ATP-2ATR)
: These moleenles are crested by ghyoonisin bt Sy asn enlly de }
: mmmhn.\nh&wbm&iﬂem“lwﬁ.
INADH.  Ja@® | i
(e This roqures them & enier 2 mitochondris. Aspansiccmsoms |
: ofganREy ‘dml\l’? mothes This s what canses e :
shifeseces i e Net vickd O 30 respsEnen ok '
Pyruvate 8 ' R

i- Smotic ATp Synthesis

ADP and inorganic phosphate in the electron

~ The . < :
transport »Sy;eyil’_lnﬂ:;s:s OF ATE: fr(t”:vcnt of chemical and osmotic processes is called
chemiosmptia ATPrough th?]%'t:é miosmotic theory of ATP synthesis suggests how
ATP fo fon s syuthesns..th the energy release in the electron transport system.
. 18 coupled with the je membrane. The outer membrane is smooth

Mitoch
while _t;;gdnaare surrounded by doub ng which are shelf-like projections or

‘milQChb'ndrial matrix that is filled with a gel-like substance. The carriers of electron

RO e AN




NADH

- o ol

Fiw - 4.11 Chemlosmotic ATY synthesis

ions diffuse down the inner membrane through electrochemical gradien!
ermembrane space into the matrix. The passage of hydrogen ions through
ane is coupled 1o ATP synthesis from ADP and inorganic phosphate
TP synthase complex. This process of ATP synthesis is called
wis because electrochemical and osmotic events are involved.

wpiration ol Proteins and Fats
s degrade mostly glucose to relcase encrgy. However cells can oxidize
. other food molecules such as proteins and fats to release €nergy.

n and ( Jucuse Metabolism
sing are broken down 10 amino acids, Amino group i
forming ammonia and the remaining molecule enters

s removed from 3

the Krebs cyglc.
fthe entering

o the Krebs cycle depends on the number of carbon atoms o |
. (at is used as energy source it is hydrolyzed into glyeeTs s e a
Glycerol ( 8 3-C compound) is converted o PGAL which cnle® 17 |

jon into the glycolytic pathway. Each fulty 86C/8 5y cxumpe
AR eyl groups whish eoter inio Keobe eyole. For SLCL
4 i o futty acid with 16 carbon atoms. ILBESEEEC yye pet |
timated that these cight acetyl grovh m
s of very large number of
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4‘3.3 Anaerobic Rcsplrldoll Tizg ‘without the utilization of OXygen is called
 The incomplete breakdown of &

_ anaerobic respiration. Anaembw

u'at10ﬂ (Fermentation) occurs in the absence
bmkdow" of organic food molecule and only a

vate formed in glycolysis has =
ﬁﬁ"ﬁ' thiafﬁs :: dl:wfdom availability of oxygen. If oxygen is
“available then pyruvic acids IS meletgly degradcd mt? CO, and water i
mitochondria i.e. acrobic respiration. If oxygen is not available then anaerobic
respiration continues and fermentation occurs. The process of fermentation consists
- oftwostepsi.e. glycolysm and the reduction of pyruvate into alcohol or to lactate.
Amerobnc respiration is of two types.

of oxygen. It involves incomplete !

‘& Lactic Acid Fermentation :
This form of fermentation occurs in muscle cells of human and in many

mlcrwrgamsms 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, anacrobic respiration yields
only 2 ATP molecules. Despite its low yield of ATP, anaerobic respiration has its
unportance because of rapid production of ATP (energy) when demanded.

A) Glucose+2ATP > Pyruvic acid + 4ATP

ZNADH 2NAD

Y. I

B 2ACHO) kj* 2(CH0,)




uvic acid, “'hlch
1 also 2

‘ °0n
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LA .‘z (C;H,0H) + A7p
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i A0

Ethyl Alcohol
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. “BOlogyne 3 ;A‘Af."'i""wnu'ation of the requirements for normal
the “Uoning If “.:ix_inc"ds W{. mﬁ Y t is present in less concentration than
Omizl:xm. the proe :;Q;c posii is affected and slows down.

Dark reces: shotosynthesis, normally CO, combines with RuBP
(ca"b(“‘.\’iatim) fo,.;i?;g:f mm The process occurs in the presence of an
! . edn pais e : lase (rubisco). This enzyme can act both
as Carboxyj bulose biphosphate carboxy
and Q. I

2S¢ and oxygenase. The reaction depends on the concentration of CO,
x th %
Photo

3t "o

€ co : }. is more, then rubisco combines with CO, and
Syng centration of CO, 18

15 proceeds normally. On the other hand if the concentration of O, is

THOTE, then rubisco combines with O, and photorespiration occurs. (Rubisco can act
S carboxylase as well as oxygenase).

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

Ieaf to the external environment also occurs through the stomata. In dry and hot

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

C4RNOL enter the leaf and O, cannot leave it. Dry and hot conditions are usually

~ @ccompanied by intense sunlight therefore light reaction occurs with maximum rate

Aresults in maximum use of CO, Since concentration of CO, lowers down in the
leafand photorespiration proceeds.

The following steps are involved in photorespiration:

i Oxygen combines with RuBP (present in stroma of chloroplast) and a

compound called Glycolate is produced.

RuBP + O,———— Glyeolate
W2, Glycolate is converted into glycine (simplest amino ac 1d) in the peroxisome.

' Glycolate ——— Glysine
3 Glycine is transported to mitochondria where it is converted into serine anda
molecule of CO, is produced. |

Glysine ———  Serine + Co,
4.4.1 Disadvantages of Photorespiration

ges 0 (Consequences
1. Photorespiration is just the reverse of phofosyntiacrs «.

. sl otosynthesis hampering the fixation of
CO,photosynthesis. g » |

Zmpzmwastesenergyanddm i

R MNP PR A S gmmeﬁleneedsoftheplant
C,Photosynthesis .~ .= .~ |
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Bmcnergcticq is the study of those processes by means of which living
Organisms store, use and release energy.

Pho“’synthesis is @ process in which the green plants
“onvert light energy into chemical form.

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

ATP s a key molecule of biological world which. is the main source
Ofenergy. A &
Photosynthesis has two sets of reactions. During light reactions ATP

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

‘ducts of lightreactions are used in the dark reactions,
=d light energy.

=

whic
'‘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

... ary days when stomats
o aaf excoeds that of CQ,







EXERCISE.

{0 ?\;33\“,\. i
3 eypaYolic cell the Krebs eyele oceurs in
M ¥tosel b, nucleus
o i\u‘:‘f”\w:‘?!‘w d mi(uvh“"d"i" S
. g g’”‘\”‘-“\‘Cl\\‘ll\h!;l the proton gl'udu‘nl(lcwlnps across the:
& Outer membrane b, innermembrane
TR Ay d. inter membrane space T
t<. Which of'the following generates more energy in acrobic respiration?
. Glucose v b. Triglyceride
=7 \“ Pr'\‘[\"l" d. Sucrose
(3.1 R0sphoenol pyruvate carboxylase is used in C4 Plants to ;
3. Fix CO. b. Fix O,
___ <. Reduce RuBp d. Reduce pyruvate molecule
YW1 ' s to the following questions

I. Define giycolysis.

2.  Whatis photorespiration?

3.  Whatdo youmean 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

* 5N

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 photorespiration and whatareits disadvantages?

. Write in detail the answers of the following questions.

A, ML PS T (N T q

Projects:

: the graphical interpretation of the wavelengths of light alone with the
Eei‘;zﬁggc abigrption by chlo.ro.phyll ‘a’and ‘b, e 8 5

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

. Dray the flow charts showing theevents of glycolysis and Krebs cycle, s

. Tilustrate the net energy output during glycolysis, oxidation of pyruvate and Krebs

cycle.
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gt :Iiruses are abundant in nature and can infect and parasitize all living
organisms from bacteria to mammals. They are considered to be very simple
biological entities composed of a small number of macromolecules produced by,
and thus derived from, the organism they infect. Viruses cause many d}seases of
international importance. Amongst the human viruses, smallpox, polio, influenza,
hepatitis, human immunodeficiency virus (HIV-AIDS), measles and the Seve{e
acute respiratory syndrome(SARS), coronavirus are particularly well known. “th €
antibiotics can be very effective against diseases caused by bacteria, these

: : : : rely on
treatments are ineffective against viruses and most control measures ); m
's own defense system.

vaccines or relief of the symptoms to encourage the body . .
Viruses also cause many important plant diseases and are responsible for hug
losses in crop production and quality in all parts of the world.

r.c‘ ) ) z SN
Litor Your Informalios ]

In just ten minutes, a virus may take over a cell, copy itself
hundreds of times, and kill the cell. Some viruses have a
calculated replication time of about 70 seconds. By comparison,
the fastest bacterial replicators only double their biomass every
20 minutes or so.

5.1 Status of viruses
Viruses lie on the border line between livi Vi i
\ Ol ng and non living things. Vi
are considered as living because viruses possess DNA orRNA. They havf the algtillsit:;

of reproduction. They can undergo mutati i
3 g 1on and genetic recombinat; y
possess the ability toinfect other living things and show irritability neeR and e

“yiteTate 1800z loneer bacteriologists |ike Louis Pasteur, Robert Koch
1 ’

However, causa] agents of some discasesy slscases of man and other organisms.

tobacco mosaic disease, The agentof this d?:Z]ed focm. One such discase was
€ase could be transmitted froman




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 bacteria cannot pass.

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

appeared as silvery crystals composed of many rod — shaped structures. 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

5.3 Classification of Viruses

Viruses can be broadly classified
based on morphology and the type of host
they infect. On the basis of morphology
there are three classes of viruses,
a. Spherical Virus. ¢. 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, f\nimals viruses: They are parasites of
ammals and human beings and causes
diseases in them. Common diseases in man

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

b. Plant viruses‘: These are parasite on
plants and cause diseases jn them,

¢. Bacteriophage (phage). This virus s
parasite only on bacteria. N

Bacteriophaoe
- Fig; 5.1 Different Shapes of Viruses




—
- 4
'

L . suw . \"‘F"”.{..“’
Structure of (he souie fepreses

5.4.\ Structure of Bacteriophage

tative Virgses

Bacteriophage (phage) are obligate intracellular parasites that multiply inside

bacteria by making use of the host biosynthetic

' ' al features of bact
many different sizes and shapes. The basic structural

as follows:

machinery. Bacteriophages have

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

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

3. Tail - Many but not all phages have tails
attached to the phage head. The tail is a hollow

tube through which the nucleic acid passes Fig; 5.2 Structure of Bacteriophage

structure.

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

In the more com

plex phages like T4 have a base plate and one or more tail
fibers attached to it. The

base plate and tail fi
the phage to the bacterial cell. Not all phages!

instances other structures are involved in at
bacterium.

5.4.2 TheStructureof HIV

HIV stands for Human Immunodeficienc
cannot grow or re

infect the human cells. Qut

( side of a human cell, H
particles; the surface of each

bers are involved in the attachment of
1ave base plates and tail fibers., In these
tachment of the phage particle to the

: y Virus. Like all viruses, HIV
produce on its own. In order to ma

ke new copies of itself it must

IV exists as roughly spherical
particle shows numerous spikes.
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g Tidbit )
An HIV particle is aro
diameter. That's about th
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Seventieth of the diame

und 100-150 billionths of
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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 known as
the viral envelop (or membrane). Projecting from this are around 72 little spikes,
which are formed from the proteins (gylcoprotein) 2p120 and gp41. Just below tljle
viral envelope is a layer called the matrix, which is made from the (matrix) protein

iy 2
N ; The proteins gpl120 and gp41 together muke up the spikes that project from
HIV particles, while p17 forms the matrix and p24 forms the core.
The viral core (or capsid) is usuaily gp 120

bullet-shaped and is made from the protein p24. e

Inside the core are three enzymes required for s e
HIV replication called reverse transcriptase, | ° pi7 —
integrase and protease. Also held within the core s
18 HIV's genetic material, which consists of two protease”™
ident‘ica\ strands of RNA HIV belongs to a m:\:::{:;; 3
special class of viruses called retroviruses. -

5.4.3 Structure of Flu Virus

Influenza is an RNA vi " Fig; 5.3 Human Immunodcﬁcicncy virus
Irus whic sot 3 . o
balls to long, spaghetti-like filamengs The ge exist in dlﬂere;nt Shapes from round

Neuraminjg
(slalidasg) o°

Fig. TPy,
R __ 9; 5.4 Structyre o
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3.9 Parasitic Nature 6f Viruses
5.5.1  Virus Evasion of lmmune Responses

Viruses have evolved many mechanisms by which they can tackle the
unmune 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 prptcins. Sointhis
way body immune system is unable to recognize them as foreign body.

® Many viruses produce mutants (antigenic variations) at rcgul.ar basis. And
vaccine developed to control the spread of one mutant virus be.comes
ineffective against the new mutant so controlling them is a continuous
challenge. Forexample influenza virus and HIV.

5.5.2 Virusand the Host

Viruses do not possess any life sustaining characteristics, and do not require
any nutrients. In fact, without proper host viruses lie dormant indefinitely. However,
viruses are specific to a certain kind of cell. They also have preferred ways of
entrance into their hosts. A virus' method of entry is very specialized, and it is one of
the main ways a virus is able to locate it's victims. Take, for example, a virus that

targets host cells located in the stomach. If a person inhaled such virug particles the
would not be harmed. On the other hand. if any virus molecules were i 54
the stomach, the hosts would immediat ly be infecte i s,
; caiately be mfected. Some viruges even require

cells to be in certain stages of life. These viruses mav efer acti T
cells that are younger. ypreleractively dividing cells or

Record the symptoms of flu in any individual, Make a list

of names of at least five viruses each in i
: : plants and animals
Specific for aspecific host, i

6 I- -~ '
s ¢ q, [ S v
¢ (PSS O N APT A 40 2 B T LTI A
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The virus that infects andbecome i
B g ' S parasite on the bacterium is called
Baclc.nophage. There are many strains of the phage but only one kind of pl::ge will

e}:}ﬂack only one straiq orone species of bacteria. There are two types of life cycles of
the phage namely lytic cycleand lysogenics cycle. ' |
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: s ap NA takes over the biosynthetic
the bacterial cell the phage D! . yn
i InSlSt? the host to synthesize its own DNA and protein molecule. The phage
macmr{?rzand increases in number. The daughter pi 1ages exert Pfess“tle r°e‘l‘ ““‘é Ctet}l
mu}{lpt} t;mcterium Thus the bacterial cell ruptures (lgsm ogc:;g :tr:m thceasir ek
wall 0 ' ew bacteria
. : ttack new :

es, which are now ready to attac e ic cycle of

i:\;%:tTe‘rb?: typag e of life cycle in which the bacterium cell bursts is called lytic cy

the phage.

Daughter cell with
prophage

Cell divisions

produce population
Bacterial ceaslonally, a proph of bacteria infected
e i s Prophage N\ with o
Chromosome eXits the bacteria) Prophage
s chromosome,
L,}:“_\ initiating a lytic cycle
’Q,;c YA Lo~

Lyme

LYSOGENIC
CYCLE CYCLE
» The bacterium feprody
The cell lyges, releasing phages Copying the Prophage ang
Lytic cycle  Lysogenic cycle transmitting it 1o daughter
Is induced or jg entered

Propt!age cells/

New Phage DNA and proteins
are synthesized and assembled
into phages
‘Ax Fig:5.5 Conversion of lytic and lysogenic cycle
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b.  Lysogeniccycle

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 1s separated
from the bacterial chromosomes and becomes re-activated to become virulent and
hence destroy the bacterial cell and starts the Iytic cycle again.

Gene of interest

Tes ap !-\ ST b« »
5.7.1).‘“!‘,& U‘i:ud‘(.zl_.l inphage Cy~ Phage DNA
in Genegic Engineering sl 7~ s
Isolated genes cannot i DNA
replicate themselves, a gene to be - " Gene is incorporated 3
cloned must be inserted into the into phage DNA '
DNA of suitable cloning vector s
like bacteriophages. Virus DNA & g:;‘;o —
molecule is used to transfer a DNA -4 (Recombinant DNA)
fragment from a test tube into a |
living cell. Cloning vectors are
capable of multiplying inside of Recombinant DNA
Iiving cells. /i7 enters bacterial cell
Phages can be used as cloning ~ /“:\_1
vectors to introduce recombinant n '/-"c,?,:fm"os":'m,
DNA into bacterial cells. Once - - 5
inside a cell, the recombinant DNA — alo:\ggewi::fg?lﬂlwed
may begin replication and new T S
hy & pHOBUC { (‘v()(? S, 6 i
phages, each containing the gene T 4 -J
of interest, are formed. The RN Nk sbiced
3 * ew a
bacterial cellular machinery ' b.ct.ﬁ;,.iiummm
8 : S D R TN g Y
ynthgsmes the vector system (39939352
proteins and DNA, but the PO Ve2Y% })
bacterium is destroyed when the Aoy e g
phages are released. Hundreds of phages and genes are produced
Each phage can infect another bacterial cell

Fig 5.6 Usage of bacteriophage in genctic engineerisf 1\




58 AIDSand EIV Infeetion

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 afecting the brain and central nervous system

The immune system is a network of cells, organs and proteins that work
together to defend and protect the body from potentially harmful, mfpctnous
microorganisms. The immune system also plays a critical ro]g in preventing th-e
development and spread of many types of cancgr.W}.xen 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 bod

¥, this virus is too strong for the helper T
cells and killer T cells. The virus then invades t

ell ' hese cells and starts to reproduce itself,
thereby not only killing the CD4 T cells, but also spreading to infect otherwise healthy
cells. The HIV virus cannot be destroyed and lives in the body undetected for months
oryears before any sign of illness appears,

Gradually, over many

binds, fuses {, ;
HIV RNA | O Immune system cells, releases its RNA
Viral DN gngecried to HIy : ot '

h 1S host DNA during reverse transcription.
ot OMosomg) DNA cell nucleys and is integrated into host cell
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Fig 5.7 Life cycle of HIV

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

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

5.8.2 Symptoms of HIV
The earliest symptoms include: fever. rash muscles a
: A ! ches and swollen lymph
:odes ax:d glands. However, for most people, the first symptoms of HIV will got ge
pparent. )
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Prevention d:
In general, to prevent viral hepatitis we sho.ul } N
« Follow good hygiene and avoid crowded, unhealthy living conditions,

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

* Washhands thoroughly after using the toilet and before eating. |
* Useantiseptic cleansers to clean toilet used by someone in the family who

develops hepatitis.

o ) ; -
Lro‘r (oyr lnfc)mh_nh)”J \

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

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

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

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

Coronaviruses (CoV) are a large family of viruses that cause illness
ranging from the common cold to more severe diseases such 5
Middle East Respiratory Syndrome (ME RS-CoV) and Severe e
Respiratory Syndrome (SARS-CoV), A novel coronavips (nCoV) is
a new strain that has not been previoys ly identified in hiithans Vo
estimates of the incubation period for COV] D-19 1
days, most commonly around five days,

Treatment

. o Oratory tests sh
sometimes necessary for hepatitis to be treated

the treatments available for the various hep
used to treat hepatitis A because i'sashort.t

oW liver damage, it's
- Here's a quick look at
CI¢ are no medications
£0€s away on its own.

in the hospity]

atitis viruses: Th

erm jp fcction that




itis C
edications. The treatment of hepat

S 1 C i h iS
M : - : whiC
rOVDrOVed S?O“}Ctuncs be treated usmi mtwo medications, only one of i
alit-ed for usgn!ﬁca““y with the U5 who have just bech ' . with the
Wo g 5C ae I children. In ghoscfor cample), combination lhc,raf;%’)o/ s
Peg n{gs IS the o dental "ccdle.‘mury(’i can eliminal¢ the virus in about JU~7e

Ple Nfecteq treatment of choice "

HSV, is an infection that causes
irus that can be transmitted from
types of the herpes simplex

known as
There are tWo

e _ .
Person to eTpes simplex virus 15 @ co
Virys, Person through direct contact.
and is generally responsible for cold

thand on the face.
generally responsible for

HSV-1; primarily causes oral herpes
Sores and fever blisters around the mou :
HSV-2: primarily causes genital herpes, and 1
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.
C. Polio

poliomyelitis (polio) is a highly infectious viral dise

ildren. It is caused by infection wi e
oung childre e on with the poliovirus s vi
Jirect person-t0-Person contact, by contact with illf!::Clcd rus. The virus spreads by
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Treatment
The goal of
ple with sev

course.Peo jreey
help. Treatments inclu

as bethanec '
reduce muscle pain and sp
spasms (narcotics are no

difficulty) and physical the

ealim
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seof cotton by acomples’;n ited by the whitefly Bemisia
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labac;, © similar symptoms in ¢!t
Sym
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ion in cotton appear within 2-3 weeks of
ction

The first g f infe ing of the
ymptoms of IICE downward cupping

in i
yoouc;lanon and are initially characte ward or
Bestleaves. This s followed by el of enations on the Veins, which

margins and swellin ing and formation
g, darkening and : .af-like structures.
frequently (depending on cultivar) develop into cup-shaped, leaf-like s
5.10 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
ene 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 sh
In o sheep and goats is af
¢mission of scrapie is mainly due to the unhygienic way of e 3ff(;]cte;ii1The
3 ng unnhealthy or

infected food
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below. .
tzfeld-Jacob Disease

It is a fatal degenerative
problems, behavioral changes, po0

-Scheinker -
- Gerstmann-Straussler Schel _ e e
il This disease is a rare genetic degenerative bra der. A commop

s oth resent as u :
symptom is a progressive loss of coordination that may p Nsteadiness of
gait, difficulty walking, dementia and clumsiness.

FFI: Fatal familial Insomnia . _
Itis a very rare sleep disorder. It affects the thalamus and its main symptom s
insomnia, speech problems and dementia.

Early symptoms incjyge m

. disorder. :
brain disord and visual disturbanceg *Mory

r coordination;

Alpers Syndrome

Alpers syndrome is a neurological disorder. It Symptoms include increased
muscle tone with exaggerated reflexes ( spasticity ), seizures , and dementia.
5.11 Viroids

suandedv;?;lliz alrc e\t'fnfmo_re simple than'vimses. They are small, circular, single-
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B-acteriophage (phage) are obligate intracc
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iving and
Viru been classified as both hiving
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D Itug Particle, also known as @ anlcl)]q,l s
. VOrRNA) enclosed ina protein she

Cd" . * ]
1
.

y a nuClCiC acid
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. iosyntl
"181de bacteria by making use of the hostbiosy is composed of many

All Phages contain a head structure Whlchde ‘ho tisad IS found the
©Opies of one or more different proteins. Insi

hucleic acid ( DNA or RNA). )

HIV be sto a snecial class of viruses called retroviruses o
elongs to a special class 0 o d neuraminidase

Infl e PA iene lutinin (HA) and ne

NHluenza is an RNA virus. Hemagg . fuenza virus and both

(NA) are stuck onto the lipid envelope of the influen s afhe 1igber

play a crucial role in the infection of the epithelial ce

respiratory tract. .

Viruses have evolved many ways of evading the immune system.

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.

The lytic cycle is a five-stage cycle which consists of attachment
penetration, replication, assembly and lysis.
Phages can be used as cloning Vectors to intr: a0 ~
el oduce recombinant DNA
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EXERCISE ?

y Choose ¢ he following questions.
L. he correct answerin the _
">CTies bacer; be recognized by its:
2, inegularit::(;phage o b. rounded shape
4 . d. rhomboidal shape

2, © tadpole shape

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

C.envelope d. tail fibres

Which of the following is not associated with prions?

a. Neurodegenerative disease b. Leaf curl disease

4 C. Toxic proteins d. Alper's syndrome
: Which statement is true of viroids?

a. They are single-stranded RNA particles.

b. They are sin gle-stranded DNA particles

¢. They reproduce only outside of the cell.

d. They belong to begomovirus.

=) Which one of the following enzymes is present in the bacteriophage?
a. Succinic dehydrogenase b. Lysozyme
c. Protease d. Urease
6. An infectious RNA particle without protein coat:
a. viroid b. virion
c. virusoid d. prion
7. Which body system is most directly concerned with vaccination?
a. Digestive b. Circulatory
c. Respiratory d. Immune
8. Tobacco mosaic virus is:
a. spherical shaped b. cuboidal
¢. rod shaped d. oval shaped
9. Whichoneofthe following is a disease caused by viroids?
a. Creutzfeld-Jacob Disenge b. G :
c. Fatal familial [ngqr.: - Gerstmann-Straussler-Scheinker
Omnig d. cadang- cadang di
g- cadang disease

B. Write short answers to the following questions

L Give a brief statug Of Viruseg in classification

h
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Write detailed answers to the following ques
C. . e inside a host cell protected from the
1. Explain how a virus manages to survi |

immune system? | | |
2. Describe the role of bacteriophage in genetic c.n gineering. N
3 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.
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Outline the moﬁg@po‘siﬁon of prokaryotes in terms of ¢ I?L
archaea and bac;;_;;:i 2 an&:; m’té’rms of kingdom monera.
Explain the phyk;ggneﬁcﬁ:posi't_ion of prokaryotes.
List the unifying archeal features that distinguish them from bacteria
Explain that most Archaca inhabit '
Justify the occurrence ofbacteriain
List the diagnostic features of the major groups 0 fbacteria.

Justify why cyanobacteria are considered as the most promine

photosynthetic bacteria.
ailed structurerandxchemical com

extreme environments.
the widestrange ofhabitats.

-

671
position of bacterial cell
R

e

Describe det
wall and other coverings.

Compare cell wall differences in Gram-positive and Gram-@ {

hacteria. | e
. Ak 2 : : : L |
Explain the great diversity of shapes and sizes found in bacteria. =8

Justify the endospore formation in bacteria to withstand unfavorable

conditions:

Explain motility in bacteria.
Dcscr ib
pescribe genomic organization of bacteria.

Classify bacteria on the basis of methods of obtaining cnerg:
carborn. ; ' B
pescrib® aut? ophicand heer otrophic nutrition in bacteria: :
Erplail ?"ﬁf i °°mp0'8ition-ﬁ"CYmobacteﬁ& s

.
,").-

e structure of bacterial flagellum. 8 ¢
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« Explain how mutation

bacterial reproduction.

. ' ture.
« Describe bacteriaas recyclers ofna . t
| cconomic importance of bacteria,

= Qutlinetheecological and e
» Explainthe use of bacteriain researchand technology.

1 » Describe important bacterial diseases in man. e.g. cholera, typhoig,
tuberculosis, and pneumonia; emphasizing their symptoms, causative -
bacteria, treatments, and preventative measures.

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

ecombinations lend Va’iability . tﬂ

.
s

b 9
.
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» Definethe term normal flora.

* List the important bacteria that make the normal bacterial flora residing
in the oral cavity, respiratory and urinogenital tracts and large intestine
P ooy of man.
Describe the benefits of th i
. ! € bacterial flopy of humans.
* List the chemical and ph

bacteria. ysical methosg used to control harmful

e
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below certain level. Extreme thermophiles thrive 1 very hot environments. Some of

these organisms live in sulphur-rich volcanic springs as hot as 90°C where most
other organisms do not survive because their DNA cannot maintain its double
helical structure and many proteins denature at this temperature. Some extreme
the.rmophiles are found forming dense communities in boiling water]21°C abovean
active v:;c;:m 150 feet below the surface of Pacific Ocean at Macdonald Seamount
ethano [ve in stri i i :
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6.1 Taxonomy of Croaryolts o on of Whittaker, all prokaryotes are
In five kingdonl system of classificalion 2 are distributed in four other .'
Placed in kingdom monera, whereas eukaryotes

: : ? : imalia.
kingdoms viz, protista, plantae, fungi and anima : - i
Prokaryotes cannot easily be classified simply on the basis of their forms.

Sufficient information on their biochemical and metabolic. char.actcnstlcs has been
gathered which helped in developing a satisfactory classification of prokaryotes. f
These characteristics are mode of nutrition, motility, form and method of division. |

otes.
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6.8 Dactorial Dloraef Fluans

The assemblage of microorganisms that constantly and consistently inhabit

. : . 5
the human body is called human flora. They include bacte:a,th fungi and fj\tl;‘o:

' ' re known to perform tasks that are use
oreanisms. Some of these organisms a . e
thg human body, while most of them produce no known beneﬁgxal g;rhnmonnal
effects. The microorganisms which are expected to be present an Lrl:in e
circumstances do not cause disease are considered as member of the no

6.8.1 Benefits of normal Bacterial flora

{. Normal flora synthesizes and excretes vitamins in excess O
These vitamins are absorbed as nutrients by the human body. tos G B
2. It prevents colonization of pathogens by competing for attachment $ ibits the
essential nutrients. In this way the normal flora of the hgman orga.mshm it o Be
growth of pathogenic bacteria through competitive exclusion. This is thoug

the most important beneficial effect of normal bacterial flora. )

2 Norma{)ﬂora of bacteria may antagonize other bacteria thropgh p}'oductxon qf
substances which inhibit or kill non-indigenous bacteria. The intestinal bacteria
produce many substances which inhibit orkill other bacteria. o )

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

f their own needs.

Table: 6.1 Bacterial flora of humans

Body Part Human flora

Oral cavity Streptococcl and lactobacilli.

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

Respiratory tract

Urinogenital tract Streptococci, corynebacteria and lactobacilli.
4. Large intestine Helicobacter sp., Bifidobacteria, Bacteroides
sp.. Lactic acid bacteria, Clostridia and
Methanogens.
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Fig: 6.11 Bacterial soft rot Fig: 6.12 Bacterial gall

4. Bacterial gails .
Crown gall is caused by a soil-inhabiting bacterium, Agrobacterium
tumefaciens, 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
pestcontrolas they may serve as the carrier of the bacteria.

.
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L. Bacterial leaf spots

This disease is caused by Pseudomonas E el T gy
SPp. and Xanthomonas spp. Its host includes ¥ 4 - j
Chrysanthemum, Delphinium, Heuchera, ! o % T _ ’
Hypericum etc. Disease Symptoms include ! 1 ‘;_Oa-.:gf‘ ', ' &;
water-soaked lesions on foliage that darken R ALY g o
with age. Lesions may be bordered by the Jeaf f‘ RiRssmad, oy N gy ’
venation. Bacteria on the plant surface are ' ‘ ’z\ o ) 4
easily spread to nearby plants by splashing # '../." ; ) #
water from rain and irrigation. Most fungicides | - 9 o= _....W-J

are not effective against bacteria
based products are h
populations of surfa
bacterial pathogens.

. Copper- ) ‘
elpful in limiting Fig: 6.9 Bacterial Leaf spots
ce-borne populations of

2. Bacterial wilt

Bacterial wily (BW) is vet another plant disease caused by Ralstonia
solanacearum that affects pepper, tomato and eggplant. At the early stages of
disease, the first visible symptoms of bacteri- |

~ . — e e, o T4
wilt are usually seen on the [oliage of plants, ’ ": L ') £/ ’.W
These Symptoms consist of wilting of the ,k Wl B
youngest leaves at the ends ofthe branches. E "4",'""",’?".» ‘% s
Another common Symptom that can be ' ;,“f“ LY é }
associated with bacterial wilt in the field is 4, ; y._“-’ MR ' l‘g .
Stunting of plants. Preyentive measures of 3 o »N i

F IR i
: ¥ :
disease are: destroying the infected plants -
5 . - " $ 0 ! . 4 =
Immediately, crop rotation, control of W ey wag s & o e
Ne€matodes and use of disinfected farm tools. .

3. Bacterial soft rot

Its, tubers, stems
eria degrade pectate
re to Cventually faq)
affect vegetables such

as potato, carrot, tomato, cucurbits (e.g., » melong Squash Pumpking)
> )

and crucifergyg Crops (e.g., cabbage, cauliflower)
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1. Cholera

Ch.olera is caused by Vibrio cholera, a curved Gram-negative bacterium. It
enters the intestinal tract from contaminated water and food. Bacteria secrete a to:;in
that. stimulates the loss of fluid. Massive diarrhea is associated with cholera
Antibiotic such as tetracycline may be used to kill bacteria. In severely deh drateci
cases oral rehydrated solution (ORS) is given to restore the normal balance o);' water
and salts. The most important preventive measures include sanitation, personal

hygiene and care in food preparation. Immunization against the disease gives
protection for about six months.

2. Typhoid fever

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

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

3. Tuberculosis (TB) -

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

4. Pneumonia

Pneumon.ia refers to a microbial disease of bronchial tubes and lungs. It is
caused by 'baCtena, viruses and fungi. Over 80 percent of bacterial cases are due to
Strepm}‘;Z;f“:i Pneumoniae. The patient with pneumonia experience high fever,
fsharphcc alveila'::’gfﬁculty in breathing and rust- coloured sputum. The blood seeps
into! Softhe lungs and the lung tissues gradually deteriorate. Thedrug

. neumonia patient =
jventop Patient jg penicillin wi . ) d
W . in with te ; henicol use
for people hoareallergjc ¢, penicillin tracycline and chloramp



6.5 Importance of Lacteria
i. Inresearch tcchnology .
Bacteria are used in biotechnology. For example, Escherichia coliare used In
gene cloning. Agrobacteriym tumefaciens is used in producing transgenic plants
such as Golden Rice which prevents blindness. Golden Rice contains beta-carotene,
a precursor of vitamin A needed for normal vision. Bacteria are modified by genetic
engineering to produce vitamins, antibiotics, hormones and other products.
Humulin, human insulin is produced by using recombinant DNA technology. It also
helps in producing disease resistant crop plants.
ii. Asnutrientrecyclers -
Saprophytic bacteria are decomposers. They break down organic
compounds like proteins and carbohydrates into simpler compound like CO, Wh"_’h
"1s released in the atmosphere for recycling. It is fixed by green plants In
photosynthesis. Other nutrients released in the process enter the soil and become
available to plants. Bacteria can decompose the dead remains of plants and animals.
Because of their cleaning action they are called the scavengers of planet earth. In
sewage treatment, the bacteria bring about the break down of organic compounds
and convert them into harmless ions such as nitrates and sulphates.

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

symbiotic nitrogen fixation in the roots of leguminous plants. Herbivorous mammals
cannot break down cellulose. Bacteria live in their guts and help in the digestion of
cellulose by breaking it down. The relationship is called commensalisms. Soil
bacteria decompose the organic matter and make the soil fertile. Bacteria als(; l

importantrole in nitrogen, phosphorus, sulphurand carbon cycles. piay

iv. Otheruses ofbacteria _
Bacteria are used in the preparation of diary products such as

and yoghurt. They are involved in the preparation of antihiag;
acids and proteins. Bacteria are employed in retting of ﬁbertslg:?(;];sék‘.'
1

v. Spoilageoffood
Bacteria spoil the food items. Foods with hi

decomposed by bacteria. Eggs, fish and cooked food a
bacterial action.
6.6 Eacterial Discases in Tumans
A rcla.tively small number of bacteria are the ¢
of human beings. These discases are ransmitted lallSeo Many sery 2
through wounds or cracks in the skin.Some of the d; Hiroug air : gty sy
1S€a5es cayged Water, food and

discussed below.
Y the bacteria are HIED
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Fig: 6.8 Bacterial conjugation and recombination
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enab 210 syntl:esr.ze blol{n (a vitamin) and amino acid methionine. The oth adiin
uoul ot syn!t] tesize amino  acids theronine and leucine. The four ch ox mutant
ccscn gl for the grOWﬂ} of bacteria. The two mutants were mi A S
c;mmon rr:ﬁgll:;lslackmgfm all the four compounds. None ofl":}?d we cutaed i
Cc : nce o = . . : ¢ ce
in essential chemicals, but to the ore oels Would have
great astonishment of

w1l
gro -hers hundreds of coloni -
earc nies of bacteria dev :
res s has occurred betwe eveloped. This
en two suggests that ex
change

- gl i ;
of & d which did not requir

e : € the fi : w -
foﬂ";e b electron microscope V. recombinants were
ma¢ gation tube between the pa

u
coﬂ]




'. o sacterophage
v . Host bacte cell
"on (:o’not cell) } \
erlol \

. rransduc -
i sBactcrial recombination by ,o;,m’
h 0
trangduction was ﬁr§t feported. by | g
ederber® and Zinder in 1952. A piece
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called bacteriophage. Thephage |, .
hes itself to the surface of the donor DNA |
(wansductng phage)

attac '

pacterial cell called donor bacterium

and injects its DNA into the cell. The m . Cam
phdﬂoﬂhoﬂncmm
phage DNA and

directs the formation of

viral DNA | >
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DNA of donor bacterium may become | Periemtreteni BN
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prophag?. Many Phages a.re Transduced cell ‘

assembled in the bacterial cell which

hursts and a crop of phages 18 released O ;‘22?:;,2&"’.,.0
wmpleting a lytic cycle. Phages izl W
which cause lysis are called virulent Wy abcoipEan

phages. _ Fig: 6.7 Transduction in bacteria
Newly formed phage now attacks a new bacterium, inserts its DNA into the
bacterium which is now called recipient bacterium. The lysogenic life cycle starts.
The phage is called temperate phage. The recipient bacterium at this stage contains
| $TCC types of DNA i.e DNA of its own, DNA of donor bacterium and DN A of phage.
- “owrecipient cell's chromosome becores a combination of DNA derived fromboth

;h;g:::;ial cells i.c the recipient and the dopor cells. With the division of recipient
g all three types of DNA also replicate. In some daughter bacteria, som¢
Wy i onor DNA a!so express themselves donor and recipient bacteria. In this
i geneic material of donor bacterium is carried to the recipient through®
i ?phage completing the process of transduction.
°"J(l;gation
onjugation is a recombination ' b T :
i process in whi o3
S;e:(;:tm and the donor cell transfers DNA to tﬁ: lrlevcl?gl bacteria ;;menllx:]to
Eichey.: one way. The process was studied in 1946 1 piont tt, D% in
iacoli, y Lederberg and Tatu®
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In 1928 Fredrich Griffith, an German microbiologist, injected live R-type

cel] into the body of a heal thy mouse, the mouse remained alive and showed no

symptoms of pneumonia. Then S-type live cells were injected into the body of
another Mouse, the mous;a suffered from pneumonia and died. Heat-killed S-type
Cells wera injected into the body of a healthy mouse, the mouse remained alive.

it the virulent S siroin

Methog

Living §
Strain

Injeciion‘

- y
g g
Mouse dies Mouse Healthy Mouse Healthy Mouse dies
Resulls living § strain cells  No baclerial cells No bacterial cells Living § sirains cells
found in heart found In heart found in heart found in heart

Fig: 6.6 Experiment showing transformation principie in bacteria

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

what happened next puzzled Griffth and his associates. A mixture of heat killed S -
e and live R_-typc was injected into the body of a healthy mouse, the mouse died
zgm pneumonia. The autopsy revealed the presence of many living S-type cells in
i dead body of the mouse. He concluded that the head-killed S-type cells released
S substances which changed some of the R-type non-virulent cells into S-type

 ulent cells. The live R-type non-virulent bacteria were transformed into live S-
vi virulent bacteria,

type Later Avery and hijs ¢q.
<forming substance ag DNA. 1
Uan-m ent of DNAis releaseq by do

ir?egplaces a similar piece of DNA.
i

worker in 1944 isolated and identified the
tis now known that during transforming a small
nor bacteria and it is taken by the recipient where
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vutation and genetic recombination

; . ProkarseMe

in bacteria Chromoscme
. o Plasma

The genetic variation in bacteria membrane

: . 5 . " Cell wall
is aclneved either by mutation or genetic Duplication of

recombination. Mutation is a major S
source of variation in bacteria but
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 genetic diversity leads to fast
evolution. Genetically better individuals

qrvive and reproduce more prolifically
than less fit individuals.

Fig: 6.5 Asexual reproduction in Bacteria

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

In bacterial recombination the cells do not fuse and only a portion of DNA
tom the donor cell is transferred to the recipient cell. A fragment of the recipient
DNAisreplaced by donor DNA.

¢ b.Sexuul reprodnciion

In bacteria, sexual reproduction occurs by genetic recombination which is a
primitive type of sexual reproduction. In genetic recombination, DNA from two
fiifferent sources combine. The cells do not fuse, only a piece of DNA of donor cell is
mserted in the recipient cell. In recipient cell, the DNA portion of the donor cell
orients itself in such a way that the homologous genes come close to one another. A
ffaglpcnt of the DNA of the recipient is knocked off and DNA of donor is integrated
'\:; It. The recipient cell is now called a recombinant cell. There are three methods of
L Trif'l.zlf;ccom!nlnatlon i e transformation, transduction and conjugation.
, rmation
e e g

: strain are capsulated from smo®

Olonies and ;
oy 1 are called S-types. The non-virulent strain i )
theolonies and i called R-type- n is non-capsulated, form*
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Fig: 6.4 Growth curve for bacterial population

log phase because the bacterial production attains such

the tissues. Later on, the growth slows down because of
is called as stationary phase. Later the p

a high level which damages '
the shortage of nutrients and

umber of dying cells exceeds the number of

new cells formed. The population decj; '
Ines and it is c: s l3 .
phase occurs because of the exhaustio called decline phase. The decline

g n of nutrients and the accumulation of toxic
6.4.8 Reproduction in bacteriy
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Another type of relationship is commensalism in which one partner js
- qefitted While.th.e other is neither benefitted nor harmed. Rhizobium radiciolg
jevelops @ symbiotic association with roots of leguminous plants. It forms nodules
on the T00LS; fix atmospheric nitrogen and supply nitrogenous compounds to the g

jant and gets food and shelter in return from the plant. ‘

. 44.6Compar ison of Photosynthesis in Bacteria and Cyanobacteria

\ The process of photosynthesis in photoautotrophic bacteria is different from

anobacteria. In photosynthetic bacteria, oxygen is not released as by product
whereas the cyanobacteria release oxygen during photosynthesié. 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 II. In [
hacteria cyclic electrons flow is the sole means of generating ATP and NADPH both. !
Bacteria possess bacteriochlorophyll “a” whereas the pigment complex in /
cyanobacteria consists of chlorophyll “a”, phycocyanin, allophycocyanin and i
phycoerythrin. ’
64.7Growth 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 i
s affected by temperature, availability of nutrients, pH and ionic concentration. !
Under favorable conditions, a bacterium divides after every 20 minutes.
The number of cells doubles at the end of each division. It is called
eponential growth and the interval between two successive divisions is called :

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

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

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

Wironment.

N

(bt )

_ The generation time for Escherichia coli is 20“@11

| the division goes unchecked, after 36 hours there woul
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These bacteria are unable to prepare their own food. These 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.
¥ Saprophytic bacteria
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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 protected by thick layers of
peptidoglycan. When the external environment is
favourable the protective layers break down and the
spore is released which acts as 2 vegetative cell.
Endospore formation is not a reproductive process
as a vegetative cell formg g single endospore which
later on produces one vegetative cell,

Fig: 6.3 Structure of Endospore

A_Tidbit ) Eyree—

. Live spores have been recovered from the intesiiné§ of
Egyptian mummies. Archaeologists found the endopores alive from
iS I8 years old sediments of Minnesota's Elk Lake, 7 J

6.4.5 Mode of nutrition in bacteria

Bacteria, like other organisms, require food for growth and other vital
activities. They need carbon and energy for their nutrition. Bacteria are divided into
two groups on the basis of their nutritional approach i.e. autotrophs and

heterotrophs.

a.Autotrophic bacteria
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. N |
The autotrophic bacteria are further divided into two groups namely
Photoautotrophs and chemoautotrophs.

5 l'lmimmiuiu!:!zs :
Photoautotrophic bacteria possess chlorophyll and can manufacture their

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

Ce]] Membrane in cytoplasm.




b. Bacil)j (singular bacillus) ., Most rods occurs singly but some form pairs
. s n g . . . .
- Bacilli are rod-shaped bactfs orming (?hams art.: knqwn as streptobac1.lh:
Sn] are called diplobacilli, ot!lc y Clostridium tetani causing tetanus are bacilli
aimonella typhi causing typhoid

. (‘ /

Coccobacilli (oval)

Streptobacilli

Staphylo-(cluster)

Mycobacteria Spirochete (spiral) Streptomyces

Fig: 6.2 Different shapes of bacteria

¢.Spirilla (singular: spirillym)

They are corkscrew-ghy ed bac
at the ends. Spirilla never form ¢
complete twist, look like com
6.4.4 Endospores
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o , eMain 1. Uce :
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g Ribo;?:;; mes 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.

h. Genomic organization

The genome of bacteria is different from a eukarvotic genome and possesses
less DNA. It consists of a single circular ¢
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antibiotics.

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

in motility. Flagella are anchored in 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
associated with ‘;‘_‘l’ ClY]‘OP}:as'g";] membrane and cell wall; a short curved hook and a
3 ent. The hook andthe filament are d :
helical filame G made up ofa protein called i
The ﬂ.agclla fnay“var} n number and placemen A monotri ﬂagell}n.
sses a single flagellum. Alophotrich g, Organism | ¢ hctons bacterium
{a inserted atone pole of the ce]l 4 Amphitrich lgs a group of two or more
us 8 :
acterium is characterized

flagella inserted at

oups of > teng

|a are dispersed ""‘hccm"csurfaceofl;i th; el In peritrichoys bacterium
Cell. S

as atrichious. D0 .
d me bacterjg lack flagellaand

ell

by Er
flage]
are ca“C

i
d' Pi" Pl”' are small ﬁlamemouS ap
) R T} » l 3 . pen
al cell. They play no pyp, .- “FMX .dage.s SCattereq

acter! of : Mot
%wy arcl:::f ?: o f:;)::l:;lca” pi“ir:hg il are Smal]a" over the surface of
' l[]t e t l‘la to att .
~ a
fansfer ch to various

8enetic material from

——

- -



1o lack cell walls,

aknown

d on organj

Ve s ol evolved fe P 8anic myy in |
g, Cyamobacier™ ted that the first € aterial s€CMS 0 CIVerge the attepy: ¢
T s spCC“:“ (;hort'lge of organic ﬂ}: miﬂOTganic SOUKCes: The €vol et
ment. But 1he v energy 110 : “tlonof
towards getting the ag +ure COETEY from sun]nghta}nd 10 torej,
Je to cap like cyanobacterig took up th:'n
S

I1s made it possible t0 ”
acter .

roducing b the evolution of Jify , L,

d the atmosphere and the o¢ i abou;

p N [

environme?
(hescorgamsms
ioment in the ce
hemical bonds. The oxygen-p
,caqk, Cyanobacteria play impor .
b.otosymhetic activity gradually oxygen

o billion years ago. - B
‘“°b'”;°" : the chinuing of great transit10n that ché,lnged the conditions i
nly. ed from 1% to the current IGVel szl%

as rais

manently. The level of oxygen was 1 ; ; :
{’:’im the increase of oxygen, the amount of 0zone also increased in the upper lanErs
of the atmosphere. The thick layer of ozone acted as a screen protecting the proteing

and nucleic acids from destruction by ultraviolet radiation from sun. It encouraged
" theother autotrophs to appear and survive on earth. Some members of this group like

Nostoc are involved the fixation of atmospheric nitrogen.

tant role in

64.2 Structure of bacteria

a.Capsule

Many species of bacteria possess a tight protective covering around the cell
cal.lcd capsule. It is a very sticky, gelatinous structure made up of polysaccharides
;na prot?ins. These bfactcria are called capsulateq bacteria. The " );de revents
¢hydration of bacteria] cell. A capsule which is . b
“mmonly called glycocalyx.

b. Cell way
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9 Counival of | inenlil Cacteria
o ('(;\.-llhé’:xéh the disease producing nature of bacteria becorpe known 100
years after their discovery largely because of the research of Louis Pasteur and
Robert Koch, however the early civilization used some crude tef:hmques spch as
salting, smoking, picking, drying and exposure of food and clothing to sunlight to

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

chemical methods.
a. Physicad ineihod
. 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 ete. 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
vaccines, enzymes, antibiotics etc. :

iii. Low temperature treatment
Refrigeration at temperature 0°C to 7°C reduces activities of microbes: they
cannotreproduce or produce toxins. It is called bacteriostatic effect.

iv. Desiccation
Water is extracted from the contaminated material. In the absence of water.

bacteria cannot grow or reproduce.
V. Osmotic pressure treatment
The high concentration of salt or sugar in food increase its osmotic pressure

and creates a hypertonic environment which helps in controlling the growth of

microbes.
vi. Radiation
Three types of radiation i.e ionizing radiation, ultraviolet light and

microwave radiation are used to kill microbes,

1



EXERCISE §

A. Choose the correct answer for the following

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

questions.

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

a. Halophiles

c. Halophytes d. Phytoplanktons

1a?
owing subgroup of pm.tcobactena ?
b. Delta-proteobactcna‘

3. Rhizobium belongs to which of the foll
d. Epsilon protcobactena

a. Alpha-proteobacteria
¢. Gamma- proteobacteria

4. The first organisms that oxygenated the atmosphere were:
hototrophic organisms

a. cyanobacteria b.p

c. anaerobic organisms d. saprophytes

ome which makes it different from the

One of the feature of prokaryotic gen

5.
eukaryotic genome is:
a. itis madeup of DNAoN ly
b. itis madeup of RNA only
c. itis made up of Jarger ribosome
d. itis madeup of smaller ribosomes
6. Organisms most likely t0 be found in extreme environments are:
a. fungi b. algae
c. viruses d. archaca
i Péptidoglycan is a characteristic of the walls of:
a. cukaryoticcells b. bacterial prokaryotic cells
c. archaean prokaryotic cells d. bacterial and archaean prokaryotic cells.
8. The lipopolysaccharidc layer (LPS)isa characteristic of the wall of :
b. Gram-negative bacteria

a. archacan cells : {
¢. bacterial prokaryotic cells  d.eukaryoticcells

- | e
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10.

11.

e

EXZERCISE ?

An extra-chromosomal DNA ring in bacteria is called

a. Nucleoid b. Plasmid

c. Pili d. Mesosome

In photoautotrophic bacteria the source of hydrogen in photosynthesis is
a. H,O b. H.S
c. H0, d. H,SO,

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

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

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

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

Write answers of the following questions.

Givean account of the structure of a bacterium.

Discuss various methods of sexual reproduction of a bacteria.
Df:scribc the mode of nutrition in bacteria.

Give anaccount of bacterial diseases of plants.

i[t):;crlb; the normal flora of some important organs of humans and also discuss
» Denefits
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kﬂ;lli)‘lih]bl'()ti%t“ as a diverse group of euk: ﬁ;} haﬂ ;
: [ ly CUC ori O f, ir
£roups, gin and defined only brexé“limh from other

Describe the salient fe
¢ atures with bxam;ales of protozoa, algae,
myxomycotaand oomycotaatfthe maIOr groups of protists. -

Justify how protists are importam for humans.

. List lhe_ c}\asaemnsﬁgs that distinguish fungi from other aroups
andg’w re. _nmﬂyfungn are classifiedina separate kingdom.

, .,-3’3‘1‘,
gl mto 7y;_41mycota ascomycota and basidiomycota

yg.ast as unicellular fungi lh‘ll are used for baking and
E and are also becoming very important for genetlc

Explain the mutualism established in' mycorrl
associations. <%
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Introduction

Protists zrz the simplest eukaryotes.. Protists are not animals, plang'or"'

fungi. The protist kingdom is sometimes called the “trash can” kingdom. It inchides
all eukaryotes that don't fit in one of the other three eukaryote kingdoms: Animalia,
Plantae, or Fungi. The protist kingdom is very diverse. There are thought to be
between 60.000 and 200.000 protist species. Many have yet to be identified.
Protists range from single-celled amocbas 1o multicellular seaweed. Protists may
be similar 10 znimals, 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 mos! imporiant organisms, both in terrps 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 zre unicellular but some are multi-cellular or colonial.
Mazny have mitochondria although some never possessed any while some have later
lost them. It is thought that ancestral prokaryotic cells, which then became
mitochondria in the eukaryotic cells. The process is called endosymbiosis. Many
protisis 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 to have 4 polyphyletic origin. Some groups are probably placed together more
for convenience than as a reflection of close kinship. But the genome analysis,
added o other criteria, enables usio postulate some groupings., .
 Profista can be categorized into three main groups: o
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Kine jasticls

| hese protists move ln llwlll}_lhtll \Vhlp like ﬂdgcua‘Mmgtx

[1ve in the bodies Hln”l(lnl;}.n)l‘wnh hc couldharmthen' > g,

celationship or at other times they are mut""‘

lnp.mn omes 18 4 pn.mlg which wacauscof mmy
25

by termite. Trichonymph lnvcs n lhc digestive tract of ter!mtes
‘enzymethat helps in the d1 gestion of wood. :

; _Then‘ organ of locomotion are pseudopodia
ch are temporary protoplasmic outgrowths.
i These are also used for engulfing food articles.
Sarcodines are mostly free-living, found in fresh
water, sea water and on damp soil. One of the familiar
&i ocba [t 1s soﬁ shapeless masses of
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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
emerge from the liver
and start producing more merozoites within these cells.
g the merozoites which again enter other
s showing the symptoms of malaria
sea. vomiting and severe headache.

divide forming large number of merozoites. Merozoites
invade red blood cells
infected red blood cells burst releasin
blood cells. The host at this stage start

1ding chill and fever accompanied by nay

'/ Ookinites
~a ," Zygote

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
0zoites 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.
illates
- Ciliates protozoan develop a number of cilia during a part or whole of the life
;Thgywmﬁafor;ocomonon and driving food. Cilia are usually arranged in
itudinal rows or in spirals around the cell. Ciliates possess cellular organelles

Gametes .

perform 'ﬁflgcﬁoﬁS*Similar to the organs of multicellular organisms.

5 ..
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\Il ciliates have two different types of nuclei within the ccll§. le?all
micronuclel and larger macronuclei. Macronuclei are essential fort.he p}'1.y.'slologlcal
fum tion whereas micronuclei are needed only for sexual reproduction.Ciliates form
vacuoles foringesting food and regulating water balance. Paramecium, a well know
ciliate, sweeps the food into its gullet, from there it passes it into the vac'uole where
enzyme and hydrochloric acid help in digestion. The digested material is absorbt?d
into the body and the vacuole emplties its waste material into the anal pore located in
the pellicle. The waste material then leaves the cell by exocytosis.

Food vacuole
Contractile vacuole

Micronucleus
B : Macronucleus
Pellicle N @™

Cilia

Cytostome

Cytoplasm =~

Fig: 7.5 Ciliates a. Paramecium

b. Balantidum coli.

~ Paramecium reproduces asexually by transverse fission. [t also undergoes a

gation. Most ciliates live in freshwater or
amsms. However, Balantidum coli inhabits

b. Plantlike Portists : S
Plant like protists are divided into the
1. Dinoflagellates e

Dinoflagellates are unicellul

following important groups:
possessing chlorophyll a and ¢ in addition 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 laterally,
_ The two flagella beat in two grooves, one encircling
" 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
I as cartenoids, resemble those of dinoflagellates. The shells of fossil
1 form thick deposits on the ocean floor which is called diatomaceous
sused in water filters, paints and nail polishes. Most diatoms reproduce
<ual reproduction is not common.

Fig: 7.7 Diatom Gallery

({5

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

«¢ of food for fish, bird and other marine animals. Some genera of

s=ngth of about 100 meters. They are attached to the rocks on ocean

root-like structure called holdfast.
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A accewory viement calle
rhe reddish colour of the algae 15 due to red accessory prEAieait ; "‘i
g vil. But red algae ¢o no
~vthrin which masks the green colour of chlorophyll. But red ‘f‘b";’ e 4
erythrnn whic b « denending upon the type an
ws appear red. Some cxhibit different colours depending upon ine type

F ol hetic piements oresent in their chloroplasts. The red algae play
amount of photosynthetic pigments present 1n their chlorop 2

: : . Ance olne-like substances such as
a major role in the formation of coral reefs and produce glue-like substanc
agar and carrageenan that make economically important.

orophyta - s
(fhlofophyta include both unicellular and multicellular 1<,~rI-T'1.'~:.- M-?,Dt'foir?;
are aquatic but some live on moist places on land. Tfm._-;.' '~h(>j.=.' manfﬂr>xmléand_e>
land plants; they store food as starch, cell wall is made up of ccl.luluac an p;bhsess
similar chloroplast structure containing chlorophylls u_md b. it is because of these
similarities that chlorophyta are considered ancestors of plants.

/

f Pyrenoid

Niucleus

Spiral
Chloroplast
Vegetative
cell

Fig: 7.8 a. Yolvox b. Spirogyra filament

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

freshwater. Each cell of spirogyra contains one or more spiral chloroplasts. Asexual

reproduction occurs through zoospores. Sexual reproduction is conjugation.

¢. Fungus like Protists

Main groups of this category of protests are given below.
1. Plasmodial sime molds (Myxomycota) =~ = =

Slime mold takes many forms. The mOStcommon foring 6ﬁ turfimemble
small purple or black ball attached to a blade of gmss"l'}lmdllynoumblec;eamy'
white, yellow-orange, purple, or gray jelly-like mass simﬂm(fbﬁthé-lawm g




The colonies of slime mold living on logs and bark mulch can be strikingly
11 yellow, Orange ot red. At one stage of their life cycle, they form a mass
color’V Pl;;smodium which grows in size but does not become multicellular and
' ° | single mass of cy_toplasm which is not divided by plasma membrane. It
emains hany diploid nuclei.
This “supercell” (plasmodium) is the product of mitotic nuclear divisions
. are not followed by cytokinesis.
whic The cytoplasm 1n 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 digesting food particles. bacteria
and yeasts by phagocytosis. When the food or moisture exhausts, the plasmodium
10ps growing, moves to a new area and produces fruit bodies containing spores.
\feiosis occurs 1n flagellate gametes. The gametes fuse in pairs and form a new
plasmodium by mitosis.
). Oomycota (water molds)

All the members of oomycota are either parasites or saprophytes. They are
fistinguished from other protists by their zoospores which bear two unequal flagella,
me pointed forward and the other backward. Because of some similanties,
nmycota were previously placed with fungi, but there exist many differences
wtween the two groups. In oomycota cell wall is made up of cellulose whereas it is of
chitin in fungi. Although oomycota descended from plastid bearing ancestors, yet
lhey 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
m the foundation for food chains, produce the oxygen we breathe and play
"portant role in nutrient recycling. Some protists are harmful but many more are
: f’lcf'{c:al. Many are economically useful as well. As many more of these unique
mea_msms are discovered. humans will certainly enjoy the new uses and benefits
sta proyide. :

fm g 128¢ are the protista which play the most beneficial role for humans. Many
foog foe basis of food chain which drives the wheel of life on ear?h. They prepare
ey T Organisms through photosynthesis. It has been estimated that upto
plankton?r of world's photosynthesis is performed by algae and its associates. The
jority 6fpla5_'"a major role in photosynthesis in aquatic ecosystem. The vast

Planktonsn the ocean consistof variousroiss:
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Protista are also responsible for i
decomposing the organic matter and recycling |
the nutrients. Euglena is used to treat sewage
because of its ability to switch from an
;m[o(rophic o a hc(cmlmphic mode Ofnutriti()n.
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 malarla,amoeﬁfc
dysentery, Affican sleeping sickness and giardiasis in humans. Phytophthorg
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. < 3T
Some protists have medicinal and industrial uses. Carrageenan, a glue-like
substance from algae is used to produce a thicknening agent in ice cream, p g
and dairy products. Chemicals from algae are used to manufacture waxes,
and lubricants. Other chemicals made from protists are utilized in medicine

the treatment of ulcers, hypertension and arthritis.Many species of red

- consumed as food in some countries. Red al gacarerich in vitamins and miner

eukaryotes, while plants are autotrophic. It is maj
fungiare placed in their own kingdom fungi,

e Ungi are generally saprophytes mportant d
Trestrial ecosystem. Many fungi are also kno as para ni



Armillavig ostoyae
(Honey Mushroom)
World's largest Organism

7.2.1 (Jcnm'zal(’Imracim'isticxni"l"un;:i

l. Fungiare heterotrophic
Fungi obtain their food by secreting di
they absorb the organic molecul

2.

gestive enzyme into substrates. Then
esreleased by the enzymatic action.
Fungi have several cell types
Multicellular fungi are filamentous and the fj
slender structures called hypha
hyphae are arranged in complex
3. Chitin cell wall : = :
The cell walls of fungi are made up of chitin, a nitro
polysaccharide, which is more resistant to decomposition than cellul
4. Nuclear mitosis

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

gen containing
ose,

Mitosis in fungi is different from that in plants and an

imals. The nuclear
envelope does not break and reform. Mitosis oceurs n nucleus with nuclear
membrane intact.

1.2.2° Classes of Fungi and their Diagnostic Features

4. Zygomycota

¢ members of the class are all terrestrial. They possess coenocytic hyphae.

‘aying organic material. Zygomycota are chan:actcrized by the
:fg s::tf:lygaﬁrcs called zygospores formed by the mating hyphae. Both

They live
Ormation

*®Xual and asexually produced sopores are dispersed by air.
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Some members of the class are responsible for the rotting of bread, peaches
strawberries and sweet potato during storage:; other live as parasites or symbionts of
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 t0 macroscopic.
Asci are produced in ascopcarps. Most of the ascomycota also reproduce asexually
by means of conidia, produced in chains at the end of a conidiophores.

‘Some of the ascomycota parasitize crops and ornamental plants causing
powdery mildew.

Certain members of the class are extremely
beneficial. Many ascomycota are the decomposers of
plant material. More than 40% live with green algae and

cyanobacteria in beneficial symbiotic associations

forming lichens. Some form mycorrihizae with roots of

higher plants. Penicillin, the wonder drug, is obtained

from a fangus called pencillium. Yeast is useful for both
“ba 'rexsand brewers.

¢. Basidiomycota Fig: 7.10 Pencillium
Basidiomycota not only include mushrooms, —~a
puffballs and shelf fungi but also important pathogen like rusts and smuts. Theyare
also known as club fungi because of their club-shaped basidia. The 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 mycelium. el
' It consists of dikaryotic cells in which each cell possesses two'»hap;lge
nuclei. When the mycelium becomes more complex and gives rise to fruit bod
(basidiocarps), it is called tertiary mycelium. Club-shaped basi dia. ave arrand
inside a fruit body called basidiocarp. Karyogamy occurs in basidium whi
followed by meiosis forming four haploid nuclei which are incorp

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

gexual re
phase by various methods.
2.3 Importance of Fungi
Fungiin pharmaceutical industry

Fungi have been used medicinally since ancient times. Ergotamine obtained
from claviceps purpurea is used to facilitate delivery of babies and also used to
cclieve migraine headache. Pencillin, the first discovered antibiotic is produced by
pencillium 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 effectiy ely against fungal
infections of hair, nails, skin, athlete's foot and ringworm.

production involves the conyersion of monokaryotoc phase to dikaryotic

It is obtained from a species of Pencillium. Broad spectrum antibiotic
cyclosporine used as a immunosuppressant drug in organ transplantation is also a

fungal product.

2. Fungiin food industry
Veast 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.

}. Fungi used in research projects
Yeasts are mostly used in the

increasing generation time and increa

In soft drink industry aSpergiIlus sp. i8

used to produce citric acid for colas.

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

4. Edible fungi

Mushroom I8 considered
popular food throughout the world.
Mushroom pizzas are famous for their
taste. The peculiar flavor and taste of
certain types of cheese come from the
fungi used in the processing. The
ascocarp of Morchella esculanta (a
morel) and Tuber melanosporum (2
truffle) are highly prized for their
complex flavor.

Fig: 7.11 Mushrooms
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ili | t is also used
Ectomycorrhizae of some plant families are also cd}blg.BY\c(izas S-abioy about:ssg
hutritional supplement because it contains high levels o tam
SIS RIS l - .
percent of yeast is protem.

‘ungi develop many symbiotic associations with other organisms lichens
the examples of this relationship.

‘=ben. a flungus develops a symbiotic association with an alga in which

“ie= > e photosynthetic partner. It is an excellent example of glumahsm in wh#;h
both the partners are benefited. Most of the visible body of the lichen consnstsfo its
fungal partner. Interspersed with the hyphae of the fungus, there are found

Cyanobacteria, green algae or sometimes both. Specialized fungal hyphae penctrate
the cell walls of algal partner and transfer nutrients directly to ﬁmgus Blologlcal'
signals sent out by fungus direct its algal partner to produce metabolic substances
that it does not produce when growing independent of fungus.Lichens are anWn 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.

TR
7.1 Lichens are ¢o amon 'Aﬁﬁimﬁ'onﬁrmu.ua
rack surfuce has a variety of lichéns growing together aud adjacent
with one another, R ik | % B
WY ) pRizan e - L |
h. Mycorrhizae : Sy

The roots of about 80% of all known species of vascular plants norm:
involved in mutualistic symbiotic relationships with fungi. The association
mycorrhizac. The fungus in a mycorrhiza increases total su ce area 0f roo
for soil contact and absorption, <it L sl
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Vi yeortinza helps in the Suwect tramasler of phcepinores, 7N, oD and other
s from the soil mto the roots. The vasoular plase suppias: orpartac carvon 0
F ey Ar 2
- _%..,: THO pnr;:-;-a) types of svoosrierae. In end crvooersazae, e fw
har PERCALE the outer ceils of & plaes ront, formung cosls Fwelangs aud mImRae
nches and also cxtend omt nto the swrounding ol i SowomvooeTiezar, the
hae surround but do not penetrate the ceil walls of S roots
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recycler

) and bactena are the pnincipe! decomposets = oospbwre Sapwopkvies
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name sCaVenger.

F ungi as food spoilers

jams, cooked food etc. Fungi secreie s
unpalatzble, carcinogenic and poisonous.

Pathogenic fungi

Fungi can cause different fatal disease in living
organisms. Some of the significant pathogenic effects
of fungi are discussed below.

2. Plant discases

ancient times. Fungi are the serious agricultural pests.
rrlogsmmgym@dkmofmkmmd
caused by species of Puccinia and Ustilago
¢ pectively. Sometimes about 50 percent of world's
g;mﬂnhnmﬁnplmk'ué)mhﬁ,
M“mofwwmmnﬁeud
iy e S e ety

Ly AN,
% L roth
P, S - LA i YL :

o A O Pl b > 25 F At e



caused by the ADBIC
Microsporum. Asp e
abortion in many ainimalg
parasitica is the parasite of ca
fish.

C. Fungal diseases

Almost all parts of human bOdyaﬂ
infected by fungi especially the skin.
Rhizopus and Mucor Species cause the §
infection of lungs, brain and gastric tissues.

The cause of dang i

ruff is Microsporum
Jurfur: Candida Sp- cause throat and mouth
diseases » pulmonary infection, diseases of
nails and genital ory

e S

organs. Neurospora and Fusarium Cal
of eye. Aspergillosis, whose Symptoms resemble those of
Aspergillus sp. Athletet's foot is also a fungal disease.




 Algae are the protista which play the most
-, h :‘__,1v ."J - -::-.‘, - :--;_ -,T""' SFY - . -- _.,): -j : ;. ¥

KEY POINTS

The kingdom protista consists of prokaryotic organisms including
unicellular, colonial or very simple multicellular ones.
In the coastal areas, the poisonous and destructive “red tides™ are

associated with great population explosions or “blooms™ of
dinoflagellates which change the colour of the water to red.

Apicomplexes have unique arrangement of fibrils, microtubules.
vacuoles and other cell organelles at one end of the cell. The best-
known apicomplex is the malarial parasite Plasmodium.

Kelps are brown algae possessing large leaf-like thallus.

The shells of fossil diatoms often form thick deposits on the ocean
floor which is called diatomaceous earth.

Oomycota are either parasites or saprophytes. They are
distinguished from other protists by their zoospores which bear two Y
unequal flagella, one pointed forward and the other backward.

The reddish colour of the algae is due to red accessory pigment

called phycoerythrin which masks the green colour of chlorophyll.
Chlorophyta show many similarities to land plants: they store food

as starch, cell wall is made up of cellulose and possess similar
chloroplast structure containing chlorophylls a and b. Because of

these similarities that chlorophyta are considered ancestors of
plants. - SR o RN S
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Choanoﬂagelﬁde are most likely ..the commn‘n—\ s »“'-’ Ui
sponges and all animals. They include three groups i.e. Amox
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Forminaifera and Plasmodial slime
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EXERCISE

Choose the correct option of each statement and encircle it.

The protlst which lives in the gut of termites and digests wood belongstothe :
~ group:

a. Euglenozoa b. Kinetoplastid
c.  Stramenopila d. Rhodophyta
Which ofthe following is the infective stage of malarial parasite?
a. Merozoite b. Sprorzite
C. Oocyst d. Ookinite
Plasmodium of slime molds contains:
a.  Onehaploid nucleus b. Two diploid nuclei
c: Many haploid nuclei d. Many diploid nuclei
Symptoms of malaria appear when: S = S
a.  Gametesarcproduced b,  Redbloodcellsburst

c. Sporoazortesenterthelwer d.  Oocystisformed

Presence of air bladder s associated with which of the followmg orgamsm"
a. Paramecium b. Euglena

C. Volvox d. Kelps

In nuclear mitosis of fungi, the nuclear membrane:

a, dissolves b. remains intact

c: shrinks d. fuses with genetical material
Dikaryonisa cell in fungi containing:

a. onediploid nucleus b. Two diploid nuclei

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

a. Photosynthetic cyanobacterium b. Cytoskeletal elements

¢. Endosymbiosis d. Membrane proliferation

The closestrelative of fungi are probably:

a. Slimemolds b. mosses

c. Greenalgae d. Animals .

What term describes the close association of a fungus with the root of a tree? s
a. Rhizoid b. Llichen EERBRY -
¢. Mycorrhiza d. Endophyte P
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Describe the salient features of class ascomycota. ey

: vaenanaecount ofthe class basidiomycota.

- TR

a.Chytridiomycota b. Basndnomycota
¢. Glomeromycota d. Ascomycota o S
Write short answers of the following questions. -

What were the consequences of cells undergonﬁg the ‘
endosymbiosis?

What do you understand by red tides?

Why asexual reproduction is critical for the survival of fungi?
Why fungi are considered a threat for crops? : A T
Discuss the role of algae in maintaining the oxygen balance in the biosphere. o |
‘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.

Discuss the general characteristics of fungi.

discuss the beneficial aspect of fungi.
Gavenanaccountof hmnanandammalsdxscasw; aused
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Dlver5|ty Among
Plants

rithe studends will be able to:
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' __y,olUtiopary origin of plants.

Describ e thc general characteristics of bryophytes
» Outlme the life cycleof moss. T

. Explamthe landbﬂ'af;tatlénsofﬁiydb;l__ e
. Llsttheadvantagw/uses ofbryophytes £ B
(" Descnbe the general characteristics of vascular plants

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

¢ Explainthe evolution of leaf in vascular plants, R
. Outline the life cycle of ferns
: Dégé‘g_ihévascular plants as successful land plants.
- Summarize the importance of seedless vascular plants.
- = Describe the evolution of seed.
‘st Describe (a6 general chax_actcriétidé and uses of gymnosperms.
be pone angiosperms anqcxplam ¢ difference bet

" Define inflorescence and desc
Describe the sngmﬁcance/beneﬁfs‘ £
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(ntroduction s L

Virtually all other living crmdepude-puwmmu <
on land, in oceans, and in fresh water. They have been on Ezrth for millions of years. s

order to study the billions of different organisms living on mwmm
and classificd them bascd on their similaritics and differences. All plants aze mciuded =

.N.'
4 .

one kingdom (Kingdom Plantae), which is then further divided mto smalicr devisions
based on scveral characteristics, The majority of the plant species are flowering kesbs.
&mmmmuwmuhamvmbu&mﬂnmﬂm« -
conducting tissues. Still there is 2 group of plants that reproduces from spores rather =
than seeds, and the other that reproduces from seeds. Indeed this diversity of plamts s of :
great importance and invites careful study. :
8.1. Evolutionary Origin of Plants >
Smcetheongmoﬂxfeonanh.\morgmzsmshwr hved 2nd domnimased
the earth at different times. The fossil records of different orgznisms show tHe tme
penodonthegeolog]wnmescalcwhcnthcvammahuadmi} oncznh The
discovery of the three billion years old bacteriz by Barghoon 2nd Schopt coafirmed
thatleeevencmstedbcforethmand:sn&yumgaﬁmﬂrmoﬁheaﬁﬁ g -
c -
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N1 1 Phvichre fincage '

s the soquence of arrangement of species from ancestors (o the descenden
Srough their evolunion. The descendant populations have a resemblance with |
anoestons | many respects as well as their immediate descendants in a
SOJEIRCR.

Phalenic lincage provides a link between the present day organisms v
FETDORS PAST SD0OSTONS ';”:: Ik has been established on the basis of the fossil
Db piants and amimals as well as bacteria. Today almost two 1mlhon3p¢°l°3:
orgemisms In animals a ,d abom 0.5 million plant species have been i

number is left unidentified.

%.1.2 Diagnostic Features of Plants =

Some of the distinctive characteristics of plants are as fallowS‘

e Higherplants possess, independent sporophytes, whlchn}‘g,y.‘ €

herbs {(primitive members are trees, while shrubs mdhﬁ;@g
gerivauves or more ad\ anced) ,

ious planff |
t-'omeiﬁ

.
.



In higher cryptogams, ¢.g., Lycopodium, Selaginel phanero
gY,,mospcrms and angiosperms, the relative dcvclogmenltaéggmit,ng gewaug‘;:s’ -
ceverse of that as described above. The sporophyte is more prominent, strucmralll;
complex and autotrophic, contains chlorophyll and is differentiated into root, stem and
eaves, raversed by vasc_ular bundles, while the gametophyte is smaller and v
simple instructure. The climax of this expansion of the sporophyte and reduction ofﬂ
gametophyte is evident 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 sporophyte. Another
conspicuous feature-is the presence of vascular tissues only in the porophyte; the
gametophytic generation in no case being provided witha vasculartissue. =

8.2 Non-Vascular Plants

8.2.1 General Characteristics of Bryophytes

The phylum Bryophyta include Musci - Mosses, Hepaticae - liverworts,
Anthocerotae - hornworts as classes. Bryophytes are the first plants which migrated to
land Bryophytes comprise the small and simplest non flowering land plants which
usually occur in moist shady places, rocks, walls and bank of rivers etc. They are non
vascular plants. Thus the transportation of food, water and minerals occurs by
diffusion. The plant - body is green branched thallus, lacking true roots, stems or

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

reproductive organs called antheridia (singular antheridium) and archegonia (singular
archegonium) respectively. The sex organs produce male and female gametes by
mitosis. The male gametes are called sperms which are motile while the female gamete
is called egg or oosphere whichis non motileand one in each archegonium. The sperms.
swims towards the archegonium being attracted by the Weaﬂmdm@@%iﬁgg&
ofarchegonium, and fuses with it to f rm diploid zygote. PRl e i

=

o

Fusion of sperm with the egg to form oospore or zygote A
The zygote rests in the archegonium for some tim > and bt
diploid embryo. Bryophytes are calle y

The embryo devel

ol

by meiosis. The spores
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b. Anthoceros

Fig: 8.2 a. Marchantia

i hel f( Cvcleof & {oss =

.. . ; . ~ . - .*
Life-history may be studied by referring to Funaria or Polytrichum. Moss
occurs most commonly on old damp walls, trunks of trees. and on damp ground during
the rainy season, while in winter, it is seen to dry up. It is gregarious in habit; wherever it

- grows itforms a green patch ora soft velvet-like, green carpet.
- Mossplantissmall, about2,7 cmorsoin heght,agdcgnsgsts ofa shortaxis with

- are absent. It bears a number of slender, multicellular, branching rhizoids which
| L -
branched.

perform the functionsofroots. The axis may be branched or un
Reproduction, The moss plant is the gametophyte, i.c. it bears gametes and

reproduces by the sexual method. For this purpose highly differentiated male and -
female organs are developed at the apex of the shoot. The male organ is known as the'

antheridium and the female organ as the archegonium. These organs are 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 ofthe same plant (monoecious)
or on two separate plants (dioecious). =
The antheridium is a multicellular, short-stalked, club-shaped bddy which 15

filled up with numerous small cells (Fig.8.4) known as antherozoid cells. The
antheridium bursts at the apex and the antherozoid cells are liberated through it in &
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¢I ~ . £3e RY ey
.y . e
==z

mass of mucilage.
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(e miug ilaginous walls surrounding o
ntherozoid cells dissolved in water and the
antherozoids are set free. They are  very
npnute 1N Size, spirally coiled and biciliated:
ner liberation they swim in water that collects
e apex of the moss plant after rains
Fhe archegonium 1s also #
multicellular body, but it is flask-shaped in
appearance. It 18 provided with a short, |
multicellular stalk and consists of two portions: Fig:8.3 Funaria |
the lowerswollen portion is known as the venter (be zIly), and the upper tube-like portion
as the neck. The neck is long, narrow and straight. W nh the venter there lies 2 large el 1
which 1s the ovam (ng-CL‘” or ()(hphcrc) or female gamete. above this lies a small
ventral canal-cell and higher up in the neck there are a few neck <z cells. Except the |
nm ulhutcllxmcntmnul above are functionless and scon get d Zanized I he neck
at firstremains closed at the apex by a sort of lid, but as 1l =gonivm matures, the id ;
opens and allows the antherozoids to enter and pass through it |
i
|
|
® riicosis and o & Spermin) (reicased from
development o T N
p their zametangiom) {
SO T, S s T
Spores @ g :
" CGametangium
(nje @ P tang
* contsining the eggln)
(remasins within
= gamietephyte)
%
> ’
Meiosis :
Sporanglum
-4




Egg and sperm fuse to form zygote which develop into sporophyte. The spc:rophyt‘,-;j..E
plant produce haploid spores by meiosis. The spores give rise to new gametophyte
plant. Examples of mosses are Funaria and Polytrichum. = |

STOUE InToried

Peat bogs and their Importance e
Peat bogs are areas of great natural beauty, as well as bglng~ nch‘ in
wild plants, insects and animals. Peat bogs are fed by ramwatc:ra}gg’_;s i
the soil builds up its own water table and acidity. Sphagnum mog;g_s:; =
grow and decay eventually forming layers of peat, then peat mounds  §
many metres deep. This process takes thousands of years,‘wh_lch 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. \
wE

823 LaadAdaptation 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 orterrestrial habitat. o .

4. Multicellular plant body and conservation of water T
When the bryophytes migrated to land from watér,-'r.%"‘”'—" 10
dehydration due to evaporation. To cope with this problem th’éy» 1
structures which prevented loss of water or dehydration. Plant body or thallus wa
made of many cells which kept the needful water With in them for successful
Moreover for protecting dehydration due to cvaporation from the surface of the cel
they fbx-x119(l a waxy waterproof layer called cuticle (made of cutin) on the epidermis:
In spite of these adzn_ptations, if some bryophytes are dry, they become brittle and turm
green soon after getting water from rain orany other source of water. "
h. Absorption of carbon dioxide
~ Bryophytes have evolyed claborate structures to
dioxide. The epidermis is provided w

itk

_ absorb sufficient of ca
thmany pores for the diffusion of carbon dio¥®

and oxygen, This carbon dioxide is absorbed by the wet surfaces of the photOSﬁE,m‘-ic ;
cells for the life processes of'the bryophytes. — e
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piant body and conservation of water

psorption of water

Bryophytes have no roots or root-hairs for absorbing water from the soil. They
have developed long hair like structures called rhizoids from lower surface of the thallus
to absorb water from the soil which enables the bryophytes to live on land

I. Heterogamy

The un)iversal occurrence of sexual reproduction of heterogamous type
involving the union of sperm and egg in green plants like bryophytes is [he.anSt
successful type of reproduction. The large, non motile egg formed in heterogamy 15 full
of stored food. A fter fertilization this stored food is used to nourish the early st{lge;elslz
the development of new offsprings. The heterogamous sexual reproduction is

suited for life on land. ;
Protecti f oductive cells : . s
(Re;;gc;écrt?gg cells should be safe and protected from any kind :mu?h:gct!lz
plants to live on land. Fortunately the bryophytes possess tll'nsa:ems%ems and eggor
which enable them to survive land habitat. The reproductive c€ t: eridium and the €82 in
oosphere. The sperms remain protected in male sex organ o::neht ed from drying by the
the female sex organ or archegonium. The sex-organs ;?o’}t)s@hiéh bear the sex orgai.
leaf like structures and sterile hairs produced at t.l.‘lel's ro oted ;,.m-m'““"’
Morcover the spores of these land plants are also we p WA
pProduced inmulticellular sporangid. L
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1. Embryoformation -~
: Eﬂﬁo ?!gl‘ll;@sthespérms are ransported to the egg aﬂg ‘mllteswi :
fcfmalé;repfrdadéﬁﬁg?siﬁiicturegA-z»y_gote is formed here which develops into:
The embryo remains protected in the female organ. from drymg out
mechanical injury. In this way the chances of survival are increased.

spermE=Seuttwi s i

Fig: 8.6 Formation of Embrye

.-Hu-r.n;nion of generation
The life cycle of bryophytes shows clear alternation of

survival on land. Alternation of gene
cnsures diversity and variations ;
and survive the land habitat.
8.2.4 Uses of Bryophytes $aok

Bryophytes have many useful economic valyes e gaas

1. A kind of moss - Sphagnum or peat moss is used ( . as
material by the horticulturists, for it can take up and hold laree ar

water. Remains of this moss become peat which is used extensivelyasa fuel. .

2. Through their chemical and physical actions, rocks are broken down.i
simple soil - constituents. ’
3. The decay of their dead bodies builds up the much needed Organic mat
soil. e
4, Make habitat suitable for new plants, .

8.3 General Characters of Vascular Plants (Tracheoph ol
Tracheophytes form a large and dj\@fje roup of the. present
They include most of the dominant land plants, Theyare ¢

of the presence of vascular tissues. They are called tracheophytes becaus
have cells called Tracheids. e




- e - —

. ¢ X .' : |
fracheids are water - conducting cells of xylem. In tracheophytes the sporophyte
encration is dominant ‘and the gametophyte small reduced and short lived.
Trachcophytes form successful group of fand plants because they ¢ af adapt themselyes
even to rough land as well. They can save themsglvcs? from high temperature by
ranspiration and can gain a large height without facing any problem of water supply.
vascular plants are divided into two major sub - divisions namely lower vascular plants
and higher vascular plants. In the l.pwer vascular plants seeds are not produced. They
eproduce by spores ¢.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 )
2. Sub- Phylaum: Lycopsida \ 1
i, Sub - Phylum: Sphenopsida \ |
4. Sub - Phylum: Pteropsida '

[. Sub - Phylum: Psilopsida
This is the oldest group
of most primitive rootless,
leafless vascular plants. The
Sporophyte body shows little
organ differentiation. The
Stem is differentiated into an
underground rhizome and an
derial part. The rhizome grows -
horizontally in soil and may SETa
bearthizoidsbutnoroots, ~  Fig B(A)aRhynia: =

i r_-;;’-,'

{?Producﬁve Wgansamspomngla(sm ' S
'D§ of the branchw. 'I’hespores for :

Stlotum, and Tmesipteris,

. Examples of Psilopsida :

The upright stem shows dichotomous or for (- shape . hing. The 3k




Fig: (B)8.7 a. Psilotum

2.Sub - Phylum: Lycopsida (clubmoss)
Lycopsida includes both the liv

7 e A L S the spor 121a. The gametophyte of lycoy !
 large, underground and independent. The sporangia develop singly on the upper side.f
the sporophylls. The sporophylls usually form strobili. At the base of sporoph
present a small outgrowth called ligule to retain moisture. In some lycopsida sug
Lycopodium, the ligule is absent. E _
Lycopsida are commonly called club mosses. They are not mosses but called
club mosses because their strobili are club shaped and their leaves resemble the mosses
One example is Selaginella. S, i
Selaginella
General Characters o
Selaginella comprises over three hundred species, most of w
and grow abundantly on hills. Selaginella grows in damp places in th
plains. It is a slender, much-branched plant, either creeping on
ground. ey MR 2

)



rhe slender stem bears four rows of leaves--two rows of small leaves on the upper

<yrface and WO TOWS of larger leaves at the two sides. A long slender, root-like organ is e
Liven off from the stem whichisknown as the rhizophore (root-bearer).

= Selaginella plant is the sporophyte. It bears two kinds of sporophylls -
microsporophylls and megasporophylls. Both kinds of sporophylls may occur

(ogether in the same cone, or they may be borne in two separate cones either on the

same plant or on two scparate plants. All the sporophylls are nearly of equal size and

spirally arranged, usually 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
smallerin size. :

.!.’\.‘ub - Phylum: Sphenopsida (horse
tails)

This group includes both extinct (e.g.
tes) and living plants e.g. Equisetum, the
Sl rv‘lvmg genus. In this group, the individual
i : seldom more tban a few feet high. The
a5 lcavspof()phytc" distinguished into roots, stem h 0
it ¢s. The stem 1s not smooth but has ridges, | N
intcmod:r r’xll?s, and divided into joints, nodesand |
arthronh S. Therefore these plants are alsocalled|~ =
2 angidy'tes' The leaves are reduced to scales and |
Closefy @ Whorls at each node. Sporang
YPacked to form terminal cone

r=de 'ﬂg)-_

Calami
only sy

- ,‘_, _s';l' EI I



The underground _'.L.z:mmmm;ﬁwmdsm -
oo wrually fonmed et the node. The spright groen branches are numetos
a1etil L;n‘ﬂﬁdw valied sporangiophores e écsc!qw:d winch beui’
oresare produced in sach sporasgium.
Tbe mature pameiophyic body s more or kess flattcned. inegular)
structire calledas Prorhatlu: T ;bcez»iw&nes»m.zeb}'_leadetm ke rhizo
antheridiz NEEONNG AT Hf:maajggﬁhgwmf';&*e_ Tbetzisa_.' gl

0
'I. ,_I'.’AJ-

o "H"mhuy

Jash 0 o

-

4. Snbfivkm Ptmpsidn(funudneedphu)
Sub ph"!um pic r(-u\!d constitutes a group of the but I-.m,.«:-.':‘
cartir: Pleropsida 15 a helerogeneous group, consistin

—— v—-L. -
:

- — \.:\
bl B |
Filicineae Gymn SOEras and Ancinsnermae
1- SR E& S LT, | SO J- 232187 {} 22N € g Al — vl -
v ;
3 3 ) <.;u riscincs
s s . - 3 -4 ! s - | - e & = 3 » -
¢ TNCIDC] . - 1450 INCIUCES ITIHS. Fems nave the Drostrale T ant bod!
that bears numerou

: : ‘e leaves called fronds. They are mostly found
moist and shady piaces. The plasi body is divided into roof, stem and lcavess
f‘,‘ d\"})\‘-f i3 Ldnil IZOMme. : -
Roots are developed from the base of rhizome. Leaves are megll
they have branched veins: Leaves or fronds are simple withia petiol ore

central axis or rachis. The immatire and young fmnd lsco%" I
characterof this group. ‘

e —————



a: Manden-hair fern (Adianium) b. Dryopicris (- I\pidlnm)
Fig: 8.11 Some representative of ferns)

So

. 2ia are grouped to form sori on the under surface of leaves. Most of the plants are
hom x‘orom G *mdoph‘ te 1s small, heart shaped and photosynthetically independent.
ne sex organs are antheridia  or archegonia, produced on the under surface of

netophyvie I'h; class filicincac comprises nearly 10000 species, which are widely
d _..rz.h'.:us!. Common example of this class are Adianfum, Pteris, Dryapteris and

’
14

Inh

I ECTI

8.3.1.1 Evolution of leaf
Leaf 1s a green mostly flat structure borne at the node on the stem or on its

- also helps in transpiration. Another activity of the leaf'is respiration which involves the
absorption of oxygen and liberation of carbon dioxide. The primitive vaseular plants
 lacked leaves, The stem being green'was photosynthetic, Itis the evoluuon or leat which
- resulted in efficient photosynthesis.

How did this unportantotg:in of the plants arise, when none was present in the
- Primitive vascular plants? Before' rthis question, we must distinguish between
: two basic typeg oflea
Vleafwitha s sm‘g. ey
8 Evolut

' _s-’megaphyllous leaf with many veins.
us leaf

: ,."'WWBJ‘ 85 tO hOW the mlcmphyllus It.af evolved.
ugg out the origir amcrophyllusleaf

branches in all the vascular plants. The primary function of the leaf is photocymhcsls. It

‘mamong vascular plamts One kind is miscrophyllous




One possibility is that this lm!oﬁgimwduwmm vay
the naked branches of the primitive plant. With increase in m T
transport so vascular tissue in the form of one vein 1
microphyllug leaf was formed. -

Another possibility is that the microphyllus leaf origi e,
size of a partofthe leafless branching system of the pmmtlve

Fig: 8.12a,b: A diagrammatic : summary of two different the o)

evolution of single veined leaves. ..é‘:‘-’;?iﬂ‘—' :‘

In any possnb:llty, this simple kind of leaf became well estabhshed
primitive plants such as club moss and horse tails.

b. Evolution of Megaphyllous leaf

Megaphyllous leaf is found i In many plants 5 w
examine the lcaves, we find thattheyaaw{f SV i
the forked ranching sys refo,

organ, now a 'leaf looked supert’ cnally th e ‘webbed foof |

OO0l OT a3

changed into veins which resulted in many veined leafor megaphyllous caf,

YTV T T\

Fig:8.13(a) Primitive three dime
branches become filled with tissy
Much evidence from fossils of anci

nsional (b) Branches are. ﬂ&i ; i
¢. The Principal steps in the eﬁo!uﬁn ‘
cnlvascularphnlswppmme cps i
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tdiantum (Malden-hair Fern)

ctative structure
Adiantum is a common fern, growing wild in places along the walls of wells and
water courses, It is a small herb; consisting of a stem, roots and leaves. The stem
is a short, thick rhizome, lying horizontally in the sonl.' 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.
h. Life Cycle of Adiantum

Adiantum is sporophyte. It has asexual reproductive organs called sporangia
which contain spores. Sporangia are arranged in groups called sori. The spores are small
and light, and are liberated from the sporangia in dry weather. When a spore falls on a
suitable soil, it begins to germinate in about a week's time and produces a haploid
gametophyte called prothallus which is capable of manufacturing its own food.

Adiantum
;4
EMBRYO
OOSPORE SPOROPHYLL
T ——— ---n-“ -
FERTILIZATION (SYNGAMY) % %o
C‘-‘z‘}\ o SORI
BN, ¥
EGG ANTHEROZOID %,% - 4
NS, SPORANGIA
\ =y o

ARCHEGONIA  ANTHERIDIA :

SPORE MOTHER CELLS

o e e
-

PRO‘I‘HALL?S: e o

R

Poace



prnthallut is green. small. flatand heart shaped structure.
“ e prothalius arise a number of rhizoids. The rihzoids fix the
< zhsorb water and mineral salts from the soil. The prothallllS_,_
bearing both the antheridia and archegonia on its under surface '
conains sperm mother cells or spermatocytes which gives rise
sperm. Each archegonium is a flask shaped body consisting: ofa
basal swollen venter. The venter contains a single long naked ¢
m.v;?*:-': Feriilization occurs when the soil is thoroughly Wet mth' ,

22 venter fuses w u‘! ooxphcre to form 00Spore or Zyg"te Wh‘

- -

Cuce an embrvo which develops into a young sporophyte OfAdm

\iternation of Generstion in_4dianrum

The life history of Adiantum includes two quite dx .

. SpoFophyie geperation and the gametophyte generation: Th yte

Spm'eswhr‘}‘ on germination gives rise to a heart - shaped ga |

The oamezoph}#e develops antheridia and archegonia, which ¢

respectively. The oospore resulting from the fusion of the spem

give rise 1o gametophyie but growinto an mdcpendentyoung‘_ )

hus the sporophyie gives rise to the gamctophyw and“
sporophyic is known asalternation ofgcnerahon = :

.,-'r'»

rascular plants mvade the hahitaLs 4s a tranxntlonal commumty
6{ msucrc sion and hence perform a major role inthe establ hime
communities.

8.4 SeedPlants
8A4.1 Evolution of Seed
Seed may be defined as a fertilized and ripened ovule. T hc evolution of

the most important process in mmluuomfmcur -
structure which can survive under u avomi;]e‘

preservation of species. Seeds have made the m
The evolution of seed involve the followmg,stepd

"’
- gy



sevelopment of heterospory R s
All the seed plants are heterosporous. They produce two types of spore
rospores and megaspores. The: microspores produced in the micros
" llen sac) germinate into male gametophyte and megaspore produced in
: ’:.Q;.,,c.pomngii! (ovules) germinate into female gametophyte (embryo sac),
: Retention nt'mcgasporeln_sidethcsporangium-’-;_ T
" Instead of being shed from the SPOmngmmlikefﬁé i
he megaspores of the seed plants are permanently embedded and
negasporangium. Here the megaspore develops into a small fema

i e

Sporangium

‘enveloped by

one megaspore

Heterospory and endospory

o L B

« Formation ofintegument a megasporangi
In 1 e fossil record shows that there were certain £
" this case the megasporangium
Vuterowths became
: 'S, aroung
egumented meg

SO
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Thc non vascular plams and the lower vascular plants require water for
fertilization. They producc 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 ofspermsto the eggs '
inside the ovule ensure fertilization. Thus the seeded plants can grow m a variety of
terrestrial environments from the alpine environments of the mountains to the arid

regions ot the desert.

AT &

~\r'n-.-\1r4»nnku\

l (Jymnosperm is derived from two words.
gymnos means naked and sperma means seeds.

2. Gymnosperms produce seeds without fruit,
borne on the surface of the scales which form a
cone.

3. They bear their ovules exposed on open
carpels.

4. The plant body is a sporophyte, in the form of
tall woody perennial trees or shrubs. Fig: 8.16 Miale 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 cambium. ;
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.¢. producing microspores or pollen grains and

megaspores or embryo sacs.
10. Fertilization is single and development of embryo 1s partial because only yho

oospore is concerned with the development of embryo. .
11. Polyembryony (the production of many embryos simultancously) is@
occurrence but finally a single embryo matures. i :
12. Thenumber of cotyledons in the seed is variable from one to many. S
13. Thereis aclearalternation of sporophytic and gametophytic generauon tf\#
14.The significant character showing advancement over the pteridophytes 18 :
permanent retention of the megaspore in the megasporangium fertilization &
development of embryo inside it. This feature has given rise to seed habit.

pre SRR S ST
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rule vemation s retiguldte in dicoyledons. and
nonocotyledans .-"!-*!ff:z;; Ionocoty ledons. C'y/,:_tf}m,b“‘.'
(Dioxcorea), Woviever, show reticolste venation 200 atong
Alexandrian taurel (CalophyTiem’ shows paraiied .m

Moﬁ

),a. |

monocotyledonous has trimerous SYIn metn

6. In the dicotyledonous stem. the vascular bundles are arrane=4

are collateral and open .f' the otyle 15 stem. the bundles Are SCa
ground tissue and they are collateral and closed. Also the bundies are mose
monocotyledons than in dicotvledons. Further, the dies zre mose ¢
monocotyledons and wedge-shaped indicoly lzdons

7 In the dicotyledonous root. the sumber of xylem bundles va

seldom more, but in the monocotyiedonom root, tbese AT¢ DUmcTg :
number (510 8). A =
8. Cambium soon makes nsappmnesm;hg "

meristem and gives rise 1o the Scxondaryguwﬂ;,
_cambium is altogether absent, and hence there i tsng
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LifeCycleof ARgioaperms

The angiospermic plant is a diploid sporophyte which is composed of root,
. leaves and flowers. Flower is the reproductive organ, while stamens and the

'f(fméls- are its reproductive parts. Stamens are male reproductive parts while the

‘f,:rrgcg; are the female reproductive parts. Each stamen consists of an anther with four

L:) flen sacs. A large number of micr.osporesf are produced by meiosis in each pollen sac.

?hc wall of microspore becomes thick and is known as pollen grain.

During pollination the pollen grains are transferred to the stigma of the carpels.
The pollen grain germinates and develops into male gametophyte or
microgametophyte. The nucleus of the pollen grain divides into a generative nucleus
and vegetative or tube nucleus. The generative nucleus divides into two male gametes.
The pollen grain sends down a tube called the pollen tube which contains two male

gametes and tube nucleus. The pollen tube together with the two male gametes and a
tube nucleus constitutes the male gametophyte.

g.4.4
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..Pollen grains disperse
Via wind or animals Pollen langy

, : fomale
Meiosis Mitosis g
PWHaploid (n) e Wicron o e % m.nm"

-Dlp|old {2n)

" Embryo
_ (2n)
Nutritive °
Mature ! b tissuo
sporophyte . 3n)
(2n) - 4 &
7, Developing
1% sporophyte
| (2n) Seed (disperses Fruit (develops from ovary

via wind or animals) wall) containing seed
Fig: 8,21 Life cycle of an angiospermic plant.

The pollen tube enters the female gametophyte. The tip of the pollen tube ruptures and
the two sperms are released into the female gametophyte. One sperm fuses with the egg
to form zygote or oospore and the other sperm fuses with the endosperm mother cell to
form fusion nucleus. The fusion of one sperm with the egg to form zygote and that of the
other with the endosperm mother cell to form fusion nucleus is called double
fertilization, which occurs only in the angiosperms. .

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 seed
coats called testa and tegmen. The walls of the ovary develops into fruit on ripeqi.%gg;;,
Under favourable conditions, the seed germinates to produce seedling which on
development becomes sporophyte. The two kinds of generation i.e. gametophyte and
sporophyte, one after the other show alternation of generation. i

Angiosperms are successful because they can adapt themselves to ,MOSF_?I-
kinds of environments. Moreover they produce flowers, fruits and seeds which show




carious adaptations for c_lisp-ersal over large areas. Double fertilization i
Vé They range in S1z¢€ from 1mm up to 100 m (Wolfia = | on 18 of common
= Imm, Eucalyptus =

gecurrence:
ses broad leaves and may be annual, biennial or perennial

100 m). They pos

inflorescence and its major types
In some angiosperms individual flowers are quite large and are borne singl
icel. Such flowers are termed as solitary flowers. In most angios egﬁsyt(t)xn
are small and occur in groups. Such cluster of flowers arranged onpthe ﬂoraﬁ
uxis is called an intlorescence. Cluster of flowers in some way ensures pollination
fertilization and thus the reproductive success of the species. :
The inflorescence may be racemose or Cymose. In a racemose inflorescence the
ain axis continue to grow indefinitely until the last flower is formed at its apex. The

ward the base of the inflorescence and the youngest ones toward the
in a flower. One, two or more

h ending in a flower like the
d the lateral flowers ar¢

the ped
flowers

m
oldest flowers are (o
apex. In a cymose inflorescence the main axis soon ends

elop below the terminal flower, eac

lateral branches dev
he terminal flower 1s the oldest an
|

main axis. In this case {
younger.
Chieftypes of racemose inflorescence are:
t

|. Typical Raceme
In a typical raceme the main axis is elongated and bears laterally a number of

flowers. Each flowerhas a pedicel or stalk e.g. Cassia fistula (amaltas)

2. Thespike : . S 4lik
The spike is a racemose inflorescence 1n which the main axis 1S elongate g

raceme but the flowers are sessile i.e. without stalk e.g. Achyranthus (puth kanda) an

bottle brush.
3. Catkin T :

Itis a spike that usually bears only pistillate Of staminate flowers. Examplw i
mulberry and willow. ot
4, Corymb ~ Fthe lower flowers are
In this case the main axis is comparatively short and tlt:l«:’s;;lf: oé(t:;?:rs lie at about the
longer than those of the upper younger ones. As a1¢3 ks
same level e.g. Iberis (candymﬁ)- 3

to shortening of

5. Umbel e stalke»d.'il‘)ue :
[n umbel the main axis iS shpttﬂaned- FIQW?:;“H}, Jrocotyl (b1 i booti). 13
main axis, the flowers appear 10 arise £ one leve 1 ¢ mainaxis: Suchacompout
some cases a number of umbels mpresentonﬂle”‘tg 'nhibéle_i'gL carrot.

inflorescence is called umbel ofumb.els:m' compo e

6. Panic PILE
anicle called pani

oS
.y )

-
~ 3

A branched racemé;_i,s




Flowers all at one leve] |

Umbel -
: Pedicels all arising |
Raceme Spike 5 Corymb at one level like |
Fig: 8.22 (a) Types of inflorescence
——————
SR 09 99900 9000
: P S e
N\ 1/ AT
|+ peduncle
Simple umbel Compound umbel

Fig: 8.22 (b) Types of inflorescence
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7. Capitulum ,
In capitulum or head, the flowers are sessile and are crowded to

short axis. It looks like asingle flowere.g. sunflower.
Chief types of cymose inflorescence are:
£

me (Monochasial Cyme) | =
the main axis ends ina flower below which it produces one daugh’r

as well as each succeeding one again end in flower ané :
only e.g. Begonia, Tradescantia. el

o

7S
IEZ Fos
v ')"Ql‘v» i
s ALT »
ST

1. UniparousCy
In this case

axis only. The daughter axis

givesrise to one daughter axis

one-sided

| X (monochasial)
L cyme ‘ axis =
as in Tradescantia (peduncle)

Jo capitulum
Fig: 8.22 (c) Types of inflorescence
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. piparous Cyme (Pichasial Cyme) RE

| cyme the main axis ends in a flower and produces

[n biparous : : : produces two daughter axis
Fach of the two daughtcr axis agam.end_s in a flower and produces twogda.. g;)t::
oxis which may continue the branching in the same manner e.g. Silene lpémoea

Viultiparous Cyme
In multiparous cyme the main axis ends in a flower and produces three or more
axis each of which continues the branching in the similar manner e.g

3.

daughter
Euphorbia.

d. Benefits of Angiosperms for Humans

Angiosperms contribute huge quantities of food and of great variety, e.g.
cereals such as corn, wheat, barley, rye, rice; legumes like beans, peanuts, soybeans;
fruits, vegetables and nuts, etc., Besides food, they also supply fibres such as cotton,
limen (flax), jute, Indian hemp, Manila hemp, Sisal hemp, etc.,which are used in the
manufacture of rope, string nets and bags. The most important of these fibres are the
cotton fibres, used in the manufacture of clothing. Uses of plants in various industries
and as medicines contribute to the well-being of mankind. Various articles of daily use
and of economic importance are obtained from the flowering plants. Some of these,
such as wood for building and furniture, fats and oils, fibres, cereals, fruits, sugar,
drugs, (e.g. quinine, digitailin, morphine, cocaine, etc.), dyes (indigo, haematoxylon,
saffranin, chlorophyll, etc.), tea, coffee, spices, tobacco, paper, tannins, Tesins, 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. W
One of the important aspect of an giosperms is theirme
prominent plants in this regard are discussed below:

L. Cannabis (Cannabis sativa) :
US@d'medicinally for thousands of years, today :t is used in the treatment of
sleeping disorders, autoimmune diseases and glaucoma.

L. Coca (Erythroxylon coca)

Cocaine was widely used as a local anaesthetic in th

dicinal nature. Some of the more

¢.19th century and coca leaf tea

.

1;\ taken for altitude sickness in South America.’
- Daffodil (Narcissus spp.) | = i1 bulbs,
Galantamine hydrobroﬂ?i?e, a compound derived from daffodi

:’ treat Alzheimer's disease. I
b My nightshad Y v L Ry | toxic chemica
All parts of this plant, e(speblially thebernesi contain m;é%dgiﬁ’stop muscular

Alrop; R 32
.slromne. Atropine is used to relax the museles 852

is being used
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5. Fever tree (Cinchona succiruba) e
A native of Latin America, the bark of the fever tree produces quinine, which is ygeg

. to treat malaria.

8.5 Vascularplants as successful land plants

S Angiosperms form one of the most highly evolved sub-classes g
E 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.
Tothis vast assemblage of flowering plants must also be added thousands of new
varieties, races or strains, etc. which owe their origin as also their perpetuation to man
and to the care be bestowed upon them on account of their economic or commercial
importance. The most successful and important of these plants belong to Gramineae or
the grass family with 7500 species, which have colonized great areas of the earth surface

in practically all sorts of soil and climatic conditions and constitute the main source of
man's food supply.

The factors responsible for the success of 0N OU 1 OVIT
angiosperms are; AANA VY ¢
1. Theiradaptability to all kinds of environments.

2. The production of flowers, fruits and seeds which D‘e()d"” or Himalayan
_ : : Cedar (Cedrus deodara)

show various adaptations for dispersal over large | . .

N is the National tree of

The conifers (gymnosperms) and other Pakistan.

vascular plants (Pteridophytes) though widely

distributed are, however, not found to flourish in such

diverse habitats as do the angiosperms.




KEY POINTS

The fossil records of different organisms show the time period on
the geological time scale when they were present abundantly on
earth

Phyletic lineage provides a link between the present day organisms
with their remote past ancestors.

In plants such as mosses and liverworts, the gametophytic
generation is larger, dominant and autotrophic due to the presence
of chlorophyll, while the sporophytic generation is smaller, less
complex and heterotrophic, being partially or totally dependent
upon the gametophyte.

Bryophytes are the first plants which migrated to land. Bryophytes
comprise the small and simplest non flowering land plants which
usually occur in moist shady places.
Bryophytes had invaded the land from water and therefore, theyare |
called the first invaders of land among the plants. o ":Z;-.
Tracheophytes have cells called tracheids which are water
conducting cells of xylem. :
The phylum tracheophyta is further divided into the Sub -Phylnm
Psilopsida, Lycopsida, Sphenopsida and Pteropsida.
M:crophyllous leaf is with a single vein and megaphyllous leaf is
with many veins. 2
Psilopsida, a group ofseedless’}: :




ro

10.

A.

| : { " o."'[;' ‘..
ExeRCSE M
Choose the corvect options from e.achm-'em and encircle i,
In bryophytes the male reproductive organ is known as: |

a, Stamen b. Anthcridiqm

C. Carpel d. Archegonium
The plants in which the seeds are enclosed ip the fruitare;
a. Gymnosperms b. Anglosperms

C. Bryophytes d. Tracheophytes

The flower in which both the male and female reproductive parts are present is
termed as: / .

a. Staminate b. Pistilate
C. Hermaphrodite d. Heterogamous

The microspore produced in the microsporangia germinates to form:
a. Male gametophytes b, Female gametophytes

(o Sporophyte d. Embryophyte

Gymnosperm is characterized by: o A

a. Having fruits b. Having seeds [
C. Lackingovaries -  d, Having vessels S,
Male gametophyte of angiosperm is represented by:

a. Pollen grain b. Anther

C. Microsporangium  d. Pollen mother cell

Which one of the following is triploid structure?

a. Integuments b. Pollen grain

C. Antipodals d. Endosperm

Embryo sac is termed as

a. Megasporangium b. Megaspore

¢l Female gametophyte d. Femalegamete. -

The plants which have naked seeds belong to the group:

a. Tracheophytes b. Gymnosperms

C. Angiosperms d. Pteridophytes
Double fertilization is the characteristic feature of only the:
a. Angiosperms b. Gymnosperms

(o Pteridophytes d. Bryophytes




14,

15.

16.

17.

A — gy

-

The inflorescence Ofmulbgn-y and W"l

. Catkin ’ R ,
¢ Umbel -
The female gamctophyte Of theﬂoiwenngp ar
a. Ovule SR B

c. Embryo sac d.

Which of the followmg charactenstlcs
gymnosperms?

a. Production of seeds et St ‘ Pormation of arche gonia
C. Production of pollen tube d. ' Alternationof generatxon-
Theliverwort and mosses belong to which group of plants?

a; Thallaphytes _ b. | Bryophytes
c. Pteridophytes d.

Gymnosperms.
The Tracheo hytes include which of the follo wmg groups ofplanu?
a. Thallophytes and Bryophytes
Bryophytes and Pterido phytes :
fl } Ptenodophyt&c and Spermatophytes

Thallaphytes and Spermatophytes
Which one of the followmg vascular plants i

a. Rhynia B it
i d.

éwdtobe‘:‘ e




Explain the life cycle of flo
Write detailed note on any

a. Psilopsida i
b. Sphenopsida
¢. Lycopsida

4. :
Projects ‘ g
2 Teacher may plan a trip to nearby area with r

~ his/her students to collect plants in the following mar
T Two examples of brybphyte‘s.

2. Two examples of fern,

3: Five examples of angiospermic plants.
4. Three examples of gymnosperms
Take guidance from the teacher for proper preservation of plants.

»  Make a medicinal plant collection present in your local environment. P

- them on cards and write their taxonomic classification for every collected plan

Take guidance from your teacher for identification and classification of your plant
collection. =




Describe the general characteristics of animals.

Classify animals on the base of presence and absence of tissues.
Differentiate the diploblastic and triploblastic levels of organization.
Describe the types of symmetry found in animals. _é '
Differentiate pseduocoelomates, acoelomates and coclomates. %;,
Classify coelomates into protostomes and deuterostomes.

Describe the general characteristics, importance and examples of spong&s,
cnidarians, platyhelminths, aschelminths (nematodes), mollusks, annelids,
arthropods and echinoderms.

#

o

gas exchange, transport, excretlon, and coordmahon. |
Describe the characteristics of mvertebrate chordates and v

List the diagnostic chamctenstlcs of jawl&ss fish
bonyﬁshes IR S G e S

Describe the gqnerai




lntroduchon '--'x,s
- Kingdom Animalia mclude all the ammals found in this world. The worq

Animalia is derived from the Latin (anima means soul or breath). All those animals jn

which the outer most covering of the cells is a “cell membrane” (not a hard cell Wall).; 4

are classified as member of kingdom Animalia. According to the recent reports

kingdom Animalia is comprised of more than halfa million species of animals. Some =7

important characteristics of animals can be described as follows 2

Animals develop from two dissimilar, haploid gametes i.e. a larger egg and a

smaller sperm. : o

e Theoutermost LO\'C!‘illg of all their cells is a cell membrane_

e Theyhave amulticellular body.

e Theyare made ofdiploid eukaryotic cells.

(<}

Animals are heterotrophic and they ingest their food. :
Evolutionists believe that animals have been evolved from the single celled orgamsms :
included in kingdom Protoctista, but it has yet to be decided that from which group ‘of=5

protoctists, they have evolved. Their ancestry is still a topic of hot debate amongth&-z-;’
biologists. %

9.1 Classification of Animals
Belng 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 groups on

the basis of presence or absence of the vertebral column.

L ’ﬁ’jm’l"’“‘h& "”."“‘I‘“ Naw o0

a. Vertebrata: This group includes all those animals which possess a back bone or
vertebral column. Vertebrata included fishes, amphibian, reptiles, birds and-_

mammals.

this group. [ nvertebrata was divided into followmg phyla.
1. Phylum Porifera

Phylum Coelenterata

Phylum Platyhelminths

Phylum Aschelminths

Phylum Annelida

Phylum Mollusca

Phylum Arthropoda R _

Phylum Echinodermata e

Phylum Chordata (excluding subphylum vertebrata) G

Few mvcrtcbratc animals which do not fit to any of the above menno 1€

XM AW



< fied into “phylum ctenophora’™ and “minor phyla” but the number of animals.
e clusstt ecies present in these phyla are so much less that they are generally
and mcer;cy are inhabitants of deep seas and we know very little about them. '
’Wd'\nimals have also been classified on the basis of the cellular composition of
g [m:ly into following thrcs groups.
thetr protozoa: 3 : | ol s 1 |
I Animals have asingle celled body which performs all the vital functions of the
..o amoeba, paramecium, plasmodium, tryponsoma ete. (In recent classification
m;t:fc;a has been treated as a separate kingdom Protista).
'3' Parazoa: R
" 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 S
- into layers. In this classification all those animals in which body cells are arranged
nto two layers ectoderm and endoderm are called diploblastie. Names of these two

N ———————

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. 3
ectoderm, mesoderm and endoderm are called triploblastic. All the phyla from oGS
platyhelminthes to chordates are included in this group. ey =

7.2 Complexity in Animals ' e '
Eumetazoa are classified into two groups on the basis of symm
body. Those having a radial symmetry are included in grade Radiata. Th

. e

?\e divided in to equal parts in more than one plane. These animals
Mmals of phylum coelenterata (cnidaria) are included in this group

" Animals with a bilateral sym PR

Seanimals can be cut into twi

w




mesogloea. Although they have developed some ﬁzzansl but 3191};1 show
lesser degree of specialization, hence the organ system 1S not “{16 - g;eo(t)‘genc;tw (;){(d?‘
not posses any transport system and the nervous system 15 n the 10 St s
neurons without any central control (brain). Their bpd}’ contf?tlgf* 2 o VI
called coelenteron or gastro-vascular cavity. The anterior end of this ca:h ; tyi : whouttl?’
through which water and food enters. As they do not posses any anus 5ot eZtive
undigested food is also excreted through the same opening. This t)l/]pe uaﬁ anfl
system is called as sac like digestive system. They reproduce both asexually
sexually.

);n triploblastic animals the body is composed of three layers of cells called
ectoderm, mesoderi and endoderm. In triploblastic animals ghe cglls show greater
degree of specialization in to organs and organ systems. Their digestive SysSt€m IS 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 systerm. 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.

~

present called

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 T

the cuticle of intestine.

Pseudocoelom has no relation with
reproductive and excretory
systems. Animals of phylum
Aschelminthes are included in this

group.




qfes are the animals ha\fing a true body cavity or coelom. The cavity is
| ("“C.'"".‘Oclomic fluid. All the amxpals from phylum annelida to phylum chordata
;‘:'ll'v' 4 with ?tcs- Coelomates are classified as Protostomes and deutrostomes.
> L.oclomdes (mollusks, annelids, and arthropods) develop so that the first opening in
P,otosto“(‘) s the mouth (protostome = first mouth). Protostomes are bilaterally W
the cmbf%al have three germ layers, the organ level of organization, the tube-within- i
S).«mme‘g‘ ody plan, and a true coclom. Deuterostomes (as exemplified by the
a-tube derms and chordates) develop the anus first, then the mouth at the other end of
Deuterostomes are coelomate animals having the following

| characteristics:

echiﬂo
the embry©:
embryologica

Radial cleavage in embryonic cell division: the daughter cells lie on top of

coelo - body covering g
(from ectoderm)

e -

tissue layer

‘ lining coelom
) digestive tract and suspending |
(from endoderm) internal organs

(from mesoderm)
4‘4

seudocoelom

Vi il 7

(a) coelomate

r® = S 2y > 2 P

body covering
(from ectoderm*

(from
mesoderm)

igestive tract
(from endoderm)
r(b) pseudocoelomate

body covering
(from endoderm)

- dige

(¢) acoelomate  (fr

Fig: 9.1




previous cells. S | cﬁ
° Fate of cells is mdetennmate, 1f embryomc cells are separated, ea¢ h é«af
~ develops intoa complete organism. s

° The blastopore is assoclated with the anus and the second embryomc open;
massoclatedf’ "themouth

> PR

9.3 Subkingdom Parazoa | G e
The only phylum included in this subl(mgdom1sPhylmllI’m’lf‘""a S

9.3.1 Phylum Porifera B e o

Word porifera is derived from Latin; Porus means mmute holes or tmy
openings and ferra means to bear. Hence animals of this phylum bear small holes or
pores all over the body. These pores are called ostia. Their bodies are mﬁdeofgroups
of cells but the tissues and organs are not present. They are the most _primitive

. metazoans and are commonly called as sponges. All the members of thxs:p‘liylum are
- aquatic mostly marine.

Acoelomate phyla Pseudocoelomate phyla

numerica e nematoda rotifera
platyhelminthes and others

modermn surviving animal phyla
(600-500 million years ago)

radiate phyla

cnidaria (\
‘ctenophora \ .

protostomes

L
!

33
: L0
e ‘0‘_
¢

(600-500 mﬂhon
~ yearsago)




E’ The ostia are part of canal system in
~_ater circulates gnd bm’lgs. food to
Jich s food is digested inside body
e DO .-Nc]]ular digestion) as well as in the
el 1""fL()cl (extracellular digestion).
\w:g:‘t' porifera includes phytoplanktons,
3‘,\»'“]”““0”5_ protozoans, cm§tacea and
700P ‘.',ﬂa“ organisms but the major part (80
._wz:u.‘f\} ‘he food is comprised of dead
~1..k‘lc;:.\‘i“g organic matter. Sponges are
essile (stationary) and fio not contain any
[;C();11otary organ.Their dispersal takes
Jlace during asexual reprodgctlon by
wudding and gemmule formation or by
<xual reproduction through the formation
of eggs and sperms. Process of excretion Ascon type canal system

ukes place by diffusion. (Leucosolenia)

Fig: 9.2 7.5 of sponge
body to show canal system

osculum
&

...j

spongocoel —1

; i o 1 AN
leucosolenia spongia - . ’_‘:’.','L—b“d
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- Sponges also lack any ngvous :yﬂm:mw.ot;lw&wxy cells and

found which are believed to coordinate the water,
All sponges except class my-kospongid'a have skeleton. The ﬁkdaou&

of carbonate of lime or silicon in the form of spicules or of spongin (2 ﬁ"“’"‘m
in the form of fibers. Sponges are economically important animals as they are used g,
washing and bathing by human beings from ancient tmes. Evm afuir ﬂ”plo%
and availability of artificial sponges, still natural sponges have ﬂl?”dﬂmadn*
market and they make a considerable proportion of the total business all over &
world. Sponges found in the warm waters of Mediterranean s&atccommaciq
more important, Sponges are used in surgical operations because of their ﬂ’“‘ﬂ!
absorb blood and other fluids, To reduce the noise pollution and to make the building

sound proof, sponges are used to ahsorb sound waves. Exzmpla are Wﬁ
common marine sponge), spongilla (a freshwater sponge) leucoselenia (2 tubuia

ll}qrinc sponge), Euplectella or Venus flower basket (2 very beantii m
siliceous sponge appear to be made of glass frameworkjete.
A ‘:g;j?:\_';.:; .

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 of a
large dog. They stab passing crustaceans with their
spicules and consume them.

9.4 Subkingdom Eumetazoa
a. GradeRadiata

Animals of grade radiata have radial symmetry and can be divided i

halves in many planes. The only phylum included in this grade is phylum
also called phylum cnidaria. |

I. Phylum Coelenterata (Cnidaria)

The word coelenterata is derived from Greek: Kolios means Holl

means intestine, and hence the animals of this phylum have a hollc

intestine. Phylum coelenterata is also called cnidaria because the anit

group have certain specialized cells, cnidocytes which give rise to
(special stinging cells). . | | ,_f;;‘.,_:i’"%g‘ B

CO




F

(o are exclusively aquatic; majority live in marine environment but some pa<=
y _”lcr" Ch s o ‘ 3 e g -‘
‘“lll‘l lmlnvmcr as well, :
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tentacle :
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Fig: 9.4 T.S of Hydra .
Coclenterates have a diploblastic organization in which the cells are arranged

mntotissues and organs. The outer layeris ectoderm and the inner layer is endoderm. In
between the two layers a Jelly like, noncellular and nonliving material is present,
callcd‘ mesogloea. The ectodermal cells are not only protective in function but they
ilso give rise to nematocyst. The cells of endoderm are specialized for digestion. They
release digestive enzymes and also absorb the digested food. The only cavity ir
2 :’ll‘S enteron or gastroyas_cql_ar cavity wbich i.'s._@,.sf;‘,‘,QCil‘%ted notonl ‘
St With many other functions of the body of animal. In coelenterates
unded by “umberithentaqus; whic ans of oftern
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hora, Cotienmerge -|

arrangement is found in Obelia and the animals of order siphonop?

are carnivorous. Their food varies according to their size from z30planicion,
crustaceans, insect larvae 10 smal fishes. Both the type of digestion iz intraceliagy,
and extracellular is found, In coelentrates locomotion is performed in many differem
ways. Although many coellentrates, especially colonial forms, are sessile znd TEmnam
attached with certain object in the water e. g obelia, corals etc. but 2 large number of
coelenterates can move actively. Coral reefs are the huge wolumes of Calciu
carbonate in the sea formed by the skeleton of stony corals.

Physalia pelagica, commonly known zs “Portuguese Man of War™, czn swim

atarate of 12.1 cm/sec by the rhythmic contraction waves. Jelly fishes are fast moving
coelenterates, They release water with force from their umbrella like body and move
in the backward direction. This type of locomotion is called Jet-propulsion method.
Respiration and excretion takes place by simple diffusion. Both asexuzl 2nd sexsal
reproduction is found in coelentrates. Asexual reproduction is more common. i i
performed either budding or regeneration or rarely by fragmentation Sexual
reproduction takes place by means of cggs and sperms which are produced in ovaries
and testes. In most of the coelenterates. the SCXES are separate.

A very important characteristic of coelenterates is the presence of
polymorphism (Gr: Poly-many, morphe-Form). The existence of 2 single speciesm
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 coeclenterates is alternation of generation or metagenesis. In this
phenomenon asexual generation alternates sexual generation.

|\ Mouth




e in Obelia, the polyp form, called blastostyle reproduces in to saucer
Fol xaiv] lusae. These medusae develop gonads in which egs or sperms are formed.
qaped M ,-;-mli/c the eggs and the planula larva is formed which Zrows into a new
(he spe! ";\'\_ way the polyp produces a medusa and the medusa produces a polyp.
A 1,,;- common example of this phylum are Hydra, Obelia, Jelly fish, sea
Sj)lml Corals. Corals are economically very important as they form coral reefs,
oeBlgs are caten as delicacy. Some of them are poisonous and cause serious health
ol “'\JI}Ji.\'u s and swimmers. Corals live in colonies and they make huge structures

"
|

hreat | 8
|H(‘\' l'ﬂl'ﬂl I'¢C {s.
L

T T

Fig: 9.6 Corals Fig: 9.7 Sea anemone :

|

b. Grade Bilateria |
Animals included in this grade have bilateral symmetry. Body of g

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 g
bilaterally symmetrical. They are all triploblastic as well. &
L Phylum Platyhelminthes =
Body of all the animals included in this phylum is dorso-ventrally flattened, &

"; "" Ulike or paper like hence called flat worms. They are bilaterally symmetrical.
u“:‘bvdrc the first triploblastic metazoa and are acoelomates. Their bodies are either
i\,},:"jnﬁc'““d or superficially segmented, and true segmentation is absent. [n free
thic LC(:;T“t!hc cctoderm is ciliated but in parasitic forms the cilia are absent ang‘ a
' | 0% cuticle is present for protection. Organs of attachment are present in the
Ory N ‘ protec 10n, rgansq attachment pl:?s
N htf"‘ks or suckers. Digestive system in free living form is developed but in
ass ccft":i‘s)“gf cither poorly developed (Class Trematoda) or con
With fuw - _04). No circulato or respiratory system is present. Exer
iy e ell (flame cel i e hiro Wit thin et icwalls with anuclewsand
"Dt excraony o l°n$;°ui§ﬂi9§§%g» e flame) gttached with nets whi
ory pore. Nmo““)’iiefﬂlﬁx tha pai cerel el 1gli

m b Tignn 7




ventral ganglion connected by nerve ring and one or three nerve cords.

nucleus
of cap cell

c11a s _
Interstitial fluid % B ’

sastrovascular filters through ¥
membrane where

cells interdigitate

b i S \N
/ opening &<
of pharynx : \
‘ tubules
\/ nephridiopore
in body wall
s Fig:9.8 M showing Fig: 9.9 Planaria showing excretory system

- Muscular layer is well developed in free living forms which help in
locomotion. They are hermaphrodite i.e. both sex organs are found in the same animal
Reproductive system is well developed with gonads, their ducts and copn]"g'tuyﬁf:'.;
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 larvae are formed

liver fluke, S "-f_;g:
Regeneration ability is present in Class Turbellaria (Planaria) bt A
Trematoda ( liver flukes) and Class Cestoda (tape worms) being parasitic dor
any regencration. All the members of this phylum are solitary i.e. not fou
colonies. ' B ; ’ S
In Cestods (Tapeworms) the digestive system is completely @

‘ : € system 1s complete

worm absorbs dlgc;sted food from the wall of 't;)‘;*imésﬁne ofl_:ﬁ:
remkam attached with the help of scolex (head) which is B
SuckKers. SRR S




Ph,yhelmmthc: is a diverse group with about 15000 species ranging in size
v millimeters (Planaria is about 10 mm) to many feet (tape worm reaches to 16
tc\bom 5 meters). Economxcally they are very 1mporlanl Liver flukes and tape
{ or f‘c ause serious diseases n shccp, goat, cow, buffalo, pigs, horse, donkey and
Bo :{omesucatcd animals causing heavy monahty which inflicts great economic
:'_;-j' il Human tapeworm Taenia saginata is a serious health hazard in poor and
Jos -c|sop1“g countries of Asia and Africa. Its infection results in retarded growth,
" V:Ca weight loss, abdominal pain and nervous disorders (resembling eplhpsy) and
0 <o of children death may also be caused.
3 Common examples of this phylum is Planaria (Dugesia). Liver fluke
asao[a hepatica), Tape worm ( Taenia solium) etc.

{10

thlum Aschelminths (Nematoda)

"9 ~ The word nematoda is of Greek origin which means thread. Nematodes are
Iso called as round worms. In nematodes the body is long and cylindrical tapering at
ends. They are bilaterally symmetncal and are triploblastic. They are
pseudocoelomates i.e. the body cavity is not a true coelom. The body is non-
eoT ented.

~ Nematodes do not have any cilia on their body. A hard laycr of cutxcle 1S
nton the body for protection. No respiratory or circulatory system is present. The
Juid contained in the body cavity performs the function of the blood. The ahmentnry
sanal is well developed with an anterior opening (mouth) and posterior opening

Anu ),'

The excretory system consists of two longitudinal canals on each side which
n on the ventral side by a small excretory pore close behind the mouth. Nervous
m consists of a nerve ring which encircles the pharynx and sends its branches in
iTerent parts of body. &
~ In nematodes the muscles are arranged in four longitudinal bands"Clrcular'
: les are not present in these worms. Therefore, they show spi 1}
iip) ,'mgmovements £ 2
Sexes are generally separate. Males are smaller thnn fem
eration isabsent.
~In male the testes 1s a long, conled thread wi
orly opens in to rec



are separate. The t:emale is 8-16 inches long but the male is 6-12 inches in length.

_ The anterior part of both male and female is similar that is pointed l;u o
posterior part of the male ascaris is curved with two spine like structures called " e
setae. In female the posterior end is not sharply pointed. PN

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
ty. Itlives in the caecum, colon and appendix of its host. g

It causes severe itching of the anus, inflammation of the mucus membrane of
lon and appendix. This results in sleeplessness (insomnia) and loss of appetite.

Nematodes are found every where in fresh and salt water, in soil etc. A lump!
) s0il may contain thousands of nematodes. Many of them are free living but s
parasitic on plants and animals including man. - : : ':- e
These parasitic forms cause great economic losses in terms of expenditure

Ith sector and crop destruction. Free living soil nematodes decompo

ter and play a major role in soil fertilization, By,
Nematodes are an important part of most food chains and .f(;)bd‘:’wﬁrbﬂ_

efore economically very important. S A e S,



_-‘; _ Fig: 9.11 Pinworm
3. Phylum Mollusca

Name of the phylum has been originated from a Latin word “molluscus”
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 als'c):'reportéd);.v
General characters of molluscs are following: S Ik

| 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
- molluses 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
- bodyiscovered bya tough, fleshly membrane called mantle which also secrets shell.
= The space between the body and mantle is called mantle cavity in whic
- kidneys and anus open. They respire through :gills,;;.pggs_gq.t?in_mange_ cavity.
- arasping tongue called radula. The digestive system is well
- cavity is a haemocoel. Blood vascular system consists of
~ Yentricle and one or two auricles) !
- The nervous system co
o 0 N ¢




Common examples of this phylum are garden snail (Helix aspersa), slug (Limgy
maximus), Freshwater mussel (4nodonta grandis), marine mussel (Mytilus edulis
oyster (Ostrea lurida ) which makes pearl, squid (Loligo pealii), cuttle fish (Sepiq
officinalis) and octopus (Qctopus bairdi).

In certain molluscs like octopus and cuttle
fish a blue coloured respiratory pigment
haemocyanin is present. The blue colour of
the pigment is due to the presence of a
copper molecule (as iron in haemoglobin).
Haemocyanin can transport three times more
en as compared to haemoglobin.

Fig: 9.14 a. Oyster(strea lurida)  b. Mussel (Anodonta grandis),




snnelida (Firsttrue Coelomates)

4 phylv %‘n word annelida is of G'rcgk origin; annelus means little ring, the animals of
ylum have their bosile§ divided in to rings (segmented body) hence called
his P "B ody of annelids is bilaterally symmetrical. The body may be cylindrical as
_mncllt] -*\;{O m. of dorso-ventrally compressed as in neries. Body is metamerically
f C“n;ted i.. the organs are repeated in every segment. They are triploblastic. They
seg“.‘(fclomatcs having a true coelom They have a closed circulatory system. In
are ;wom‘ four to five pairs of hearts called pseudo-hearts are present, which
f‘:::[ma rhythmically to keep the})lood 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 earthworm) or parapodia
(in neries). Respiration is through general
surface but some annelids e.g. neries have gills
under parapodia. The body is covered with
cuticle.

Annelids are mostly hermaphrodite
1.e. the same animal contains both type of sex
organs; ovaries and testes but cross
fertilization is common. Trochophore larva
- Is formed during life cycle of some annelids
- cspecially in marine species. They are found
- cverywhere in damp soil, fresh and marine
. Walerand some species are parasitic too.

: In annelids like earthworm every
Zeg(rlncent of the body contains a blood vessels,
an 2l structures (like setae etc.), nervous |
inmag ~1ory organs. This pattern is repeated | (@
°fthe'segme‘ntwi Pl A

’
a
|

fonmen;.



(earthworm), Hirudinaria medicinallis (medicinal leech), Neries etc.
5. Phylum Arthropoda

The word arthropoda
is derived from two Greek
words; Arthoros means
Jointed and Podos means
limbs or legs hence,
arthropoda includes all those
animals having jointed
appendages. This is the most
successful group and the
largest phylum ofthe 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 5
of legs (also called limbs or ¥
appendages). The body is ncphrosto?w figphrl opore
covered with an exoskeleton Fig=3.16 Neplhridiam
in the form of thick cuticle
chemically made of chifin.

Science Technology :
The exoskeleton provides and society = 278

not onl rotection but also a
Tk Processing of organic matenals by

surface for the attachment of s
muscles with the help of which earthwormsmtohomogeneous and_

arthropods show a locomotion
by swimming, craw %, alkmg‘ 01' |
flying. The clntmoms exoskelet
considered one of the reasoﬂg*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 pigment. Blood is called haemolymph (
oxygen) it only carries food to different tissues of the. body-ox et

P £

:v

composition of organic w €
reducing its orgamc ” rbon 2
and retalns nore 1 LT
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ADLENNA Tompanum

Fig: 9.17 Grass hopper showing morphological features

Respiration takes place in aquatic forms thfough gills and i.n .terrestrial forms
(especially insects) through trachea. Trachea are air tubes.which divide repeatedly to
form numerous fine branches distributed to all the tissues of the body. They
communicate with exterior through openings on each side of the l?ody known as
Spiracles. Arachinids, a group of arthropods including scorpion, spider etc. respire
through special structures, arranged side by side like books in a book shelf, hence
called book lungs.

Excretion takes place 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




behaviour. They live in colonies and divide their work among dif] erent groups, ,
Nervous system in arthropods is well developed. It consists of a pair op
cerebral ganglia (simple brain) connected to a double nerve cord. A ganglion is Presens
in each segment and nerves arising from these ganglia connect the whole body, The
responses are well coordinated. Sensory organs are cyes and antennae. :

a. Metamorphosis in Arthropodes e .
All the changes occurring from the fertilization of an egg to the formation ofan

adult are collectively called metamorphosis. During metamorphosis a lary,

adult
Sth moult .
Sth stage /

nymph
4th moult
-
4th stage
nymph f
il eges

3rd muul:\ :
hatching
3rd stage % - =2
2nd stage nymph 2 ‘ 1st stage. i Tuuui
2nd mh M:_/ Aymph :f “
Ist moult et

53 Fig: 9.19 Incomplete metamorphosis in Cockroach
undergoes a series of changes called ecdysis or moulting in which it casts off

(removes) its skin many times to attain its maximum size, The stages between ¢

-

three groups. i
a. Ametabola are the insects in which b :
P SR . no metamorphosis

gthl:r primitive wingless insects are example, rphosis accurs; .

- Hemimetabola are the insects in which in. e O

: A Incomplete IR O

This type of meta morphosis is found in insects lil'(pe.Co:;n etamorphom &5
¢. Holometabola are those insects in which complete




e

adult

€gg
1st stage
k larva
pupa hatching
l18t moult
2nd stage !
m larva i3
5th moult( } ;i
i

e A

Fig: 9.20 Complete metamorphosis in butterfly

(__L Sclence Technology =) B

and soclety - |
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 arcas where there are sufficient flowering plants.
tShemculture, or silk farming, is the cultivation of silkworms to produce silk. Although
¢I¢ are several commercial species of silkworms, Bombyx mori (the caterpillar of the
omestic silkmoth) is the most widely used and intensively studied silkworm. i

.
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Stparated from the main evolutio
share characteristics with both annc
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contains only about 70 spe;




Most insects are holometabolites like flies, butterflies, moths, beetles etc. ‘
6. Phylum Echinodermata

Name of the phylum has been derived from two Greek words; ekhingg
spine and derma means skin. Animals of this phylum have spin
characters of phylum echinodermata are as follows. : ;
Echinoderms are exclusively marine, triploblastic animals,
bilaterally symmetrical in the larval stage but are rad§ally symmet}‘lgal 3 ady
Usually five arms are present. They are coelomate animals with distingt Oral gy
aboral surfaces. A water vascular system including organs kx}own as tube feet i foung
used for locomotion. They haye a spiny skeleton made of calcareous plates Bog

1 . . . » . y
shape is rounded to cylindrical or star like, with simple arms radiating from 4 Centry
body. .

Y skins. G?:::sl
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stion OC

curs through a variety of structures e

n se

a urchins, genital bursae in brittle star

-E. papule in star fishes

~huractcrlstlc

" etrical adults.
p symi™ Amoeboid cells known as amoebocytes

. > about in coelomic fluid absorb waste
- roaming :

. aterial and make their way out through the wall
i rectal cecae. The amoebocytes are constantly
produced in the body for this purpose.

Beside many nerve cells which lie among
he epidermal cells, the radial nerve cord run along
e ambulacral groove and unite with a nerve ring
encircling the mouth.

The apical nervous system consists of a
trunk in each arm which meets the other trunk at
the centre of the disc. These trunks innervate the
dorsal muscle of the arm. The tube feet are the
principal sense organs. They receive nerve fiber
from the radial nerve cord at the end of each radial
tnal, the radial nerve cord ends in a pigmented

g;;:; known as eye which is a light perceiving

etamorphosis into the radially

The star fish and other echinoderms have a

stomic B atory tract in sea urchins. Tube feet also
?‘:Ii'f")scal : z.ion- Nervous system IS primitive consisting of
;’C'IP ar -sP’rC"emrawd into the radial ganglia containing nerve
getwo (;:lu organs arc poorlydCVClOp?d. .
,,,l,rd>-5_‘: ' are usually separate with few exceptions.

b'r’f"n is usually sexual but power of regeneration is

chmductlvf;o ed. Fertilization is external. a larva
vell deve npt is indeterminate including ‘
D“Vcwp-msz larvae called bipinnaria larva

“Markable power of regeneration. A si
Wilh parg o regeneration. §mgle arm
g tentral disc regenerates into a new
Echiy
0““;‘!1:151 C;\ncestry and Evolution
Phyla, Som oderms are very different from other
j :°fﬂle differences are:
i) Yhave no parasitic mer of Echinoderms
member. : 9,23 Examples of Echind
i) Rgmall Marine, e .%phiv.tﬁrkﬁagf’“ (brittle ",;',.‘2)
Y ate unique ; s | . Arbacia punctulafa (sea urehi
“die i having bilateral £ 00 byiareus (sea cucumber

. 4




symmetry in larval stages but radial symmetry in adult stage which seems to ba of l
secondary phyllogenetic ongin. . .

Although they are very different from all invertebrate phy!a, still they haye ,
strong affinity to phylum chordate especially to subphylum Hemichordata. Ciliateq
larvae of certain Hemichordates (e.g. Tonaria larva of Balanoglossus) and bipinnari,
larva of echinoderms are very much similar in shape and structure. Pattern of cleavag,
of fertilized egg, formation of mesoderm, anus, mouth and coelom in echinoderm
and hemichordates is similar. Creatinine phosphate in the muscles of bogy
echimoderms and chordates are similar which produce energy for muscular activity.
On the basis of these similarities the echinoderms and chordates appear to be closely

related and evolved from a
common ancestor. For this reason ST e
tese two groups are placed near [ I(JQH "
cach other. Examples of this
phylum are Asterias rubens (star
fish), Ophiothrix fragilis (brittle

Brittle star is called brittle because if can break
off its arm if it is injured. This “autotomy”
: . allows the animal to leave its arm behind and
o L L eigegiota (sea escape from an enemy to save life. The broken
urchin), Thyone briareus (sea

arm regenerates rapidly into a new brittle star.
cucumber) etc. ‘ |l—

“hylum Hemichordata: : :
Hemichordates are worm like animals found in shallow ocedn-bottom.-l'hey
are closely related to chordates but show many similarities with echinoderms. They
are included in the group of animals called deuterostomes along with echinoderms
and chordates. General characteristics of this phylum are as follows: * —
Body is soft and worm like and is divided into three regions, an anterior protosome,
middle mesosome and posterior metasome or proboscis, collar and trunk. Every
region 1s with a coelomic compartment. Body wall is made of unicellular epidermis
with mucus secreting cells. Digestive tract is complete and consists of a long straight
tube. Circulatory system is composed of a dorsal and ventral vessel. Gill slits are
present behind the collar which performs the function of respiration. A single
glomerulus connected to the blood vessel constitutes the excretory system of
hemichordates. Brain occurs in the mesosome and the main nerve tracts are present in
mid dorsal and mid ventral line. Notochord is absent. Cleavage is holbblﬂﬁﬁc.:‘aq.d
radial. Tornaria larva is formed during the life cycle which resembles bipinnaria
larva of echinoderms. Many hemichordates make colonies. Examples are
Saccoglossus kowalevskii, (Acron worm), Balanoglossus sp. etc. £

8. Phylum Chordata SOSEE R aT = M |
Name of the phylum has been derived from the word Notochord which is
found in all the animals of this group (chord means thread or rope). Anima j’fﬁ"sz
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B |
r osses following three basic characters generally termeq e chordate
. P
hy jum .

hardC€™ o rod is found in all the

I“ A dorsa;llscfél as notochord. In l-ower
chordates Cit is retained but .in higher
chordﬂgss (vertebrates) this rod is replaced
chpf 3:ncbral column.
ya I chordates have a c.entr'atl, dorsal,
1316“2 v nervous system which lies above
lhenotoChOTd- . .
;. All chordates develop gill slits
sometimes called perforated pharynx) at
least in the embryonic stage. In some
chordates these are non functional and are
afterwards closed while in others they are
still functional as in fish and amphioxus,
Phylum chordata has been classified into
twomaindivisions and three sub phyla
Division 1. Protochordata or A crania
These chordates do not posses
eranium (skull). They are also called as

lower chordates. They are further divided
nto two sub phyla:

Sub phylum Urochordata:

~ Notochord is present only in free
Wimming larvae and is absent in adults.
iy are also called tunicate as their body

'SCOV.ered by a sheath called tunic which is | i
ge;’mlcally made of tunicin, a substance Fig:9.24 Saccoglossus kowalevskii
s 0 CelIORE® T arvas aeeities 2
25 C’f(‘)“mg but adults are sessile. Examples
aintestinaljs, Molgulaete,

§
| "'bphy lum Cephalochordata:

| ¢ e 161 e fi long,
inteq - _o¢hord is well devel d in adults. Their body is in the form of a
Po ¢ll developed in a .
'hfl:\txe(:‘ 10d, hence called as seq lzlt)ncelet. They have a hollow nerve cord wl;i_hcl;m
filte, %e tthe length of body. They are free living and swim about in water. TR
l)ivision 2.Cy :a,mples is Branchiostoma (amphioxus).
“-raniaty ; 13 SRR at. They are
1hese chordage Posses a cranium or skull in which brain s present. TA¢Y




Fig: 9.25 a,.Ciona intestinalis, b.Molgula

included in sub phylum vertebrata.

9.5 Sub phylum Vertebrata
Vertebrates are divided in to following five groups or super classes:

[- Piscesor Fishes

- Amphibia

i- Reptilia

- Avesor Birds

- Mammalia

. Class Pisces
Fishes are aquatic vertebrates which respire through gills and perform

scomotion with the help of fins. Fishes are the largest group of vertebrates and

snstitute about 48 % of the total vertebrates. The number of living fish species 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 pml'ed
1s (appendages). Seven pairs of gills are found which open separately to the ou
d are not covered with operculum. R g
Their skeleton is of lower grade, fibrous cartilage. They do not poss&:r:

Fig: 9.26 Branchiostoma

ymach because of their parasitic way of life. Mouth is adapted for sucking. SeXe3*
sarate. Examples are Petromyzon marinus (lamprey) and Maxine glutinosa (has

=S

h). | ,
Class Chondrichthyes: (cartilaginous fishes) i

Their skeleton is made of cartilage. They have streamlir ed bodies. A% ©
sndrichthyes live in marine environment. Their mouth is ventral. Theif =
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v Elnlw:ous and sharks are very active hunters. PEN Separa
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sxes are separate and many of them
-\e. ~

STY smayj) and =
pairs of aorty

e viviparous. Examples are sharks, rays. skates and chimaerag

.. Class Osteichthyes: (bony fishes)

g These fishes have 3 skeleton made
of bone hence called bony fishes. They are
the most successful group of fishes ang
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
In water. They

respire through well
developed gills which are covered with a
ycover called operculum.

. Jaws may be with or without teet'h.
Siin is developed with 10 pairs of cranial
erves, H

€art consists of an auricle a.nd a
Ventricle, Blood contains haemoglobin as

respiratol'}’ pigment and its colour isred.

. Sexes are separate and except few

.. ‘0e fertilization is external.
soammy °F bony fishes are oviparous but
Meare OVo-viviparous and viviparous.

27 a, Hog fish
o Lampry e
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Latin word Amphi which means both. The animals of
this class have characters of both aquatic and
lerrestrial animals. Amphibia are considered on the
border line of these two groups. Transition from
‘quatic life to terrestrial life is clearly indicated in

amphibia. It is believed that certain lobe fin fishes of
the group dipnoi

sarted crawling
0od

thig
fish

"‘en ¢ - - - -
< fb’dtes. Sexes are separate and fertilization is
®mal, Th

;adpole la
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Aft S\Vlm wlth.
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and to avoid overcrowding and competition. In
"y they used to spend some time on land. These
Sarebelieved to give rise to amphibians,

€o
Phj
lhl’Uué}?

‘-" b closs Dipnol are called lung fishes

’ ' : Fhere are only
[ishes ics leftin the world, These fig
CUies

hes aestivate in the holes
jug .l"v'“' mud for few dry months and during this period respire
i I“-h ihe extremely vascularized swim bladder which acts a5 a
Ot Vhen the rainy season comes again they come out and gtart
:;:zl:x normal life in which they respire through gills like all other
hony fishes.

A very prominent feature of the some fishes is their migration to
reach their feeding or breeding grounds. T hey travel thousands of
kilometers in this process, For example, salmon fish.

A R -
sAmphnibia

Name of the class has been derived from a

came to live in shallow water. They
from one pool to another in search of

Amphibia are poikilothermic (cold blooded)

€y breed in water and their larva called
rvalives in water and respires through gills

G the h?lp of their laterally flattened tail.
5 off’P“lg gills during metamorphosis, they
ia li\zater and start a terrestrial life. In some

¢ Necturus the gills are retained

o
Utlife. They are tetrapods having two

e necturus (tailed)




pectoral and two pelvic limbs. Some forms are legless e.g. cacecilians, They ha%‘

webbed feet but fingers are without claws. Their skip is. pigmcntcgi, Smooth gng
glandular which is always kept moist and help in respiration. Heart in amphj;, is
three chambered; two auricles and a single ventricle. Two additional tubes (sometimeS
considered chambers) truncus arteriosus and sinus venosus are also present. Thej;
circulatory system is not very perfect as mixing of qugenated and depxygenated
blood takes place in the ventricle. Most amphibians hibernate during winter. |n this
process they dig deep in the mud and survive by getting energy from the fat bodies
deposited around their kidneys. Examples are frog, toad (tailless) and salamagder,
newt, necturus (tailed)
3. Class Reptilia

Reptiles are true land vertebrates. Their bodies §
are bilaterally symmetrical and can be divided in to four &
regions; head, neck, trunk and tail. They are
poikilothermic, pentadactyle (having five fingers) o
tetrapods. They are terrestrial but some species
secondarily has adopted aquatic life like aquatic snakes @8
and turtles. They are lowest amniotes i.c. their embryos §
are surrounded by a protective covering amnion. Other B
protective membranes called extra embryonic
membranes i.e. yolk sac, chorion, and allontoise are |
also found. ’
Sexes are separate and fertilization is internal. They are
oviparous and lay shelled eggs with considerable
amount of yolk which provide all the nutritional
required by the developing embryo within the egg, s
hence there is no larval stage and the young ones hatch ks
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 : :
epidermal scales and digits are with claws. Teeth are f'g: 9-31 Lizards, A

: : : ortoises, turties and Tuatar:

present on the jaws except in turtle and tortoise. All reptiles are carnivorous. Heartis
four chambered with two auricles, a v ,
completely or partially divided -n’
ventricle and a pair of systemic arches, _
Colour of the blood is‘ red due'to the of eardsjiéver ke water it
presence of haemoglobin as respiratory their life. They survive with conservitg
pigment. Respiration takes place the wate;' Y s‘mt‘l'lew} oo?l? o e
through lungs which have spongy pressntin their'food.” -
texture. Gill slits appear during
embryonic stages but gills never
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S. Birds are unique among vertebrates in
i birds an Mammals are considered to be evolved
from reptilian ancestors. Scales on the legs ang claws are the reptilian characters
which are still ve Prominent in birds. Evolutionary history of birds is v
interesting. In 1861 from the rocks of Jurassic Period, fossil of a birg Was found which
was given the name of Archaeopteryx, the lizard taileq bird. It is of the. $1ze of a crow
Interesting about 1L 1s that it hag characters of both reptiles ang birds so can be
considered a transition species between the two groups
ome ofthe birds like characters of archaeoptcryx are

= Well developed contour and flight feathers covering the body
ii- Forelimbs modified in to flying wings,
lii~ Taj] With two rows of feathers.
- Skull large with single occipital
‘ondyle.
¥ Jaws elongated to form abeak.
“Plilian ¢y
e

hacopteryx is
One specxmep of arc RiER e
ters ofarchacopteryx | present in Berlin museum an
i in British museum

i osence of scales on the legs.

& ones solig and heavy without air

SPaceg.

:‘: Yaws With teeth Presentin sockets.
~ A l -

°"8, tapering lizard like tail
couSiStsQ . 5

20 cauda)l Vertebrae,




v- Nineto ten cervical vertebrae.

vi- No fusion of trunk and sacral vertebrae.

vii- Sternumnot keeled. Free cervical and abdominal ribs are also present.
vm-Slmplc 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 successfi]

group of vertebrates

a. Distinguishing Characteristics of Birds
They are homoiothermic i.e. warm blooded animals because they can

maintain thelr body temperature. The body is covered by different coloured feathers
which are epldermal exoskeleton. Body is fusiform (streamlined) to allow better
movement in air with less resistance. Fore limbs are modified into wings for ﬂlgh_t.
They have adapted a bipedal life and hind limbs are used for walking on land. The
aquatic birds posses webbed feet. Skin is without epidermal glands except for

uropygial gland present at the base oftail.
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 systemhas acrop to
store the food and a gizzard to grind it. =2

Heart is four chambered with two auricles and two v entricles. Asiﬁgféaomc
arch is present which curves to the right side. Blood is red due to haemoglolgm

contained in oval, nucleated RBCs.
Vocal cords are not present in larynx but a special sound box syrinX is pmcnt
at the junction of trachea and bronchi. Lungs are provxded with extra alr sacs Thwe

air sacs are extended in to viscera. ,
Eyes are provided with a third eyehd, the nictitating membrane which canbedranl

across the eye. A rudimentary pi ntoutside the xternal aummo*“"penmg‘“ |
Excretory organs am; s aas Y-
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v e, Kiwi, cassowary, pcnéumetc
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Fig: 932 Flightless Birds
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fossils animal (named varanope) has been recovered from Texas V}/’hl‘Ch has 50, % '
mammalian characters. The ancestors of mammals were of the size ot.rr!xce and [jy,
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 mostly
terrestrial. Their body is covered with hairs which insulate the body and help iy
maintaining temperature. Mammals have two pairs of pentac!actyle'llfnbs which are
adapted for walking, running, climbing, burrowing, swimming, gliding. In aquatic
orders hind limbs are absent. Skin is glandular with sweat glands and sebacegyg
glands and mammary glands in females for secreting milk. Brain is well developed
with two large cerebral hemispheres and 12 pairs of cranial nerves. Sense organs are
well developed. Eyes are protected by movable eyelids. Ears have an external pinna
for collection of sound waves. Internal ear contains a set of three bones viz. incus,
malleus and stapes which are the smallest bones of the body. Sense of smell, taste and
touch are also well developed.

Respiration takes place through lungs which are spongy in texture due to the
presence of air sacs. Larynx is well developed with vocal cords. Heart is four
chambered and a complete separation of oxygenated and deoxygenated blood is
maintained. Only left aortic arch is present. Colour of the blood is red due to the
presence of haemoglobin in biconcave, non nucleated RBCs. Nitrogenous wastes are
filtered by highly glomerular kidneys and are excreted in the form of urine. Teeth aré
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 Placenta.
Mammals are also amniotes. The extra embryonic membranes help in the formation
of placenta. Parenti care is highly developed in mammals.

Mammals are divided into three sub classes.

a. Subclass Prototheria or monotremata

b. Subclass Metatheria or marsupials

a. Subclass Eutheria or placentalia

a. Subclass Prototheria or Monotremata

These are the most primitive mammals and are also called as egg W‘ng
mammals. They have certain characters of reptiles like they lay eggs but thes %‘I’:

kept in long oviduct where they are fertilized and later on development taknspfo,
these mammals there is no connection between the body of mother and foett
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Fig: 9.33 Platypus and spiny ant eater

prototheria are restricted to Australian
region 2nd are found in Australia,
Tasmania, New Guinea and their
acighbouring islands. They are
insectivorous, borrowing, nocturnal
animzl. In adults teeth are absent and a
nomy beak is found. Their body
lemperature varies between 25- 28 “C.
Example of these mammals are duck
billed platypus ( Ornithorhynchus) and
7iny anteater ( Tachyglossus).
"Subclass Metatheria or Marsupials
These mammals are also called

| giu ched mammals, Females of these
| then:'als bear a pouch or marsupium on
 youge A side of the belly in which
L vy Bu(':ncs are kept as they are born in a
Sage, T, developed  and immature kangaroo |
pfexe'm Cats of the Mmammary glands are Fig: 9.34 Marsupials . :‘,
Poorly J:V‘he Pouch from which the babies suckle milk. In these animals placenta is .
'Clopc.d and babies come out of the body earlier in immature form. o .
%""ci:sn P1als are also confined to Australian region with the exception 0 t‘;li‘a{
blK:)"“’Wing» ;:.‘ serican opossum, Their body is covered with hairs. They are terrestrial,

| la al (living in trees) in habit. Examples are Kangaroo, Opossum,

Opossum




TN
¢. Subclass Eutheria or Placentalia 1
These animals are the true mammals having the highest degree of evolution ¢

brain and body structures. They are also called placental mamma:]s ;s placema‘ of
different types is formed in these mammals with the hclp. of whhnc tde devc.:lo;m)g
embryo gets nourishment and oxygen from the body of mother and removes i
metabolic wastes. Young ones develop inside the uterus to a relatively mature stage
After birth mother feeds them on her milk produced in the mammary glands with we||

developed teats, Teeth are present in jaws. Cloaca is absent and urino-genital duc

opens independently of rectum. Testes are in scrotum hanging outside the body eithe;

throughout life or at least descend to scrotum during bréeding season.

Eutheria are divided into sixteen orders. Some important orders with examples are
mentioned below:

Insectivora: Feedoninsects, includes moles and shrews.

Chiroptera: Flying mammals like bats, flying squirrels.

Cetacea: Aquatic mammals e.g. whale, dolphin. porpoises, sea lion etc.
Carnivora: Flesheating like dog, cat, lion. Wolves
Rodentia: Cutting habit like rats, mice, squirrel, beavers etc.

Fdentata:  Adults with no or poorly developed molar teeth like South

American anteater, sloths.
Pholidota:  Body covered with large, overlapping, horney scales e.g. Pengulin
Proboscidea: Have along trunk like elephant.
Perissodactyla: Odd- toed hoofed mammals like, horse, zebra etc.
Artiodactyla: Even-toed hoofed mammals like cow, goat, deer etc.

Primates:  Mammals withy highest brain development like lémur, monkeys,
apes, tarsiers, human beings etc.

Markhor is thenatxonalamma[ogv _

A gt

=]
g {
; Y



o Echinoderms are rad

KEY POINTS

Animals have been evolved from the single celled
> i but it has yet to be decided th organisms included i
Pr olmt}‘;a. ‘[1 as yet to be decided that from which L e in kingdoen
pave evolved. . group of protoctists, they
System of naming of animals is called binomial no 1 |
S S menclature
"\Lwr-d"zig‘ to modern classification simplest animals which d . i
organize into organs belong to subkingdom Parazoa. Ani st L
are included 1n subkingdom Eumetazoa A
[n diploblastic animals the body is composed of two layers of cell
‘ : vers of cells.
animals the body is composed of three layers of cells

[n triploblastic
Triploblastic animals may be classified into acoelomates, pseudoceolomates and

coelomaltes.
Porifera possess
Coelenterates po
Flat worms (platylwlmemhcs) are bil
unsegmented and hermaphrodite. Organs of excret

cells.
Round worms and thr

skeleton in the form of spicules.

ssess a body cavity or ceolenteron or enteron.

aterally symmetrical triploblasue,

ion in flat worms are flame

ead worms (nematodes) are bilaterally symmetrical,
triploblastic, unsegmented animals in which the sexes are Separie.
Annelids have bilaterally symmetrical bodies.
Arthropods pOssSes paired jointed appendages.
Organs of respiration in arthropods are the trachea, gills or book lungs.
Insects belong (0 class insecta (phylum Arthropods). Their 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 INSECHS a
Molluscs are fundamentally bilaterally
with shells of various types:
jally symmetrical with calcareous skeleum.gtgazlf zfcm
ch are connect with water vascular systeti

locomotion are the tube feet whi eas
ord cast

- resence of potoch al
tics are p in the embryon

Phylum chordata charactert . lits at leastl
embryonic condition, presence of gills shts attem
presence of dorsal hollow central nervous systeft:

re malpighian tubules.
symmetrical generally provided




EXERCISE ‘.1

A. Select the correct answers in the following questions.

| Animals are believed to be evolved from:

a. Non living matter b, Higher plants
c. Water Plants d. Prokaryotes
2. The most important and basic category of taxonomy 18
a, Phylum b. Class
C. Family d. Species
3. An animal found from ocean was observed to have no tissue organiz;..
18 most likely to be the member of phylum.
a. Porifera b. Coelentrata
e} Echinodermata d. Hemichordata
4. Cells of the inner lining of the endoderm in diploblastic animals are cali
a. Cnidoblast b. Choanocytes
C. Pinnacocytes d. Amoebocytes
S 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 W
kept in the nutrient medium. All parts grow into new worm. The animals ma}

be:

a. liver fluke b. tape worm
c. planaria d. hydra
7. Group of vertebrates in which placenta is formed
a. Fishes b. Amphibia
c. Aves d. Mammalia
3 Organs of excretion in annelids are
a. Flame cells b. Nephridia

C. Malpighian tubules d. Kidneys o S
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6. In what heamolymph is diff®

\fembers 01 the order 'perissodactyle’ are al

. JIC ¥ SO named ;
ungulates b ¥ S
L 2 - hoofed mammals
: eutheria ‘
\ d. All ofthe above
\coclomates are characterized by:
the absence of brain.

-z'
the absence of mesoderm

b.

- q solid body wi a cavity

c. s solid body withouta cavity surrounding internal organs
d. a coelom thatis not completely lined with mesodcm;

iich of the following characteristic is probably most responsible for the

Wi

great diversification of insects on land?

a. Segmentation b. Antenna

. Rilateral symmetry d. Exoskeleton

Vammals and liv ing birds share all of the following characteristics EXCEPT:

a. endothermy.

b. descent from common amniotic ancestor.

C. a dorsal, hoallow nerve cord.

d. an archosaur commaon ancestor.

ArchacopteryX ShOWS features of :

a. reptiles and mammals. b,  reptles and amphibians.

c. reptiles and aves. duBY0S and mammals.
the following qu_cstmns'

Write short answers to
¢ of many

Why certain animals are ca |
for the formation of lary

What is the reason

animals? o
What is the importance of polymorp ism:
: qr fish arc invertebrates and ar¢

Cuttle fish, jelly fish, st fish?
many invertebrates are called 1St : form
Why the reptiles excrete nitrogenous wastes 18 ﬂ.le |

crystals?

living fossils®
lled VIR v during the 1 oycl

cent from blood?




EXERCISE 3.

Differentiate between Proterostomes and Deuterostomes.

Why alternation of generation is required |
What 1s the difference between haemocoel and coelom?
List down three organisms, cach representing radial symmetry and bilatery)

i

- o
‘d

symmetry? :
I, Differentiate between prototheria and metatheria,

Write down the detailed answers of these question.

D.
I 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 economic

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? _
What adaptations are found in birds for aerial life? Describe evolutionary

6.
history of birds with special reference to the fossil birds. g
7. Write short notes on the following. : ' e |
a. Binomial nomenclature G ! P
b. Parazoa 2obs = o8 1
c. Poikilothemic animals g

Projects B
* Make a collection of insects present in your locality. Identity their scientific
names. An exhibition of this collection may be arranged under the euidane of
teacher. -. . z | FaE> 4

* Working in group of four, prepare a presentation di
causes/events of extinction of major animal species, Coll
reference books and internet. Share your findings in the clas:
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Introduction ‘ Y _ 3

I'he plants upon which we depend for the food we cat, and for th Ky
S il. A good soil supplies the plants With k.~ Sehy,
breathe, depend in turn upon the soil. A good ¢ : the A
i ' ition thus comprises the study of hoy, I kry
elements they use. Mineral nutrition thus ¢ Nasdiil Ly Plants b
3 - Ir A < 4 - ¥ R by
mineral elements (either through water, air o1 sol ) u;' %08 em or.!he;.rgmwp
and develorment. Like any other living organisms, plants leac _dl\’ersatl!e life_ ;"
have a system for proper gaseous exchange, transport of mtafcpf ;;Stg and ap abiliy,
adjust to the changes taking place in the cnwmn-mhcp L;I t..‘dz:)re ConSay,
undergoing the process of growth and dcvelop.n‘lcm whic lj 4 “’?’-n Etl, Cd, ‘—V SPecialjy,

tissue and hormones, In this chapterall these different aspects will be ISCUsseq

10.1 Plant Nutrition

Plants need a variety of nutrients in order to sustain their F]i-llly life Processs;
Depending upon the amount of each nutrient required the mineral nutriens are
divided into two groups: macronutrients and micronutrients
2.  Macronutrients

Macronutrients can be divided into two more groups: primary and secondary
nutrients. The primary nutrients are nitrogen (N), phosphorus (P), and potassiyn
(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,

d
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gl NO,-or NH; Amino acids, proteins. nucleotides, nticleic acids,
e chlorophyll, and coenzymes
| K- Enzymcs. 8mino acids, and protein synthesis.
pr(5 Activator of many enzymes, Opening and closing
of stomata,
L ———— Ca2 Calcium of cell walls, Enzyme cofictor. Cel)
olet ™ permeability.
L H:PO: or H,PO, Formation of “high energy” phosphate
Pho compounds (ATP and ADP), Nucleic acids.
Phosphorylation of sugars. Several essential
- enzymes. Phospholipids.
e Mg Pan of the chlorophyll molc'z_:ulc_.:c;;cn\zyme. A,
\Lx o SO% Some amino acids and protemns. Coenzyme A,
Micronutrients
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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 leayes become
deficient in them. This translocation
depletes the older leaves of these essential
nutrients, leading to chlorosis and necrosis.

of food such plants may carry out Parasi
Ily depend upon other plant or in some cas
prophytic nutrition in which saprophytic plants exfract
However, the most interesting example of

Depending upon the source
utrition in which parasitic plants who

lants may be involved in sa
utrition form dead organic matter.
ieterotrophic nutrition is the ca

mivorous plants which feeds on insects.

PR
s ok ‘a. Pitcher Plant lg.;Squdew - ¢ Butterworfs
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Carnivorous pl:n?l; n?;!y be sub ivided s s
¢ traps and thosewi ‘;""f’clt,ra S orsome o pyp o

5 decomposition involves digesive NZymes prod

qsect S 1y within the trap. uc

" lll (ICC‘: . SCIN v " .
onia and Sarracenia of the arraceniaceae Cr plants. ;
g :
Nt a Vase-l e

ac, where an insect falls into
‘ haceac, W / Modifieq
Nt the ingey fr lgaﬁ Doy

nent N

W']“:n" hairs on the slippery walls preye m crawlin -
lmll]][ < victim ultimately drownsin a pool of digestive eNZymes 4 %:ut, and the
helpie®: S ;

Examples of active traps are the "flypaper traps of sunde
yosera. Droseraceae) and butterworts (Pinguicu[a’ Lentib lariaceae) Inlll::nhw;
(pro unrelated genera, the leaves are covered with land-t{pped hai?s
:h;‘b:\("/' ;) or a sticky layer of mucilage (Pinguicula) Which ent
,' 1. o) ) :
l;‘[.-llnw\‘lillﬂ victim.
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>of Stomatain Gaseous Exch
['he small pores on the epidermis of lea
stomatal pore Is surrounded by two guard cells

-Indicot plants guarg cells are kidney
shaped or bean shaped. In monocot stomata, gu

ard cells are dumb be|| shaped.
The inner wall of guard cells are thick and n i

and elastic. The adjoining cell walls of two guard cells around the pore are free and

not attached with each other and this help them to stretch laterally during stomatal
opening.

ange and Transpiration

e ent al cells surrounding the guard cells are called subsldlaryeells
The stongxi:l ;I())lr(::r;nual‘ d cells and the ;gbsidiary.cells ar;togethet::llml
dpparatus. Each guard cell contains a smgle..nugleus an ncroQ Opasts,
Starch is synthesized in guard cell by chloroplast and sugals i
mesophyl] cells and they are characteﬂ,z‘?ﬁlfh ' ccum ula,t_x?n-e.l r
dark) and their degradation durmgtheda t)l e
o - Tesophyll cells accumulat
"8 This property helps inthe op

“nspiration is loss of or thro

ere by evaporatic
e plapg takes place ¢




10.3 Transportin Plants ‘
10.3.1 Vascular Tissues and transport of materials

You have learnt that vascular plants or 'trachcophytes' have specialiseq tissye
termed xylem and phloem, for conducting water (plus solutcs) and organic NUlriey,, *
respectively. Let’s discuss these tissues in detail.
10.3.1.1 Xylem

Xylem cells are elongated and connected end to end to form a tubular wqg,,
transport system througl sl -ontinuously replacing the large amoypy ¢

I , ghout the plant, contin ) It of

water lost by transpiration, water that is essential for both photosynthesis anq 1
maintain turgor pressure. The main kinds of xylem are tracheids and vessel clemens

a. Tracheids

Tracheids are elongated cells up to $0pum wide with secondary. lignified cell walls
When mature, tracheids are subject to loss of protoplast (nucleus and cytoplasm) and
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
~ parenchyma, fibers and sclereids. |

ol .
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| - phlm" olutes MOVE through phloem which is generall

| 2 g , _ : found
307 A€ e ants. Phloem forms the 12 ound on the outer

03 praan i plants mner bark, 1 :
hecells of the phloem

108 1
(ssues 1L e
] " organic solutes through outthe plant are the sieve tubes, Ph) .
. Org s.Enloem i

V \‘v .
LS 1 H1v = : e .
0 nsport S presentiin all vascular plants. It consists of five different k:
it issue o hvma, phloem fibers. sieve tubes, comnani Inds of
NP pem PAIERE = Ils. the sieve tubes a Sl aamion cells and phioem
s | [“:mt of these CeLins S are especially adopted for the process of
v il\
\,.1\ | U ‘]“Ul‘

g pubes clongated livi 1l :
glevef  ibes are € ongated living cells, placed end to end with the walls

] GV ™ ~ ’ . .
_ \ of cellulose: The end walls are perforated by a number ofsmall pores. The
‘ld qrea of the end walls look very much like a sieve and is called sieve plate
,f the sieve plate are open channels which help in the translocation of

i
»
1

] .
',‘C!“

I aresS o ; :
IH“T\ -ociated with almost every sieve tube is a thin walled elongated cell called
:-.'\.m umi““\":‘“' =
.l:’(ump:mi()ﬂ CC‘" e ‘ . r-_. \ °
Companion cc IS hving N\
1 containing cytoplasm and @\ Sieve plate (X
,'.L;ﬁx_nn.-d nucleus. The sieve tubc.as S § . :
;nj the companion cells are In _ Sieve tube —
-ommunication with each other by | member
Jismodesmata. The companion ' Phloem f _
«lls supply energy to the sieve parenchyma¢—
ube and help the sieve tubes in °°"’ el (
ranslocation. ;aff".-f!‘!“,;;] -
3 e

o

The organic solutes from ! o I
the mesophyll of leaf pass into the - fPlasmodesmata—§~
sieve tube through the companion cortanti
cells via plasmodesmata. The
wmpanion. cells are present in
“glosperms but absent in
&mnosperms and ferns, |
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a. Water potential oo |
Molecules of water possess kinetic energy. Therefore, they are jp

motion from one place to another. Water potential is dl.rectly Proportio n;o::hm
concentration of water-molecules. Greater the concentration of Watermgje, es'uk
system, greater 1s the kinetic energy of watcr.mo]ecules. Th1§ n's. calleg Wal?e:
potential. Pure water has maximum wgtcr potcn}nal. Water p_oteptxal IS repra, o
by the symbol "Pw' (y; pronounced /sai/ sigh). It is measured in Kilopasca Kp i,
Kpa=1000 Pascal.

9t (out Inforeiion

Blaise Pascal was a very influencial French
mathematician and philosopher who contributed
to many areas of mathematics.

Factor such as heat affect the Waler potential. Water potential plays an

important role in plant physiology because it affects absorption of water by the root
hairs and its onward transportin the plant,

. s ces th , tial
th“esymbol "Ws' Itis measured in 'K pa$ ({:fos;zsrzals)ohlte potennal 15

between a solvent and its solution which produ




of € idermal cells of the roots are freely permeable to water and
wall

. - however 1s partiall .
el Y cell mcmbﬁ"_'ehlmt s g b Yll)cn;:cablc to some substances in
e s, 10 e water which enters pidermal cells of the root passes through

mim..‘.‘ Jtion: 1odermis, pericycle and finally to the xylem-cells through the paths
. ene

re™, ceribed below.

pch A pathway :
(poplas from the soil is absorbed by the root hairs, from where it moves

- the cortex through a system of interconnecting cell-walls and inter

" ards j’:::.:.c\- and reach the endoderm and pericycle. Water is then poured into the

julat ) hole nonliving water path is called apoplast pathway.
n

— Epidermis

' (a) Apop \39

._ Endodermis
# A }%\( - Casparian strip
Root S o W N\ Pericycle
hair | ¥ - Com \ L‘\—‘-./‘\/@
! L 1.5. = v@@i@ -
o ;m,v W R
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Transcellular L;'- .,i = 'I'I'M'Q '

}———+ Cortex 1'

—
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Fig: : oo
'h‘:w‘nﬁgw th h."t‘e different pathways of water movement through roc
e, Vckline, symplast  pathway shown by blue line, transe
bg | aa § A
ymplastpgthw‘y (A )
_ Wat _ Sl
Peces o "t only translocates along t
Mhggis 50 Moves inwards across the |



Such a living medium transport of water is termed as symplast pathway, [ti.

system of intercellular protoplasts (cytoplasm of the neighbouring ce]ls) in esth&
of roots. In the cells of the roots, both the cell membrane and cytoplasm ::u.:t“a-s'cgl-ls
partially permeable membrane. &
c. Vacuolar or transcellular pathway :

The attached cells have interconnected vacuoles. Cells and the Vacuoleg -
connected with one another by the pilasmodesmata. Plasmodesma_ta are | e
cytoplasmic strands which extend through the pores in the adjacent cell waljs) In
this pathway water moves from vacuole to vacuole. The plasmodesmata.acy as 4
source of water movement across the cells towards the xylem. This is also symplyg,
pathway but specially the vacuolar pathway. Whatever may be the path but water .
absorbed by the roots from the soil and is transferred to the xylem of roots, stem ang
consequently the leaf-xylem and mesophyll which are the main part generating
enough water potential for hundreds of feet high movement of water.

10.3.4 Water Movement in Xylem through TACT Mechanism

Four important forces combine to transport water solutions from the roots,

through the xylem elements in the stem. and into the leaves. These TACT forces are:
transpiration, adhesion, cohesion and tension.

a. Transpiration

It involves the pulling of water up through the x
energy of evaporation and the tensile strength of water.

ylem of a plant utilizing the




'\dthion

| s the attrd
- “.i"cran
ye hollow €

ctive force between water molecules and other subst
ances,

d cellulose are polar molecules there |
ML : 1S4 :
apillaries of the xylem. strong attraction for

(el ‘
it (_,ohcs|0n
tractive force between molecules of the same substance. Water has

3 «thed R
) high cohesive force due to the hydrogen bondings. It is estimated that

. =} .1t s .
g U1 pesive force within xylem give it a tensile strength equivalent to that of a
: #< CL : 3 . eyt
walc! ;\‘,lelardlamelu.
Vils g v s
ation of adhesion, cohesion, and surface tension allow water to
g e walls of small diameter tubes hk.e xylem. This is called capillary action.
fr-l.nnl_ haped surface formed by water as it climbs the walls of the tube is called a
he U=t

mcniscu.\'

Meniscus

Fig: 10.6 Meniscus formation in the xylem

Tension
. ltcanbe thought of as a stress placed on an object by a pulling force. This !
ling force is created by the surface tension which develops in the leaf's air spaces.

. chlsi()r1 isa negative pressure - a force that pulls watq ﬁ-omloaaﬁo S ¥ ere
2 enu} [:O.t?ntlal is greater. The bulk ﬂow. of water to the topofapl |
o uhr;y shmcc evaporation from leaves 1S responsi
= :Cclrax_lism of Opening and Clos;ngofsmmﬁg_l et

8 anism of opening and closing of stomafwc@v DO
2mostacceptable theories. ) WU
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tarch Sug" Theory >

on (iigCF’rdmg to this hypothesis phqto
N f’::/de which lowers the H ion of ce
5¢ ang oﬁrs the activity of JosphC ich cor
Isap, Phosphate. 1t dlssol d increases th
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This causes an increase in the osmotic pressure of guard cells and ;
~diffusion pressure deficit (DPD) also increases which results in the MOVemeny =
~ water into the guard cells from surrounding cells. Guard cells become turgiq aOf
~ swell. Thus the stomata open. nd

During dark, the level of carbondioxide in substomatal cavity is INCreageg

in the decrease in the pH of guard cells. Atlow pH glucose is conv&ted
the presence of enzyme phosphorylase. Synthesis of starch Jeqq, to
Il sap by consuming its dissolved glucose molecule. Thus ogp;.
ap is decreased and its DPD (diffusion pressure deficit) is decreaseq

s lose water to surrounding cells and becomes flaccid and stomaty

Stoma Opening Stoma closing

Guard Cells

K
thyrs ey
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into phosphorylated hexoses and
ith carbondioxide to produce

in the guard cell. H
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Jocation of organic solutes
-al S ! e ’ .
097 Green jeaves are the photosynthetic machinery of the plant. These green
' .

oparded a8 «gource of assimilates ” because these are the sites of

gc;l\~"*“.m] ‘(:fsugar during the process of photosynthesis. This sugar is converted
coduc '-l-‘ns‘t‘ which is transported out of the leaf to the stem and then upwards to the
0 .'11;1-5 or seeds and dQW'nwards to the roots or the underground stems.

puds o e buds, <ceds, fruits; roots and the underground stems are together called
asSimilates“. They utilize or store sugar. This transport of organic solutes

. the source of assimilates to the sinks of assimilates is called translocation of
0! ;

W10 3\1

are flow mechanism: ( Mechanisii2 of translocation of organic solutes)
Food, primarily sucrose is transported by the vascular tissue called phloem
cource to a sink. Unlike transpiration's one-way flow of water sap, food 1n
phlogm sap can be transported in any direction needed so long as there i asource of
‘suparand @ sink able to use, store or remove the sugar. The source and sink may be
eversed depending on the season, or the plant's needs.
Sugar stored in roots may be mobilized to become a source of food in the
early 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

clled translocation.

i Prt‘SS

from @

% The Pressure flow or mass flow hypothesis

he aceepted mechanism needed for the translocation of sugars from source

ed the pressure flow hypothesis. As glucose is made at the source it is

(adissacharide). %

then moved into companion cells and into the living phloem
transport. This process of loading at the source produces @

: : phloem. Water in the adjacent xylem moves 0

smotic pressure builds the phloem sap W ill.mo:/e to arcas Of




k osmotic pressure must be reduced. Again active tr
the sucrose out of the pholem sap and into the cells wh; hSpon I
ting it into energy. starch, or cellulose. ¢ wi"m‘e

are removed osmotic pressure decreases and water moy
of

Sieve tube

0 Sugar is activaly !ransponcdl
into the sieve tube members |
of the phloem. Water follows

by osmosis. |
T8 .0 2 '

la s @5 ® Source cell

Higher water pressure at
: the source forces the phl
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T ——er
_tasis in l."lzll‘lls .
:w”“",  sresent in diverse environmental conditions, In order to survive
04 pants _dopt various measures. Such measures :
1ave m|‘|ul“'"'osmms is tl?c. ability of l!ymg orgamsrps to maint
L) ¢ internal cox}dl.nons..]t provides the organism with
4 ,‘n” ' it from variations in the external environmen
==k ;m‘:not mean to keep a fixed internal environment 45 ¢
asis € OCS

ain or nearly
acertain degree
tal conditions.
hanges with in 4
the fact that the
ts. Most of plant
moregulation or

n or loss of water
different situations in terms of their

C'n;umcl-“- al
gides, there
ihere is et I

00 eosta T necessary for normal quy ﬂlnct.ions. It refers to
”"Iﬂ-]‘lc range f"; - tissue fluid in the body is kept within narrow limi
: l“w:l ot t ‘;-;lated with the presence or absence of water. Os
“'T{mnisms i?“.on is the homeostasis of water i.e. the contro| of gai
gl,-:;ont‘ ‘)‘l?ilil:;ne Plants are confronted with
1. disSOIVET

al'::“’‘Mim“my.ves readily across cell membranes through special protein-lined

o I']301 ¢ total concentration of all dissolved solutes is not equal on both
9 ltl; i net movement of water molecules into or out of the cell. Whether
wm'cfnem of water into or out of the cell and which direction it moves
T--11(1‘r.:'ther the cell's environment is isotonic, hypotonic, or hypertonic.

dﬁpcnds onw

Hypotonic Isotonic Hypertonic

Fig: 10. 9 Osmoregulation in different conditions.

9. Isotonic . . . .
| When two environments are isotonic, the total molz}r .con_ce.ntranloxtl' of
dissolved solutes is the same in both of them. When cells are in isotonic solution,

movement of water out of the cell is exactly balanced by movement of water into the.
I
cell,

b, Hypotonic

I hypotonic solution the total molar concentration of all QISSQlYﬂ.:?%l“tI;.E _
JUCles s less than that of another solution or less than that of a o ol )
WNcentrations of dissolved solutes are less outside the .c?“i than mlde’(; ?.
Iehtation of water outside is correspendingly greater. When a cell is exposed|

: I YPotonic conditions, there is net water movemﬁpt k;‘r;tg;;th._e} &
s :‘V:::] SWell and may burst (lyse) if excess water is ?ftt%:::lops i
vi"’nmen: Is often benefit from the turgor pr&gsute' DAL GOV IORY S




¢. Hypertonie ‘

A hypertonic solution is a particular type of solution that haq 2
concentration of solutes on the outside of a cell when compared with the ins,%reca“f
cell, Or&
10.4.1 Osmoregulation in Plants

Of all the environmental factors that determine the vegetation of 5 hab;
water 1s considered to be the most important. e , la
Osmoregulation has enabled the plants to be distributed in
wide range of habitat. Hence according to the amount of He
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 x
the plant, root hair being absent. The surface area of the Fig: 10.10 Hydrilla
leaves is large enough with plenty of stomata (in partly
submerged hydrophytes). These features favour excessive
transpiration. e.g. Hydrilla, Vallisneria, Potamogeton etc.

b Mesophytes

Mesophytes are the ordinary land plants, which grow under
average condition of moisture. In limited supply of water,
they close the stomata to prevent loss of water. However, in
abundant supply of water, they keep the stomata open to
transpire the water rapidly, e.g. citrus, brassica, pea, peach

androse etc.
c. xcmphytes
hytes are desert plants which grow in dry,
ﬁrggdysandy places with scanty rainfall. They
have long roots to absorb water. The stem contains
 ter storage tissue. The leaves are modified into
uce evaporation of water,
d transpiration,
cuticle. The

Fig: 10.11 Brassica
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~h L&

0P s can grow 1n a soil containing large percent: -
falo} on seashores forming Specia B

¢ yecur | type of :
ofore e salt tolerators and not salt lovers. Althoue Vegetation called

|
{

">

the! w ar
pd U e THEY == absorption is fai ugh there ig
L gt soil, wate absorption is fairly difficult due to abundance of J}lc'?‘y of
Wm 0 lel nce they show Ph)’b;(’loglcal drought and show Xerophyti tlm ki
\\" ‘,‘,.. - iE e ” s - . C O arac '
oll Vs contain ¥ ell developec wa;cr storage tissues. The leayes are covered \t:f'“ﬁ
s R h 74 o - y ) \ -
'l‘izc,.wl oo preventey aporation of water.e.g Sa/sola(saltwort)and R/”"ophm:
a1l A v :
ik
o
.
'."-
valsola (saltwort) b, Rhizophora
vort)is a halophyte (a salt-tolerant plant) that typically grows
jons and can be irrigated with salt water,
iy a dominate in mangrove forests around much of the
4 ions of plants to low and high temperature

- \ll_'fk"w»zpcr;nure is. one of t}'le'most importgnt ecological factom. Temperature
o xl(:‘m may be max imum, minimum, or optimum. Metabolism becomes slow at
s iml:“‘}J?PGmture ar_1d hlgh‘temperature. Extremely hlg‘h temperature causes
oth lh.u‘\: “:\; ‘plunts while the freezing temperature causes 1C€ crystal formation.

7 }‘f““C‘>i§rehannful to plants. . o
bemgey,,.© Variations in temperature range require the plants to adjus

m"fph()]:‘\ 101 the environment and this is adaptation. Plants pOSSess S(l’;n;
4 (o prEhis . 3 -
Mperyy,,, 00 anatomical structures to counter Very high or very

‘ vy ' ST S l-‘&r




Some of them are as under

. Lowtemperature <uffer from l-effects. To ma

Plants growing in low temperatures may Nge |,

b for nrotection and short 14
temperature, they possess well-dey cloped bark for P;:m.: in the cell (‘(r,‘ life CYele
) . : ‘ :
Such plants bring changes in the n-num\munlnl \; e e lc[l);c\,em
N S Sy ns are hard and € e Pera;
~rvat: m aves and SICimnS < . o 21l Urp
cry stal for ion. The leave dihetate of transpiration-is lOW i ¢

Most of them possess scale leaves ai Fetar

cooling.

%3i::iTlllcmth‘r:nlul'c e TR det
1€ protopiasm, enzvmes and proteins i, . . :
the plants u.Se strfxctures and mechani;sms to adjust {hcmSClVC‘S‘ t‘o such conditigy
Plants absorb maximum water in short rainy season. The water 1s stored for “arying
out various metabolic activities. Some plants produce an exicnsive bra"Chlng Foo;
system, so they can absorb even the little available water. T~hc extensive spreading o;
upper parts of the plant reduces the evaporation of water from th; §01l 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 war
loss from the plant body.

The sunken stomata regulate transpiration and stems of some plants ar
succulent with large vacuoles to store water for the cell metabolism. In many planis
leayes are modified into spines to reduce transpiration.

ature at high temperatyre %n
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pPT" . Ged plant USSUES are supported by the presgiire of

y cell walls of their tissues. This turgor Presstife ts cell contents
ytoplasm ofthe cells so that pressure 15 excrtc‘d(::l:;"d by the
"~ cell wall. Herbaceous plant does not form a eplasma

b 1 the ST : : , persistent w
it rane _n‘nm plants are often known for their attractive flowers ot foliage oody
e 1 prbact ommon observation that plants cannot remain upright if lhci;' hard
| LEh <t < s -
R cpreis damaged or they lose turgor. Support to the plants is provided
1 A5

u:’“"!”, ical tissues, which c9n§1st_of collenchyma and sclerenchyma, Non-
05° " echal rted by turgidity (water pr | Bl
e T s are SUPPOIte y s pressure) of parenchymatous cells,
Mg ],;nts remain erect and firm because of the pressure within these cells.

ese P neriod of drought, the tissues of such plants lose water and result in

L pngs
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A. Hypertonic B. Isotonic C. Hypotonic

A. Plasmolyzed B. Flaccid C. Turgid

Fig: 10.15 Turgor pressure in different environments

Plant cells are surrounded by rigid cell walls. When plant cells are exposed
;(; hypotonic environments, water rushes into the cell, and the cell sw.e'lls-; bqt is
. tthLth breaking by the rigid wall layer. The pressure of the ceinlpushl})g*a:.g:a||1_."sll'i
i iﬂstanceh (]?’all'ed turgor pressure, and is the desired s.tatefforamost; plan;pssues..;ﬁq;
pure Waf ‘D acing a wilted celery stalk or lettuce leaf mahypownmenvxxonmentoﬂ _
*t will often reviye the leaf by inducing turgor in the planteells. _
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lhin petioles carry heavy and flat laminas, stems support leaves, flowers e

All plant organs are exposed to mechanical strains. Extensive specia] ized g, &"Ih |
tissues exist only in vascular plants. Vascular plants have up to three mainpm“g
supporting tissue: o
L. Collenchyma

[

Sclerenchyma

3. Vascular tissue
1. Collenchyma p "
The name collenchyma derives from the Greek word kolla", Meaning
"glue”, which refers to the thick, glistening appearance of the walls in fresh tiggy,
The collenchyma is the typical supporting tissue of the primary plant body and
growing plant parts. :
Collenchyma is characteristically found in leaves anq elongatmg stems, In
leaves, it appears as strands, often located above and below major veins, as Wcll.asm
petioles and sometimes leaf blade margins. In stems, it appears as a hollow cylinder

around vascular tissues, or as peripheral longitudinal str:ands. |
Collenchyma cells have unequally thickened primary walls, especially when

observed in cross-sectional view. The different thickness patterns gf the wall is a
characteristic feature formed during elongation. There are four primary types of
collenchyma: angular, annular, lamellar (or plate), and lacunar.

Collenchyma is a living tissue composed of elongated cells' with. thick non-
lignified primary walls. Such cells are most closely aligned physxologlcglly with
parenchyma cells. Where collenchyma and parenchyma cells are found adjacent to
each other, they frequently intergrade through transitional cells. The resemblance.to

arenchyma is further ;stregsed by the common occurrence of chlomplgsts in
oollenchyma and by -'theg-abihty. of thls.txssug to undergo reversible changes u;wall
hickness. and to engage in meristematic activities. Thus, it is entirely appropriate {0
; types in the same unit of study.

4 194 is the sclerenchiyma. The term
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un.,ﬂ,,'ﬁ Example of ground tissue, which make up the bulk of the plant body. 'l."hf most
mypu are parenchyma, collenchyma and sclerenchyma (the stone cell in 'd' are a

form of sclerenchyma).
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fference between fibres and sclereids is not always clear. Transitions
Metimes even within one and the same plant. Fibres arise fmn}
lissues. Cambium and procambium are their main ceters B .
They \ associated with the xylem of the vascular bundles. The

lignified. Fibres that do not belong to the aylesa e
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Fibres are generally long, slender, so-called prosenchymatoys
cells, usually occuring in strands or bundles. Such bum'll‘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 processeqd
has since antiquity made them the source material for‘a number of |
things, like ropes, fabrics or mattresses. The fibres of flax (Linum
usitatissimum) have been known in Europe and Egypt since more than
3000 years, those of hemp (Canabis sativa) in China for just as long.
These fibres, and those of jute (Corchorus capsularis) and ramie
(Boehmeria nivea, a nettle), are extremely soft and elastic and are
-especially well suited for the processing to textiles. Their principal cell |
- wall material is cellulose.

SMESLSes

~ 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 ¢¢!
. clongation (c) Phase of cell maturation and differentiation. =
- The flowering plants (angiosperms) go through a phase of vegeti"
rowth — producing more stems and leaves — and a flowering phase where lh‘c,\
the organs for sexual reproduction. Meristems arc undifferentitt”
juvenile plant tissues which are capable of dividing mitotic? .




omatic tissues are of two main kinds;

erst
M seristem

Apicé
I Lawrﬂ
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|meriste™

i ‘l ler‘stc‘nls il 3 \
API€ ical meristems are areas of actively dividing cells at the tips of all
= L8 § of all roots

I i e £ R
AF(’S The aplcal .mcnstcm gives rise to the three primar
shoo®>: d meristem and procambi - SR olemy
‘nd e, groun l e um) and these In turn produc '
. JQUCC ¢

(Proues_ s in 1001Ss the O“t?'h"‘OSt .gyer of a primary shoot is the epidermis -.-h,,‘.;:

| Df" from the prOtOdem‘- © eP‘hefmlS may contain stomata or Icnnccls‘t’nr -;7;\-

- panges OF may have a waxy Or hairy surface to prevent dessication. The s =

xchang® © o m ground meristem. The pri Fi. (e Sel

e arises oM grot e . Ihe primary vascular tissues, the primary

i ,vasculaf camb.lum an primary xylem, arise from the procambium. These

ﬂ  tissues are orgaan§d into separate vascular bundles. Finally, the innermost

ot tissue 1s_the pith. Itis pr(?duced by the central ground meristem, and functions
'+ ashortperiod as astorage tissue as shown in the following figure.

Cortex Vascular cylinder

Epidermis —

Zone of
maturation

Zone of
elongation

Zone of cell
division

Fig:
ig: 10.17 Root tip showing different phases of growth.

Ip in increasing the
All vascular
nof lateral
th is found

-Sent g : ,
¢ :at:tegg’ : of root and shoot, apical meristems he
CT herbyce y. This elongation is called primary growth. /
?s‘ﬂ.nd'ﬂo:,us or woody, undergo primary growth. Productio
Otsanq ers also occur by primary growth, Primary grow
Some herbaceous annual dicots.
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NS nistems are the cylinders of dividing cells found in gymnosperms

re concerned with secondary growth or increase in thickness of the
two types of lateral meristems—vascular cambium and cork
cambium produces secondary vascular tissues, which conduct

I '\geadded support. Cork cambium produces cork cells,
nand root from water loss, pathogens, and herbivorous insects.
wth occurs in perennial dicots and gymnosperms. This type o
lickening or lateral growth, arises from secondary
ocambium in the vascular bundles secondary cambium i
phloem and secondary xylem. In some species

: evelops from parenchymatous cells in the
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1Y aroWIng plaiit, p prievery Organ is affect

107 n @ 2 esses OCCUITING in some other organ e.g. the vegetative growth
Owth of

ical prot ffected during fruiting. Simil
Jologie®.Piohly a g. Simi al']}’,. the formation of flower
aking place in leaves. Such

a0 ants 18 be controlled by the processes t
torgans of a plant is called
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ed by the
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Fig: 10.20 A young stem showing apical and axillary buds,

i, Inhibitory correlation (Apical dominance)

The inhibition or control of lateral buds to develop by the activity of apical bud is
alled nhibitory 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
the development of lateral buds. This is proved by the fact that if the apical bud is cut
of, then one or more of the axillary buds grow out and exert inhibitory effect on the
udsbelow. Apical dominance may be complete or incomplete. '

) Complete apical dominance St
. [ncomplete apical dominance only the main shoot grows and the lateral buds
i Alowed to developed, as in sunflower the growth of lateral bud is completely:

filbited.
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10.6.2 Annual rings
Every tree keeps its own diary of climatic changes or other events that affe,,

its growth. Each year a page is added which records whcthcr that was a lean year o,
fat one. Each year, beneath the bark, the tree adds 2 layer of wood to its trunk. W,
conditions are ideal, the layer is thick. When there is a severe drought, or a plagye o

insects that destroy most of its leaves in carly

o d

(our Inforla

One of the most accurate way

: to estimate tree age is to count
\ First year growth the annual rings of wood
r: growth. For trees that are dead

Rainy season and have been cut down, you

can count the rings on the
stump. This provides an
accurate estimate of its age.

]g}Alllanlngs or Tree Rings
ers that appear on the stump as :

ible, the layer will be thin. If the tree is cut down witha

the stump as a series of concentric rings called Annual
simply a layer of wood produced during one tree's
etween the dark late wood that grew at
Ypaleearly wood that grew at the start
faring of early wood and a ring of lat¢




summerwood is the darker-colo

0§ red part of
- wood ¢ . orowth, a tree add : OT a tree i
(s r'-"‘] _ .qwnuragb %Jt(h i s]owed S ?he:tt:: tissue and Produces a thick gi;lwilen
| ~ "M D ™ N = ‘
w:'.till'yixu ng yeal, gro ¢ produces a thin ring, Epia

i
i adin P -
| Lawth Rospnllscsnll lants .

074 . s show growth responses by releasing certain ¢
Nants -
(ml Jrowth rate or movement.
_~'.1n (LA -
gifters
.1 Plant (
Hormones Of plants are referred as Phyto Hormones. Phyto Hormones are
¢ substances which are naturally produced in plants; contro] the growth or
<iological functions, at a sight remote from its place of production and

extreme minute quantities. There are five major growth hormones namely
bberellins, cytokinins, abscisic acid and ethylene.

hemicals or by showing

-rowth Substances
0,

Ng;m
jlve . )
m\iﬂs' gl
|, Auxins '

Auxin is a Greek word, which means “to increase”. Naturally occurring
asinis a hormone that is produced in the apical meristems of shoots and the tips of
wleoptiles. Indole acetic acid with other related compounds are collectively called
sauxin. Auxins control and regulate many physiological processes. Auxin travels
by difiusion 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

dn;sio'n in the vascular cambium. It often inhibits growth in lateral buds, thus
mantaining apical dominance. The same quantity of auxin that promotes growth in
lestem inhibits growth in the main root system.

! Gibberelling oAt
The gibberellins were first isolated from a parasitic fungus th

gs. They 1

"SEM




It can break the dormancy of the seed and cancels the effects ¢

ke Fthe jny,;
substances. In apples and grapes the exogenous application causes

|
More g, -

. . s ru“ ‘-1
s vaqs . o : edICSS ra g i &m
Glbbcnl!xps promote flowering, helps in growing se grapes anq "“Pfo\'es
storage life of banana etc.

. -

3, Cytokinins

~ The cytokinins were first discovered as a consequence of thej
Qte cell division and bud formation in cultures of plant tissy

o T

ally related to certain components of nucleic

., I' Capa

: . ooneS. They

acids. Cytokining can al;o :1,
th auxin to cause cell division in plant tissue Culture. In tobaceg iy

S, @ high concentration of auxin promotes root formation, whjj.  high
1 of cytokinins promotes bud formatio

n. In intact plants, Cytokining
Wth of lateral buds, acting in opposition to the effects of gy,

nescence in leaves by stimulating protein synthesis

Ty of auxins, plant physiologists suspected a dormancy
S. At last a substance that Promotes abscission of cofign
scision II”. At the same time a substance wzs
ch promoted bud dormancy and was cajled
emical analysis. The abscision II was later
i18ion char cter and acidic nature.
d

es Influx of water into the roos.
one that helps plant cope wil




svement of plant parts can be classified according to th
; y the

r ML Vs :
plants movements are classified into two major types; turgor

nerats
Gent Sved.

. [l\ L r > N ) ' 8 o 1 AN ‘. T N 2 y
-}n‘””’m lnd rowth moY ements, rest of the classification of plant movements is
Y oants @ & §

Plant Movements

!

Growth movements Turgor movements

v y

: ‘/ILN%:—OEI'S—" Paratonic Rapid movement Sleep movement
Nutation Epinasty Hyponasty l
|

i ¥ ’
Tropic movements Nastic movements Tactic movements

v + v l

Photonasty Thermonasty Seismonasty

v v -

Phototacitc Thermotactic Chemotactic

S 7 i )

[Phatotropism Geotropism  Hydrotropism Chemotropism  Thigmotropism

- Turgor Movement
' m”@f movements are due to the differential changes in turgor and size ofthe
sult of the gain or loss of water and are casily reversible. The effective

different from ordinary cells and may be concentrated in certain areas
of leaves of many grasses in dry weather is caused by loss of water from
rmis. The dropping

tm cells, which form longitudinal rows in epide

e plants at night are caused by turgor changes in the cells of the

resent at the base of the leafor leaflet. _
is composed of parenchyma cells with large intercellular
trand of vascular tissue. The water passes into or out of these
side of the pulvinus than on the other side. This uneqd,
\equal enlargement or shrinkage (turgor response) andd
"Ntofthe petiole and leafblade.
e \‘ffmaybe (a) rapid movements (b)sleep movements..
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A\ N . . " are touched. 1 \
When the leaves of Mimosa or “touch me not™ are tou he lowe,

> : . B B " LN » W \\(l'( / "y SO A !
th l‘lll\ln“.\ lUU.\'L‘ lhc“ l[”g](lll\' ll“_ lk,(l\ CS hLlld (1‘.)" I | l \“(_l ( I!'»'». ‘i:!lv: ” .
leaves regain their turgidity and thus become erect.
: leaflets . Leaflets
Petiole in normal Petiole

folded

position drooping

Pulvini at bases of leaflets.

Fig: 10.22 Response of Mimosa pudica to shock. Left (befo re) and right
b. Sleep Movements




ethe types of the autonomic movements
v ar . S - ;

ANE il. Hyponasty

r»ll““ l-;PinuS!)’ P 2 23 Nutation

inasty ; > De ¢ >S especi i
! H",;l is seen 10 the petals and leaves especially in the bud conditic
- 1o Jcaf ShOWS more growth in the bud condition than the l)
ace ' the opening ofthe buds.

0. The upper
s ower surface.

| ;vhwh res ul

Y )0“3“) d ; 5

i, HYE [tis also shown by petals and leaves n bud condition, the lower surface of the

ave ShOWS more growth than the upper surface which keeps the bud closed
ca -
il M(a(ion . ‘
The growing Up of the young stem moves in

a8 manner due to alternate change in growth on
pposite side of the apex.

p, Paratonic Movements
These movements arc induced by the external

simuli. Paratonic movements may be:

i Tropic movements
_ii.  Nasticmovement
"'-;' Tactic movements Fig: 10.23 Young stem of Japanese
= Tropic M § Knotweed growing along the ground
1 pc ,ovemen“ rather than upright into canes often
These are induced movement of have a zig-zag appearance.

hown by the plant organ (shoot or root), |
are capable of turning in any direction. The direction of movements I
lined by the direction of stimulus (light, water, gravity etc). Tropism or tropic

are classified as under:
Opism

ropism occurs in radially symmetrical organs like root and stem. The
fstem and roots in response to the force of gravity is Cﬁ‘l,led geOtOpES
s towards the force of grayity and are said to be positively 8€0TOPT
S away from the force of gravity and is there fore called negatively

em - . ' etothe
movement of curvature induced in plants organs in (espons

: Ig@ﬁt?'iwaued’phmotropism-




Young stems are positive phototropic, turn low;.ards hghl..'l he crur_\'znurc 1S due tg the
greater growth on the shaded side then on the side on which the light acts. Roots gy
usually indifferent to stimulus of light, their orientation being determined chiefy, by

the gravity.

c. Hydrotropism |
This is the movement of the plant organs in response to the stimulug of

moisture. The primary roots, secondary roots of highe_.r plants, rhizoid 91 }ivcm’(,n

and hyphae of certain fungi exhibit growth movement in response to variation in the

amount of moisture. Roots are sensitive to variations in the amount of moisture i g,

soil.

d. Thigmotropism

Frel, ~ These movements of the plant organs is in

15e to the stimulus of touch, contact or friction e.g.
ants, which climb by means of tendrils, are

motropic responses are also met within the
of the young root comes in contact with a
h as small stone, the root bends away &
 negative curvature helps the root to avoid S,
soil. The stamens of certain plants are
eir dehiscence takes place only
tubs them. Fig:10.24 Passiflora species
o have tendrils that allow
R e them to crawl all over
S S everything.
apart of the plant in response to a chemical stimulus.
“Ier ds the chemical stimulus or away fromite.g
Lthe angiosperms due to the disintegration of
ilarly the tentacles of Drosera (Of “

e same way the hyphae? i
tones. The hyphea %
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L dircclm“ of the movement is here determined by the structure of th

the €L - the leaves and the petals of flowers, which can bend only in e
| one

e | .
o ‘”g'“\]-:q[ic movements may be the result of growth changes or they may be th
gt - o Na c

nfa“'“oil s lvf variation-
| ﬂ.:n%:[iC movcn]ents m
" photonasty
ﬂwrmonasty

geismonasty

ay be:

ng\’e {

*huunmst} 3 o :
T‘his nastic move_ment is induced by Vanation. in the intensity of light. Many
o5 which keep their surfaces fully exposed during the daytime, drop at night.
ea) d}oppiﬂg of the leaves is brought about by changes in the turgidity of
nchymatous cells of the pulvini i.e. Many flowers such as oxalis close up at night

! hen the light 1s diminished on a cloudy day and open during the daytime in
UL inC-

Thermonasty
This is due to variation in the degree of temperature. Many flowers open
ihenilluminated and close up when it is dark e.g. crocus, tulips etc.

e

Seismonasty

- This nastic movement is induced by mechanical stimuli such as touch or
iction etc e.g. when the leaf of Mimosa pudica is touched the leaflets close and the
hole leaf drops. This shock movement of Mimosa pudica is called seismonastic
ovement. These movements are caused by the differential loss and support of

, 1°°°motary movement of free swimming organisms or their organs in
ided illumination e.g. Chlamydomonas, Volvox and the Zoospores
other algae when illuminated by weak light move towards the
sitive phototaxis. When illumination is t00 intense, they move
ng ‘negative phototaxis. Similar movements are also
i la?tlnthepalhsade cells of the green leaves.




b, Thermotactic _

This is the movement of free organism in
response to the stimulus of temperature. When
there is difference in temperature, the
unicellular algae are seen to move toward the
warmer side.
¢. Chemotactic .

This is the movement of free organism or
their gametes in response to chemical stimuli.
The spermatozoids of bryophytes and
pteridophytes move towards the chemical

substances like sugar and proteins secreted by
the archegonia.

~ FUg02S The sperm cells of ferns
x . fypieally multifiagellate,

hotoyeriodhm

C ooy Inf«mm
Photoperiodism corgg;
seasonal activities g,
growth, develop;
reproduction, migration and
dormancy that make a direct
contribution to SUTViVOrship
and reproductive success of
the species. Depending on the
length of the day, animals
show behavioural apg
biological changes. Day
length affects their fur coloyr.
migration, hibernation and
also sexual behaviour. For
example, the singing

n?ltcg
ch a¢
nent‘

frequency of the canary bird

depends on the length of the
\ day. |
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I):;\l"'nm'uml plants are independent of the day length and ‘ht‘rcf("‘
affected by the day length. They produce ﬂ_nwcrs whenever they become ; Noy
irrespective of the day length. Examples of day neutral plants are Maize. lu;l;‘:ff""
sunflower and cucumber etc. atp,
19.7.3.1 Phvtochrome _

Phytochrome, a pigment commonly present in small amounts i the tigg,.
of higher plants, is sensitive to the transition between light and darkncsg"}‘}\i
pigment can exist in two forms, P, and P, .The P, forms absorbs red light w"hlf
wavelength of 660 nm and is thereby converted to P,. The P, form absorps
light (730 nm) and is converted to P,. The P, is also lost from the cell in the gy b
reversion to P, or by destruction. P, is the active form of the pigment. It promotc';
flowering in long day plants and inhibits flowering in the short day plants. P, s, .
responsible for changes that take place in the seedling, for germination of seeds a4

- fordevelopment of anthocyanins.

» >

SR

¥ Fl(mgen,ls a hormone, produced in the leaves and travels through the
ral buds and initiates flower formation. A Russian scientist named

- phloem to the fl
o . MHC

: Vi, ~ { proved by experiment in 1936 that florigen is produced in the
- A= leaves. He performed experiment on a short day plant, the Chrysanthemum.
:.'. =, E51L -7 >

2 . e A -

~ Blooms Does not bloom
' ; : Short day




jants and removed the leaves from
c ~ - the u ol 7o
.« on the oW cr.half. He then exposed the UpggrcL:?g( of both plants
e lower half of the same plant to short days. The res <;lf0nc plant to
S. -SUll was that the

gye "~ ‘Cd 1]()\\"01'5-
-

ssed the defoliated (leaves removed) uppe

o EXPOP>T . Do rhalf of the
_and the foliated lower halfto long days. The resut »;’Z:Stlt\;;t:u;; Dllam
: plant

jays 800 20 o is experi ‘hailakhi
_ ors. From this experiment Chailakhian, concluded that the

.

 gueed o rmone of florigen 18 producpd in the leaves and then transmitted t h
e where it itiates flower formation. &
w[ld \\ s

: \1‘:(1'.(“73_“')_” . s : (Y

ation is @ Latin word meaning “spring”. The conversion of winter

N F
{0, \'cﬂ]iillz : 2 b l :

1ty into the spring variety by low temperature treatment is called vernalization
oL :

| i form S coined by Lysenko in 1928. Some plants require a period of low
| ,;pcmmrc hefore producing flowers.
gmpert
i

if this condition IS not_fulﬁllcd. l.hcy will not &
sduce flowers. For example, if the germinating seeds =
Jfwinter wheat are exposed to low temperature, {he
plants developed from them will flower much earlier
#n would have done otherwise. This method of
gimulating the earlier production of flowers by
ubjecting the germinating seeds to low temperature 1S
tnown as vernalization. Vernalization is therefore the
kfp{romotion of flowering by applying low temperature to
#edsand buds before sowing or grafting. Vernalization
shelpful to the agriculturists in inducing earlier
opment of flowers and earlier ripening of crops
€aiso In extending cultivation to the regions where
fature is very low.
. Ithas enabled the Russian farmers to grow crops in Siberia where the soil
_.,yc.red with ice for ten months of the year. Biennial and perennial plants
iled to flower by low temperature treatment. The embryo of the seed and
€ stem are the parts which receive the stimulus of low temperature.

'5?9“11(1 4°C is found to be effective. It produces 2 hormone, the
0 Induce vernalization. Vernalization procedure was applied on large
during 1930 and 1940,

*the ug;gp.srparticularly wheat in Northern Europe (
e winter varieties were grown as spring varieties.

Wy
18 % . N

Fig:10.28 Lysenko studying
wheat
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KEY POINTS

Qpendmg upon the amount of each nutrient required the minera| Nutrieng o
ivided into two groups: macronutrients and micron utrients.

acro nutrients include nitrogen, phosphorus, potassium. calciyy,
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ding 0 the amount of water availaple, plants are ¢
\oC - -()l fen N

roups: Hydrophytes, mesophytes, xerophytes an g
12

pOSSESS some morphological and anatomic

lassified into fi
alophytes,
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al structures to counter very

,)l-”ﬂ\ Y hlgh

ery low temperature.

sor pressure is caused by the uptake of water by the Cytoplasm of the cells so that

0l

Turg

pressure is exerted at the plasma membrane on the cell wal|

Growth 18 defined as increase in number and size of cells. Three phases of growth
are:  (a) Phase of cell division (b) Phase of cell elongation (¢) Phase of cell
maturation and differentiation.

Apical meristems are arcas 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.
s The inhibition or control of lateral buds to develop by the activity of apical bud is

produced in plants,
lace

ey

} tﬂm.‘ the éro wth or other physiological functions, at a sight remote from its p
duction and active in extreme minute quantities.
, ive length of the day and night to which the plant is exposed 1

OPeriod and the response of the plant to photoperiod s i phowpemd’:?hlsher

$0
, a pigment commonl}' present in small amounts 10 the tissu¢
Siti Ye’toﬂaetransmonbetween light and darkness. \perd
e variety by 1oV i

 winter variety into the sprit

is called

e et
\ a1 %
Ao stasma gl -
- . N
- - §
- o 4 - -
4 i L =

= sl A LY v

325 T Ry, g R s




EXERCISE 2 -

A. Choose the correct answers in ”""'. following questiong
1. The thick walled dead cells like tracheid and vessels are incluaed .
a. parenchyma b. sclerenchyma m;

c. collenchyma d. mesenchyma
2 The increase in thickness of the plant due to the activity of cam;

called. um jg
a. primary growth b. secondary growth
¢c. tertiary growth d. stunted growth

3 The movement restricted to bifacial organs like the leaves and pegy, of
flower is the: .

a. tactic movement b. nastic movement

¢. tropic movement d. chemotactic movement

gions of continuous growth are made up of:
jal tissue b. vascular tissue
matic tissue d. permanent tissue

st

S """‘;Efor~ trapping and |
digestion are usedto |




EXERCISE 3

like hemp and flax are made up of:

: [”CS o o S :
y ) 2 © yidermis cell b. SC]CTCﬂChvma
bar enchyma sk d. Collenchym,
- F Ay growth of a plant is due to the action of the

The | '
). | meristem ] e I
0 ", latera b. Vascular cambiym

d. cork cambium

" apical meristem

e X - 2 .

ich bonds are responsible for the cohesion of water molecyles?
. . S

.. Jonic b. Hydrogen
¢. Non polar covalent d. Polar covalent

2 sugar sink, such as a taproot, sugar is converteq into

g Wi

12 ]ll

5. fatty acid b. proteins %
c. glycogen d. starch
. 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
4. Which one of the following is true for annual ring?
a. Itis composed of a ring of early wood and a ring of late wood.
b. Its growth is co- related with the production of abscisic acid.
¢. Itis produced from the axillary buds.
d. Itis produced as a result of primary growth
'8, Write short answers to the following questions.
1. Why insectivorous plants depend on insects?
2 What do you mean by water potential?
Piﬁ‘erentiate between mesophytes and xerophytes.

Row tur80'r‘provide support to the herbaceous plants?

.

o Differentiate between primary and secondary growth in plantg
“etly describe the mechanism of formation of annual rings in plants.

llowing questions in detail. -
* the role of macro and micronutrients plant
Blain o NOVement of water in xylem through TA
"€ movement of sugars within plants.
e S

“id] 5 |
- o |
: b v o
P — . ' : ~
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fas E r e e e

grOWth and d'evelopmem-
CT mechanism.




EXERCISE Z’A’

4. How the osmotic adjustments of plants in saline soils take place y
5. Describe the structure of supporting tissues in plants.

6. Discuss the role of important plant growth hormones.
-
8

Classify plants on the basis of photoperiodism and give eXamples
Describe the mechanism of opening and closing of stomata,

d write taxonomic classification of at least five plang
xerophytlc mesophytic and hydrophytic charactes

:_'; 'y some major symptoms of mineral deficienciesis
.,._,J'osis, stunted growth etc.
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Introduction

When we eat foods—such as bread, meat, :n'ld(;fnf;gf:uliblcs - tgmy are noy ;,
form that the body can use for nourishment. Food im' drink must be chapgeq T
smaller molecules of nutrients before they can be absorbed into the blpod and C""Tie(;
to cells throughout the body. Digestion is the process by‘ which food 1s brokep, d()wr;

~into its smallest parts so the body can use them to build and nourish cejjs and y,
e pro : Dlggon involves mixing food with digestive juices, moving it throygy, the
A h‘act, and breaking down large molecules of food into §ma|ler molecyjeg

egins in the mouth, when you chew and swallow, and is completed ip ;.

estive system is made up of the digestive tract—a series of ho|qy,
a long, twisting tube from the mouth to the anus—and other organs
hat help the body break down and absorb food.There are also two solid digestive
organs, the liver and the pancreas, which produce juices that reach the intestine
through small tubes. In addition, parts of other organ systems (for instance, neryes 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
¢ nto small manageable pieces. This chewing process. known as

powerful muscles (masseter and temporalis), as well |

.I..?Qnt,lfd_l; they move the mandible (lower jawbone) ‘




increases the surf
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Stage 2: The Pharvangeal Stage

The larynx lifts up to meet the epiglottis, which lowers, m::kmg 4 seal thy
prevents material from entering the windpipe. This 1s important as it stops food or
liquid from being aspirated into the lungs.
Stage 3: The Oesophageal Stagq

The bolus is passed into the oesophagus by automatic cgmractions of the
pharynx. It then travels to the stomach by gravity and reflex action. This stage of
swallowing is entirely automatic and cannot be controlled.

11.1.2 Peristalsis

Once the food ball enters the esophagus, it is pushed towards the cardiac
sphincter by smooth muscle contractions called peristalsis. Food travels from the
mouth to the stomach in about 4 to 8 seconds. Peristalsis occurs throughout the length
of the digestive tract and is responsible for keeping things moving and the occasional
strange sounds that arise. The digestive tract is surrounded by both circular and
longitudinal smooth muscle that allows for rhythmic contractions or peristalsis.

11.1.3 Food in stomach
Food enters the stomach from the esophagus, through the lower esophageal
sphincter. The stomach is the part where physical and chemical breakdown of food
really begins. It operates like a food mixer, churning the food bolus to a pulp called
chyme, and releasing numerous chemicals such as digestive hormones, enzymes and
gastric juices which help to break down food molecules in the chyme into small




rther digestion- An empty stomach has a volume of a :

picall a}ncall'. its ca!lP:cnty expands to about | liter of fo':)zfz;:énatcly S0ml.

b d 85 quch as 4 liters. The chyme slowly exits the stomach vi gl

pol¢ ™ - valve and passes into the duodenum - the first Segmem'ao:"hfh pyloric
¢ small

Jes f't’l- I-ll 4
e o lly after

' Sl e- \\'hCI’ e

lt‘: e of Stomach
' The stomachisa muscular organ located on the left side of the uppe

ed into 4 regions: pper abdomen.

gion: Here the contents of the esophagus empty into the stomach through

yJower esophageal or cardiac sphincter.

Fundus: AD expanded area curvingup above the esophageal opening.

Body: The central and largest region.
pylorus: The narrow end of the stomac

incter. Like the cardiac sphincter, the pyloric sphin

ulates the movement of food out of the stomach.
The wall of the stomach is lined with millions of gastric glands, which together

|S SUbdl\ld
Cardiacre

h that joins the small intestine at the pyloric
cter is a ring of muscle that

rete 400800 ml of gastric juice — —
ach meal. Several kinds of cells Lumen ¢:'1 |" T ] Subetance
found in the gastric glands -~ ::mgc “’!i Cell Types Secreted
« parietal cells patifies. AR Mucus
P : T /f/ Mucous (protects lining)
+ chiefcells o O M::k e
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ii, Intrinsic factor
Intrinsic factor is a protein that binds ingested vitamin B,, and enab]eg itt

0 be
absorbed by the intestine in intact form.

b. Chief cells

‘ The chief cells synthesize and secrete pepsinogen, the precursor o the

I, proteolytic enzyme pepsin.

¢ Mucussecreting cells

> Special cells secrete a protective coating called mucus, on the stqmach wallstq

~ prevent damage from gastric acids. Originally it was thought that peptic ulcers Were

i, ' aused by an erosion of this mucus lining by these acids. However recent research
of tes that these ulcers are caused largely by the spread of a type of bacteria calleg

, .S%éter pylori bacterium into the gastric walls.

4% -y
N

%9l WY AEM
esecreting cells

orption occurs in stomach. However, some water, certain ions,
and ethanol are absorbed from the stomach into the blood

a large number of food calories 4
over a longer period. Without ti




e tially digested chyme i

ot the part ; yme into the duodenum

:2’] of the small .mtest.me)' at a manageable speed, through the th(;he lgr'St
e . while the intestine is full and still digesting food, the stomarg; aul;ltc
sphi™" _ area for food. The absorption of food and water by the stomach i:

a8 S::;i‘b-l'c. put iron and highly fat-soluble substances like alcohol are

shsorbed directiy: S g

. Mechanism of secretion qf gastric juice
AL ko interesting questhn is raised here. What causes gastric juice to be
‘_wwt‘i'_‘ There are tWo possible answers to this question — chemical control and
w0 s control. Sometimes even the sight, smell, taste or hearing of delicious food,
mmﬁlﬂ“‘ the nervous system whjcb orders for the secretipn of small amount of gastric
-iice like watering of mouth. This1s proved by the experiment of Russian, Pavlov. He
attheesophagus of a dog and left the cut end open to the outside.
Wwhen he fed this dog, the food, of course, never reached the stomach, yet the
gomach 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.

A hormone called gastrin, controls the sec
molecules stimulate the endocrine cells of the stomach to secrete gastrin. The
liberating gastrin is soon absorbed by the blood which carries it to the gastric glands to
secrete large amount of gastric juice in the stomach. The contact of the food with the

lining of the stomach also causes the cells to secrete gastrin which stimulated the
gastric glands to secrete gastric juice.

retion of gastric juice. Protein

11.2 Food in the Small Intestine

As the contents of the stomach become thoroughly liquified, they pass into the
duodenum, the first segment (about 10 inches long) of the small intestine. Food

typically takes 4-5 hours to pass through the stomach into the duodenum, the ﬁr§t part
of the small intestine.After being churned and mixed with digestive juices in the
Stomach, food chyme moves slowly into the folds of the small intestine through the
Pyloric sphincter or valve. The small intestine (or small bowel) i the longest section
of the digestive tract (approx 17 feet) and is divided into three SCEMEn: -

{ > x m, jejunum and ileum, each of which performs difier
e [negron th'g stomach is propelled through the small intestine
he small intestine is where most chemical digetel L% a1

molecules) are broken down intc roken down into

y acids and gl /cerol: and carbohydrates &=

. adiFs,
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menction of the Duodennm

snum continues the process of food by
m digitorum", meaning twelve fi
Anatomically, it is is sub-divided ;
tal and ascending duodenum. Ins

cakdown_ |ig na
NEers or ine
nto four scg
ide the dug

me stems from
hes. 1t g roughly
ments: the Superior,
denal tube. chyme is

e Function of the Jejunum

feetm length, the jejunum is wh
leted. Pancreatic enzymes, along
ize the food digestion process. Th

ere chemical breakdown of the
with enzymes produced by the
€ term jejunum stems from the

'ég‘g_eitlong_. It is the final section of the intestine and is connected to
he ileocecal valve.The main function of the tleum is to absorb
absorbcd here and returns to the liver through blood vessels in

e unabsorbed watery remains of the food chyme now pass into
water-removal and final processing, before being expelled from
il :

1 0 ,uttients inthe Small Intestine

nall intestine that we absorb most of the nutrients in our food.
stine has a relatively small diameter, the intestinal walls are
%d rugae, which are themselves covered in millions of finger-
villi, which are themselves studded with millions of smaller
illi. This provides a surface-area of about the size of a tennis
on. Inside each villus is a series of lymph vessels (lacteals)
ies). The lacteal lymph vessel absorbs digested fat into the
eventually drains into the bloodstream. The blood vessels
i transport them via the hepatic portal vein to the liver. Here
s are removed and the nutrients are processed. An lmPOTIm:“
rint ""'Qf-ébht'e‘xt'is the regulation of blood gh}cose l«;:y:s tg
& thebody Excess glucose is converted in the l;;vels
srmone insulin, and stored. When blood glucose leve
" ”( qle glycogen lS re-converted 0
by the hormone glucagon.
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11.3 Digestion in the Large intestind o

After all nutrients have been absorbed from in '
through the small intestine, the watery waste passes into the 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 Into a form for easy
expulsion from the body. As the chyme passes through the large intestine, the water ig
removed and the chyme is combined with mucus and bacteria (gut flora), and is

converted into feces.

As in the esophagus and small intest
the large intestine by waves of muscular contrac
However, unlike in the small intestine where these W

gested food during its Passage

ine, undigested food is propelled through
tion and expansion, called peristalsis,
aves occur at irregular intervals,

pegn;stalsls in the large intestine is continuous. [n addition, 2-3 times a day, a more
vigorous type of movement (gastrocolic reflex) oceurs which propels material
towards the rectum and anus. As waste matter is pushed into the rectum, 1t triggers a

.~ desiretodefecate.

ge intestine (also referred to as the large bowel, or the lower
ntestinal tract) is a thick tube of about 5 feet in length which gets progressively
in diameter. It consists of four regions: the ceacum, colon, rectum, and anal
rm "colon" is sometimes used to describe the entire large intestine). The
r caecum) is a short pouch into which food enters from the ileum (via the
valve) and exits into the ascending colon of the large intestine. The colonis
segment of the large intestine. It is sub-divided into four sections, named
sition in the pelvis: the ascending colon, transverse colon, descending
n olon. The rectum is the final part of the large intestine. Feces
llect in the rectum before being excreted via the anus. Afterthe
ort passage about 1.5 inches long, terminating in tW0 -
| external sphincters. As waste products from the.

erves in the rectum cause the internal sphincter 2.
e ralsorelaxes, permitting fecal discharge:
ler voluntary control. Young children lea™
ning. Once trained, loss of control

(such as damage [0 ™
ired water absorpHo®
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eatening. The liver has a multitude of i
functions are:

bolism

Sital energy source for cells and its levels in th
jver helps maintain blood glucose leye]
vinsulin and glucagon. After a meal. glucos
nce rise. This excess glucose is dealt wit
s glucose into glycogen for storage.
uce energy by a process called glycoly

mportant and complex

¢ blood stream must

S in response to the
€ enters the liver and

h by glycogenesis in
The glucose that is not
s1s. This occurs in every

als or during starvation, blood glucose levels fall.
ecreting liver cells) detect this change, and resto
which converts glycogen back to glucose,

has amino-acids are converted to glucose.

The
re glucose levels by

or gluconeogenesis

'"yol\?ed in fat metabolism and synthesizes lipoproteins,
oﬁfuds essential for many body functions, If fat is in excess, the
storage. Lipogenesis is the metabolic process in which fats,
cids and glycerol, are converted for storage in subcutaneous tissue

lucose levels are low, stored fat is converted back into glycerol
cess called lipolysis. This occur in adipose cells, but the fatty
ansported to the liver for use as an alternative energy supply.

re transported to the liver during digestion and most of the
sized here. If protein is in excess, amino acids can be converted

t depots, or if required, made into glucose for energy by
as already been mentioned. However, before amino acids
/s, 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
The liver acts fast to convert ammonia into urea that then can

in detoxification and destruction of endogenous and

es. The liver's own phagocytes whigh reside within the

cells, digest and destroy cellular debris and any mvl:dl:lg
ances such as drugs and alcohol are detoxified by

ed, some hormones are inactivated, and bilirugm
old red blood cells, is also detoxified and ren

O "
ST

N



harmless by liver metabolism.

The liver plays an imporlant role as a storage facility. The hepatocytes take up
many types of vitamins and ... : .

minerals from the blood and store
them. These include vitamins A,
B,;, D, E, K and minerals like iron
and copper. Glycogen which is
formed from excess glucose is
also stored by the liver, although
muscle tissue can also store
g ?"genfoo

AN
218 :

ST m'\
G, EX The liver synthesizes bile
1 ;1s mportmt for fat
ﬁj est] %ﬁ%ﬂd is also a route of
tion from the body. Bile
"wa,ger, bile salts,

H&ll.GLocanon of Lwerm nb C3ge
cb;_qdenum emulsifying fats into smaller globules,
1 by lipase enzymes Metabolic wastes and drug
an beexcxetedﬁomthebod through
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fFPancreas
, pancreas is composed of pancreatic exocrine

Esa - . : cells and their
sdded within this exocrine tissue

arc roughly one million small

liver
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* 9 /gallbladder

ommon
bile duct

duodenum

(first part of
anl.l intesting

- smaj B4, - Figsid. 7 The Structure of Human Pancreas
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n to }jﬁt_exldbular duct from where it passes into pancreatic
ntribute to fluid and electrolyte secretion along with the
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% of the pancreatic mass there are nests of cells called as
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secrete glucagon.

& 2wt T - .
RIS B ST

s %m" 1

T TE NS ———




common bile duct
~ pancreas

-pyloric sphincter .
e e

D

“~~ pancreatic duct

islet of
deltacell——  langerhans pancreatic

e LIt

;
i a. Part of pancreas b. Bunch of acini c. Section of acini  d. Section of acinar
i - ‘ Fig: 11. 8 Anatomy of Pancrease

n of water and electrolytes originates in the centroacinar and i t
catic enzymes oﬁsmatc in t.hc acinar cells. Final p:::ul;tiesmaa Lc:::le(fr?;cs,
d alkalin ﬂuldthat contains digestive enzymes (amylase, lipase, and

). 50010800 ml of pancreatic fluid is secreted per day. Alkaline pH results

icarbonate which serves to neutralize gastric acid and regulate the pH-

nzymes digest carbohydrates, proteins, and fats.

rete 1sozymes like amylases, lipases, and proteases. Theseare

| 1 of the acinar cells and are packaged in the
Wéeﬂs into the lumen of the acinus and

 Where the enzymes are activated 2

zyme secreted by the pancreas in an act’®
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zes starch and glycogen to gluco™




' erts trypsinogen 1o trypsin.
s chymotrypsin, clastase, carhoxypcptidasc, and
‘Seeretin hormone

i : id from the Stomach, ang j is
to avoid acid burns. Secretin

functions as 5 ty
ponse to acid in the small intestine, and stimulates the
elease a flood of bicarbonate base, wh

ich neutralizes the
historical interest, as it Wwas the first hormone to be

response to one known stimulus: aci

commonly when liquified ingesta

dification of the
from the stomach

B (5 )
e»d,to dlgeStl\’C‘ system and

food habits

ome of the disorders related to digestive System and general

gastric or intestinal mucosal lining of the stomach by
cause of peptic ulcer. Infection with the bacterium
to play an important role in causing both gastric and

r pylori may be transmitted from person to person

sl lining, and weakening of the mucous defenses

ulcers. Excess secretion of hydrochloric acid, gpnctgg

ological stress are important contributing factors in -

fﬁ duodenal ulcers. Another major cause of ulmg'is
ry medications, such as aspirin. Cigarette

'mation and ulcer treatment failure.

B bajaus! g o |




The stomach defends itself from
hydrochloric acid and pepsin by creating a
mucus coating (that shields stomach
tissue), by producing bicarbonate and by
circulating blood to the stomach lining to
aid in cell renewal and repair. If any of
these functions are impaired it can lead to
the formation of an ulcer. Peptic ulcers
were formerly thought to be caused by
stress, coffee consumption, or spicy foods.
Now it is clear that about 60% of peptic
ulcers are caused by a bacterial infection
that can usually be cured. The bacterium
(H. pylon) Was estabhshed as the leading

of pe ' in the early 1980s. It

arzsa “.gastntlsm: 11.9 Ulcer is the destruction of mucosal lining

: sﬂte:éfomach’s defenm by thmmng the mucous coating of
eptible to thc damagmg effects of acid and pepsin;
ells and produ 'mgmore stomach acid.

1. pylori are treated with a two week course of
f two antibiotics to kill the bacteria and
shi ldmedxcauon. |
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© eat provides more calories
, fat cells increase in S



i (mvi(y) are the most factors for obesity.

lose muscle and gain fat as they grow

‘Both of these lower their calorie requirements
'omen, on average. Because muscle burns more calories
n use more caloru_ss than women, even at rest Thus
men to gain weight with the same calorie intake. '

older, Their

vom

ind Medications: Certain medical conditions and
 promote obesity, although these are much less common
vereating and inactivity. Some examples of these are as

, Cushing syndrome, Depression.
RIS O

cause of preventable death (after smoking), and is

diabetes, hyperlipidaemia (presence of excess lipids in the
ase, arthritis, gallstones, psychosocial disability. Certain
1 and prostate in men; uterus, biliary tract, breast and ovary in
A eﬁntheobme.

. Mty
3  S4- P L

é?ééepted method of
> obese is by measuring
MI. To calculate your

'. overweight=25.0 to 29.9; obese = 30 or greater; and
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h. Treatment of Obesity .
ion and maintenance should be

: Successful programs for weight loss reduct ainte |
started and followed under the care of a physician and/or a nutritionist. A weight-loss

’ program may include:
e Exercise (30 minutes of physical activity on most days of the week)
igh fiber diet

o Alow-fat, high-complex carbohydrate, hi
o Behaviormodification to change eating behavior
e Social support
- Medications
" 11.7.3 Bulimia nervosa
; ‘Bulimia nervosa is an eating disorder in which a person may eata lot of food at

aml then try to get rid of the food by vomiting, using laxatives, or sometimes
| ».W“'exmsmg People with bulimia are preoccupied with their weight and body
'.nnage Bulimia is associated with depression and other psycbxatnc disorders and
shares symptoms with anorexia nervosa, another major eating disorder. Because r
mdwxduals with bulimia can maintain a normal welght they are able to keep
! ! imia can lead to nutritiona

.X‘f"'

n j m Symptoms:
limia is often accompanied by the following signs and symptoms:
7 _e.éatlng fhlgh-caxbohydratefoods usually in secret




¢ a comerstone of bulimia treatment. Cognitive behavioral lherapy
R rcplm negative thoughts and behaviors with healthy ones, is
mind-body and stress-reduction techniques, such as yoga, tai chi,
! h@lﬂ you become more aware of your body and form a more
h_"w important for the person with bulimia to be actively
. Antidepressants are often prescribed for bulimia.

emononal disorder that focuses on food, but it is actually an
perfectionism and a desire to control things by strictly regulating

ple with anorexia have an extreme fear of gaining weight, which
to maintain a weight far less than normal. They will do almost

mng weight, including starving themselves or exercising too
st commonly affects teens. Although anorexia seldom appears
can be a chronic disease, one that you deal with over your lifetime.
n help you develop a healthier lifestyle and avoid anorexia's

""t'oms:

!,,mgn of anorexia nervosa is severe weight loss. People with
 lose weight by severely limiting how much food they eat. They
excessively. Some people may engage in binging and purging,
 They may vomit after eating or take laxatives. At the same time, the
they are overweight.

logicaj lndBehavioral&gns i
A patients have distorted perception of self (insisting they are

2 thcy arc. thlll) Being preoccupied with food thoughts they refuse to
fusing to ac owledge the seriousness of the illness. They suffer from




— —
depression and refuse to eat in public. Such patients constantly weigh themselves 4nq

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 caused by eating
food or drinking liquids contaminated by a toxin or infectious organism. Poor food
‘hygieneisarisk factor.

_.';&-Symptoms 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.

e b. Causes of food poisoning

et ' Most cases of food poisoning result from contamination of food or water by
* bacteria, viruses or, less commonly, protozoan parasites. Unhealthy food hygiene can
A .'ssﬂﬁbl‘eﬂzesemmroorgamsms to multiply. In some cases of bacterial food poisoning, it
- is not the preserice of the bacteria themselves that cause poisoning but the effect of
toxins produced by the bacteria. If infectious organisms are ingested with the food
an multiply in the digestive tract. If the food poisoning is caused by bacterial
they may be produced in the food before it is eaten. Most types of food
ng cause dxan'hea 'and/9r vomiting, often with abdominal pain. The severity of
ms and the speed at which they develop and the duration of the illness depends
on the offoodpo&onm‘g, :
or food Poisoning Agents
scherichia Coli

» ';'.x 4 ‘ “~. l
yalmonel’s
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of food poisoni y?“é“e‘i at preventing dehydration. I
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: 'me.ﬁf’“ﬂy-inhospital. Typicallys




2 otics Are prescribed only if specific bacteria h
3‘1" 0 . . ria ave been . P ;
*ally fccoverlql:ute rapidly from an attack of food poisoning an'(?f: “?ed' Patients
longlf‘;““ng healt cor;]sequences. In very rare cases, there is a risk orfe y experience
pacterta spread into the blood stream. Both dehydration and septi septicemia if
Qhock.acondmon that is sometimes fatal. piicemia can cause

1.7.6 Dyspepsia
D 9 discomfort in the upper abdomen that is not associated with a structural

ab‘m)nnaht)(.d Dyggepsm describes recurrent and persistent indigestion that occurs
without an identifiable cause or abnormality of the digestive tract. The condition s

more common in adults, especially men, and may be made worse by stress, obesity,

smoking and a diet high in rich, fatty foods.

a. Symptoms of dyspepsia

The symptoms of dyspepsia may .include pain in the upper abdomen, often made
worse b}f 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 fre
these steps:

e Eat small portions
overfilling your stomach.
Avoid eating in the three hours before going to bed to all
enough time to digest food.
Avoidrich, fatty foods such as butter and fried foods. .
Learn t0 Overcome stress, which can often trigger episodes of abdominal
discomfort. ‘
o Ifoverweight,trytoreduce weightand avoid tight fitting clothing.
If ’s_ib'le, avoid medicines that irritate the digestive tract, such as as
_ g and other nonster oidal anti-inflammatory drugs.
T e Lo

quency and severity of bouts of indigestion, follow

of food at regular intervals, without eating too fast or

ow your body

pirin
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KEY POINTS

Digestion is the process by which food and drink are broken down into thej, smal]
parts so the body can use them to build and nourish cells and to provide energy, St

»  Peristalsis occurs throughout the length of the digestive tract and is responsp). for
keeping things moving.
s  Stomach is subdivided into four regions which are: the Cardiac region, the Fundys g,
Body and the Pylorus.
° A hormone called gastrin, controls the secretion of gastric juice. Protein molecules
stimulate the endocrine cells of the stomach to secrete gastrin.
e  Thesmall intestine has a relatively small diameter, the intestinal walls are covered p
wrinkles called rugae, which are themselves covered in millions of finger-like
¢ projections called villi.
e Thelarge intestine is a thick tube which gets progressively narrower in diameter and i
¢ 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 [fenergyand glucose levels are low, stored fat is cenverted back into glycerol and fatty
acids by a process called lipolysis.
o The liver plays a vital role in detoxification and destruction of endogenous and
~ exogenous harmful substances.

e Thebulkofthe pancreas is composed of pancreatic exocrine cells and their associated
ducts. Pancreatxc exocrine cells are arranged in grape-like clusters called acini.

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
G e 8CIEEIEE i
st e Desmmtmn '.theig_asmc or intestinal mucosal lining of the stomach by hydrochloric
Rt acld isa cause peptic ulcer.

;_fu_xrswhen we eatmore calories than our body uses up.
ng disorder in which a person may eat a lot of food at 0nc¢
¢ the‘food by vommng, using laxatives, or sometimes 0V¢!"

Cr !.stent mdlgestlon that occurs without a0
( causeorabnonnalnty ofthedigesnve tract.
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B questions,
the active form of pepsin

o b. Gastrin
HE d. Chief cells

\ ng does NOT manufacture digestive juices?
' b. Kidneys
d. Pancreas

b. pancreas
d. acini

~ b. trypsin
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the small intestine because O =200

3 ,GL.U b. its leng‘h
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10.

4 {5

12.

13.

! Wﬂte shwt'mswers to the followin

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
¢.  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
¢. Bulimia nervosa

d. Binge eating
Which of the following is NOT a sign or symptom of anorexia nervosa?

o a. Loss of menstrual cycles or periods

b. 258 - Low blood pressure

e Increased sore throats and tooth decay
it Y, scaly, cold skin

€ qQuestions,
n by physical dngestxon?
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dite i Jetail the answers of the following questions.
gyplain the rol
gastric JUICe.
Deseribe the mechanis
pescribe the composition o
roles.
Discuss the mechanism of
intestine.

Explain the symptoms and tre

o of nervous system and gastrin hormone on the secretion of

m of digestion in the stomach.
£ bile and relate the constituents with respective

digestion and absorption of food in the small

atment of bulimia nervosa’

ojects

! Identify some common digestive disorders and record somé commion
msehold remedics being followed for their treatment, Give your justifications of
ﬁu wise for the effectiveness . o Qhare your finding in the
SSTO0M.

of these remedics,




jCirculation

AT E IR e T e e
At the end of this chapter students 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. f
State the phases of heartbeat.

' Explain the role of SA node, AV node and Purkinji fibers in controlling the hm

* List the principles and uses of Electrocardiogram.

* Describe the detailed structure of arteries, veins and capillaries.

* Describe the role of arterioles in vasoconstriction and vasodilation.

* Describe the role of precapillary sphincters in regulating the flow of blood: throngh
capillaries. Trace the path of the blood through the pulmonary and systemic circt »ffj
(coronary, hepatic-portal and renal circulation). ;‘
Compare the rate of blood flow through arteries, arterioles, capillaries, venules and v
Define blood pressure and explain its periods of systolic and diastolic pmsnre.
State the role of baroreceptors and volume receptors in regulating the blood pr
Define the term thrombus and differentiate between thrombus and embolus.
Identify the factors causing atherosclerosis and arteriosclerosis. N
Categorize Angina pectoris, heart attack, and heart failure as the smga o£ cardio

‘disease development. e A

State the congcmtal heart problem relamed to the malfuncti

t .

" & = = @




I cod llﬂ'ii””
s in the human body need to be taken from one organ to another and

i Ma(crial dy
. cues from where they are dlstnbpted to each apd every cell of the body. This
o the t‘lj*-mm,cment of material called circulation. It is a vital process of the body
rcq}n:ﬁ o complished by @ system called circulatory system.
hich 15 € )
whi The circulatory system is an organ system that transports nutrients gases,
nones, blood cells, nitrogen waste products, etc. to and from cells in the body to
huln fight diseases and help stabilize body temperature and pH in order to maintain
::;,gco;lasis. This system 18 COfnposed of the cardiovascular system, which
jistributes blood and the lymphatic system.which distributes lymph. Human beings
and other vertebrates possess a closeq cardl_ovascular system. In closed system the
blood never leaves the network of arteries, veins and capillaries.

an Blood Circulatory System

The most important means of transport of food, water, wastes and gases in
human body is blood. For its circulation throughout the body, blood requires a system
called blood circulatory system, also known as cardiovascular system. This system

o 0SiSts of heart and blood vessels.

12.1 Hum

Juman Heart

Human heart (Greek word kardia) is muscular pumping organ. It is conical in
2and is generally about the size of your tightened fist. Itis found on the left side of
toracic (chest) cavity. Heart is covered by a tough double membrane called
ardium. This membrane protects the heart from over extension especially when
aor take a hard exercise. Both the membranes are slightly apart and in between
small cavity called pericardial cavity filled with a fluid, the pericardial
icates the heart to ease the movement and protect the heart from any
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o valves control t'hc blood flow and blood is allowed to flow only in one direction
fhes nc(i"" of Heart ' :
p, Fum rhe right atrium receives the deoxygenated blood through vena caya (

\ from the who!e body. ThlS happens When the heart relaxes and space is pmzﬁs&
e e atrium. The blood is forced to right ventricle through tricuspid valve. Wh
contracts the deoxygenated blood from right ventricle is pumped to the lunzrq1
hrou ary arteries. (During this the tricuspid valve is kept closed Prcvcntiné
:hc back flow)- After oxygenation the blood comes back to left atrium through
~ylmonary Veins: (The semilunar va!ve in pulmonary vein allows the deoxygenated
wlood to go o lungs and prevent its back flow). From here via bicuspid value
: d blood is sent to the left ventricle. On contraction the oxygenated blood is
i full force into aorta (the largest artery) which distributes it to whole body

ler and smaller arteries.

oxygenate
pushcd wit
through the smal

Like other mammals, in human beings as well, the oxygenated and
deorygenated 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 (oo oy e
lled a cardiac cycle. Contraction of heart is ST T2
las systole and relaxation as diastole. | e sound produc
._lete cycle takes 0.8 seconc!s. The generally verbalized as lub-
on and relaxation are cyclic and dub. Lub (first sound) is produced
€. In first phase called diastole blood | by closing of the AV valves
bal the four chambers passively. In | quring the contraction of
dhase i.c. systole both the auricles | gentricle in systole. The
ogether for about 0.1 second filling | gub(second sound) is produced
s completely with blood. Then in - by closing of the semilunar
Ventricles contract together for | yalves in the beginning of
dpouring bloodintoaortaand | giastole.

ed by heart is

vvvvv




Blood travels, in all different types of vessels, at different speeds. Speed is fastest in ‘

arteries. slower in arterioles and slowest in capillaries. From here it starts getting
collected in venules. Its speed starts increasing in venules and faster again in veins,

The continuous working of heart is due to certain specializcd structures like
SA node (also called pacemaker), AV node and some specific type of fibers called
purkinji fibers.

STEP1:
SA node activity and atrial
activation begin.

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.

!

N1k

by Purkinje fibers and
lay?d throughout the

¢ impulse is distributed ||

.




e SA DO eart's oo EuISes faster than othe, . are
he rest O S electrical activity, SA node is thuy "¢ ometimes
acemaker. Dysfunction of SA node causes disturbauxc in heart
: becomes Vcr};‘?:: "’t’ very slow or some times a combination of both.
other Vv lmP"l SHructure is AV node (atrio-ventricular node) which is
ectrical contro® SYStem of the heart. Its main function is to co-ordinates
heart rate. It clectricatljllz’ :t‘;:_‘::rclg[;“r tal and ventricular chambers, It is an electrica|
relay station between '€ Ventricles. Electrical signals from the atria mus;
theAV-node to reach the ventricles. This node slows down the speed of

ass through i1 s /
Sle electrical signals to delay the contraction of ventricles until the atria are not fully

contracted. € : e 1.
Purkinji fibers were discovered in 1839 by Jan Evangelista Purkinji. These

ers extend in the form of a e
gl:nchingu-cein the heart and play an E[%ﬂ’ff[(.‘fr: [ Fe CGF{TGI’ :
important role in its continuous J=— S L
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 “Od_e- This pacemaker is an electronic
myocardial fibers which conduct | device which automatically generates
electrical signals (nerve impulses) to | electric impulses afier every 0.8
different areas of heart to enable it to \S€conds.
work in a coordinated way,

12.1.2 Electrocardiogram (ECQG)

;[ rc 7‘5[ Ay . . 7
def] écz;:;;\ 2; gosmve deflection, Those that go away from the lead register a negative
egisters O. [hose which are at 90 degrees or perpendicular to the vector of the lead
S RL ]d ©-1Sseenasanisoelectric line, -
¢Cordin “a ng of ECQ requires following conventions to be kept in mind.
" Vi f:t the ECG is 25 mm/s which results in:
04 sec (oreach individual block)

A
‘\””n ~ U

Vg ) X
< S€C (or between 2 dark vertical lines)
k e <l




Fig: 12.4 a. Heart beat recorded through Electrocardiogram (ECG)

The voltage recorded from the leads is also
standardized on the paper where

1 mm = 1| mV (or between each individual
block vertically) This results in:

e Smm=0.5 mV (or between 2 dark
horizontal lines)

e S 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

iced is called the QRS wave, with each part of the wave being labelled to help
be what is happening at each stage. |



. alves remain open as all remaining blood is squeezed into the ventricles.
A V,uimpulsc from the SA node reaches the AV node which spreads the signal
‘:;u: walls of the ventricles via specialised cells called bundles of His and

The R peak is the end of ventricular systole and the start of diastole.

[nterval ( Ventricular Systole)

lood is IOW all within the ventricles and so pressure is higher here than in
e AV valves close. The ventricles start to contract although pressure is not

311 enough toopen the SL valves,

B egment (Ventricular Systole)

f«: ure increases until it equals Aortic pressure, when the SL valves open. The
s gjected into the Aorta (and pulmonary artery) as the ventricles contract. At
_ t%fs&me the atria are in diastole and filling with blood returning from the veins.

"« TWave(Ventricular Diastole)

' Ventricles relax, the ventricular pressure is once again less than the aortic pressure
and so the SL valves close. The cycle

continues.

12.1.4 Blood Vessels:
‘The circulatory system consists of three

Tunica intima

pesofvessels. (endothetial cells)
¥ 3 Yy - nes :
‘;,i o ;Aca‘r;e'l? : s T (elastin)

Tunica media
(Smooth muscle)

~ The vessels which carry blood
away from the heart are called arteries. All
~ lhe arteries transport oxygenated blood

" nary artery The only artery

TIes deoxygenated blood from

Tunica externa
(loose fibrous
connective tissue

Scrosa

g very elastic - epithelial cells)
ron uch is maintained through the very
conre LUShing force during ventricle . ,
e ction. - : Fig: 12.5 Internal structure of artery
¢ Wall of gp artery is made of three layers.

Theolue . e s rs of
o elastic layer. tunica is made of areolar tissues and many layers o

tlag . [aYer, tunica externa, is made of are 8 34

s JDCTS. These fibers give elasticity to the artery to expand and withstand the

pressln.eorb % ' 1 -

]00('1 Ars 1 Lty Y| ety el SRV LA onnnalg



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,
muscles and fewer clastic fibers. Inner

is composed of circularly arranged smooth

or endothelium ig

.

layer, tunica interna

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

two; a thin layer of endothelium
surrounded by a single layer of smooth
muscle fibers.
Arterioles play an important role
in vasoconstriction and vasodilation.
' Innervations (stimulus) of sympathetic
: nervous system cause contraction in the
muscular layer of the arteriole, resulting in
vasoconstriction of arteriole. This
decreases the flow of blood into
capillaries, resulting a rise in blood
pressure. In contrast, the vasodilation of
~ arterioles increases the blood flow in the
~ capillaries which result in a decrease in
=1 The largest artery of the body is
which arises from left ventricle. It

%!

break up into capillaries

arterioles have only

fleloit

Colour of the arteries appears to
be red due to the bright red
oxygenated blood flowing
through them. Whereas due to
deoxygenated blood veins
appear to be bluish.

L D9 {0y Know?

The diameter of a capillary
is little more than the RBC
1.e. 7.5 pm. This decreases
the blood flow and provides |
ample time for material ‘f"'l
exchange. : |

o i
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Acapl'"“ry is s:,hrough it e

S8
only on¢ Rﬁaspa its oxygen by

ing
ata time, T ooy, The very
diffusion @ the capillaries

small diameter © i $is0d
1 le time [0

t%r:::::sa:;lg of matetnalfi. s?uizr
] nputrients (o} 8

;::cx?ls;:xis start joining to form

venules.

ood inthe capilla{ies is
ﬂ;’;&gb, by the precapxllary
sphincters. A precapillary
sphincter is a band of smooth
muscle that encircles ea_ch
capillary branch at the point
where it branches off from the
arteriole. Contraction of the
precapillary sphincter can close
off the branches stopping the
blood flow. If the sphincter is
damaged or can not contract,
blood can flow into the capillary
bed at high pressures. When
capillary pressures are high,
fluid passes out of the capillaries
into the interstitial space and
edema or fluid accumulation is
resulted,

('“) v€ins

b b‘./eins are the vessels
e ring the blood back from
oy L Organs of the body
[mn:rds heart. Al the veins
cheg?nf deoxygenated blood
‘*’hichb'or Pulmonary vein

fNgs oxygenated blood.

| .

capillary

epithelial
cell

precapillary
sphincters

interstitial

fluid bulk flow

-

Tunica intima
(endothetial cells)

(clastin)

Tunica media
(Smooth muscle)

Tunica externa
(loose fibrous
connective tissue)

serosa
(epithellal cells)
Fig: 12.7 Internal structure of a veln
s @280 et



Walls of the vein are composed of the same three layers but the middje laer‘
thinner as compared to that of arteries. They are less elastic as thpy do not haye to .13
systolic pressure. Most of the volume of blood is containc.d in veins. The reasoy is th
instead of providing resistance in the flow of blood like arteries, they €Xpang
accumulate additional volume of blood.

The average pressure in the veins is only 5-10 mm Hg (Inarteries it s {9
Hg). The Veins have a very low pressure of blood which is not su'ﬂ'lment.to take the
blood to the heart, they keep valves which allow the flow of blood in one direction
towards heart and prevent back flow. Veins passing through skeletal muscles gt
toreturn the blood to the heart from the massaging action of the skeletal muscles,

Venules (8-100 micrometer in a diameter) after coming out Qf ti.SSlm star
joining with each other to make veinlets and larger veins. The largest veins in thebqiyj -
are; superior vena cava which brings deoxygenated blood from head and upper region.
ofthe body and inferior vana cava which brings blood from lower parts of the body.

-

12.1.5 Path of Blood through Pulmonary and Systemic Circulation

When a heart contracts
and forces blood into the blood | superior | g
vessels, there is a certain path that | ¥*™ “**
the blood follows through the
body. The blood moves through |anery
pulmonary circulation and then |capiiaries
continues on through systemic mlis st
circulation. Pulmonary and

two-circuit system of higher
als with closed circulatory
ns. Humans and other
§ have two-circuit | vein
systems: one circuit is




terial
, ‘vchange of Ma : ‘ .
Wé Exchang ¢ function of blood circulatory system is 1o transport
y N : nan
- The most impo

the cells of the tissue and remove the metabolic waste
A - . ‘ ~
 oxygen and nutrients (o

nd transport them back 10 the organs responsible o R
{ . < 2

' the tissues &

- products from

~excretion. :

A In the alveoli of the

absorbs nutrients, especially | Blood is pumped to the bod
glucose, from villi found inthe | great pressure to confirm Its
‘walls of the small intestine and farthest parts of the body like
0 nails of feet. On the other
This blood is pumped pumped to the lungs (via pu
~into the aorta with full force of lesser pressure due to w

through the alveoli of the |
time for oxygenation.

Y (via aorta) with
distribution to the
hairs on head and
hand the blood is
Imonary artery) with
hich it moves slowly
ungs, getting sufficient

a it moves into branching
irteries and then arterioles.
When this blood, loaded with

fiterstitial fluid. This water increases the o
therefore, at venous end of the capillaries w

Smotic pressure outside the capillaries.
ater again diffuses back to the capillaries
ong with dissolved waste products,

1.7 Control of the C apillary Beds

. Ithas been estimated that an adult human being has some 60,000 miles of
Pllaries with a tota] surf;

ace area of some 8001000 m’ (an area greater than three
80Is courts). The total volume of this system is roughly 5 liters, the same as the total
£Ume 0f blood in human body, However, if the heart and major vessels are to be kept
£d, all the capillaries cannot be filled at once. So a continual redirection of blood
b 180 10 organ takes Place in response to the changing needs of the body. During

OO av. . 2 alag at the
g tXereise, for example, capillary beds in the skeletal muscles open a
I8¢ 0f those iy the viscera.



The reverse process oceurs aftera heavy meal. Thetable 12,1 shows the distrih
blood in the human body at rest and during vigorous exercise. Note the incuhon‘)f
= reage :

' ' 1o the working organs —— = :
hlood \lll?pl.\ totl & o Table 12.1 Showing approximate blood fow in it n
(skeletal muscles and heart). The | iiter;

increased blood supply to the skin | Organ At Rest  PUring Strenygy, |
aids in the dissipation of the heal | CXercise
produced by the muscles. The total | Heart 250 750
blood flow during exercise 1 Kidneys 1.200 600 .
increases because of a more rapid | Skeletal Muscles 1,000 125000 —
heartbeat and also a greater volume | - e
of blood pumped at cach beat. | et o Ll
12.1.8 Blood Pressure (B.P) | Msges gl s
Brain 750 750

We know that rhythmic | Other 600 400

pumping of the heart pours the | Total 5600 17500

blood in to the arteries. This l ok
pulsation can easily be felt in those ™ ) -

arteries (like radial artery) which

are near the surface of the skin and we generally call it pulse. The throb we fee
pulse) is due to the pressure of the blood which makes the clastic layer of arteriesto

expand rhythmically allowing blood to pass through.
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 pr

v
e
a




-yfing olood ,J!-*
i N“‘ 1T, P the doctor Wraps a cu around the
[o Mt he patient. Then this cuff is inflated with the
nof }_1 , pump: This inflation compresses the
‘ against the muscles around the
& hr 4s bone, tempor arily stopping the blood flow.
“Ow\r places a ste th\L()pL near the compressed
By and start releasing air gradually from the cuff,
¥ the doctor concentrates (o listen to the sound of
pulse. When the first pulsation is heard, through
Stethoscope. the sphygmomanometer is read.
ding shows the systolic blood pressure. The
Bnd reading is taken when the sound of the
! ation s10ps because due to further decrease in air
Sure in the cuff blood start flowing evenly
_' the artery). This reading depicts diastolic blood pressure. Nowadays different
of automatic digital BP apparatus are also available but the manual method 18
eliable for accurate reading.

1al artery

Bble 12.2 Blood pressure in different blood vessels

Name of Vessel | Systolic B.P. | Diastolic B.P | B.P |
| Aorta 120 80 |
[Arteries 2= 60
[ Arterioles 60 45
{ Capillaries - - 40
| enules . - 20

[ve » g 10
}i’-:_'-‘ 1a cava & i d
1sors (nerve endings) are located in the blood vessels of the hgll::g
eptors (or baroceptors). They dctetﬁt the u?arlens:lrlvriuz systom
| n
can send messages (signals) to the ce tput, They work as

tal peripheral resistance and cardiac ou
ﬁnlatmn?mechamsm. L
r.w I ‘7' ioh ! 3 ) :



Baroreceptors detect the amount of stretch of the blood vessel wal I

Is, and
i :  atreto 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 or
volume receptors).

High pressure arterial baroreceptors are present in the aortic arch and the
carotid sinuses of the left and right internal carotid arteries. The baroreceptors found
within the aortic arch enable the examination of the blood being delivered to all the

blood vessels via the systemic circuit, and the baroreceptors within the carotid arteries
monitor the blood pressure of the blood being delivered to the brain.

Low pressure baroreceptors are found in large systemic venal caval veins and
in the walls of the right atrium of the heart. The low pressure baroreceptors are
involved with the regulation of blood volume. The blood volume determines themean

pressure throughout the system, in particular in the venous side where most of the
blood is held. : '

The low pressure baroreceptors have both circulatory and renal effects, 'é
L, produce changes in hormone secretion which have profound effects on the retentio

- salt and water and also influence intake of salt and water. The renal effects allow t

v
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12:2 Cardiovascular Disorders

disorders are associated with the circulatory system. Some
> the following. - |

sis and Embolism

a Greek word which means blood cl

side the vessels.

called thromb



|

ridden patients and people like barbers who keep standing for hours o

utine suffer from this disorder. A thromhys whie
floating 15 termed as an embolus. The term embolus wag coined by
becomes fre€ Virchow in 1848. An embolus migrates from ONne part of the hady

Rudolzhbg‘;’; circulation, and causes a blockage of a blood vesse
throug

the body. :
In thrombo embolism, the thrombus from a blood yessel IS completely or

artially detached from the site o.f thrombosis. The blood flow will then carry the
embolus (via blood vessels) to various parts of the body where it can block the lumen
and causes vessel obstruction or occlusion. One of the most commonly recognized

roblems caused by the embolus is called coronary thrombosis. In this case, the
thrombus blocks a coronary artery causing myocardial infarction commonly known
as a heart attack. Even worse situation appears when the thrombus blocks an artery to
the brain. This is commonly called as stroke. A stroke may result in sudden death or

paralysis of the body.

h dislodges and

N another part of

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

- en l;as been
Fig: 129 A coronary artery with atherosclerosis. The lum
narrowed to a greater extant.



When oxidized LDL comes in contact with the wall of an ariery, a series of |

oceur to repair the damage to the artery wall caused by oxidized LDL. T;:ac“ﬂns
immune sends specialized white blood cc.IIs‘ L‘:IHL'.(I macrophages and T'ly'“phoc Y's
to absorb the oxidized-LDL. forming specialized foam cells, Yiey
Unfortunately. these white hlunq ‘cclls are not able to process the o
LDL. They grow and then rupture, depositing a greater amount ofoxidized ch
into the artery wall. This triggers more white blood cells and the cycle continyes. Asy
result, the artery becomes inflamed. The cholesterol plaque causes the muscle Cells‘to
enlarge and form a hard cover over the affected area. This hard cover causes the
lumen to become narrow. Narrowing of artery reduces the blood flow and Increases
blood pressure. Atherosclerosis typically begins in early adolescence, and s usuany
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 anatomii:,
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.. ,.

Xidizeq.
0|esl'cro|

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 fc 0ods
and practicing daily exercise or at least daily walk. If these methods do not
medicines are usually the next step in treating cardiovascular diseases:
atherosclerosis leads to symptoms like angina pectoris then it becomes neces: 2

ang® AEL 0

start medication. .

Physical treatments which are helpful in the short term include angiog

procedures that may include stents to physically expand narrowed arteries and
sive surgery, such as bypass surgery to create additional blood Suf

onnections that go around the more severely narrowed areas. '

\ Arterfoloscleresis. It is any hardening, stiffening caiee
is often due to hypertension. The most common sites
bdominal




rODITCIN

e ial Heart! :;fect is a defect in the structure of
wb0:" baby. Most of these heart defects ¢j
blood vessels ofa ﬂ‘; essels near it or cause blood (o flow thra
flow in the b e g;,fcctmay also-occuraffecting the heart rhythy

the heart an
ther obstruct
ugh the

I large
blood
heart in an

.. Heart defects are
abnormal patte ommon birth defects and are the lchin_u cause of birth defect-
among the most € cnital heart disease can be categorize ' to different types. I
related ‘::a:hs_.ggtocgmricle or the left ventricle fails 1o develop. As 4 result only one
some babies r1

fthe heart pumps the blood the body and lungs. This defect
side of the

is called Hypoplasia
heart which is rare butis the most serious form of congenit
of the '

al heart defect.

Other type of defect may be called as Obstruction defects. Obstr

ur when heart valves, arteries, or veins are abnorm

gfacmmou obstruction defects include blockage of pulmon

bicuspid aortic valve. Any narrowing or blockage
hypertension.

The most common amo

uction defects
ally narrow or blocked.
ary valve, aortic valve and
can cause heart enlargement or

increasing age. Major defects require medi
12.2.4 Blue Baby or Cyanesis

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
use of limited availability of oxygen, During the ¢ '

cation and surgery.

does After the birgh, the foramen ovale closes spontaneously but in some babies it

i i | ent
10t close completely. When the baby exerts force during crying and movemen

i h
"*XYeenated blood from the right atrium enters the left atrium through the

Qlly openeq foramen.




When the haemoglobin of this venous, deoxygenated blood |
Cill‘b().\\'haclnouh)bln\ ll “]]p(]l‘(s hlllC dISC()I()mIIOH 1O ‘.hc Skln ~

: 8

lips, ears and 0
X ; : > sis or blue bab ()lher
organs of the baby, resulting in cyanosis or blue baby.

Fig: 12.10 Blue baby

12.2.5 Hypertension

Hypertension is a chronic medical condition in which a person suffers
persistently from high blood pressure. As you studied under the section of blood

-

pressure the normal BP of a healthy normal adult is 120/80 mm H g and with increasing
age the normal BP also increases. For a normal adult a mercury reading of 130/901
considered hypertensive. Fora women of above forty five years of age BP of 160/

considered hypertensive whereas for a man this limit is 140/95. Hypertension canbe
classified as '

e Essential or primary hypertension
e Secondary hypertension |

Primary or essential hyp ound |
- explain the raised blood pressure. < S
Secondary hypertension indicates —
- high blood pressure is a : -~
another condition, such | . .. . . .

disord

in which
glands can |,
the hormone |



B |
- ion is one of the risk factors for strokeg. heart
.-lo -

Persistent hype';wm

A “"e; Treatment of Hypertension

» . i nal’ £

g s ension can be treated by:

Hypert Weight reduction |

regular aerobic exercise
Reducing dietary intake of sugar and table saly
By taking a diet rich in fruits and veg
dairy foods
+ By discontinuing use of tobacco and alcohg)
* Reducing stress and tensions

= severe cases antihypertensive medicines

Hypotension is the opposite of hypertension,
low blood pressure. It is considered as a physiological st

altacks, heart fa)

' 8 forstrol ; s heart fajlure
<m, and is a leading cause of TU‘“'(k“'”“y”“”"r”-
rystits

etables and low-fat or fat-free

are also used.

Hypotension is abnormally

iy Mwm the first alarm of the body to show that something is going wrong

Wb Those who realize and start precautionary measures and bring a change g
g h_f%‘}’le and diet, they lead a successful and active life. Those who domt“” A {
o “Otinue wjth their life style generally come across a heart attack. Itisa m =
S that people survive in first two attacks but mostly third attack is REnSET |

n heart failure. - 3

e



Treatment of Cardiovascular disorders;

In the above description you studied many ways to prevent ang Bt
different cardiovascular diseases. These ways help the patients to certaip extony 22
sometimes doctors advise major or minor surgery or some other modery, :,n b
provide relief'to the patient. Among these methods some are W to

a. Angiography
b. Angioplasty
¢. Coronary bypass

d. Open heart surgery
a. Angiograph)

Angiography is a test that uses an injection of a liquid dye to make the arteries
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. Angioplast)

One method of treatment of a blocked artery is angioplasty. The tem
angioplasty is a the combination of two Greek words; aggeios meaning "vesse
plastés meaning "formed" or "moulded". It is the technique of mechanically wideni
a narrowed or obstructed blood vessel; typically as a result of atherosclerosis. In this
treatment a balloon-tip catheter |
is passed in the artery. At the site
~ where the lumen is narrowed due
~ to blockage, the balloon is
inflated to a fixed size using
pressures some 75 to 500

Bxy U ASECET 2



Now other arteries which get narrowed by atherosclerosis are cleared and
mcned 7 Fhis rovacine gencmny. called peripheral angioplasty. This type of
ioplasty includes renal artery angioplasty, Carotid angioplasty, Cerebral arteries
mmgioplasty etc.

Coronary bypassor Open heart surgery
Another treatment is called Coronary artery bypass surgery (also called
coronary by pass or simply bypass). In this treatment a vessel is taken from some
other part of the body and is grafted from aorta to the coronary artery system. This
vessel starts supplying blood to the heart muscles by passing the original blocked
artery.This surgery 1s usually performed with the heart stopped, necessitating the
usage of cardiopulmonary bypass; techniques are available to perform bypass on a

beating heart, so-called "off-pump" surgery. ‘

History of coronary artery bypass
The first coronary artery bypass surgery was
performed in the United States on May 2,
1960 at the Albert Einstein College of
Medicine, Bronx Municipal Hospital Center
by a team led by Dr. Robert Goetz and the

thoracic surgeon, Dr. Michael Rohman with

the assistance of Dr. Jordan Haller and Dr.
Ronald Dee. They used internal o1




A successful graft typically lasts around 10-15 years which means this
sufficiently improves the chances of survival of a patient syffey Proces
atherosclerosis. 18 from

—.-" . v e -
FOr Your Info ‘mat
—— - Rl et

d. Open HeartSurger)

Any surgery where the chest 1s opened The first SUC.cessful SUTEETY of the jey
and surgery is performed on the heart performed Wlthqut any complications *

muscle, valves, arteries, or other heart l(’jy Dr. Lude1g Rehn of Frank’g:
structures is termed as open heart surgery. | ¢rmany, W o repaired a stab wo :
The term "open" refers to the openix%gr(})lf right ventricle on September 7, 18‘;?;:
chest and not the heart itself. The heart | S°OD dlspovered that the surgery is betted
may or may not be opened, depending on | done With a bloodless and motionless
the type of surgery. As for sometime environment, which means that the heat
heart is non-functional a heart-lung should be stopped and drained of blood
machine (also called cardiopulmonary The first successful intracardiac cc ection
bypass) is usually used during of a congenital heart defect using
conventional open heart surgery. It helps hypothermia was performed by Dr. €|
provide oxygen-rich blood to the brain Walton Lillehei and Dr. F. John Lewi
and other vital organs. The definition of | University of Minnesota on Septen
open heart surgery has become confusing | 1952. In all the major Govt hospit
with new procedures being performed on | Lady reading Hospital, Pi
the heart through smaller incisions. There | Hayatabad Medical comple
are some new surgical procedures being Teaching Hospitals A
performed that are done with the heart | cardiology centres are provid

still beating and is generally termed as \treatment for cardiac patients. T
beating heart surgery. L  patients,

|

.
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12.3 Lymphati¢ Systen

stem is a

ncn:z’x:c'yo'?l::::::y found in ‘
amilky
vertebrates that carry T
fluid called Iymph. It a
includes the lymphoid nssu}c:
“through which the lymp
travels. This system transports
and returns materials from the
tissues of the body to blood. In
1652 the lymphatic ducts in
the liver were first described
by a Swedish Olaus Rudbeck
(1630-1702) and the very
next year it was Thomas
Bartholin who described these
vessels in the whole body and
~ gave them the name of
- lymphatic vessels.

Lymph vessels, at
~ certain points , have masses of
connective tissues called
- lymph nodes. These node
~ (more than 100 in human
- body) are present in the
- ampits, groin and  neck
. 'egion. These are the sites of
- Ymphocyte production and
- Ylorage, They act as barriers to
- Mection by filtering out and
Thelmymg toxins and germs,
e S body of lymphoid

the human body is the

lymph nodes
of the neck

thymus gland

tonsils

thoracic dygy

o lym h vessels
= of the chest

L “ame
-

L -

[ gt s
Bl ne axy
4 region



a. Position of lymph node

Lymph nodes gcncrally
occur in groups along _lhc
larger lymphatic vessels. They
are distributed thr(mgl‘lo'm 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 arcas:

!

Although lymphatic S}'Stcm does not POsses an

pumping organ like heart to provige
pressure/force to transport material but g,
activity of skeletal muscles, breathing
movements and movement of the viscera provide
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
from vessels that drain the arm. the w
ofthe abdomen.

underarm region and receive lymph
alls of the thorax, the breast, and the upper walls

(3) Inguinal region: The nodes in this area receive |
gpni,o_n ofthe genitalia and the lower abdominal wall

, ' _‘ (4) The pelvic cavity: The nodes here appe

ymph from the legs, the outer

armostly along the paths of'the blood
els within the pelvic cavity and receive lymph from the lymphatic vessels in the

ddominal cavity: Within this are

daonur A_ . a, nodes ocecur in chains along the main
fthe arteries of the intestine an

d the abdominal aorta
. cavity These nodes occur between the lungs and along the windpipe
- e;xfg'lymph from this area and from the internal wall of the thorax.
hatic yess,c)_s generally called lymphatic trunks drain lymph from
y-These trunks then join one of two collecting ducts: (a) the
ight l_)fmphatic duct. These collecting ducts finally drain the
an veins to become part of the plasma, just before the blood
m of the heart. The lymphatic vessels are present wherever

v




-

ey 8re joined by @ capillary system. When
;}J -apillaries the water along with cenain?;ltths? :;?no:pﬁz:s through arterics, veins
ssue Spaces: This fluid is called interstitial fluid. lntérstiliaall arqtexns etc 00ze o
the 1issue space. From here this fluid is collected in the fine vund i
.nded capillaries of ]mphatic system in the form of lymph wilici:rxoti,:rt‘:ea:ie’ e
Jessels. The lymphatic vessels transport this excess fluid to the éﬁd w:ssme‘ls-:r;?hrge'r
tance of any "pumping" action. This system Is very ‘imbortam for ?t‘:
distribution of fluids and autrients in the body, because it drains excess fluids and
hat tissues do not swell up. Our body also climinates the products of

rotein SO 1
cellular breakdown and bacterial invasion through this system. It fIlters 1t organisms
like bacteria, VIruses and fungi that cause disease, produccscertain white blood cells
called lymphocy1es. '
Spleen as jvmphatic organ
the body by clearing worniout.red

effective in protecting
bodies from the
ch can engulf and destro

The spleen is an
slood cells and other foreign ploodstream.The splee.nf'fcoma-ins

s and macrophages. whi

y bacteria, dead tssue.

lymphocyte
and foreign matter.
| .ymphatic system and cancer
The study of lymphatic drainage of vario
eatment of cancer. Lymph nodes

prognosis. and tr
not successful in destroying the cancer ce

tumors.
d. piseases oflymphan‘c system

problems with the system can impair the. body's

s diseasc is an enlargement of the lymph

rgan: and nerve endings can nésul_t{iingr;

» ADWN Pl




KEY POINTS

¢ The circulatory system is an organ system thah transports nutngnts gases, honnones,
blood cells, nitrogenous waste products, etc. to and from cells in thg body to hel_ps to
fight diseases and help stabilize body temperature and pH to maintain homeostasis, .
* One contraction and one relaxation is called a cardiac cycle. Contraction of heart i
termed as systole and relaxation as diastole. ] '
® 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 SUPETIOr Vena caya.
* Electrocardiograph (ECG) is a medical device used for recording the electrical
activity of the heart, ; il
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 ¢xchan ge 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: Systolic blood pressure which is felt during the
ventricular contraction. Diastolic blood pressure which is felt during ventricular
- relaxation.
- ® Certain sensors (nerve endings) are located in the blood vessels of the human body
~ called Baroreceptors (or baroceptors). They detect the pressure of blood flowing
~ through them,

S "v’?e'“m',_.radiat.ing chest péin due to the lack of blood
= ue t (and oxygen) supply
gzncral!y due to obstruction orspasm of the coronary arteries.

_ und in vertebra i
I8 at cortcin = corates that carry a milky

L vesse omts |, have masses of connective
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reason may be:

e

oose the co

d

(-olouration of the skin of a baby turns

EXERCISE 2
rrect answers in the following questions.
n ovale in the fetal heart is located in the:
Left atrium
Interatrial septum
bluish shortly after birth. The

rhe forame
Right atrium b.
Interventricular septum d.

vel of anesthesia was administered to her/his mother.

a. Increased le

b. Baby has an unclosed foramen ovale. :

C Some hormonal disturbance has caused discolouration-

d Blood capillaries in the liver are not working efficiently.

Lymph is poured back to the circulatory system in . _——

a. pulmonary vein b.  hepatic portal vein N
C. subclavian vein d. renal vein o iy [ — .

The interventricular septum and the intra-atrial septum SepaﬂIG,m
a. chambers of the heart b. chambers of the lungs
¢. aorta and pulmonary artery d. bicuspid and mcusptd, b
The systemic circuit of the cardiovascular system e‘xtgpdﬁ;% | it »
a. from the heart to the lungs.. B

bftomheart to -th¢~cqmna§y“vgnerieg;‘., . el B4
-om the heart to the bodyvsorgae,;@ug:g@gm& unl

4
v

d. from the gastrointestinal tract to the Vet



, ™
EXERCISE 2.

8. All the following apply to the bicuspid valve EXCEPT:
. a. It is also called the lmural valve
' milunar valve

? Iltt il: ta‘lo:ld on the left side of the. heart :

d. It prevents blood from backing into the lcﬂ 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.
F b. between the flaps of the tricuspid valve.

C. where the aorta Joins the pulmonary artery.
d. between the cardiac muscle cells.

. 11 Blood flowing through a vein tends to:
B a2 pulse.

b. collect blood.
C. camry oxygen to the body cells.

d. flow at a faster rate than in the artery.
B. Write short answers to the following questions,
1. How the interstitial fluid is formed?
‘Why the normal valye of BP increases in old age? Explain your answer.
. Ifthe baroreceptors are removed from an artery what would be the effect ?
ut put during a strenuous exercise’
in the month of June, what would be the




EXERCISE 2.

Nescribe the principles of angiography.

¢ yescribe the functions of lymph nodes and state the role of spleen as containing lymphoid

(1ssuc.

. List the changes in life styles that can protect man from hypertension and cardiac
;\fl)l)‘{tll\ti- |

5 [dentify the factors causing atherosclerosis and arteriosclerosis.

Projects:

. Conduct a survey to identify major hospitals of cardiology working in your
area In case of no such facility available , identify the nearest cardiac centre and its

utility or otherwise for cardiac patients in case of emergency situation. |

. Record an interview with a patient who has undergone coronary bypass

surgery. Collect information regarding his/her past life style, dietary habits and
genetic history. Draw a conclusion from this data for preventing cardiac issues and for

_ sustaining healthy life.
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At the end of this chapter the stude e~
e it impenetrable barrier

e T

s Describe the structural features of human skin that mak

against invasion by microbes.

= Explain how oil and sweat glands within the epidermis inhibit the growth and also
kill microorganisms.

= Recognize the role of the acids and enzymes of the digestive tract in killing the a2
bacteria present in food.

=  State the role of the ciliated epithelium of nasal cavity and of the mucous of the

bronchi and bronchioles in trapping air borne microorganisms.

= Describe the role of macrophages and neutrophils inkilling bacteria.

= Explain how the Natural Killer (NK) cells kill the cells that are infected by
microbes.

= State how the proteins of the complement system kill bacteria and how the

interferons inhibit the ability of viruses to infect cells.
= State the events of the inflammatory response as one of the most generalized 7

nonspecific defenses.
Outline the release of pyrogens by microbes and their effect on hypothalamus to

boost thebody's temperature.
Listthe ways the fever kills microbes. '
prize the immune system that provides specific defense and acts as the most
means of resisting infection. |
’

Gy OnOCY1es, T-cells and B-cells as the components of the immune system.
L

rn and acquired immunity as the two basic types of immunity he
ate the two types ofacquired immunity (active and passive -2 e ) .
yrocess of vaccination as a means to develop active ac Wradi by i
oles T-cells in cell-mediated immunity. quired immunity.
ole of B-cells in antibody-mediated immunity
model ofan antibody molecule. .

fmemory cells in long-term immunity. . ol

correlate the SYMPIOMS of allergies wigh he release of




Introduction : se 18 how vour body rec P
The immunc response IS y dy recogmzes and defends nself against

bacteria, viruses, and subsmnccs.tlmt appear foreign and harmful Immunology is one
of the branch of BiOIOgy thh. is the study of our protection from foreic \
macromolecules or invading organisms and our responses to them. These mvu;k’;l'
include viruses, bacteria, protozoa or even larger parasites. In addition, we dcvclnx
immune responses against our own proteins (and other molecules) in 5""‘)lmmun|t‘;
and against ourown aberrant cell;:. n tumor' un!nunily. Organisms must find a means of
gefense agamstanfigons 0thcrw15g bacteria, fungi and viruses would replicate out of
_control and results in the destruction of the body. Therefore organisms empl
. of defense to stop this happening. Means of defense can be cate ;)rirc% (,’Yt m:_‘n‘y
second and third lines of defeqse. In this chapter you will see the ovcr:ﬁl sciu lxgh(:c}'ar::
running the immune system in our body and how our body triggers res snse\; S
employs methods which ensures our healthy survival. : >p S an

'13.1 First line of Defense
In humans, the skin is the largest organ of the inte in i
P . gumentary system. Skin
= regarded as one of the ﬁr§t line of defense because it provides an almosz impenetrabll:
. b;ologlcal tgarru.:r protecting the internal environment. [t protects the body ( especially
I thc un;!.er.lyxx')g ussqes) against pathogens and excessive water loss. It is also involved
jgp‘fowdmg‘msulatlon, temperature regulation and sensation.

- 13.1.1 Physical Components of the Skin's Defense
e - Our body’s first line of defense is nonspecific and includes structures
hemicals, and processes that work to prevent pathogens entering the body. These first
nders include the skin and mucous membranes of the respiratory digestive
anmrpductive systems, Skin is comprised of two main layers. : :
1 1s

sy “ is composed of multiple layers of tightly packed cells, which
. baiogens can penetrate on their own. In addition to this structural barrier, the d

' hege . edding of dead skin cells removes many attached microorganisms. Then
e = e Ils called epidermal dendritic cells that actively patrol the skinto

(engulfand digest) pathogens.
‘- %nagePe dermis is situated beneath the epidermis and contgmspwtein
- " Collageniis a tough fibrous protein which gives skin thestrengthand.




pliability to resist abrasions that could introduce microorganism

pores h hair shaft
skin surface )
sweet pore epiderms
capillaries ——
ercctile muscle —— dermis or
sebaceous | true skin
land
sweat gland H
subcutaneoys
venule = tissue
aateriole: — =5 : ‘ connective tissue
adlpose tissue nerve cnding matrix
(far)

Fig: 13.1 Section of skin
13.1.2 Components of the Skin's Defense
a. Perspiration
R Secreted by the skin's sweat glands, perspiration contains salt and enzymes.
. Few microbes can live in a highly saline environment, like that of the skin's surface,
~ The lysozymes in sweat are a type of enzyme that can destroy the cell walls of
~ bacteria.

S
. Sebum
v e T =i

~ Sebum is secreted by skins sebaceous (oil) glands. The oil helps keep skin
and less .likgly to break or tear and also lowers the pH of the skin to a more

31 - ! gg;e against Infection in Digestive Tract

roper levels of HCI in the stomach are our first line of defense against

Infections. All day long we unavoidably ingest all kinds of bacteria
the mouth, n

nose and food we eat. These germs just cannot survive
h because of acidic environment. The healthy stomach

o tena, thatlive lower down in your digestive tract, cmm!s,o
oo 1 It becomes more alkaline, Proper acid 1evels«.mgg9-
gr”"w‘hf“’m°‘=¢ll!’l'mg e %
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ad Mucus
important function of the nose and nasal cavi
ters the lungs. This filtering process is importa

ount of air that passes through the respirato

ty 15 to process each
nt for several reasons.
ry system cach day, it is

tda ngerous particles ( bacteria, viruses, dust. pollen etc.) that could
ter into the lungs, causing damage. Tiny hairs (cilia) and a
nbrane line the inside of the nose to trap particles before they enter
cilia are capable of small movements and can direct the flow of
ubstance secercted by mucous membranes), removing it from the

’?ﬁ}? Sneezing forces air through the nasal cavity and is also effective

ng particles and mucus.

h breath to prevent cold air from damaging sensitive lung tissue. The

unt of surface area and many blood vessels in the nasal cavity help
breath quickly as heat transfers from the blood to the passing air.

ure to each breath to prevent the airways and lungs from becoming
maged. As air passes through the nasal cavity, moisture is
om the mucus secreted by the lining of the nasal cavity into the

ofmucus  beating of cilia
warming and moisturizing | "% svespemucs
enerally better to breathe a8
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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 natyra]
methods. Your airways produce a thin coat of mucous that catches the dust ap
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.¢ skin and
mucous membranee and are able to penetrate inside the
body they are encounter by the second line of defense
which is nonspecific because it handles a variety of
microbes.

Nonspecific defense includes macrophages,
neutrophils, natural killers cells. the complement
system etc. 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

d baCleﬁa

l

enter tissues and turn into macrophages. Of al] |mamow- —
blood cells, macrophages are the biggest. Most "
~ boundary tissue has its own macrophages. For

|
stemcell Pro

S

mple, alveolar macrophages live in the lungs
| keep the lungs clean and disease free by
esting foreign things like smoke. dust bacteria | blood
bes. Macrophages also swim freely. One
bs is to clean up dead neutrophils.
ages clean up pus as a part of the healing >

ophils are the most common form of
ells in the body. Bone marrow
fWBCs every day and releases
ydstream, but their life span is
naday.

G5B
ndstre
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| . pus s simply dead neutrophils and other cellular debris,
J 2Ro,coﬂ'\‘ntuml Killers (NK) Cells
= Natural killer cells ar‘c ‘l type of lymphocyte (a white blood cell) and a
_ponent of Innate ARG system. NK cells play a major rol¢ in the host-rejection
;Am tumours and v’lrally mfcctcd c_clls. NK cells are cytotoxic; small granules in
cytoplasm contain special proteins such as perforin and proteases known as
yIES.
Jease in closc proximity to a cell selected for killing, perforin forms pores in the
brane of the target cell through which the granzymes and associated
tacules can enter, inducing apoptosis.

inction between apoptosis and cell lysis is important in immunology - lysing a
ted cell would only release the virions, whereas apoptosis leads to
1 of the virus inside. NK cells are activated in response to interferons or

-derived cytokines.

omplement System and interferons
pathogenic bacteria get through all the immune system's initial defenses, the
he complement system is initiated.

ment system includes proteins and |

t in response to the recognition
omponents of microorganism,
entially activated, working in
n the binding of one protein




specific antibody to break apart the bacteria.

13.2.4 Interferon

"

: SRR Ithough vj
Body frequently encounter situations of viruses attacks. A Bl Viruses ap,

efficient source of some of the lethal
infections but at the same time Allgh
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 stimuli. 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 connective
tissue cells called fibroblasts.

. Interferon gamma—oproduced
antiviral agents and can fight ty
nterferons-mediated activation of ¢

ral killer cells, ang by enhancip

€5 - including major histo

Ti llilt'eﬂer(:n mechanism apaing
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¥ig: 13.6 Interferon mechanism

against viruses.
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 The tissues i‘n the arca arc red and warm, as a result of the large amount of
& plood reaching thessite.
= +e tissues in the area are swollen. again due to the increased amount of
= blood and proteins thatare present.
~area is painful. due the expansion of tissues, causing mechanical
sure on nerve cells, and also due to the presence of pain mediators.
: the inflammatory process has begun, it continues until the infection that

yeen eradicated.

ia and Pyrogens
microbes proceeds in establishing a major infection the body often

rich slows down microbial production and enhances the body's
es.

ature regulating centers. Such causes include bacterial or viral
ily, the temperature of the

lly,
almost entirely by nervous

sms, and almost all of these infection or inflammation
| N
leucocytes
e feedback that drives the y
onserve heat, produce endogenous pyrogens
of heat (shivering). or .
atit{g or panting). prostaglandins |
gulating process are 5 e, :
rdifications that go ,  E— '

regulation 1s
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T lymphocytes or T cells, along
th lll.’l\'l(‘l’lm?-'-c'\“ oversee the

liated response, while
shocytes or B cells take

wi
Cell med

the B lym

All complement pathways carry out 6

charge of the humoral response. beneficial innate defense functions. Thev:
Monocytes develop from . Trigger inflammation » 4

stem cclls 10 the bone marrow, 2. Chemotactically attract phagocytes to

They then go mio bl?“‘" where the infection site p

they circplutc fora wh|I¢ and_lhcn 3. Promote the attachment of antigens

migrate nto tissues. lp the tissue to phagocytes (enhanced attachment

they fu rther mature 1nto or opsonization)

macrophages. Monocytes and | 4 Cause lysis of gram-negative bacteria

imacrophages play 1mportant and human cells displaying foreign

oles in the immune defence and epitopes.

jnflammation. ) 5. Plays arole in the activation of naive

Lymphocytes are one of the B-lymphocytes

ye kinds of white blood cells or | ¢ Remove hatmful immune complexes
ytes). circulating in the blood. ' Borihe bagdy PR

Itho gh mature lymphocytes all DL RIE TS
k pretty much alike, they are

'rdinarily diverse in their

Stions. The most abundant lymphocytes are:

y  B-lymphocytes (B cells)

s T-lymphocytes (Tcells).
are produced 1n the bone marrow. The precursors of T cells are also produced in the
Tow but leave the bone marrow and mature in the thymus. Each B celland T cell is

1 for a particular antigen.
Basic Types of Immunity
There are two main types of immunity :
teor Inborn or Natural immunity
The innate immunity system is what we are born with and it is nonspecific;
| ttacked pretty much equally. It is genetically based and we pass it
ngs. It is present from the birth and is inherited from the mother to
e placenta.
ptive immunity. - 3
resent from the birth but is acquired during one's own life. It is
ism in response to a disease caused by the infection of
s, the protective lymphocytes of body produce antibodies -
the antigens and relieve from an infectious diseass but \




acquired immunity so developed may be temporary (¢.g., intluenza) or permaneny -
(¢.g., measles. mumps, polio, smallpox) for life long.
13.4.1 Typesofacquired immunity
(a) Active or Natural immunity ]

It is a long lasting immunity developed by antibodies produced by 4y

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 polio).
¢. By having killed micro-organisms or detoxified toxins e.g., killed 'Salk
vaceine (against polio), tetanus toxoid (against tetanus).
(b) Passive or Artificial immunity ‘ -

Passive immunity is "borrowed" from another source and it lasts for a 5h9”
time. For example, antibodies in a mother's breast milk provide a baby with
temporary immunity to diseases the mother has been ex posed to. This can protect the
baby against infection during the early years of childhood.

Everyone's immune system is different. Some people never scem to get
infections, whereas others scem 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
ious disease, typically by the administration of a vaccine. Vaccine stimulates
y's own immune system to protect the person against subsequent infection or
The w d vac ination or vaccine had been evolved from vacca which means
‘which ¢ irus for cowpox. The cowpox and smallpox virus is very
the human body is exposed to the Cowpox virus through
mmunization against smallpox. We can define vaccine as
which produce specific protection against a given




because of vaccines I

- -
| ~ |

13.5 Specific defense mechanisms
Specific defense mechanisms are effective against specific pathogens. There
are two main types of specific defense mechanisms olved in the immune system
a. Cell mediated immune response
b. Theantibody mediated immune response
4. Cell mediated immune response

The cell-mediated immune system consists of T-cells which originate in the
bone marrow, but moves to the thymus where their development is completed. T-cells
are highly-specialized cells in the blood and lymph. They fight bacteria, viruses, fungi,
protozoans. cancer. ctc. within host cells and react against foreign matter such as organ

transplants.
X ds There are three .“‘i‘--. ‘ = 1. Tcell n:kes
kinds of T-cells. Cytotoxic . ranules contact a
) Is directly kill relegses granciss.
s. Helper T-cells aid
other T-cells to Virus-infected
. Suppressor T- host cell
es ;:,the activities Vicue partichs
MHC protein
displaying viral
antigen
2. Granules induce
cell to self-
- destruct, virus
cannot replicate.

- Flg: 13,10 Mechanism of specific defense.
activation phase, Te cells that have the appropriate T-
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Fhe antibody mediated immune response

The humoral immune system consists of B-cells Whlch' originate in the Bope
marrow and stay there to develop. B-cells can produce ant l!md les, but need eXposure
to foreign antigens to do so. These antigens are cell surface oligosaccharides ang
proteins which the cell uses as “ID ta gs”. )
Antibodics are chemically proteins present in blood plasma and lymph. They
fighting bacteria and viruses in body fluids. All daughter cc!ls of a B-cell wi]|
be able to produce the same antibodies as the mother cell. Antibodies bind to certain
parts ofan antigen to mark it for destruction (by the T-cells). -

The body humoral or antibody mediated immune response bcgms In the same
manner as the cell mediated response. But here the macrophages are joined by B
cells. The pathogens activate only those B cells with matching receptors. These cells
stand ready 1o enter the battle. Mean while the antigens presenting macrophages
activate those helper T cells with matching receptors. These T cells in turn lead the
battle front with activated B cells. Triggers by this meeting the helper release
chemicals which make the selected B cells to go into rapid reproduction. Some B
cells become memory cells ready torespond to a later invasion by the same pathogens

“but most become antibody producing factories called Plasma cells. Freely

~ circulating in the body antibody dock with pathogens this neutralizes them or marks

~ them for destruction by other weapons in our immune arsenal.

help in

o =

F,f =

,c,lon‘e of p[asma cells secreted annbod)'
molecules




varies greatly among different antibodies.
This variable region, composed of

110-130 amino acids, give the antibody its

specificity for binding antigen.

The variable region includes the ends of the

%,
light and heavy chains. The constant region
determines the mechanism used to destroy

" light chain

antigen. Antibodies are divided into five
major classes, IgM. IgG. IgA, IgD. and
[gE, based on their constant region
structure

and immune function.

13,6 Role of Memory Cells in
Immunity

cells J:;tng:: tl::f}\ll:;:;w:]'ll;m}:;lhtlgg_ Fig:13.12 Structure of a typieal antibody.
pathogen. When their job is done, they

leave behind memory cells. These memory cells are cells that stay behind and watch

“the pathogen. If they find one, they start multiplying to kill it. Memory killer T-

ake Killer T-cells and memory B-cells make B-cells. This process is so

diate and so explosive that the pathogen is killed off before it has a chance to

heavy ¢ hain

are abnormal reactions to ordinarily harmless substances. The
ances, called allergens, may be inhaled. swallowed. or come into
skin. Allergens that most frequently cause problems are: pollens,
8¢ dust mites, animal danders, foods. insect bites or stings, plants,

 viruses, bacteria, medications and environmental conditions
tures).

o 'ies can develop at any age, the risk of developing allergies is

d'to ones family history of allergy. If neither parent is allergic, the




chance for allergies is about 15%. If one parent is allergic, the risk increases to 30%
and if both are allergic, the risk is greater than 60%.

Allergens cause the production of immunoglobulin E (IgE), an antibody that
all of us have in small amounts. Allergic persons, however, produce IgE in
abnormally 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 anaphylz;ctic shock).

13. 8 Autoimmune disorders

Autoimmune disorders are diseascs 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"
will produce autoantibodies — antibodies that attack its own cells, tissues. and/or
“his causes inflammation and damage and leads to autoimmune disorders.

ypes of autoimmune disease (such as rheumatic fever), a virus or
ia triggers an immune response and the antibodies or T-cells
! use some part of their structure resembles a part of the

Symptoms of autoimmune disorders vary by the particular

ch the body's immune
ints of the knee, hand.
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13.9 Role of T-cells and B-cells in Transplant Rejection

Transplantatlon‘ is the e}ct of transferring cells, tissues, or organs from one site
to another. The malfunction of an organ system can be corrected with transplantatio

of an organ (e.g kidney, liver, heart, lung, or pancreas) from a donor. H(;wcver th!::
immune system remains the most formidable barrier to transplantation as a rox’ninc
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
jmmune System.

Major Histocompatibility Complex (MHC) proteins are involved in the
presentation of foreign antigens to T-cells, and receptors on the surface of the T-cell
(TCR) are uniquely suited to recognition of proteins of this type. MHC are highly
variable between individuals. and therefore the T-cells from the host recognize the
foreign MHC with a very high frequency leading to powerful immune responses that

cause rejection of transplanted tissue. Identical twins and cloned tissue are MHC
matched, and are therefore not subject to T-cell mediated rejection.




KEY POINTS

The first line of defense is non-specific and is pu_rl of lhg llllltit¢ llnmpnc
system. The first line of defense consists of: | ) physical barriers 2) chemicy]
barriers.

* The second line of defense is also part of the non-specific, innate mmune

system and includes non-specific immune cells, chemical mediators, feyer:
inflammation. phagocytosis.

* The third line of defense is part of the adaptive or acqujred im_munc 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 micro

bes by phagocytosis.
* Monocytes are agranular, non-specific immune cells tha
‘and mature into macrophages when they mi gr
M‘q.ctbphagcs are agranular, non-specific
following functions: 1) phagocytosis (profes
& ort ﬂl W

t circulate in the blood
ate into tissues.

immune cells that perform the
sional eaters): 2) sound chemical
ent information aboyt the foreign
¢ generals of the immune army.

line of defense Process in which foreign materials

fed and broken down by neutrophils or macrophages
mentknown as the lysosome.

| mune cells to the site of
or damaged cells so tissue

Pyrogens and regulated by
Il growth and increases
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) KEY POINTS

DNA/RNA and blocking production of viral proteins.

Complement is a sel of immune proteins that aid or "complement" immune
function.. Complement proteins form the membrane attack complex, which
forms holes on the surface of targeted microbes and leads to their lysis.
Vaccine as a immuno _biological substance which produce specific protection
againsta given disease. It stimulates the production of protective antibody and
other immune mechanism.

There are two main types of specific defense mechanisms involved in tht
immune system.: Cell mediated immune response and the antibody mediated
immune response.

_Antib_odies are immune system-related proteins called immunoglobul.ins.

Allergens cause the production of immunoglobulin E (IgE), an antibody that
all of us have in small amounts. Allergic persons, however, produce IgE in

: ébnormal ly large quantities

When the body produces an inappropriate immune response against its Own

‘ssues itresults in the autoimmune disorders.




EXERCISE !

A. Select the best answers for the following questions.

l. Which of these is not true of both T cells and B cells?
a. They are both lymphocytes.
b. They both are responsible for immunity
¢. They both pass through the thymus.
d. They both have receptor sites..

2. Memory cells of the immune system are derived from:
a. T lymphocytes c. plasma cells
*  b. Blymphocytes d. Bothaandb.
3. Which one of these is specifically responsible for antibody mediated
ff_' | ~a. Tecells c. Platelets
- b. Epithelial cells d. Plasma cells

e Ficells:
sponsible for cell mediated immunity.
uppress red blood cells.

e light chain.




EXERCISE 3!

uypcrsensitivity to an allergen is due to:
1. Increase in temperature - C. Age
b. Food habits d. Aberrent functioning of immune system

Surgical removal of thymus of a new born shall result in failure to produce:
a. Monocytes ¢. T- lymphocytes
b. B-Lymphocytes d. Basophills

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 norspecific defense and specific defense”

6. Define allergy and allergens. List down some common allergic conditions.
7. Differentiate between the two types of acquired immunity.

Write answers of the following questions in detail.

—

What are the main events of inflammatory response?

7. Describe the structural features of human skin which provide effective
control against microbes. :

3. How macrophages and neutrophils help in killing bacteria?

4. How cell mediated immunity is attained? R i

5. What do you mean by autoimmune diseases? Give some examplesof

@ nune diseases. ’

the role of T-cells and B-cells in transplant rejections
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GLOSSARY

, ancy, and help the pl
A plant hormone that generally acts to inhibit growth, promote dormancy P P
stressful conditions.

ant lolerate
[n plants, the dro
formation of a ty
(ethylene).

Themovement of waterand dissolved subst

‘ . 3 — 'a growing season, as the result of
: “leaves ‘ers S, or stemsattheendofa g S : 5

pmg of leaves, flowers. fruits. ¢ P A, action of a hormope
w{’o-lavcrcd zone of specialized cells (the abscission zone) and the acti one

ances intoa cell, tissue, or organism.

Pectium =
Therange ofa pigment's ability to absorb various wavelengths of light.
(Y

the Krebs cycle in cellular respiration; formed from a fragment of pyruvate

C¢ across a biological me
he

_ gainst its concentration or
elp of encrgy input ang specific trans

Port proteins.

boseand tWo phosphate groups; formed by the removal of one

: €an be formed by the removal of

“CHOns as a "second messenger" for a




gametangium, 2 moist chamber in which gametes devel
op.

[ plants: themale
.mhnc_\'an
Nafural W8
wl.mzcvl S

;l\llblollc | . |
s chemical thatki 1s bacteria or inhibits their growth.

antibody :
Anant pen-binding immunoglobulin, produced by B cells, that functions as the effector in an immune

in

ser-soluble pigments of blue, purple or red which are dissolved in the cell-sa |
> cell=sap vacuole of

u‘\"[‘H‘HSC.

antigen
A foreign macromolecule that does not belong to the host organism and that elicits an immune

(;,P\\HSC.

porta
The major artery in blood-circulating systems: the aorta sends blood to the other body tissues.

aplcal dominance
Concentration of grow

growth,

apleal meristem
Embryonic plant tissue in the tips of roots and in the buds of shoots that supplies cells for the plant to

grow in length.

In pl;mls, the nonliving continuum formed by the extracellular pa
matrix of cell walls.

th at the tip of a plant shoot, where a terminal bud partially inhibits axillary bud

thway provided by the continuous

spoptosis
Programmed cell death brought about by signals that trigger the activation of a cascade of "suicide”

proteins in the cells destined to die.

assimitation
The energy-reqyiring process by which plant cells convert nitrate ions (NO,)
), which can then be used in the synthesis 0

g A (aken up by the roots of
plants into ammonium ions (NH, f amino acids and other
nitrogenous compounds.

Avalye in the heart between cach atrium and ventricle that prevents a backflow of blood when the.

ventricles contract. el o L

ical disorder in which the immune system turns a2




The study of how organisms manage their energy resources., '

biosynthesis ) :
Formation by living organisms of organic compounds from ¢lements 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 bond: equal fo .
quantity ofenergy the bond releases when it forms. T

bud
(1) In plants, an embryonic shoot, including rudimentary leaves, often protected by special bud scyje.
(2) In animals, 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

Aplant that prefaces the Calvin cycle with reactions that incorporate CO. into four-
the end-product of which supplies CO, for the Calvincycle.,

carbon compounds,

f two major stages in photosynthesis (following the light reactions), involving
xation and reduction of the fixed carbon into carbohydrate.

chemical reaction by forming a temporary association
fthe reaction is accelerated. Enzymes are catalysts.

teria, and viruses inside host
hat circulate in the blood and

-.‘;9.: ' l" \au ‘ms
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ropods-
lesterol
erond th
he s‘}.’lllht‘.\ls o
nzyme

greanic mo
.xh.‘..hc reactions.

4t forms an essential component of animal cell membranes and acts as a precursor molecule
f other biologically important steroids. : 2

lecule serving s a cofactor. Most vitamins function as coenzymes in important

ictor . - e
y nonprotein molecule or ion that is required for the proper functioning of an enzyme. Cofactors can

sermanently bound to the active site or may bind loosely with the substrate during catalysis.
esion .

- hinding together of like molecules, often by hydrogen bonds.

jesion species concept

o idea that specific evolutionary adaptations and discrete complexes of genes define species.
K
ccondary tissue that is a major constituent of bark in woody and some herbaceous plants; made up of
ttened cells. dead at maturity; restricts gas and water exchange and protects the vascular tissues from

ury.
rk cambium |
cylinder of meristematic tissue in plants that produces cork cells to replace the epidermis during
condary growth.
tokines
the vertebrate immune system, protein factors secreted by ma
gulators of neighboring cells.
tosol
he semifluid portion of the cytoplasm.
|
ay-neutral plant
yplant whose flowering is not affected by photoperiod.

lehydration reaction
\ chemical reaction in which two molecules covalently bond to one another with the removal of a water

nolecule.
fiastole
The stage of the heart cycle in which the heart muscle is relaxed, allowing the chambers to fill with

crophages and helper T cells as

€ pressure
ERiessure in an artery during the ventricular relaxation phase of the heart cycle. |

ant species that has staminate and carpellate flowers on separate plants.

~a

In v:duals within geographical population boundaries.
‘sperm cells unite with two cells in the

g = 4

in angiosperms, in which two
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€Xergonic reaction: A Spontancous chemical reaction in which there is
exocrine glands

Glands, such as sweat glands
surfaces, such as the

exocytosis

The cellularsecretion ofmacromolecule
F

. ) o at o VvV Onte
and digestive glands. that secrete their products into ducts that Cmpty ont;
skin, or inta cavities, such as the interior ofthe stomach.
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jmmunity (hyoo-mur-al); The type of immunity that fights bacteria ¢ ,
h antibodies a and viruses in body
nn. A body strategy imtiated by the release of chemicals following injury fi
£ Injury or infection

]nnnmmatmn. e ;
itional blood with its protective cellsto the injured arca

which brings add

_ ong-day plants: plants that flower when the length of dayli ght exceeds some critical period

Vieristems: In plants, clusters of cells that retain their ability to divide. there '

. g . . * . (—r(.b 2 . -~
Oneofthe four basic tissues in plants. ARCUCERUCH el
Microfilaments: ’I'hi\) protein fibers that are responsible for maintenance of cell shape, muscle
contraction and cyclosis. o s
Microtubules: Tl}n?..hollow tubes in cells: built from repeating protein units of tubulin. Microtubules
are components of cilia, flagella, and the cytoskeleton. :
pamlhyrmd !mm\onc (PTH). When blood calcium levels are low. PTH is secreted, causing calcium to
be released from bone. .

Pelagic zqne:.Th.e open oceans, divided into threclayers:1) photo- or epipelagic,(sunlit), 2)
mesopelagic (dim light), 3)aphotic or bathypelagic (always dark).

Plac_enta: In mammals (exclusive of marsupials and monotremes), the structure through which
nutrients and wasies are exchanged between the mother and embryo fetus. Develops from both
embryonic and uterine tissues.

Plasmid: A small circle of ONA in bacteria in addition to its own chromosome.

component of seed coats and nuts.
Sclerenchyma: Component of the ground tissue system of plants. They are thick walled cells of various
shapes and sizes, providing supportor protection. They continue to function after the cell dies.

Short -day plants: Plants that flower in late summer oF fall when the length of daylightbecomes shorter
than some critical period.
T!tigmotropism: Changes 1n
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 nucleotides in mRNA into a sequence of
“amino acids.

Yu;nﬂnﬁon: The promotion of flowering or germinatio

,\!l!lmm Refgrﬁ:ng.-to'an:animu whose offspring are born

plant growth stimulated by contacl with another object, C.£. vines

nafteraplant is exposed 1o low temperatures.
rather than ha;éh_edthrtiug'ﬁaftigg&
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