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ToPIC-1 ) CELL STRUCTURE AND FUNCTION

! . Structure of A Generalized Cell _
Comparison Between Typical Plant and Animal Cell

[
.i - Cell Wall
| P Plasma Membrane
| . Cytoplasm
' o Cytoplasmic Organelles; Ribosomes, Endoplasmic Reticulum, Golgi  Apparatus
es, Vacuoles, Mitochondria, Plastids, Hus.:lﬂus\ |

|

Lysosomes, Peroxisomes and Glyoxysom
Companson Between Prokaryotic and Fuka otic cells
STRUCTURE OF A GENFER \LIZED CF1.1
The cell can be defined as ‘the structural and functional unit of Iif‘ and is the smallest

|
| unit that can carry out all activities of life.
The modern technology enables the Biologist to isolate various components of the cells

L]
| including its organelles by a process of cell fractionation,
. During cell fractionation, the tissues : ' i5 ' i
| i i, the tissues are homogenized or disrupted with special
| Th nt: S parts of the cells are separated by density gradient centri fugation.
I| * e various EE“JLI]H[‘ parts separate out in different layers depending upon their size
weilght, and density of the medium. ‘
» A cell consists of the following basic components;
| (i) Plasma membrane, also cell wall in plant cells
(i) Cytoplasm, containing cells organelles

Nucleus, with nuclear or chromatin material

(iii)
COMPARISON BETWEEN TYPICAL PLANT AND ANIMAL CFLL

In the traditional system of classification, all organisms are divided into plants and
animals. The main comparative features between animal and plant cells are listed in the

following table.
Features . .71 . 08 Knimal ' Plant Cell
| Cell wall | X v
| Plastids - x 7
| Glyoxysomes --1: s =
Ilr Centrosome (Centrioles) _ v - x
| Mitotic Apparatus Spindles + Asters Spindles G“IF.._
Cytokinesis B Inwards Outwards
| Lysosomes 8 v X
Flagella v x
| Phagocytosis ¥ X
II Nucleus Central Peripheral
|r'\r"a":j-uu]es Small and many Large and single
Il,. anrage Products Glycogen Starch .

S roh Do cven

KETS - PREP BOOK
Scanned with CamScanner



Cell Structure and Functiq,

= e

Topic-1
e e __ = =
Animal Cell
Iysosome Plant cell Gt
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G < :'. !\ ‘ i cell membrane
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secrelory vesicles

Introduction to Cell Wall

nuchpar
“anvalpe

N’ilmm“

ough
ando rna-r'larr
reticulum

mitechandrion /
peroxisoma
vesicle

cytoplasm

and absent in animal cells.
hat of prokaryotes, both in structure and

[t is the outermost boundary in plant cells
plant cell is different from t

]

. The cell wall of
chemical composition.

e It is secreted by protoplasm of'the cell.

5 Its thickness varies in different cells of the plant.

. Prokaryotic cell wall lacks cellulose: its strengthening material is peptidoglycan or
murein while fungal cell wall contains chitin.

Structure
Cell wall is composed of three main layers which are:

» Primary wall

» Middle lamella

» Secondary wall

(i) Primary Wall
The primary wall is a true wall and develops in newly growing cells. The primary wall is
composed of:

® Cellulose whose molecules are arranged in a Crisscross arrangement. |

2 Some amount of pectin and hemicellulose is also deposited in it. i

(ii)  Middle Lamella 0
The middle lamella is first to be formed in between the primary walls of the neighboring
cells.

(iii)  Secondary Wall _
The secondary wall is formed on inner surface of primary wall. It is comparatively thick

and cutin ¢t

and rigid as compared to primary wall.
(‘hemically, it is composed of inorganic salts, silica, waxes, lignin,

—
¥
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Functions of Cell Wall
Cell wall is very important. It performs following important functions:

(i) It provides a definite shape to the cell

(ii) It makes cell rigid
(iiiy It provides protection to inner parts of cell.
(iv) Itdoesnotactasa barrier to the materials passing through it.

Cell membrane is the outer most boundary of the animal cell while covered by cell wall

in a plant cell.

Plasma membrane is about 7 nm thick.

* Chemically composed of:

» Proteins (60- 80 %)

» Lipids (20- 40 %)

» Small amount of carbohydrates is also present in the

form of glycolipids and

glycoproteins.

Unit Membrane Model

* This model was presented by J. David Robertson in 1959.

. According to Unit Membrane model, the cell membrane is composed of lipid bilayer
sandwiched between inner and outer layer of proteins.

“ This structure has hydrophobic component i.c. central non-polar part of phospholipid

molecules and a hydrophilie part ie., -outer polar component of phospholipids and

globular proteins covering both sides.

EXTRA CELLULAR MEDIUM .
Outer protein layer
POV IIVYVVVYVVVVYVVVY

S Hydrophillic heads of lipids|
@ BeliREEs
B 1135
2 {11110 i m ﬂﬁ
=8 t (0 CC 64
ﬁ ! 11111111111!1;}1_1
73 Hydrophobic tails of lipids
S ¥
=
o

AAAAAAAAA

Inner protein layer

INTRACELLULAR CYTOSOL

Fluid Mosaic Model _ 1
. This model was proposed by S.J. Singer and G.L. Nicolson in 1972.
yers are not continuous and are not confined to

. According to fluid mosaic model, protein la no : !
the surface of the membrane but are embedded in lipid layers in a mosaic manner. These

protein molecules may function as a gateway (charged pore) for the transport of materials.
This model at present is the most accepted one.
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Hydrophilic heads

I (L
Protein channel Extracellutar Fluid Carbahydrd
iRrdnA et P obes |

Globular protem

.

(4

Glycaprat®m

Phaspholipid bilayer

hospholipd
maolecule

Glycohgped
Penphenal proten oo

Role of Different Molecules

. Phospholipids form lipid bilayer.
. Cholesterol helj
Channel proteins

id bilayer.

»s to stabilize this lip i
nolecule or jon to Cross the plasma membrane

allow 4 particular 1

.
s | -ific lecule or ion sO that it can cross
L Carrier proteins celectively interacl with a specific mo ecu
the plasma membranc. | N
. Glycoproteins and glycolipids are found on cell surface and help in recognition.
a2 Membrane

hanisms Across Plasm

is @ differentially perme
ces to pass through 1t.

Transport Mec
able or selectl

Cell membranc

[
allowing only the sclective substan
. Lipid soluble substances pass through cell membrane more casily than others.
. Many small 2as molecules, water, glucose ete. being neutral can casily cross.
. Iun.'»:'b-:fu; charged particles have some difficulty 1n Crossing.
Passive and Active Transport

e ;*.r;

T W R
_|' : - .._.I
[ ow Conc. — High Conc.

Against the concentration gradient

B EJ{;@ the L‘TII'T'IEE!‘J[I‘;IEEH gradient
I_ Downhill movement Uphill movement
With use of cell encrgy (ATP)

w

L W it_hﬂmsc_ﬂl“?:]_] c:r:‘,rgf {_A’T'P]_

Diffusion and Osmosis

* Movement of solute molecules from higher concentration to lower concentratio

diffusion e.g. movement of respiratory gases.

L .
Movement of water molecules across the membrane from higher water pote

water potential is called osmosis.

vely permeable membrane,

___——-—.
_._-—-—-_.
__,_-—'—-_.

___———'—"'_".’

|
n is called

A

E

ntial to lower
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Facilitated Diffusion

Endocytosis and Exocytosis

It is a type of carrier mediated transport in which molecules m
concentration to lower concentration with the help of carrier proteins,

ove from higher

Intake of materials along the infoldings of cell membrane in the form of vacuole is called

Solnte

endocytosis.
. Intake of material in solid form s called phagocytosis while intake in fluid form ; 15 called
pm{]{'}'lﬂsls
Solute
I | |
O o Q

Extracellular fluid

‘3.';1‘5*3‘

[ntracellular fluid

Y e . \
Simple  Channel mediated Carrier mediated Active transport

diffusion diffusion diffusion
A B C F
I |
Passive transport
{facllitated diffusion)
Endocytosis
Phagocytosis Pinocytosis Receptor-mediated
Extracellular Auid edocytosis
x x"*
] ¢ Solidparticle| ® X % .
¢ x ] &
* . X = x "
Plasma ~ "1 -
membrang i .
Pseudopodium ; < Coated pit plor
@ »
Phagosome Yesicle
(foed vacuele) Coated vesicle

Cytoplasm

Some Other Functions of Plasma Membrane

Plasma membrane regulates ccll’s 1

interaction with its environment by controlling

transport of materials across the cell. Transport across plasma membrane occur o,

(i)  Obtain nutrients

(ii)  Excrete waste substances
(iii)  Secrete useful substances
(iv)

(v)

vities
Generate ionic gradients essential for nervous and muscular acti
Maintain a suitable pH within the cells for enzyme activity
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. Cytoplasm consists of an aqueous ground substance containing a variety of cell organelj,

® The living contents of the eukary
two collectively form protoplast.
and other inclusions such as insoluble waste and storage products.
Composition
Cytoplasm contains:
(i) Cytosol
(ii)  Fundamental molecules of life

emically, it 18 about 90% water and forms a

(iii)  Cell organelles
(i) Cytosol
It is the soluble part of cytoplasm. Ch :
solution ccrntain?ng all thyi.;: fundamental molecules of life.
(ii) Fundamental Molecules of Life
. Some of them are in ionic form.
. Small molecules form true solutions.
. Some large molecules form colloidal
viscous) or gel (viscous).
(iii)  Cell Organelles

mitochondria, Golgi complex, nucleus, plastids, ribosomes, lysosomes and centrioles.

Function of Cytoplasm
The most important functions of cytoplasm are:

(i) It acts as a store house of vital chemicals. 1 | _ 1

(i)  Itis asite of certain metabolic pathways c.g. Glycolysis and protein synthesis

Cytoplasmic Organelles _

Non-Membranous Single Membranous " Double Membranous

Ribosomes Endoplasmic Reticulum . Mitochondria

Centrioles and Microtubule | Golgi apparatus | Plastids
Lysosomes | Nuclewus
(lyoxysomes )
Peroxisomes - -

l Vacuoles

Discovery of Organelles

Organelles
Ribosomes

George Emil Palade

_Ccntn’nlﬂs Edouard Van Beneden

_C vtoskeleton Nikolai K. Koltsov

| Endoplasmic Reticulum

Keith R. Porter, Albert Claude, Brody Meskers and Ernest F. Fullam

—

Golgi apparatus Camillo Golgi
| Lysosomes C. R. De Duve
| Peroxisomes C. R. De Duve
 Glyoxysomes Harry Beevers
I ?'uihtnchundna Richard Altmann B
Nu-:hy_._ Robert Brown ]
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In living cells, the cytoplasm contains several cell organelles such as endoplasmic reticulum, |



Cell Struct |
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tiny granular structures known as ribosomes,

ains many
I (‘u|ﬂpﬂii“'ﬂﬂ - _
re ribonucleo- proteins particles,

t of RNA and proteins in almost equal proportion,

Cell cont

‘hemica .
‘ Ribosomes arc T
Ribosomes cONsIs
p f Ribosomes

.sembly 0 :
Assem Ribosomes are assembled in the nucleolus.

From nucleolus they are transported to the cytoplasm through nuclear pores.

;. orm and Physical Structure | 1 _
2 They exist in two forms, either dispersed in the cytoplasm or attached with rough

endoplasmic reticulum (RER) as tiny granules,

Ribosomes consist of two subunits: larger subunit and smaller subunit.
Attachment of both subunits is controlled by Mg** ions.

Ribosomes are attached to 5' end of mRNA through smaller subunits,

Ribosome Larger Subunit Smaller Subunit
Prokaryotic Ribosomes Small, 708 508 308
"Eukaryotic Ribosomes _| Large, 80S 60S 40S

Functions
. Ribosomes are the factory for protein synthesis.

. A group of ribosomes attached to mRNA is known as polysome or polyribosome.
Large subunit

Q;: - mRNA
SmniT} - 5; . . FC‘:'FPEPtide chain

subunit

. Network of interconnected channels extending and often continues with cell membrane to
the nuclear membrane is called endoplasmic reticulum,

. They vary in appearance from cell to cell.

. Cisternae are spherical or tubular membranes which separate the matenal present in
these channels from that of cytoplasmic material.

b mduaplasnic retiowam

wgclewr ruo clogss

s ok Samgnih (Rdoplasmic retgslom

(isteroal space
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and SER.

Tyvpes and Functions
There are two morphologi

(i) Rough E.R
RER has ribosomes attached to its external cisternal surface.

cal forms of endoplasmic reticulum; RER

L
. Contain cisternae sacs.
. These are directly connected with outer nuclear membrane-
. RER is involved in the synthesis of proteins.
; ed out of the cell
* After synthesis, they are either stored in the cytoplasm OF transport

through these channels.
(ii) Smooth E.R
These are the one which are without ribosomes.

Contain cisternae in the form of tubules. , i
isternae in the partrcuiﬂl']'}"||]3'ld5~

of molecules

&
. SER helps in metabolism of various types 2
’ SER is involved in the detoxification harmful drugs. _
. SER is also responsible for the rransmission of impulses ¢.& 11 muscles cells and nerve
cells.
- Formation of Golgi vesicles
e is maintained

I, so that its shap

from one part of the cell to the other.

General Functions of E.R
| support to the cel

They provide mechanica |
They are also involved in trans ort of materials

Introduction
i called Golgi body.

Single cisternal sac
Stack of cisternac sacs
Stack of cisternae Sacs wi

is called Golgi apparatus.
th associated vesicles is
is called Dictyosomes which are us

called Golgi complex.
ed in construction of cell wall.

Golgi apparatus in plants
Tucture
Golgi apparatus 1s a stack of flattened, membrane bound sacs called cisternae.
es around the central stacks.

m of interconnected tubul
ted vesicles are called Golgi complex.

g face and maturing face.
Vesicles that bud off from smooth

Golgi complex is a complex syste
The cisternae together with associa
Golgi apparatus has two faces i.e. formil
Forming face is outer face also called as ‘cis facc'.
endoplasmic reticulum are fused together to form cisternac of Golgi apparatus at forming face.
Maturing face is inner face also called as ‘trans face’.

Secretory granules/ Golgi vesicles are pinched off from maturing surface.
Laolgi apparaiuy -
dﬂrmnnu tramspirt vesigle
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l*'unrtiﬂ][::ﬂ are concerned with the cell secretion.

. , rhc::’ arc involved in mndilﬁcatinn_n_f molecules, I'I»f!n:at important modifications are addiy;

f of carbohydrates into proteins and lipids anld formation of glycoproteins ang gllymii id -
During cytokinesis in plant cells, these are involved in formation quhrugmuplaat e

. hway and Fate of Processed Vesicles ‘ |
palay 20, dopiasmic reicubm—> Transportvesicies-» Golg apporatu

Packed inside a membrane Modification

lipids by addi
— | vy
‘ e
Excretory Vesicles glycoproleins and glycolipids.
granules

T LYSOSOMES

[ntroduction N
Lysosomes (Lyso = Sphtting: Soma = Body) are cytoplasmic organelles which are found

in most eukaryotic cells and are different from others due to their morphology.

. These were isolated as a separate component for the first time by De Duve in 1949

Structure
Bound by a single membrane and arc simple sacs (vesicles) rich in acid phosphatase

and several other digestive or-hydrolytic enzymes,

These enzymes are synthesized on RER and are further processed in the Golgi apparatus. The
processed enzymes are budded off as Golgi vesicles and are called primary Lysosomes.
Functions

Any foreign object that gains entry into the cell is immediately engulfed by the lysosomes and
is completely broken into simple digestible pieces. This process is known as phagocytosis.

The ingested food of cell is stored in vesicles, called food vacuoles. Once a lysosome has

fused with food vacuole, the resulting structure is called secondary lysosome. Digested

products are absorbed by cytoplasm while remaining wastes containing vesicle is now

called contractile vacuole. This is called intracellular digestion.

* They are also involved in the autophagy. During this process some old, worn out parts of
cells, such as mitochondria are digested. Such lysosomes are called autophagosome.
Such process also occurs during starvation.

. Their enzymes can also result in degeneration of cell, as may occur during some

developmental processes. This type of cell death is called autolysis. Removal of tadpole

tail during metamorphosis is an example of lysosomal activity.

*  Lysosomes also release enzymes for extra cellular digestion.
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Food vacunlp ]
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[ ol
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ol pariscie ]
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A
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Transport vesicle
{Conlaening m-pchive
nydriptyhic rur:,-mu[..a-.

Storage Diseases

’ Several congenital dise
substances such as glycogen or g‘ly
diseases have been discovered so far.

. These diseases are produced by a mul
involved in the catabolism.

. In glvcogenosis [ype 11 diseas

within membrane bound organe

olucose 1s absent. 1

i'ar-Such 's disease is because ﬂ{

L Accumulation of lipds 1n

of lipids.

g ‘L' C-Tay
L}

ases have been found to b

15 - N 2{] 5
I.".ﬂ'[ipid'ﬁ-' hL’.'E‘ -i'll'f.f Eﬂ“li.-‘d s tﬂ]—ﬂ:.c dlbﬂ:ﬁ i, u‘:h
. | e 5 i bt
1
{

e, the liver and muscle
lles. In this disease, an enzyme t

absenceof an enzy
brain cells leads to ment

PEROXISOMES AND GLYOXYSOMES

Diges b =— ":I," >

"I |

: ,,_-l;l.-"" anguiling
darm
p.rg.rlllll

!

- ;-

L ysménme

el ok

due to qccumulation within the cell of
e

ation that affect

appear to be filled with glycogen
hat degrades glycogen to

me that s involved in the catabolism
al retardation and even death.

Peroxisomes . ; ; : }
<« isolated in 1965 particles from liver cells. In animals, they are
. De Duve and co-workers 1solated | .
most commeon in liver and kidney cells. |
Thev have also been found in protozoa, yeast and many cell types of higher plants.
L fOLI Y - ,
. The name peroxisome was applied because this organelle is specifically imvolved in the
formation and decomposition of H20: n the cell.
Structure
* These are single membrane enclosed cytoplasmic organclles found both in animal and
plant cells.
¢ Thev originate from endoplasmic reticulum.
. They are approximately 0.5um in diameter.
. They are rich in oxidative enzymes, such as peroxidase, catalase, glycolic acid oxidase
and some other enzymes,
# Catalases are involved in breakdown of hydrogen peroxide into water and oxygen. ;
Functions 1:
1
4
. They are involved in formation and decomposition of hydrogen peroxide. i
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Glyoxysomes

plants contain an organelle, which in addition to glycolic acid oxidase and catalase, also

possess a number of enzymes that are not found in animal cells, This € Irganelle is called

Glyoxysomes.
Glyoxysomes are present only during a short period in the germination of the

i lipid-rich
<eed and is absent in lipid-poor seed such as pea.

Function

Glyoxysomes arc the most abundant in plant seedlings, which rely upon stored fatty acids
to provide them with the energy and the material to begin the formation of a new plant.
One of the primary activities in these germinating seedlings is the conversion of stored
fatty acids to carbohydrates, through Glyoxylate cycle, the enzymes of which are located
in the Glyoxysomes.

In seeds rich in lipids such as castor bean and soya-beans, Glyoxysomes are the sites for

breakdown of fatty acids to succinate.

They are present both in plant and animal cell.

In plant cell, a large central vacuole 1s present that 1s formed by coalescence of smaller

»
vacuoles.
s In animal cell, small but numerous vacuoles are present.
RO0sOMES Endopasme ¢
Endomiasmc
Reuculum -.E_i
PR e
Mitochondnas" (] ,‘ ¥ ;
; erp
- |l 4
Plasma ™) LY
Membrane @ 9
. CJ 0
Gog
Hw:gl'rui \ "j
oo
Animal Cell
Functions | |
- tuti re asm
. They serve to expand the plant cells without diluting thel ﬂuphui. %7
‘ ‘@ 1S tabolic 1 :
’ They act as a site for storage ot waler and cell products or n:; e v o
& - 2 - ‘ 3 P n I. I_ L
. Thev maintain the cells” turgor, responsible for support g
young parts of the plants. -
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Introduction
. They are also called Power house of the cel].
. They are Self-replicating organelles.
Structure -
. Their size and number vary depending on the physiological activity of the cel]
J ;hcy also contain DNA and ribosomes; thus, some proteins may also be synthesize 'u:.:
them | |
+ When seen under compound microscope they appear as vesicles, rods. filaments.
(] : 2 | '
When seen under electron microscope, then it shows that they are bound by two

Mffmhrdnn::;T 4 Smooth outer membrane and an inner one forming infoldings (cristae) i,
mitochondrial matrix and they show complex morphology.

. 2 INNET surface of e era. : i ' ' ' .
The inner surface of cristae in the mitochondrial matrix contains small knob like Structure
called Fu’e!ementar}' particles,

. Ll * L 4 1 I .
Mitochondria] matrix contains thzymes, co- enzymes and organic and inorganic salts,

DNA
Cluter membrane

nner membrane

Intermembrane
space

F, Portion
- F. Portion Cristae
Functions
. They manufacture and supply energy to the cell
. Enzymes in mitochondrial matrix help in metabolic processes like Krebs cycle, aerobic

respiration, and fatty acid metabolism Ihese processes extract “nergy from the organic
food and convert them into ATP. an energy nich compound. which provides energy 1o the
cell on demand,

ADP is regenerated by mitochondria into ATP

POIHT

What you know about F, ﬁ
particles? - '-

i

Membrane bounded, mostly pigment containing bodies present in the cells are called

plastids.

L I'hese are present in plant cells only.
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Chloroplast -

Chloroplasts vary in their shape and size with a diameter of 4-6 i,
Under light microscope they are heterogeneous structures with
: grana embedded in the matrix. |

Envelop is double membrane covering.

Stroma covers most of the volume of the chloroplast, contains proteins, some ribosome
and small circular DNA. Here CO: is fixed to manufacture sugar. Proteins amtmr;:::}

synthesized here. | |
Thylakelds. a7 flattened vesicles which arrange themselves to form grana and inter-

.
small granules called

grana.

Grana are piles of thylakoids stacked on each other like coins. 50 or more thylakoids

’ piled 1o form one granum. On these layers, chlorophyll molecules are arranged, thus

3ppeal‘ greci.
Inter-grana arc d

Membranes of gran

lasts are self-replicating organelles.
Chlorop P e i .

non- green part which interconnects grana.
a are sites where sunlight energy is trapped and ATP is formed.

stoma lameiae

stroma
lasts
::hmm‘?"::ev impart colours to the plants other than grt:en,. i
The;f are present in the petals of the flowers and in the rip
. L L
. They help in pollination and dispersal of seeds.
Leucoplasts
* They are colorless. e
. They are triangular, tubular or of some ﬂtl;ﬂh e o
They are found in the underground parts of the P
[ ]
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Introduction

Structure

NUCLELS

It is the most prominent and most important part of the cell, also called as brain of cejj

They‘are visible only in non- dividing cells.
In animal cell they are central in position with exception of skeletal muscle fiber.

In plant cells they are pushed to periphery due to the presence of large vacuole,

They may be irregular or spherical in shape.
A cell containing single nucleus is called mo

more than two as multinucleate.
POI NT/0 PO”

What is the difference between
binucleate and dikaryotic?

nonucleate, two as binucleate ang wig :

T o)

Can you give examples of anucleateq.
uninucleated, binucleated and

multinucleated cells in human body?

Nucleus is composed of nuclear membrane, nucleoli, nucleoplasm and chromosomes or

chromatin network.

A)  Nuclear Membrane
. Nuclear membrane also called as nuclear envelope separates the nuclear material from
the cytoplasm.
¢ It is_ a double layered structure. Outer layer continuous with the endoplasmic reticulum and
the inner one encloses the nuclear contents,
o These membranes have sameé structure as per mSuter
fluid mosaic model. A
B) Nuclear Pores Space
° Nuclear pores result from the fusion of outer and melnper —
Inner _mcmbrdnes. T'hf.t}f are composed of e . E'A‘;‘i‘!.?#:
specialized transport proteins called nucleoporins, tamina —
% They act as a gateway for the exchange of
materials with the cytoplasm.
* Their number is variable depending upon the
differentiation of the cell i.e. undifferentiated cells like eggs have 30,000 pores / nucleus
while erythrocytes, well differentiated cells have 3- 4 pores/nucleus.
C) Nucleoplasm
E It is transparent semi-fluid ground substance.
» It contains DNA, RNA, proteins, Mg~ ions, free nucleotides and enzymes (DNA and
RNA polymerase).
D) Nucleolus
3 Nucleolus is non-membranous, darkly stained body within the nucleus.
. Nucleoli may be one or more.
. They appear during interphase & disappear during cell division.
B RNA (rRNA) is synthesized and stored in it, N
» Nucleolus 1s composed of two regions: peripheral granular area containing precursors :
for ribosomal subunits and central fibril area containing rRNA and rDNA. 1
e
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If rRNA is synlhem?
location of mRN

F)  Chromatin & Chromosome

i L]
o Each chromosome is g thread like Structure ]"L‘-..ui[mg from -
matenal during cell division. OTganization of chromatip
% Chemucally chromosomes are composed of DNA and
: _ : Proteip
S Under compound microscope they appear 1o

be made
of
centromere, the place arms

where spindle fibers are attached during cel d;

constriction) is the
place on centromere where spindle fibers

{thmmatid&} and g
Vision,

place on the chromosome and
dre attached during cell divisio

. Centromere (primary

Kinetochore i a
n.

| Species - oy
SRR ]—— T\ | Species Diploid (2n) | Haploig ()
Man . 41”1 2 B _IFmg = ——-——_ﬁ____
_L“hunp_:?_ujzs:c - tha_ B L_ _24_ _J_D{fiEi‘Philr_—_ﬁi__‘_—_——__‘
Ii_fimun 1 _lt'w_ _ J_ " _E_ Wi Pmam _H__—Ig__—— __4—__
Garden Pea L MN AR ]_Pwmn i R0) & 0
Nuclear Envalnpe
Nuclear {Duter nuclear membrane Nuclear
envelope |inner nuclear membrane
Rough Chromatin
endoplasmic Nucleolus
reticuium — -
Ribosomes
Functions

. It controls all the metabolic activities of cell.

. It has all the genetic information in a cell

15
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COMPARISON BEIWEESN PRORKARYOTIC AND EUKARY O ¢ ¢ T
Differences Prokaryetic Cell - | . Eukaryetic Cey
Well Defined Nucleus | Absent Present
DNA Submerged in cytoplasm Present in nucleus :
Type of DNA Circular DNA as nucleoid Linear DNA in nucleus
Membrane Bounded .
Organelles Absent Present
Small sized, 708 ribosomes Large sized, 805 rfhﬂmmeﬁﬁ'n'g"* '
Ribosomes (50S larger sub-unit and 30S | larger sub-unit and 408 smaljer
smaller sub-unit) sub-unit)
(J"ﬂikflft“n a'l"\.bﬁfﬁt Fruscn" T
Cell W Peptidoglvean Murein . o T
" ! Sacculus e
:EE" Membrane Sterols absent Sterols present Bl
‘ell Divi S 13
}: b Binary fission Mitosis’ Melosis L
istone: : —
s “. : Absent Present ;
amposition of Flagella | Flagellin T'ubulin |
EIHII'] -IE' !i:IL'IL‘] |.i] l..'l'.."”.. Cells 'l."Tl I"III.H: ! e
P | green algae Plant and Animal cells
Nucleoi Cytoplasmic
Rib cleoid Capsule membrane
Ibosomes (S0me prokaryotes)  Endoplasmic
reticulum

Ribosomes
T T pe———
Nucleolus —

—
Nuclear =
membrane

Flagellum  Goigi——""

Cytoplasm-
Cell Wall
Cell Membrane Mitochondrion
Chloroplast =~
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qon to Biological Molecules

oduc
::::;uﬂﬂﬂif of Water
(arbohydrates
Proteins
_ipids
':I‘Jli;]f."lt'.‘iﬂ Acids
Conjugated Molecules
introduction of Enzymes
Characteristics of Enzymes
Mechanism of Enzyme Action (Models)
Factors Affecting the Rate of Enzyme Action
Enzyme Inhibition
Feedback Inhibition
INTRODUCTION TO BIOLOGICAL MOLECUILES
Biological Molecules in Protoplasm
Early biologists thought that the cell consists of a homogeneous jelly, which they called
protoplasm. Today the word protoplasm if used at all is applied in a very general way.

Parts of Protoplasm
The portion of protoplasm outside the nucleus is called cytoplasm.

.

- The corresponding material within the nucleus is fermed as nucleoplasm.

Composition of Cytoplasm

- The cytoplasm is composed of several types of organelles and a fluid matrix. the cvtosol

(literally cell solution) in which the organelles reside. The cytosol is a watery solution of

salts. sugars, amino acids; proteins fatty acids, nucleotides etc. )

R T R T T -
Lot % Total Cell Weight

fr Bacterial Cell  Mammalian Cell
I I’l.":ﬂur 70 -0 |
' Proteins 15 T |
" 3. | Carbohydrates | T : : 1 !
4. Lipids . :' 1 3 -*!
5. | DNA 02
6. | RNA [ & R .

Organic molecules

|

(ensymes, hormones, metabolites) ' i
- R |

1

1

I ) | ik
Inorganic ions |
8. 1 | 1
| e1c. )
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- SOR1 ANCE OF WATER

AY

is most abundant compound in all organisms,

Importance
* Water is the medium of life and .
o5 ] &0 1in di rgAanisms. .

. oG R dlﬂﬂ_ﬁiﬂ:m zite]: in bone cells and 85% 10 brain. g

} == : . 2 lIl.-' W L, 2 (-
N Human tissues contam dbﬂlLH W B rotcct the surface Fo b
> It acts as a lubricant against friction, ¢.g., 14 P he

rubbing of eyelids.
: ) auma.
. It acts as fluid cushion around organs that protect them from tra
' ' ' ' “water.
. Biochemical reactions take place in the presence of wa *
- ' - - ro

. It also takes part in many biochemical reactions such as hy drul}vsls of macromolecules
. It is also used as a raw material in reactions like photosynthesis.

Solvent Properties: .
s dipole nature.

Water is an excellent solvent for polar substances due to it |
media even enzymes wWork in aqueous

L

. Almost all the reactions in cells occur In aqueous
environment. lons and molecules move randomly and are 1n @ more favorable state tg
react with other molecules and ions when in solution.

. Molecules which are insoluble in water, for example non polar organic molecules like

fats help to maintain membranes which make compartments in the cell.
“water from 15°C to

Specific Heat Capacity of Water:
It is the number of calories required to raise the temperature of lg of

16°C is called specific heat capacity. It is | calorie for water.
Water has great ability to absorb the hcat, since most of the heat 1s used to break

hydrogen bonds. Thus it acts as an efficient temperature stabilizer.

Heat of Vaporization:
Amount of heat absorbed when' 1g of water to change from liquid to gaseous state 1s

L
called heat of vaporization.

. Specific heat of vaporization of water is 574 Keal/ kg.

* Evaporation of only 2ml out of 1 liter of water lowers the temperature of remaining
998ml by 1°C.

. The advantage of high heat of vaporization of water is that it provides cooling effect to

plants and animals.

Ionization of Water
* H-0 = H™+ OH it is a reversible reaction.
At 25°C. the concentration of each H™ and OH™ ions in pure water 1s about 1077 moles/lit.
reactions that occur in cell.

H* and OH" ions take part in many ns thi
CARBOHYDRATES

. Literal meaning “hydrated carbons .
They are composed of C, Hz, and Oz, Mostly hydrogen and oxygen are found in same

ratio as in water (2:1).
Chemically they are defined as “polyhydroxy aldehydes or ketones or complex

L]
substances which on hydrolysis yield polyhydroxy aldehyde or ketone subunits.”
is the whole number from three to many

* Their general formula is Cx(H:20), where "X
thousands whereas 'y’ may be same or different whole number.
» Simple carbohydrates are the main source of energy in cell

KETS - PREP BOOK
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3 —
%’ ' tituent g
" some carbohydrates  arc the main constituents of cell walls i plants and
. - "
: ,,r“”rgﬂﬂlf‘““h. .
:}1; mples are cellulose in wood, cotton and paper, starches present in cereals, root
. u‘l;ﬁ cane SUZar and milk sugar.
Their main sources are green plants, which produce them by photosynthesis. Even al]
. oraline compounds of plants are synthesized from carbohydrates.
Carbohydrates combine with proteins and lipids to form glycoprotein & glycolipids
. - ctively. These compounds are collectively called glyco-conjugates.
Major Groups of Carbohydrates
L Feature Monosaccharides Oligosaccharides Polysaccharides
| Most complex
Common Name Simple sugars Complex sugars sugars(Branched or
unbranched)
—-ﬁ-&-;— Sweet Less sweet Tasteless
T Easily soluble in - Sparingly soluble in
Sn]uhilit}' in water G Less soluble in water WIi;tﬁ:l' gly
m}rsis Cannot be hydrolyzed | Can be hydrolyzed | Can be hydrolyzed
= {CHED)n-’f CuH2:04/ CH(HIG]H-I
General Formula Ca(H20)n (for disaccharides) CA(H:0)y
e (On the bases of
number of carbon . | On the bases of On the bases of
atoms e.g, trioses | monosaccharides structural complexity
T (3C), tetroses (4C), | released during & relation e.g. starch,
SSIC pentoses (3C) etc. | hydrolysis e.g, glycogen, cellulose,
e  Onbase of finctional | disaccharides, dextrin, agar, pectin
group ¢.g. aldo and | trisaccharides etc, and chitin.
keto sugars.
No. of sugar units o (Une Two — Ten 10 < 1000 or above
Monosaccharides
/ﬁﬂ CH:OH
Aldo group ‘ Keto group
CH2OH CH;OH
. Glyceraldehyde Dihydroxyacetone
. In nature, monosaccharides with 3 — 7 C atoms are found. |
All carbon atoms except one have hydroxyl group. This exception is carbon of aldehyde

or ketone group,

KETS - PREP BOOK 19
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Topic-2 & 3 Biological Molecules anq g,
Atoms  Type Formula = Aldo Form Keto Form Role
!ntermediateﬁ :
3C | Trioses | CiHyO: | Glyceraldehyde | Dihydroxyacetone ph”t_”’;?'mhﬂais &
respiration
Intermediate in
4C | Tetroses | C4HsOy | Erythrose Erythrulose phmﬂs_"-"'mheﬂis n
bacteria
Ribose is foung i,
3C | Pentoses | CsHyO: | Ribose Ribulose RNA while Riby),,, |
found in Calvip
Energy source,
6C | Hexoses | CsH;20¢ Glucose Fructose Polysaccharide
formation
Intermediates i
7C Heptose | C/H;40- Glucoheptose Sedoheptulose photosynthesis ip |
bacteria |
. J"'r"'lﬂ:':'l monosaccharide (pentoses & hexoses) form a ring structure in solution, ’
. Furan{::"t,:: 15 5 comered ring while pyranose is 6 cornered ring structures,
. ]:hem: rings are heterocyclic having OXygen at one corner and carbon at other corners,
. Each pentose and hexose exists in either ‘a’ or ‘B’ forms depending upon position of |
and_ﬂH groups at Cy. If OH group is found downward at Cr,itis called *a’ sugar and
OH" group is present upward on C; then it is known s B sugar, E
Glucose i
U It is naturally produced in_green plants which take CO: from air and H-O from soil g
synthesize glucose, :
* Synthesis of 10g of glucose requires 717.6 Keal of solar cnergy, which in tum is stored iy
glucose molecule and becomes available in all organisms when it is oxidized in the body.
. Our blood contains 0.08% glucose.
Starch, cellulose, and glycogen yield glucose on complete hydrolysis.
. In free form, glucose is present in figs, grapes, and dates.
& ch,om

These four molecules [Ho'
with rings are 4
sterecisomers.

L

OH  H
B-D-glucose B-L-glucose

a-D-glucose

(a) Linear and ring structures

of a-D-glucose

(b) Isomers of glucaose

I
Enantiomers
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( Higﬂsnrnharidts

Those oligosaccharides which yield two monosaccharides on hydrolys;
disaccharides and those yielding three are called trisaccharides ¥sis are called
The covalent bond formed between two monosaccharides i< call

Maltose, SUCTOSE, and lactose all are disaccharides. Their gene
- Source and Common Name

Candies, Barley, Sweet potatoes, | Glucose + Glucose

ed glycosidic bond.

A altose - 1di
I # - Fruits (Malt Sugar) ] | 14 lycosidic bond [
Lactose | Milk (Milk Sugar) Galactose +Glucose | | 4-glycosidic b;nd
netaid 7 : a ]

© canson " ' on
@ HYDROGEN ...;,few':h 2 Ghcore
5 | -
EM HO - :H i
o ! e/
"'q\
T

o O
1
L
0? , '.r-".ﬁ”f
‘ ; H "“ Lo

‘@-Glucose ' c -

R N

‘ R 2

H— H—C—n D-Glucose | o Yol
i ‘i',ft” " ,.«-"E el

" - P B-Galactose H—
oy SR xy
N MO C—0
- l['.——l'll: 0 x“x__".f’fﬂ +_,f H;n"\. ;.«"'
LI H  OH H\r 'f,ff. M oM
f-Maltose . L 8- Lactose
Reducing and Non-Red ucing Sugars
L]

Sugars which give positive result on Benedict or Fehling tests are called reducin
sugars. These act as reducing agents. They have free aldehyde or free ketone group Aﬁ
Monosaccharides, lactose and maltose are reducing sugars. Ketoses must first taummérize
lf‘.l aldoses before they act as reducing sugars.

Sucrose is an example of non-reducing sugar.

POINT

Why fructose is reducing sugar while it contains

ketone group?

21
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Topic-2 & 3

Polysaccharides
¢ They are formed by several monosaccharide units linked together by gl

They act as structural components, food and energy Stores.
cellulose, dextrins,

&
¢ Examples of polysaccharides include starches, glycogen:
chitin (N:-containing piﬂ}’ﬂﬂtfhﬂl‘ldﬂ);
Classes of Polysaccharides Chitin
F Starch Glycogen Cellulose ;
.\ )
oagriachs Stare t.ﬂmimnl Starch)
Plants, Oreen
Algae (Most .
; : ndant ’
: Plants, Green Animal, Fungt e drate) Arthropods
Organism | ,, Prokaryotes carbohy :
gac Cotton 15 pure
m of cellulose. :
_._______._-—-—-—-——""-—f-q--'—"""'_fﬂ Cell wall In
: , Most of cells bul | nfain constituent Fungt.
Location Fruits, grains, abundant in iVET | o ce]] walls. Exﬂskﬂiﬁtﬂ_ﬂ of
seeds, tubers. and muscles. Arthropods ,:
- |
G it KRN ¢ 1'
; Main source of Chief storage Main constiuent of | pryaction :
Main ] carbohydrates for form in animals. cell wall of plants. |
Function animals e ———
animals. e ™ 1, |
f-Glucose l ;
, \ moleeules (a- | N-acet) p- '
Result of | a-Glucose d-Glucose : i+ | elucosamine '-
i olecules molecules amylase in our gut | ST ;
Hydrolysis | It cannot digest it)
i Amylose: Soluble
- in hit Wase | Insoluble in Highly insoluble Insoluble in water §
Solubility | Amylopectin: — | in water :
Insoluble in hot or
cold water I e
Amylose: Un= | granched (More | |
Branching branched : than | Un-branched | L n-branched
Amylopectin: Amylopectin) ; |
Branched !
Glveosidi Amylose: a1, 4 |
_H“H e Amylopectin: a—la&a-1,6 | A-L3
Linkage 1,4
o — ].,4& a—1.6
lodine Blue colour with Red colour with | No colour change Mo colour change |
| Test iodine | lodine on 10dine test ' on iodine test

POINT/ T

Tests for Carbohydrates
Benedict or Fehling test to detect reducing and Non- reducing

L
sugars.
B lodine test is used to detect different types of polysacchandes. What are dextrim
KBTS - PREP BOOK
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They are the most ahun_danl organic compounds found in cells

50% Uflhﬂif total d'l'}" Wl.']ghl. and mmpthg over
Proteins are polymers of amino acids, the com
few amino acids contains S.

pounds Containing C, N1, Oy, ang H: and

vp tldenmnre than one.

_ | Major Functions
Proteins are involved in building many structures e.g collage
. n

Building Structures

Enzymes Catalyze chemical reactions and control whole metabolism of cell.
“Hormones Regulate metabolic processes.
Transport Proteins | Carrier protein that transports O, (Hemoglobin), lipids, metal ions etc
[ Antibodies Defend the body against pathogenic attack. '
Clotting Proteins Prevent loss of blood after injury.

Mitotic Apparatus | Helps in movement of chromosomes during anaphase of cell division

Amino Acids

. About 170 amino acids have been found in cells and tissues.

. Out of 170 types only 25 are constituents of proteins.

. Most of the proteins are. however, made of 20 types of amino acids.
Basic Structure of Amino Acid

E An amino acid 1s an organic compound containing an amino

group and a carboxy! group,

poiNT/O

What are essential & non-

attached to central carbon called alpha carbon.

essential amino acids?

o
Peptide Bond Formation
B Amino acids link together to form a polypeptide molecule.
. Two amino acids combine together via a peptide bond to form a dipeptide, e.g., Glycine

and Alanine chemicaily interact with each other to form glycylalanine. Similarly, tri,
tetra and pentapeptides can be formed. Naturally, this dehydration condensation reaction
occurs during translation of mRNA.

Peptide bond

H Dehydration H

H, i B o 4O synthesis H. H?l”
N-C-C N-C-C  “UN-C-C-N-C + ¥

WY w TeHiRT o, Ton H 0 ony Oy

Vi CHa CH, Water

Glycine Alanine gslﬁ;a;ndlalr
23
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’ » th?t;' figure, -OH" of carboxyl group of Glycine combines with H of amino group of -
Alanine releasing water molecule and forming C-N link called peptide bond.
Structure of Proteins

There are four levels of or nrotein molecules.

anization of

Secondary Tertiary Quaternary
Bending and :
Number and Structural folding of Aggregation and
; - | tide chain | held together by
Information | Scduence of amino | conformation polypeptl hvdiopisobic
acids in protein (form or shape) | and forming : 3’; Etmm
molecule. e.g. coil or helix regular 3-D [ h
globular shape. i}
Hydrogen, lonic
: lonic, Hydrogen, bonds, _
Bonds ngrlldg'ﬂd'd Hydrogen Disulphide (-5-5-) Hydrophobic
1Isuiphide DIIGECS interactions
: SipHn -hEhH Human Hemoglobin
Example Insulin (ce-helix), myoglobin
f-pleated sheet
Primary Structure : : ids | _
. F. Sanger was the first scientist who determined the sequence of amino acids 1n a protein
molecule. ) :
. The sequence of amino acids in a protein molecule 18 determined by the order of
nucleotides in the DNA. . ; ] e
» It is shown by all proteins at the time of their synthesis on nhm?:aurr:c surface. B
. The size of protein molecule depends upon riumber and type of amino acids comprising it.
a chain — 21 amino acids |
Insulin}—3{ 51 Amino Acids 3
[ - B chain — 30 amino acids )
| a chain — 141 1 X amino _+.:t-..1:.:
1 [ Hb }3(574 Amino Acids 1
B chiamn — 146 x I amino ax :d'_-.}
. A change in even a single amino acid, results in the failure of that protein, which may

even lead to death, e.g., replacement of glutamic acid by valine in hemoglobin molecule
results in formation of sickle hemoglobin, which fails to carry oxygen, the characteristic
of sickle cell anemia ultimately leading to death.

Secondary Structure
. a- helix and B- pleated sheets are 1ts examples.
= a- helix is a very uniform geometric structure with 3.6 amino acids in cach tum of the helix.

* B-pleated sheet is formed by the folding back of the polypeptide.
24
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Tertiary Structure

In agueous environment, the most stable tertiary conformation is that

in which

hydrophobic amino acids are buried inside while the hydrophilic amino acids are on the
surface of molecule.

(Quaternary Structure
In many highly complex proteins, polypeptide tertiary chains are aggregated and held

together by hydrophobic interactions. This specific  arrangem
structure of proteins.

iz globin chain B, globin chain

ent is the quaternary

(& ringed molecule
with iron ion [Fe2*]
in the center)

Which type of bond is always present in all
types of proteins?

15
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Topic-2 & 3

Fibrous Protein Globular Pryge;,

Shape Fibrils form Spherical or ellipsoigy)
| Structural organization Secondary Tertiary or quatemary
Solubility in agueous media | Insoluble in agueous media Soluble in aqueous meda

Can be crvstallized

Classification of Proteins
Feature

Crystal Nature Non-crystalling
Elasticity Elastic in nature Inelastic in nature
Role Play structural role Play functional role
Stability Stable LUnstable

Enzyvmes. antibodies,

Silk fibers, myosin, fibrin, :
Examples " Ik fibers, myosin, fibrin proteinaceous hormones
R hemoglobin ‘

A Ao ] T e

gy |9 )=
Why fibrous proteins are more stable than
globular proteins while they are at low

mportant Structural Proteins . t
!

| Bone and cartilage matrix

L Lollagen

;‘EJ"I".H'”” — ._I_ J-Z:.ill-.,'|[l'|, o tendon and lheaments

‘ratin W i : e

}1 !-.___r" ] .J']]-I'l||..-..|."-l. (L I..'|H'|_|'I_.h'l'5.II E hﬂ_“. [l:l_]_[;‘hi;ﬂu!“_lil Tﬂﬂ[hfr&. hl.'ln"l.:i ilr‘.ll.i bl:ﬂks
Istong Chromosome o i Lt L

: :E.i WL -_- i o PV =TT
II Ei}ﬂﬂb __.__{. I_'IIIET_I.Ii ]Il..'_'l;-,||'|[.|i-..|'” . e e
Salusill HRellian of physiological activities STt
|! ‘i”“['-"-'“-']ll'i'i_ \ homimity - ' ——— I
Lﬂ_ﬂ.eﬂﬁh_‘bm | Transport of Gases -
|! Flhrjm'.lggn | Blood {-lll'r;i'i.“_-' - i
- Ovalbumin Storage of amino acids in egos —
| Lasein Storage of amino acids inmilk _ ———————— —I'l

Lipids are a heterogeneous group of compounds related to fan acids

. They are insoluble in water byt s i
) ut soluble in organic solyv '
_ solve ke ether, alc
chloroform and benzenes, e RO
. Their hydrophobic nature makes if it sul
) s them best suited 1o be 3 struc
a4 structural com
St ura ponent of
- I 5 1 e -1
Lr;.‘;d; store double the amount of ENErgy as compared to same amount
carbohydrates because of high proportion of C-H | |
: . -t bonds and verv low '
PRy ery low proportion
o : i . _ .
May act as Insulating layer c.g., waxes in exoskeleton of msects, and cutin which is an

additional protective laver on the cuti ; s of
: i uticle of epidermis of some pl: ane: B -
it ek P some plant organs. E.g. leaves,
Acylglycerols
o These are esters of glycerol and farty acids.

KETS - PREP BOOK
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An ester is the
@

- {]ch::m]
When three fatty
’ formed. Triacylglycero
are occupied by fat
Gl}'ﬂ.‘rul
—
H
H-c-0HH @—r}
|
H-C-O -@«@—E
; ,
nco-® @f
H
-.__-———"
Fatty Acid |
e A fatty acid is an organic compound
hydrocarbon.
e Fatty acids contain even num

Specific

st g 4 watcr m
aeid and a W , ]
Fatty Acid + Glycerol -

Biological Molecules and Enzymes

Fstenificalion

» Acylglycerol+H,0

C.H.OH + HOOCCH, ——C,H,0COCH ,+ H,0

%
compound produced as the result of a chemical reaction of an alcohol with
olecule is released. Such a reaction is called estenification,

< a tri-hydroxy alcohol which contains three carbons, each bearing an OH group.

acids combine with one glycerol, a triacylglycerol (triglyceride) is

3 fatty lliill chains

I
C-CH.CH..

o

LCH-CH,-CH,

CH,CH,

.CH-CH, CH,

C-CH,CH_.

CH-CHCH,

ls are also called neutral lipids as all three OH" groups of glycerul
ty acids.

Triglyceride, Iur neutral fat 3 water
| | molecules
H
I
[
H-C-0 —C-CH,CH_..CH,-CH,-CH,
| i
: l
H-C-O ¢ cH,cH,.CH,_CH,CH,
|
H-C-O I}!_m]{Hr_EH,{H,—CH.
|
\_i-l—-i'

containing one carboxylic acid group attached to a

ber of carbon atoms (2-30). Each fatty acid is represented as R-

COOH. where R is hydrocarbon tail. | |
Solubility of fatty acids in arganic solvents, hydrophobic nature and melting points depend
upon number of carbon atoms and number of double bonds.
« Fatty acids are either saturated or unsaturated.

ravity 0.8.

Unsaturated Fatty Acid
Upto six double bonds

| Straight chain o B | Ringed /Branched
| Solid at room temperature = L|_qu|d at room temperature
| Fats Oils
Animals - ) Plants _ .
I | More useful for living things.

No. of

Carbon

Source

Melting Point

_ Acetic acid Saturated 2 Vinegar 16.6°C
_Butyric acid | Saturated . 4 Butter -8°C
 Palmitic acid | Saturated 16 Palm tree 63.1°C

Oleic EE Mono-unsaturated 18 Olives 4°C
Waxes

Chemically, waxes are mixtures of long chain
ranging from Cas to Cis,and alcohol, ketones and esters 0

alkanes (with odd numh-erl of carbons
f long chain fatty acids.

“l“-l"ll.l'nnm.;
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= Waxes are widespread as protective coatings on fruits and leaves. These protect plapg
from water loss and abrasive damage.

* They also provide water barrier for insects, birds and 4nimals such as sheep.

Phospholipids

Composition _

2 They are the derivatives of phosphatidic acid by addition of one of the NIroEEnOus bage§

. One end of phospholipid molecule (head), containing the phosphate group g

nitrogenous compound is polar and hydrophilic. |
. Other end (tail) containing the fatty acid side chains are non-polar and hydrophobic.

l Glycerol + 2 Fatty Acids + Phosphate Group

|

I Phosphatidic Acid
+

Nitrogenous Base

!

' Phospholipids '

Example

* What are amphipathic
+ Bubstances? What is
nce between

: merization and

" scendensation?
e

L]
-
& |

Function
. They are frequently associated with biological m
\ embranes ipid bi
- and form lipid bilayer.
. Terpcnnjds ETE a very large and important group of compounds which are made up
simple repeating units, called isoprenoid units.
. This unit by condensation in diffi | ' mhllﬂsl
| erent way gives rise such as
carotenoids, steroids, terpenes etc. : SISO, 3

KETS - PREP BOOK
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——
Eci entist | Discovery/Contribution
' e Nucleic acid in nucler of pus cells
E. ?"'1'!‘:'-:-‘"-“*-1} N | Basic structure of nucleic acids
| P. A L "";,';L ==  Ratio nl"-.hiTtrﬂm ha':r:'-ﬁ present in  DNA molecule L
: :1 L!.,::Tlrﬁl"" &_R_Hanktm | 3} -Ray dﬂtl_.:_it_l!rﬂ'l_dﬂdl}"hlb of DNA
- Scale model of DNA
I.I}_ watson & F. Crick Semi-conservative replication of DNA
| T | Transformation, First evidence of DNA as hereditary
[, ¢1r11’ruh | material
:.‘1.;:n Mm,l md a."-‘-. Mcl arl} B DNA as lrnmﬁmmnb principle . _
A "||Lr-.hﬂ- & M. ‘Chase _ ' Confirmative evidence of DNA as her-.;qltmj mau:nﬂ;l
Mmhﬂtl & Smhl ‘Confirmation of semi-conservation replication of DNA |
"M Nirenberg. P. Leder and H. G. | Testing of 64 codons :
Khorana -'
&3 I}!-Tu.f_uki B Okazaki fragments during DNA replication |
o Nucleic acid was first isolated by F. Miescher from nuclei of pus cells (White bln-ud
cells).
" They are called nucleic acid, since they were first isolated from nuclei and are acidic in
nature.
o Nucleic acids are polymers of nucleotides.
. There are two types of nucleic acid! 'DNA- and RNA. ‘Both are linear unbranched
polymers.
Composition of Nucleotide
. Each nucleotide is made of 3 components:
I A 5-carbon monosaccharide (a pentose sugar). It i1s mibose in ribonucleotide and

dmu ribose in deoxyr ]h‘U‘]HlL lf:ulld:.

Deoxyribose

e T = [.‘:‘-HILTEI}-J
| HOCH, © OH | Hlt:‘nlfm2 O OH
, £ C o1 YOO H MW ¥
: H\:: » rj‘/’H E'\I' 4 H
OH OH | OH W
2. _.h_l-;l-luth‘lﬂl.rl LulllmtE]_]: l‘.h.i-.u ["-Hlubanmh b..hu are of two types, smgle nnged

pyrimidines (C. T & U) and double ringed purines (A & G). In a typical nucleotide,
NIrogenous hum: is attached to position | of pentose sugar.

Adenine N Cuan ise
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Topic-2 & 3 Biological Molecules and Enzymgy
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PYRMMIDINES
o MM, 'ﬁ
Ii I &
H— N €—CH, C—H u— H.
D= ¢ C —n O=c c —M e - c—m
N N |
I | H
M H Uracil

Thymine Cytosine
3. A phosphoric acid (H:POy). It has ability to Idf:vﬂigp :Ste;mse o
pentose sugar. It is attached to carbon at position 5 of pe
provides acidic properties to nucleic acid.
Formation of Nucleotide

linkage with OH" group -'
gar. Phosphoric aeig

. Base + Sugar — Nucleoside
. Nucleoside + Phosphoric acid — Nucleotide _ :
* A nucleotide with one phosphoric acid is called nucleoside monophosphate, with

phosphoric acids is called nucleoside diphosphate and with three phosphoric acids

called nucleoside triphosphate.

{q &
’ ¥
P H,
W o
5
’ H "
OH “OH
Phosphate ugar Nucleotide
. 2 nucleotides in DNA.or RNA are connected through condensation reaction by
phosphodiester linkage. :
. Polynucleotides have a free 5° phosphate group at one end and a free 3" h ydroxyl group |

at the other end. By convention, these sequences are named from 5" to 3"
Fermation ol phosphadierine hord

“O=p=0
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283 Biological Molecules and Enzymes

ropie28? 2
ples of Nucleotides

¢t Exam . i . N,
III1Llwm*ll:'ll"F .« an imported mononucleotide used as an energy currency by the cell.

T
Adenosine monophosphale {AMP)

|
Adenosine diphosphale {ADP)

1
Adenosine tnphosphate (ATP) _ | |
NAD (Nicotine amide adeniné dinucleotide), NADRDP {Hi::uti_namldﬁ: adeqlnc dmyclﬂutlde
pt:: th-“il-:l nd FAD (Flawin ademne dinucleotide) are important dinucleotides and
i F g

important co-enzyme i several oxidation-reduction reactions in the cell.

Deoxvribonucleic Acid (DNA) _ _ .
. DNA is hereditary material. It controls the propertics and potential activities of a cell.

Nucleotide of DNA e _
Nitrogenous Mg o BLE yhader Nucleotides ; fi
Base AT W (Nucleoside + Phosphoric Acid)

| Adenine diAderiosine dAMP dADP dATP _]
_Guanine d-Guanosine dGMP dGDP dGTP
Cytosine d-Cytidine dCMP dCDP dCTP
\Thymine | d-Thymidine dTMP dTDP dTTP

Relative Am_m.mts of Bases in DNA

: In 1951, Erwin Chargaff provided data about the ratios of different bases present in a
DNA molecule.

ETB—PRIPBMH 31
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. Stmilarly

Phis data suggested that adenine and th
. total punines and total

Biological Molecules _

ymine are equal in ratio and so are guanine & cyiosing
nmidines are in 1.1 i any DNA malecule .

T

Source of DNA Adening Thymine Guanine
. Man | 309 29 4 19.9 | 19 %
 Sheep | TEN T 314 ) 21.0 14
. Wheat ] 273 271 227 | 228 19
Weast | 313 I 329 T S N L -
Scale Model of DNA S .
Maurice Wilkins and Rosalind Franklin described X-ray diffraction analysis of DNA_ |
Watson & Crick presented scale model of DNA. Its salient features are given below:
' DNA is a dual polymer and made of two polynucleotide chains or strands.
" The two strands are coiled round cach other in anti-parallel way to form a double helix (duplex).
. The two chains are held together by weak
hydrogen bonds. Adenine and thymine are POINT
connected by two hydrogen bonds while ' |
guanine and cytosine are connected by three JRUGIRIRSIENTLEE D0 R R B g o
hydrogen bonds.
* Diameter of DNA double helix is 2nm. —
. In each turn of DNA, there are about 10 base pairs of about 34 Angstrom units.
. Base pairs are flat with a distance of 0.34 nm between them.

Hylragen bone

Amount of DNA in Somatic and Germ Cells

Amount of DNA/Nucleus

Type of Cell

Amount of DNA/Nucleus in Picogram in

in Picogram in Chicken
Red Blood Cells | 23 33
Liver Cells 24 3.3
Kidney Cells 24 33
Sperm Cells 1.3 1.6
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Hihﬂnufleit Acid (RNA) e nzy

RNA is polymer of ribonucleotides.
The RNA molecule occurs as single strand, which may be folded back on itself to give
double helical characteristics. In this case, cytosine pairs with guanine and adenine with

uracil.

. RNA is synthesized by DNA in a process known as transcription.
H“:]Eﬂlidlﬂ! of RNA '
Nitrogenous Nucleoside Nucleotides

Base (Ribose + Base) (Nucleoside + Phosphoric Acid)

Adenine Adenosine AMP ADP TP
— Guanine Guanosine GMP GDP s
— (Cytosine Cytidine CMP CDP i
— Uracil_ Uridine UMP o0 s
Types of RNA
Messenger RNA (mRNA)
. It takes the genetic message from the nucleus to ribosome in the cytoplasm, where amino

acids are arranged to form a specific protein molecule.

It consists of a single strand of variable length.

. Its length depends upon the size of the gene as well as the protein for which it is taking
the message. For example, for a molecule of 1000 amino-acids, mRNA will have the
length of 3000 nucleotides.

B Actually every three nucleotides in mRNA encode a specific amino acid; such triplets of
nucleotides along the length of mRNA are called codons of genetic codes.

Transfer RNA (fRNA)

- It is smallest in size.

. It is a single stranded molecule but it shows a duplex appearance at its SOme regions.

. It transfers amino acid molecules to the site where peptide chains are being synthesized.

. There is one specific tRNA for each amino acid. So, there are at least 20 kinds of tRNA

molecules. tRNA picks amino acids and transfers them to ribosomes.
. Human cells contain about 45 different kinds of tRNA molecules.

_______
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Ribosomal RNA (rRNA)

It is the major portion of RNA in the
It is transcribed by the genes present on
These have the largest size among the RNA. |

It acts as machinery for the synthesis of protemns.

It 15 stron

II. and may be up 1o 80% of the total RNA
cell, : 3

the DNA of several chromosomes.

15 where 40 — 50 %o of i

tRNA

associated with the rihosomal protet

Feature _ .cids | Formation
Takes message from Transfers amino acids e
Function DNA to ribosomes to rihmnmﬂ-} 7590 Double  helix ;E'
coale st of | Length  © J : t length
Single  strand Tetides constan o
LaNgLh variable length nucleo 0%
- ”}-T’ﬂ'” il —
Percentage 3-4% =

Difference Between DNA and RNA

DNA

Feature Foae thunuticulldt’fﬁ
Nucleotides ”ELJ.‘L}"I'ihﬂﬂllclﬂ{}[Idﬂh e
Pentose Sugar Deoxyribose A G.C.U

A GC, T

Nitrogenous Bases

wInele strarn il...d
Double stranded Singl anc

Physical Structure

Nucleolus, nbosomeEs, cytosol,
mitochondna. and chloroplast

(hromosome, nuc len,

e Two different

conjugated molecules.

Components

Haeston mitochondria and chloroplasts . ”
; | A » from cell 10 CE

A t Constant in each cell o1 specics Y7ariable fro

T Heredit Protein syvnihesis

Role €

Conjugated Molecules

CONJUGATED MOLECL LES

molecules. belonging to different calegorics., usually combine together to form

Molecule

Cellular secretions, Integral pa vical membranes,

. ST _ Egg albumen
( drh:.}hydm!n Glycoproteins .
Proteins 2 . T . L rural :
Enzyme, Hormone, [ransport protein, Structural protem
Receptors :
“ Integral component of biological membranes and bran.
Carbohydrates - Ekpaliidi ; P : embranes and b

Lipids

White matter of brain, Mvelin sheath of nerve fiber.

Nuclewe acid

|

Nucleohistones Chromosome + Regulation of gene expression

Histones
Milk. Blood, Egg yolk membrane, Cell nucleus. {'hlumplﬂif
plant, Bacteral antigen and viruses, '
Lipids ¢ Proteins Lipoproteins Cutin: In cuticle
Ruber: Wall of cork cell.
PR —
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Biological Molecules and Enzymes

are lmological molecules (proteins) which catalyze a biochemical reaction and

| after completion of reaction,

Fney e
reactions are possible but they would proceed at very low speed

remain unchanged
Without enzyimes,
making life impossible.

( omposition
are globular proteins made of one or more polypeptide chains having tertiary

» FEnzymes
conformation.

» This protein part 18 made up of hundreds of amino acids. These enzymes have tertiary
or quaternary structure.

. Most of the amino acids maintain its globular shape while few are involved in catalysis.

. Active site 15 charge bearing cavity of enzyme having two regions i.e. binding site and
catalytic sites. Shape of the active site is designed according to the substrate.

. Binding site is involved in recognition and binding of substrate with enzyme.

a Catalytic site is involved m transformation of enzyme-substrate complex into enzyme and
product.

Cofactor

. Non-protein part of enzyme that is required for its proper funcuoning is called co-
factor.

. Cofactor acts as bridge between enzyme and substrate. It also acts as source of chermecal
energy for catalysis.

. Such an inorganic cofactor that < detachable is called.aetivafor'eig. metal ions like Fe 2 Mg”,
Cu'~, Zn’- etc.

- [f a cofactor is organic and o0sely attached to the protein part, 1t 1s Known as coenzyme.
Coenzymes are the denvalyes of witamins. For example, ATP, NAD and FAD" are
COMMON COCNZYIMes.

* If a cofactor or non-protein part 1s covalently bound to the protein part, it 1s called 2
pru.ﬂhﬂit‘ group It 1s .m'rlrl.muull_*- attached to enzvme. For example, cytochrome 1s
prna:]wu.;_' group o] g'_ﬁ,!ﬂl.'lir-:wﬂn_' oxidase

¢ An activated enzyme consisting ol poly peptide chain and a cofactor is known as
holoenzyme.

* An enzyme with ils cocnzyme o prosthetic group has been remos ed 15 called

e,

KETS

apoensyime.

CHARACTERISTICS OF ENZY MES
Enzymes are biological molecules which catalvze a biochemucal reaction and remain
unchanged after completion of reaction
All enzvmes are gmhul;u profcins, having n]'-u.'u.'lllu.' chemical composition due o ther component
amino acids and specific shape
Even small amount of them can tremendously increase the etlicacy of a biochemucal
reaction.
Jhd:_.%' are specific for each tvpe of a reaction or group of related reactions.
Iheir presence does not affect the nature or properties of end products.
::::;: ii::r:!w activation energy of the reactants. |

. ensitive o0 even a minor change mn pH, temperature and substrate
Loncentration, i

35
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E They require aqueous media for their .u;tm;vn idind

. er func ' ' ' \
Some may require co- factor for their prn};rl S manufactured in their active form

a ring,

Some enzymes are potentially dama
MECHANISM OF YA viE

ACTTON (MODELS)

: . —+ E+P
E+S — ES Complex — EP Complex — E . o 9 shecific ch |
. The active site DFﬂn enzyme 1s a Ihree-d:memmnal cavity bearing a sp arge by |
which the Ln?}rmc reacts with I:ﬁ I‘ml;lh‘--.tl..lh-1 ns i.e. binding site & a catalytic site.
. The active site is made of two deliniie Teglt o s e
. Binding site helps the enzyme in the recognition and binding of the proper substrate g
produce an ES complex. _ T T — .
* Activated catalytic site catalyzes the transformation of the substrate into products.
. Formation of ES complex activates the catalytic site.
Models |
Lock and Key Model
. Emil Fischer (1890) proposed Lock and key model.
- As one h,p;:{_iﬂ{_ key can open a apu.um lock, 1in the same manner a aps.uT!L CNZyme can

transform a specific substrate into product’s.
model. active site is a rigid structure and thus there is ne

7 According to this
modification or flexibility in the active site before, during br after the enzyme action.
. It was proved later on that all the chemieal Teactions cannot be exple uned on the basis of
this model.
Substrate Products
; Bonds m subsirale
*q are weakened
b Active
J lll:l“--.,___‘i
”,_/‘\/L/ “w
L'|l¢-\.‘. éﬁr 1
anzyme enzyme-substrate ENIyme
Induce Fit Model
» D. Koshland (1959) proposed Induce Fit Model.
’ It is the modified form of Lock and Key model.

It states that when a substrate combines with an enzyme, it induces changes in the
enzyme structure. This change in the structure allows enzyme to carry out its catalytic
activity more effectively.
Enzymes which follow induce fit mechanism are called regulatory or allosteric
enzymes.
FACTORS AFFECTING THE RATE OF ENZYME ACTION
zvme Concentration
jtate of reaction is directly proportional to amount of enzyme present, which 0 tum

determines the number of available active sites for that particular catalytic reaction. ,ﬂ
[f substrate concentration 1s unlimited and amount of an enzyme is increased by rwo-1¢

the reaction rale will be doubled.

-
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Jﬂﬂﬂ%

However, after a certain himiting concentration, the rate of the reaction will
depend upon this increase.

substrate Co ncentration

The rate of an enzyme controlled reaction is directly proportional to the substrate

. no longer

L . ; - ;
concentration provided that active sites on the enzyme are available.
N At higher concentration of enzyme, increase in substrate concentration increases reaction
velocity. Reaction reaches to maximum at equilibrium state,
" When all active sites are occupied by substrate and no more available, this state is called
state of saturation.
X = point of saturation
=
R
[&]
0
z f
i .
] Increasing
o concentration does
not affect reaction rate
Substrate concentration
Temperature
. Heating increases molecular motions. Thus, the molecules of substrate and enzyme move
more quickly, so probability of reactions to occur is increased.
. Heat provides activation energ and kinetic energy,
L]
L]
T T w T T +
i ! el [ 5]
. Ihe rate of an enzyme controlled reaction increases with an increase in temperature up o
certain limits. Increase of 10°C in temperature doubles the rate of reaction.
. Optimum temperature is the temperature at which an enzyme works at its maximum rate
e.g., for enzymes of our body 37°C 15 the optimum temperature.
- Increase in temperature above optimum value increases the vibrations of atoms in
enzyme. If vibrations become too violent, globular structure essential for enzyme activity
15 lost and the enzyme is said to be denatured.
o i BT " . o = " A
~ Iiemperature 1s reduced to near or below freezing point, enzymes are inactivated.
PH Value
LI | : . : TP, o
'Pumum pH is the range of pH at which an enzyme functions most effectively.
KETS - PREP BOOK 37
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Slight Change In pH

Change in the ionization of
Amino acids at active site.

Change in the ionization of thc]
Substrate.

Enzyme Activity Is Retarded Or Blocked]

in the enzyme to break, resulting in the enzyme ..:

. Extreme changes in pH cause the bonds
denaturation.

alue

Function Optimum pH V

Pepsin Digestion of proteins 2.00

Sucrase Hydrolysis of sucrose 4.50

Enterokinase Activation of trypsinogen 5.50

Salivary Amylase | Digestion of carbohydrate 6.80 1
Catalase Decomposition of H20: 7.60

Chymotrypsin Involved in proteolysis 7.00-8.00

Pancreatic lipase Hydrolysis of fats 9.00

Arginase Catalysis of arginine into urea 9.70
. An inhibitor is a chemical substance which can react (in-place of substrate) with the

enzyme but is not transformed into product’s and thus blocks the active site temporarily
or permanently.
Examples include cyanide, antibiotics, anti-metabolites and some drugs.
They are of two types of inhibitors i.e. reversible and irreversible inhibitors.
Enzyme Inhibitors

J 1

Irreversible Inhibitors Reversible Inhibitors
I
I__ | |
Competitive Non-competitive
Inhibitors Inhibitors a
Irreversible Inhibitor
. They occupy the active sites by forming covalent bonds or they may physically block the
active sites and they check the reaction rate by occupying the active sites
. They destroy enzyme by altering the shape so that the substrate cannot bond to the active site.
. Examples of irreversible non-competitive inhibitors are cyanides and ions of heavy metals.
Reversible Inhibitors ’
@ They form weak linkages with the enzyme.
. Their effect can be neutralized, completely or partly by increase in the concentration of substrate.
5 There are two types of reversible inhibitors 1.e. competitive and non-competitive.
KETS - PREP BOOK 38
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! T
{uumpptiﬁ\\'l' Inhibitors
Competitive inhibitors are structurally similar to the substrate, hence can bind to the

L : 5 - : '
getive site but can’t activate the catalytic site, thus no products are formed.
Competitive inhibition is usually temporary.
i :
. |evel of inhibition depends upon relative concentrations of substrate and inhibitor.
; This type of inhibition can be reversed by increasing concentration of substrate.
Suhsirile suceinic Copmpettive inhibator
wiidd malonic acid
4 'LI'*"‘-JHIE h, 5 No reaction
L C=C =) e D:["I{T (=) — Fmihl-u—:n;:.rmc
| . I locked
)
"
| I
Fnzyme Succinic dehvdrogenase Product Fumaric acid ¢y HH 8]
wn-fumpeliiiw Inhibitor
inhibitors bind with the enzyme at the site other than active site. The

Non- competitive

| other binding site of enzyme is called allosteric site.

. Structure of enzyme i< altered so that even if a genuine substrate binds the active site,
catalysis fails 10 take place.

. Feedback inhibition i an example of reversible non-com etitive inhibition.

Il can be regulated by its products. When the activity of an

s Activity of enzymes In a ce

enzyme Is hibited by its own product..it i« called feedback inhibition or end product

inhibition.
» gjmilarly. increasc .1 concentration of substrate can Cause increase in rate of reaction.
This activation is called precursor activation.
Feedback inhibition
'\
[nitial .
substrate [ntermediate substances Enzyme
=3
Enzyme Enzyme Enzyme
1 : 3 Final
product

J

positive feedback loops.
the same direction. and
causes change In the

.
Precursor activation

can be divided into two main types:
quses additional change in
in a given direction

Typically, feedback loop
in which a change in a given direction ¢
negative feedback loops, In which a change

opposite direction.
39
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Photosynthesis

Role of Light and Photosynthetic Pigments
Role of Water and CO,;

L‘Eklhl Dependent Stage (Production of ATP via ETC\Chemiosmosis)
Light Independent Stage (Calvin Cycle)

Cellular Respiration (Aerobic and Anacrobic Reactions)
Glycolysis

Pyruvic Acid Oxidation, Krebs cycle _
Respiratory Chain/Flectron Transport Chain and Oxidative P

e 8w # 8 » & 8 » @

hos 'Jation

Photosynthesis can be defined as the process in which energy poor i“ﬂfﬁ_ﬂ“lf oxidized
tDmpuunds of carbon l(:[]:} and hydmgen '[ITId]I'Ij_.". H-0)) EJI'E‘ TEdIJE'Ed 1o CNCTEY nch
carbohydrate i.e. glucose (sugar) using the light energy that is absorbed and converted

into chemical energy by chlorophyll and some other photosynthetic pigments
Photosynthetic Reactants and Products

Consider the following equation of photosynthesis;
6CO; + 12H,O + Light CeHpaOg = 60: - 6H:0
This equation shows that carbon dioxide, water-and light are the reactants while glucose
and oxygen are the products. Water appears on both sides ot the equaton because water
IS used as reactant in.some reactions and released as product in other However, because
there is no net yield of H10, we ¢an simplify the summany equation of photosynthesis for
purpose of discussion:
6CO:; + 6H:0 + Light
Relation between Photosynthesis and Respiration

- Chemical equation of photosynthesis is almost exact)y
acrobic respiration (CoH -0y, + 60)

i 1l"|1'i1_-\..,|'_‘ (o

o the overall equation of
— 600 + 6H0 + |

NCTEY
. Photosynthesis uses the products of respirat - o
LY. ey : piration and respiration uses the :
| AL 1 . r ﬂf
photosynthesis. E: ploses
4 Photosynthesis occurs only during daytime, whereas respiration goes on dav and night
Light Variations and Compensation Point L ' =
. During darkness, leaves and other active -
: ctively metabolizing ce - "
Wi - g cells respire and xygen
and release carbon dioxide. : D oy
L

At dawn and dusk, when light intensity is low. the r
may for a short time, equal one another.
the amount required for ce
respiration just equals the
At this moment

ate of phumh}'mhcsm and rgspirdﬂﬂ
_rh‘-“'- Oxygen released from photosynthesis 1s just
iIt_JIar respiration. Also the carbon dioxide released by
g quantity required by photosynthesizing cells
there 15 no net gas exchange between th -

A ¢ leaves and the atmosphere. Ths
18 termed as compensation point. i N

As the light intensity increases, so does the rate of photosynthesis and hence the
fequirement for more carbon dioxide incre . .‘

ases which respiration alone canmot wi

-

i

i
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":i..;"nllﬂl']"'i'- the oxygen produced during photosynthesis 18 more than the need of the
respirng cells, so the result is the net release of oxygen coupled with the uptake of

carbon diosade.
ROLEOFTIGHT AND PHOTOSY N

Light and Types of Spectra

RIS LFRY I N

Rek n{thﬂH}ﬂ'hEﬁf pigments are the substances that absorb visible light (380-750 nm
’ wavelengths).

All the wavelengths that are absorbed by the pigments are disappeared.
- Light is form of energy called electromagnetic energy or radiations. It behaves as waves
‘ qs well as sort of particles called photons.

The radiations most important for life are the visible light that ranges from about 380 to
” 750 nm wavelength.

Not all the light falling on leaf is absorbed. Only about 1% of the light falling on the leaf
. surface is absorbed. the rest is reflected or transmitted.
gpectrum of Light for Plants

There are two types of spectrum:
" Absorption spectrum
= Acton spectrum

Absorption Spectrum o
Graph showing relative absorption of different wavelengths ol light by different

photosynthetic pigments is called absorption spectrum.
Absorption spectrum of chlorophylls indicates that absOrption 1s maximum in blue and
red parts of the spectrum, two absorption peaks being at around 430 nm and 670 nm

respectively.
Absorption peaks of carotenoids are different from those of chlorophylls

— 0
Rl

il
L L}
i
L

& N )

—_—

_ MOLENONES

wavelengtn (nmj

Action Spectrum ' '

. Graph showing relative effectiveness of different way elengths of light i dnving
photosynthesis is called action spectrum of photosynthesis. - :

" The first action spectrum was obtained by German biologist T.W. Engelmann | 8X3
He worked on Spirogyra oo -

. Action spectrum L:unhhu: obtained by illumnating plant with light of difterent wavelengths
and then estimating relative CO; consumpltion Or OXygen release dunng i
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100 winlet- bive
£ |
§ d
s0 i
= .:
5 1'_
2 25 i
®
700 BCO
_r' 11 4] wﬂlenﬂhﬂ‘ ﬁﬁ: [nen)
Comparison of Absorption and Action Spectra i spectrum of chlorophyll. The 53“!&
s Action spectrum of photosynthesis corresponds 10 absorptio E[ N ft COsconsumption. 3
two peaks and the valley are obtained for absorplion of light as ¥ el the absorption Spectrig
t Howeves. the achioi si:-::u:lmrn of photosynthesis does not para

of chlorophyll exactly. |
Photosynthesis in the most absorbed range 1
. Likewise, photosynthesis in 500-600 nm
absorption of green light by chlorophylls. Th
pigments, carotenoids. | _ | e |
. When equal intensities of light are given. there is more photosynthesis in red than in blug

nart of spectrum.

' | Peaks Narrow
' Valley | Broader and deep

s more than the absorption itself.

(including green light) 15 more than the
is difference occurs because of the accessory

Action Spectrum
Broader )
| Nasrow ind not deep

Absorption Spectrum

POIIHTTQH

photosynthesis is red but in action Epﬂcm whi '
peak is formed at %'i?lﬁt-hluq?- i

Role of Photosynthetic Pigments
Chlorophylls

. They are main photosynthetic pigments of plants.

. They are insoluble in water but are soluble in organic solvents like carbon
tetrachloride, alcohol etc.

Chlﬂf{]ph:,ru ‘a’, *h’, ‘¢’ and *d’ are found in ULIkﬂ]‘}'UIiC ['lhi.'ltli.'ﬂri"-'

: : | nthetic plants and algae.
. Bacteriochlorophylls arc found in photosynthetic bacteria

» They mainly absorb violet-blue and orange-red wavelengths. Green, yellow and indige
wavel g PR e 2 ] o e i
S velengths are least absorbed by chlorophylls and transmitted or reflected.
» A chlorophyll molecule has two parts i.e. hvdrophil;
hydrocarbon tail. ydrophilic head and a hydrophobi¢
L

rl:ﬂn..:jz?pl{i!i: l'u.aad n ﬂal, square, .Iight absorbing complex porphyrin ring or lcuap\frrﬂﬂ
njtri:; . ;L!U!’E containing magnesium as central metal jon, which is coordinated v.‘
;:'{::'::Eihghei; hli:‘:';:];ndcgrhnn tail is long, an-:hr::-ring phytol (CayHuw) The ghlgrn)ph?j_
———fpole mu in the hydrophobic core of thylakoid membrane by this tail __..;

Scanned with CamScanner




Topic-4 - Bioenergetics
"'"—"—-_'-—_-—_._.—'-—H———-_:_. e e

fhtﬂ'rﬂ'Ph}'H ‘a’ and *h’

Of all the chlorophylls, chlorophyil

phums}rnthet ic pigment.
It takes part directly in the light dependent reactions.

a 18 the most abundant and the most important

H. O

H,C

CH;  [CH,  ]cH,

AL,

n Chlorophyll ‘a’ and Chlorophvll ‘b*

Differences betwee

Chlorophyli ‘a®> Chlorophyll ‘b’
olecular

M CssHm20sNaMg CssHaOsNsMg
Formula
Functional .

-CHj3 (methy! group) -CHO (carbonyl group)
Group

All photosynthetic organisms except | In association with chlorophyll a in
Occurrence

photosynthetic bacteria all green plants and green algae

F Differ slightly in their red absorbing 5 h different
o such differe
orms peaks e.g. 67(1,680,690,700 nm PR

Colour Blue - green Yellow- green
Carotenoids-Accessory Pigments 7‘@
' Carotenoids are vellow and red to orange POINT

pigments,

They absorb strongly the blue-violet range.
Carotenoids and chlorophyll b are called accessory pigments, since they absorb light
and transfer the energy to chlorophyll a, which then initiate the light reaction.
Carotenoids — Chlorophyll ‘b’ — Chlorophyll ‘a’

Most effective colour in
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Functions N
synthesis.
intense light.

. Thev broaden the spectrum of light that provides energy f':.:-r_ph_t:rti _
. Some of these may protect chlorophyll by absorbing and dissipating
Similarly, carotenoids may protect human eye.

!
Role of Water | ' i
Oxygen released during photosynthesis comes from

water and 15 an jmportant source of °
- aerobic respiration and thus for °

SEE

atmospheric oxygen, which most organisms need fo

obtaining energy to live. .
Discovery about Involvement of Water in Oxygen Pruductmnl _urce of hydrogen, releasing -
. In 19305, Van Niel hypothesized that plants spht “'m“”m.']ldm o his investigations on

oxygen as a by-product. Neil's hypothesis was DISC ©o B e but do not

photosynthesis in bacteria that make carbohydrate from R

release oxygen. @

B Neil's hypothesis was later confirmed by scientisls
biological tracer (0') in biological research was
containing heavy-oxygen 1sotopes 0'* were prepared In
plants were made.

First Group

. Experimental green plants of first group were suppl
CO- containing common OXygen e |

These plants produced O™, s
Group — | plants: CO- + 2H:0"—» cHO + Ha0 + 702

o it

]
'

during 1940s when first use of
qde. Carbon dioxide and water
the laboratory. Two groups of

iod with H20 containing 0'* and with |

Second Group

. Plants in the second group were supplied w

with CO containing O'", _

These plants did not produce 0", L .
Group 2 Plants: c0',; + 2H,0— CH:0"" + H:0"™ +~ (»

These experiments showed that oxygen produced during photosynthesis comes from water.

- vaen )16
ith H2O) containing common 0Xygen O but i

L
Role of CO:
Source of CO:
. Reduction of CO: is done during light-independent reactions of photosynthesis by using
ATP and NADH (products of light-dependent reaction). Due to this, sugar is formed.
This shows that photosynthesis is not possible in the absence of CO..
. About 10 percent of total photosynthesis is carried out by terrestrial plants, and the rest
occurs in oceans, lakes and ponds.
g Aquatic photosynthetic organisms use dissolved CO:, bicarbonates and soluble
carbonates that are present in water as carbon source.
. Photosynthesis occurring on land utilizes atmospheric CO.. Air contains 0.03-0.04
percent of CO.. '
Passage of CO: to Enter in Plants
. Carbon dioxide enters the leaves through stomata and gets dissolved in the watef

ahs-::r‘f:_:cd_ by the ce!_] walls of mesophyll cells. Stomata are found in a large number in 2
leaf. Their number Is proportional to the amount of gas diffusing into the leaf. Stomata
;g;};r only 1-2% of the leaf surface but they allow proportionally much more gas ©

iffuse. ' |
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g flec! of Opening and Closing of Stomata i )
: try of CO:z 1
The entr 2 into the leaves depends upon the opening of stomata,

. - n m 5 ¢ pe PUCTUES
Gloma 15 an Opening surrou -
g nded by guard cells. Because of peculiar structur and

2 ;
changes 1M their shape, they regulate th
. e : ’ ¢ opening and closing of stomata.
a 5mma&a are a;huaﬁuhle pores, which are: 2 i
. Open durng aytime when CO»s is required.

(Closed at might when photosynthesis stops

FOIH'JO

How will you explain that *guard cefls” work as &

multi-sensory hydraulic valves?

cactions of Photosynthesis
Photosynthesis 1s a ‘redox process’.

. Overall equation of photosynthesis is:
6CO2+12H20 — 12— CeHi206 + 602 6H:0

These reactions of photosynthesis consist of two parts i.c. light-dependent reactions and

ljght-mdu:pcmium reactions

photosynthetic
photosynthetic

light and constitute that phase of
bsorbed by chlorophyll and other

nergy, are called light reactions.
d assimilating powers in the form of

mporarily store energy and carry

¢ Such types of reactions, which rcqu_in:
reaction during which light energy 15 d
pigments and is converted nto chcmical energ
. As a result of this cnerey conversion, reducing an
NADPH: (NADPH * H*) and ATP are formed. Both te

along with H' 10 the light independent reactions.

Photosystems |
. Photosynthetic pigments ar organized Into clusters r.:allezdl phptusystems. dm
‘ Photosystem are meant for efficient absorption and utilization of solar encrey and are
located on thylakoid membranes.
f Each photosystem consists of two parts: N _ Eetalie ¥
(i) Antenna complex has many chlorophyll ‘a’, ‘b and carotenoids, which ¢
energy to reaction centre. B
45
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i ] ' 1 ' lectron acc
: | hyll *a’ along with primary € CPto
(ii) Reaction centre is constituted by chlorophy sﬁgtﬂm. Electron [ransport syster

and associated electron carriers of electron trapspﬂrt
plays role in generation of ATP by chemiosmosis. :

Types of Photosystem g3
. There are two photosystems; photosystem-I and photosystem-11. These are named so in ordey

of their discovery. _ _
PS I have chlorophyll a molecule in reaction centre which absorbs maximum light of 7y

nm, also called as Paoo. |
PS II has a form of chlorophyll a molecule in reaction centre which absorbs maximum

light of 680 nm, also called as Peso.
Non-Cyclic Photophosphorylation

Introduction

. It is predominant type of electron transport.

# Formation of ATP during non-cyclic electron flow is called non-cyclic photophosphorylation,
. Non-cyclic phosphorylation is also called Z-scheme, due to flow of electrons in Z-shape.
Mechanism

. Important steps of non-cyclic photophosphorylation are:

(i) Photo-excitation of electrons.

(i)  Photolysis of water.

(iii)  Electron transport and formation of ATP through chemiosmosis
(iv)  Formation of NADPH-. )

» The oxygen produced during photolysis is the mai |
S1S 1 n source
atmospheric oxygen. von F replesistanest
® P]ﬂs.[l:lqil.lfl]ﬂf'lﬂ (Pg), Cytochromes and Ferredoxin (Fd) are iron containing electron
carriers while Plastocyanin (Pc) is copper containing
electron carrier. }c '
¢ One photon excites one electron. POINT

Passage of Electrons

g E‘L 'lq *{ytﬂchmme{f
3 omple — Pc —
FSI—#PEA-._,Fd 'NHIDF'* F' X C

Which part of chloroplas
catalyzes photolysis
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£nd products of Light Reaction

NADPH NADPH;
ATP
Molecular oxygen

MOMLYELIC ELECTROM FLOW

Ensrgy ol slecirons

Cvclic Photophosphorylation

L
ATP for Calvin cycle, the cycle slows down and
NADPH accumulate in chloroplast.

" This rise in NADPH may stimulate a temporary shift
from non-cyclic to cyche electron flow until ATP
supply meets the demand.

. It is less common type.

—_—

Primary |
acceplor ™
= T

It occurs at that time when chloroplast run low on

Pg = plastoquinant
pe = plastocyanin
Fd = ferradoxin

PU’IH’JQ

What is the fate of electrons
in non-cycle

phumphasphawlatiun‘?

muld
=
EF:J

| NADP* |
LTEdu:IESE' BTN NADP

--'-- Energy lor
byl i’;ﬁﬁ;?::ﬁ Photosystem |
Phatosystem |l _ﬁl::';l
T
Comparison of Cyclic and Non-Cyclic Phosphorylation
T T T T

Non-Cyvclic Photopt
Electrons are not reused.

A

Electrons are reused.

It involves both PS I and 1L

It involves only PS 1.

It is long pathway.

It is short circuit.

It 1s normal process.

It occurs when ATP 1s less and NADPH 1s more.

It generates both ATP and NADPH.

It generates only ATP.

H-0O splits.

H-0 does not split

N

Oxygen is released.

Oxigcn is not released.
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Chemiosmosis y
® In both cyclic and non-cyclic photophosphorylation, the mechamsm for ATP syntheys il
chemiosmosis. 5

. It is the process that uses membranes to couple redox reactions to ATP production
1

4

# Flow of Electrons through ETC — Release of Energy — pumping of protons (H") ATy

thylakoid membrane — Transformation into potential cncrgf :
gradient — Movement of H' down the gradient through ATP synthas
ATP

y stored 1In form of e
e — Formatigy nf-f

il e e oSNl el i el D T el e TR e I

1

L IGHT INDEPENDENT REACTIONS
Those reactions which do not require light.directly and can occur in the presence o

absence of light provided that assimilatory 7@
power in the form of ATP and reducing POINT

power NADPH, produced during the hght R PG R icasio
reactions, is called dark reactions and Rubisco mvolve 2
constitute light independent phase of
photosynthesis.

. NADPH; provides energized electron and H'
while ATP provides chemical energy for the
synthesis of sugar by reducing CO.

® These reactions take place in stroma of
chloroplast.

W The cyclic series of reactions, catalyzed by respective enzymes, by which the carbon l
fixed and reduced, resulting in the synthesis of sugar during the dark reaction, 15 LM;
;

Calvin Cycle.
B It 1s divided into three steps:
(i) Carbon fixation
(ii)  Reduction
(iif)  Regeneration of CO; acceptor.
( (); Fixation
. Carbon fixation refers to the initial icorporation of CO- into Organic matenal
¢ (), fixavon is dependent on ribulose bisphosphate carboxylase (Rubisco)

TR ET L TR
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Rubisco 1s most abundant protein in chloroplast and on earth.
Three CO2 molecules are required to synthesize one molecule of carbohydrate, a triose.
First product is highly unstable 6-carbon compound that immediately breaks into two

&
molecules of 3-carbon compound. 7@
Reduction POINT
* This reduction phase involves utilization of products [ Huwm ym dlﬂmnam
of light reaction. hehveen i ﬁnd o pathwa}' y

Reduction of three molecules of CO- requires 6 ATP
and 6 NADPH: molecules.
G3P (product of Calvin cycle) is also obtained during this phase.

Regeneration of RuBP
Five molecules of G3P are recycled into 3 molecules of RuBP.

This conversion requires energy that is provided by ATP from light reactions.
For regeneration of 3 molecules of RuBP, 3 ATP molecules are consumed.

3CO, +6NADPHH™ +9ATP —(CH,0), + 6NADP" +9ADP+9F, +3H,0

Comparison of Li

lp?hqtpnn rata

8 [NABPH]

8 NADP* |

L ~8 ’E'I i
&—ﬂl'}*ﬁ_ﬁ#ﬂﬂ:ih&ﬂﬁf-ﬂll!hiﬂ ]

tiea 1 . Qap

Phase J: Phase 2:

Regeneration of | =l
CO,; acceptor | . e Reduction |

10-0-0—-P
G3rP Hﬁ‘ETum“ and

{a sugar) other organic
Output compouncs

ht and Dark Reactions

Occur in grana of chloroplast.

Dark Reactions

Light Reactions
Occur in stroma of chloroplast.

Light is required.

Light is not required.

0, ATP |
and NADPH; are the end products prepare carbohydrates.

In Calvin cycle, ATP and NADPH: are used to

Water is used CO- 15 used
KETS - PREP BOOK 49
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CELLULAR RESPIRATION (AEROBIC AND ANAFEROBIC I-l'il'l{:t‘».'--,k
Respiration is the universal process by which organisms hreakdqwn cﬂnmf_]; e E“I::unds
containing carbon in a way that allows the cells to harvest a maximuim gy,

: e .en the organism
. External respiration involves exchange of respiratory gases between g and
its environment. . _
: : to cells nas
= Cellular respiration is the process by which encrgy 18 made available tep
by step breakdown of C-chain molecules in the cell.
. Cellular respiration is essentially an oxidation process.

iration is glucose,
" The most common fuel used by the cell to provide energy by cellular respiration 15 glucose

Aerobic and Anaerobic Respiration Tahility of oxygen.
s The way glucose is metabolized depends on th.c avallahlll-t}i 1| ‘zse molecule into twg
. First step of cellular respiration (Glycolysis - Sp:mh h’:" : ::eq iration.

molecules of pyruvic acid) is common in aerobic and anaerobic resp

INAD 2NADH,

C.H,.0, 2C,H,0, + Energy o
v The next step in cellular respiration varies dlzmtmding on the type of cell and prevailing conditions,
. Cell processes pyruvic acid in three major ways.
(i)  Alcoholic fermentation

(i)  Lactic acid fermentation
Aerobic respiration

Aerobic Respiration ~Anaerobic Respiration
Involvement of Oxygen _ . Oceurs in presence of O» | Occurs in absence of Oz
Reactants - Glucose & O3 | Glucose
Involves complete breakdown | Involves incomplete
| Glucose Breakdown of glucose - breakdown of glucose
| End Products C0s, H;0 and energy I;ET, Soil.or “Ethgt alabol
Total: 40 ATP | Total: 4 ATP
AXFEurmed Net: 36or38ATP | Net: 2 ATP
Energy of Glucose Released | 98% 1 2% i
| Location in Eukaryotic Cell = Mitochondria | Cytoplasm
ANAEROBIC RESPIRATION
(i) Alcoholic Fermentation

. It occurs in primitive cells and in some eukaryotic cells such as yeast.

s Pyruvic acid 1s broken into ethyl alcohol and CO-
INADH, 2NAD

2(C,HO,) 2(C,H,OH) + 2C0,
(ii)  Lactic Acid Fermentation

It occurs in muscle cells of humans and other animals during extreme physical activities
such as sprinting. |

s Pyruvic acid 1s metabolized in lactic acid.
2ZNADH, 2NAD'

2(C,H,0,) LZ, ACHO)
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With Ox
o Without Oxygen

Aerobic Respiration
Aerobic respiration may be subdivided into four stages:
(i) Glycolysis
(i)  Pyruvic acid oxidation
(iiiy  Krebs cycle or citric acid cycle or Tricarboxylic acid cycle
iv)  Respiratory chain.

. Glycolysis is the breakdown of glucose up to the formation of pyruvic acid.

» It occurs in cytoplasm.

. It takes place in the absence (Anaerobic) or in the presence of O: (Aerobic conditions).

s Enzymes, ATP, and Coenzyme NAD" are essential for glycolysis.

Phases of Glycolysis

. There are two phases of glycolysis 1.e. preparatory phase and oxidative phase.

[ Preparatory phase involves the conversion of glucose into one molecule of G3P and

one molecule of DHAP. It utilizes two molecules of ATP.
Oxidative or pay off phase involves conversion of G3P into pyruvate along with the

formation of 4 ATP and 2 NADH molecules.

End Products

. Total consumption of ATP during glycolysis is 2ATP molecules.
* Total production of ATP during giycolysis is 4ATP molecules.

. Net production of energy during glycolysis is 2ATP molecules.

POINT

I: Wt tS me mle of “t.'allm\ring in Glycolysis?
(a) Decarboxylase (b) Glucokinase (¢) Phosphofructokinase

What are the components of food used by the cell for encrgy
extraction?
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i Phaapbusry Lo o
fhacme by ATP

2 W Rowrranpemment, ballowng
by » wecond ATP phosphury bation

43 The soucarbon molecels n gl
g Pee TheeeCWior  masloguloesh
AP, mrwohrs [iLAP, dha v cumervrriod s

GIF i aresiher reacisen
s O fodlemnng by phasypheny Liixs
proderes e SNADH meleoeles #ad
two makepubey of HPG, oach with one
beghoomenpy P phais s
1,3-Besphosphogiycerads
1, }-Bisphosphoglyccrale BPG)
(BPG) ADP
AL @
7. Romeal ol ighernery sl @ £ :: %
by s ALIP mmlﬁ L
ey alicn sgn B . e
:LL‘H-LFI- - :F-F'J'H}:I-I'll"ﬂsl-j CCrakc J-W}E Craad
i

.

Craslative phas

B8 Resranl of water yurkdh pwo FEF 2. Phosphoglycerse . F‘-..-gﬂr-f yiE T
molerwicy, cach wilh & Wgh-owTEy (201G el 2 T
panfuang fhred E} e
ne i
Phosphoenal Pynus s g o=l P P ;
(PEF}) FE T .__- e :
10 Remaval of bephemorpy uspbats ADP |1_._|'_']- e :.
by twu ADP mlorubes produces iwe @ — ‘:’_::1 .
ATF moleculen sad tws ppruvels -y . |
r .
Py b N P ) |
. This is also called as link reaction.

Pyruvic acid does not enter Krebs cycle directly. It s decarboxylated and oxidized o

acetic acid (2C).
Acetic acid on entering the mitochondrnon umites with coenzyme-A (CoA) to form acetyl

CoA (active acetate).

“’{}-:”‘
proup (H,

pynvate

(ETS - FREF BOOK

e s

Scanned with CamScanner



Tepe Bioenergetics
——— -—-.__= = <
. It is also called citric acid cycle or tricarboxylic acid (TCA) cycle.
. Sequence of reactions is as:
—
Chuitdarsen off [pyfavisie
HAD* !I}'n-l\'ﬂl!
p .
[NADTT . VoASH Moo ogion

*..”' when a 2C unit from

(‘-. acetyl-CoA reacis

th with a 4C molecule

0o A (X (Onalocetate) 1o
o Produce citrate EH"], PR
Krehs evele Hi) CoA-511 e
The dehydrogenation

of malate produces a
| third NADH, and the
| cycle returns 1o its

slarling point
NADH
NAD"
[socitrale (617 . .

Malnte (40 A Oxdative
decarboxylation
produces NADH

4+ | with the relase of
HO NAL' | COs.
Ci s
Fumarate {44
o-Ketoglitarate (5C)
FADH . i
AD
CO»
NAH
FALY

Succinate (40)

The oxidation
of succinate
produces FADH ,

A second oxidative
decarboxylation produces
a second NADH with the
release of a second CO,

-—

. One Krebs cycle yields one molecule of ATP, three molecules of NADH and one

PGIHT7©

How the movement of H' oceurs in chemiosmosis?

molecule of FADH-.

I T LI
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HOSPHORY L VIO

RESPIRATORY CHAIN AND ONIDATIVE P 1
- oxidation-reduction Steps Lo react

A system where electrons are transported in a series of tem or respiratory
ultimately, with molecular oxygen is called electron transport syS

orylation.
NADH and two ATPg

chain. | :
Synthesis of ATP in the presence of O; is called oxidative phosp
ATPs are formed from one

During oxidative phosphorylation, 3
are formed from one FADH:
Sequence of electron flow is as follows:

ADP + P
Hi
e NADH { *
t :
NAD
2¢ 1
H
Low

Is there any difference between number of ATPs produced by

aerobic respiration of glucose in'eukaryotes and prokaryotes?

Oxidative Phosphorylation Ll .
Synthesis of ATP in the presence of oxygen is called oxidative phosphorylation.
with respiratory chain in the inner membrane of

B Oxidative phosphorylation is coupled
ynthesis, here pumping of protons (H") is across the in::;

mitochondrion.

. As compared to photos ! . | . _
membrane of mitochondrion folded into cristae, between matrix of mitochondrion
mitochondrion s inter-membrane space. =
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Regulation of Cellular Respiration

Glucose
AMP
Iw I
Fructosc-6-phosphato samulaln

Inhibits Inhibits

‘rcllmla

g eits
aerobic respiration:

e 'tﬁe'mle of oxygen In

I —,

W T LT
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. Discovery of Viruses
. Structure of Virus

. Classification of viruses

. Bacteriophages (Structure and Life Cycle)
. Viral Diseases

. HIV and AIDS _

Discovery of Viruses

R

all pox iviral disease)

*yaccine agamst sm

I__du.a.u‘] Jenner | ”q“ l l__ ‘rabies VIrUses 1
Charles Lhdmherland | 884 | Filterable nature of ragies ]
--------- Filterable nature of TMY

hdnm\ ski = ].H: 1l won of TMY
I “ "*1 Hlldnh: E"-Jfl_‘: I I‘\-ﬂl-l“ﬂ” I']urli]l;._. Ao I.I-.Id 'i.r_"l-"i!d 1 Falon | o
Txmn and D’ Hurn.]h. 11915, I*J']? Discovery of bacteriophages

C haracteristics of Viruses

. Viruses are non-cellular infectious
normally encased in proteinaceous codl.
viruses are of simple chemical composition

. They reproduce only, within' the hving cells and then transter themselves cthcently 1o

other cells.

entities which contanesther RNA or DNA genome,

This $ukkested tid, unlike other ?==‘-:-"Lt‘l‘|1

Size
Viruses are extremely small infectious agents, which can only be seen under an electron
microscope.
They range in size from 250 nm of poxviruses (o the 20 nm o7 parvoviruses

. They are 10 to 1000 times smaller than most bacteria, <o they can pass through the

pores of filter, from which bactena cannol pass
Obligate Parasites

. Viruses cannot be grown on artificial media. They can reproduce only in ammal and
plant cells or in microorgamisms, where they reproduce by replication (a pProcess by
which many copies or rephicas of virus are formed)

® Thus the viruses are said to be obligate intracellular parasites.
Nature
. Viruses lack metabolic machinery for the synthesis of their own nucleic acid and

protem. ”'H.,‘l- hll.]:'.l'l. nd on the host ¢ce ” Lo carry oul these vital fu netions

. During reproduction in the host cells, viruses may cause discase,

a All viruses are generally resistance to broad range of available antibiotics such a8
pemicilling streptomyein and others

b Prions arc infectious particles made only of proteins and cause mysterious bramn infectos

in man and mad cow infection i cow

Viroids are munute particles of RNA and lack protein coat. They cause discases in hoth
plants and amimals. _ A

‘I"I HIFILH’.I'I

T 1T LA D '
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Topic-5
— Acellular Life

. A complete, mature and inf
) and infectious tala i

: E—— us particle is known as viri

@ Primar > ST ~ as virion.

. ily. 1t can be divided into two parts i.e

Central Core s i.e. core and coat.

. The core 1s inner part of viri ;

) o the ggnu?fvmmi which consists of viral genome and various proteins (enzymes).

4 0¢ matenal which is el i , -

T | which is either DNA or RNA and may be single stranded

Quter Coat

2 The coat is the outer cover - .

. S - - of viral particle which consists of capsid and envelope.
o p of protein subunits known as capsomeres. The number of capsomeres
is specific to a particular kind of virus

a 162 capsomeres ar ' - : : :
- ir - e present in capsid of herpes virus and 252 in the capsid of adenovirus.

re are tw ; of s in vi d i i i

e o _ O 10K0S ”f_b}’mmﬂtr}f in virus capsid i.e. cubical or helical. When the
L.ﬂrpbﬂl'ﬂfrﬂ..'\ are arranged in 20 triangles, it is called icosahedral (polyhedral or spherical).
W h_:.n the capsomeres are arranged in a hollow coil that appears rod shaped. it is called
helical.

. A few viruses have an additional lipoprotein envelope around the capsid which 15

and also contain virally encoded

the cell surface membrane of the host

derived from
ed viruses are known as naked viruses.

proteins. Non-envelop

Virus classification Is generally based upon;
(i) Hosl

(ii) Morphology

(iii) Genome

(iv) Mode ol action

L ..'-'1lhil..‘ 41! ICFHLL'HIIL.'H | - | | h
o The 1r11vrr1.mcu:;r:|!'. qereed system of virus classihcation is based on the structure and
tion of the virus particle

s Based Upon Host
fied on the basis of their host €&

comps) (virion).
(lassification of Viruse
Viruses can be ¢ Jass
Hacler ]l'li"‘h.l.;."l._"'\
Plant vVIruses
Animal vIruses
e a i us o
:Tj:;:::phlj:tfr:i."h s g DNA virus v ith a polyhedral head and a tail.

B. Plant Viruses 1
More than 7 000 types of A

Examples

# Most [‘J]i_ll'l’[ v
an RNA genome

. Many VITUSES hav
(. Animal viruses

> M wm e

+qral plant discases are known.
. . - E - T : B/ w mg
! : ; tobacco MOSAIC VIIUs (TMV). hav
' - vered till to date including
iruses discoy ered U
sid like TM V, potato yellow dwarf virus.

e rod hthL‘d cap
os attack and

Animal VIruses pocur as pur‘d.sm:a I . L-ﬂu;in b :«.}'Illpl -
destyoy ceriain cells in M s
| [ —————— il e

AR T LG YR
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Examples i
" Viruses cause foot and mouth disease in livestock. :
» Rous sarcoma virus causes cancer in animals. Parvovirus causes warts.

B Poxvirus causes small pox.

. Picornavirus causes polio, hepatitis A etc.

. Paramyxovirus causes measles and mumps. |

Classification of Viruses Based Upon Structure
(i) On The Bases of Capsid
Although diverse in size and shape, viruses have
in the following four types:
(a) Polvhedral capsid
Viruses having a polvhedral capsid with overa
(b)  Helical a polvhedral capsid
Viruses having helical a polyhedral capsid with a gl
Adenoviruses.
(c) Envelope : _
Viruses having an outer envelope studded with glycoprotein spikes

1ost of which appear

common features, n

1] shape of a rigid rod e.2. tobacco mosaic virus

ycoprotein spikes at each vertex e.g,

e.g. Influenza Viruses

(d) Complex capsid |
Viruses having a complex capsid consisting of a polyhedral head and a tail apparatus, e.g.
Bacteniophage.

(ii)  On The Bases of Genomes
The genomes of virises may consist of;

. Double-stranded (dsDNA)

E.g. Poxvirus (smallpox virus, COWpOX Virus)
. Single-stranded DNA (ssDNA)

E.g. Parvovirus (mild rash).
L Double-stranded RNA (dsRNA)

E.g. Reovirus (diarrhea).

. Single-stranded RNA (ssRNA)

Serves as mRNA e¢.g. Togavirus (Rubella virus)

. sSRNA
Template for mRNA synthesis ¢.g. Orthomyxovirus (influenza virus)
. ssRNA

ssRNA act as template for DNA synthesis e.g. Retrovirus (HIV)
BACTERIOPHAGES (STRUCTURE AND LIFE CYCLE)
The word "baeteriophage” literallv means “eater of bacteria’. because they destroy their
host cells. So, a bacteriophage 1s a type of virus that infects bacteria.
Life Cycle of Bacteriophage
So far the best studied phage virus 1s that which infect £, coli and is called 1 phage (T tor
type), and among them T and T4 phages mainly used in phage studies

Structure of T4
. I resembles a tadpole, with a head and a tail,

i
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— o e —_—
reme p— —
. Its head 1s an elongate | m———
consitiing double u gated pyramidal, hexagonal, icosahedral, prism shaped structure.
. Phage Tail is holl randed DNA and to which straight tail is attached
oW ; - -
and more complex than head, consisting of an inner proteinaccous

core, enclosed in "
- m“alr ; ;nntraulle sheath, made of another protein, to one end of which there
R 1tn the uther end plate. Six tail fibers are attached with the end/ base
. - . re involved in the binding of the phage to the bactenal cell.

. hage volume 1s 1/1000 of its host i.e. £ coli

Steps of Life Cycle 0
Bacteriophage replicates only inside the bacterial cell

(i)  Attachment/ Adsorption |
First s 1S .
hiﬂ;ﬁi H[;L: attachment (adsorption) to the host cell at receptor site on the cell wall of

o : ng attachment, weak chemical union between virion and receptor site takes

place.

(ii) Penetration
Next S_IE]J is penetration; the tail releases the enzyme lysozyme to dissolve a portion of
bacterial cell wall. The tail sheath contracts and tail core 1s forced into the cell through
cell wall and cell membrane,

(iii)  Imjection
Third step is injection of viral DNA in bacterial cell. The prote
phage head and tail structure of virus remains outside the cell.

(iv)  Replication Process
Two types of cycles are usually seen i.e. lytic and lysog

ins coat, which forms the

enic cycle.

Lytic Cycle

(i) Viral DNA t
(i) [t induces the host ce
start multiplying.
About 25 minutes after initia

akes control of the host’s biosynthetic machinery.

Il to synthesize necessary viral components (DNA & Proteins) and

| infection, approximately 200 new bacteriophages are

(iii)

formed.
(iv) Bacterial
(v)  Newly formed phages are

cell bursts i.e. it undergoes lysis.

released to infect the bacteria and another cycle begins.

¢ control of host’s machinery, becomes incorporated

Lysogenic Cycle
dormant state is called prophage and this

(i) Viral DNA, instead
into the bacterial chromos
process is called lysogeny.

(i) Bacterium continues 10 live and repruduce normally. Viral DNA being the part of

h daughter cell in all successive generations.

hacterial chromosome passes 10 eac .
gets detached from the host’s chromosome and lytic cycle starts.

of taking over th
ome. Phage in this

(iiiy Sometimes viral DNA
This process is cal led induction. |
s or environmentally induced. This results in the

(iv)  Induction involves cither @ spontaneou : e e
initiation of a typical Iytic cyele, which ends in the lysis of the bacteria.
19
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Landing Pining

Head ——R /880  ONA

Collar
Sheath

|‘rr_r'!||'r"

o s DNA injection

Y

TH T

Tail
fiber .

Base
plate

Callars. sheaths, and base plates
have been attached to heads,
Tall fibers are addeq last

Heads are packed
with DNA.

Bactenal cell lysas,

— relgdsing compieted
{ ! ‘ INTECUVE PRages.

Hhage attaches o
receptor site on
ctner baclenal cel
penelrates i,
Ing nsers its DNA

Emp ages heads
are synthesized

The phage DNA dirscts
the cell's metabolism
to produce viral
componentis—proleins
and cooles of phage
CNA.

] H1E

' Fhage is replicated alang
with the bactena DNA
prior to binary fission.

/
F

LYSOGENIC
CYCLE ¥

Binary fission 15
compieted, each
cell has the
phage DNA
ncorparated

Scanned with CamScanner



Topic-5 Acellular Life
Feature Lytic Cycle _ Lysogenic Cycle
i Virus | Lytic or virulent phage Lysogenic or temperate phage |
Bacterium | Non-resistant | Resistant —— ]

Relationship
Effects

Viral DNA
. Bacterial DNA

Disease

Herpes simplex

| Host — Guest relation b

. Master - Slave relation
—rlr_: fectious cycle

Non-infectious cycle

Takes Control
Destroyed

Source of
Transmission
Oral secretions

or physical

| Integrated

Symptoms

Blisters/ Vascular
lesions in epithelial

Remains intact

Immunization

capsid).
Smallest known
VIIuS

paralysis of limbs

Hcmuﬂ E-l]n[a a |I ¥
me 1 vi et wit rs of . i ;
Simplex type 1 virus ; h laye ; Antiviral drugs/
o TEIES (DNA sores or by ectodermal tissue. :
(Oral herpes) : b X v i Avoid contact
enveloped virus) objects Most commonly n
( Toothbrush, mouth, lips, and
utensils) skin sites.
RNA enveloped Fever, runny nose : -
Measles oo P Coughing & ; ; : Auto-immunity,
PHRIERG VTG & cough, red eyes, red T
O Sneezing : Vaccination
(Paramyxovirus) flat rashes on skin
RNA en E]Upﬂd 1 : Fever, "'EUHC]EI pain, _ .
Mumps s Coughing & headache, painful Auto-immunity,
‘ ' . Snee swelli aroti Vaccination
(Paramyxovirh) snegzing swelling of parotid acci
clands
Polio virus
Enterovirus
{RMNA non- Damage to motor
- i enveloped virus, St e neurons of spinal Vaccination /
oliomyelitis e i Jro-fec: e : :
T in sphencal cord & leading to Physiotherapy

Hepatitis A
(Infectious)

Picornavirus
(RNA non-
enveloped virus)

Oro-tecal route

Acute infection
(Nausea, vomiting,
diarrhea, jaundice)

Vaccination/ Good
hygiene

Hepatitis B
(Serum)

Hepadnavirus
(DNA
enveloped virus)

Blood, Sexual
contact, Mother
to newbomn

Acute (vomiting,
yellowish skin,
tiredness, dark

urine, abdominal
pain) & chronic
(No symptoms,

liver cirrthosis &
liver cancer)

Vaccination/ Alpha
interferons/
Screening of blood
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Chronic
( ucaa:«jnnall_}.f fever. | no Vac cination
Hepatitis C Flavivirus dark urine. Alpha interferop, g
L (RNA Blood abdominal pain. Ribaviria

(Infusion)

enveloped virus)

yellow skin) with
cirrhosis & hver

Screening of bloog

G s Em mEmE s m o E om mom m ey s ——

cancer. —
- = v l
Hepatitis D Viroid Blood or serum | Same as hepatitis B | Same as hepatitis B
] - B __I-*ﬁ
Acute infection : ;
Hepatitis E I_{NA non- Oro-fecal route | (Nausea, vomiting. Good hygiene
enveloped virus diarrhea, jaundice) —
Opportunistic Vaccination NOT
AIDS RNA enveloped | Blood/ Sexual | o e ions, Swollen available
VIrus contact lymph nodes —

Retroviruses are associated with tumor production
They are spherical. 100nm in diameter, enveloped by host plasma membrane, and

contain single stranded RNA as genome.

syndrome (AIDS) is a retrovirus,

receptors.

genome into double stranded viral DNA, which not only

incorporate into host genome as a provirus that can pass on

Reverse transcriptase is a special enzyme which can o

normal cells become cancer cells,

Human Immunodeficiency Virus (HIV)

It is an RNA enveloped virus.

HIV is spherical with conical capsid.

The outer covering is a lipoprotein envelope.

in animals like fowl. rodents and cats.

Human immunodeficiency virus | (HIV) \which \causes” acquired 1mmunodeficiency
May be non- spffiﬁ[' in their action but usuallv infect those cells contaiming speuﬁ:
nvert single stranded RNA

1 the host cell but also

o progeny cells. In this way

The viral core contains two single strands of RNA and enzyvmes needed for HIV

replication, such as reverse transcriptase.

Reverse transcriptase is used to convert viral RNA genome into viral DNA genome
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Host Specificity

. Primary hosts of HIV are helper-lymphocytes (CD4 cells).

’ In addition. macrophages and certain brain cells may also be affected

Mode of Transmission

By intimate sexual contact (virus present in body secretions and blood. which gets entry

L
in recipient blood from minor wear and tears, more common in homosexuals).
E Contact with blood and breast feeding.
. Prick of an infected needle or surgical instruments (problem for health care providers).

ficiency Syndrome (AIDS)

h}IH{['H['l'IL‘ (AIDS) 1
like severe pneumonia, vascular cancet,

Acquired Immunode

Acquired immunodetficiency
or more complex symptoms

rst reported I young homosexual

males, having on
oss. swollen lymph nodes and immune deficiency or decreased immune

sudden weight |

functions.

&l
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Life Cycle/ Infectious Cycle of HIV
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Flow Chart
Adsorption/ Attachment (gp120-CD4)

Entry of Virion into Host Cell by Endocytosis

Integration by Integrase

Tranacription by Host Cell RNA Palymerass

Release of Viral RNA & Enzymes Into Cytoplasm

Reverse Transcription
(Viral RNA = RNA-cDNA Hybrid =+ dsDNA)
Disintegration of Viral RNA by RNAases

(Proviral DNA = Proviral RNA - mRNA + Viral Genomic RNA)

Translation by Hoat Ribosomes
(MRNA = Several Large Proteins)

Viral Proteases

Cleavage
rion Structural Proteina)

(Large Proteins =
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Symptoms of AIDS

An HIV infection can be divided into 3 stages:
(i) Asymptomatic Carrier
- Fever, chills, aches (continued pain), swollen lymph glands and itchy rashes. .
. These symptoms disappear and there are no symptoms for 9 months or longer. 1}
. The standard HIV blood test for the presence of antibody becomes positive during ghy, -
stage. [
(i)  AIDS Related Complex (ARC) -'
o Swollen lymph glands in neck, armpit or groin that persist for months. Other symptomg
include night sweats, persistent cough, flu, persistent diarrhea, loss of memory, inability |
to think clearly, loss of judgment and depression. j
(iii)  Full Blown AIDS .
® It 1s the final stage. In this stage, there is severe weight loss and weakness due tg |

persistent diarrhea and usually one of the several opportunistic infections 1.e. Kﬂpﬂsi’s?

sarcoma (cancer or lesion on skin), fungal infection, viral infection, gastrointestingl

disease, respiratory disease, nervous system and eye diseases). 4
Treatment of AIDS ;
Antiretroviral therapy (ART) 15 done for treatment. It i1s not a cure but it controls virus
and increases hife span of infected people. |
Control Measures Against HIV Transmission 1
. Avoid shanng synnges, toothbrushes, towel and blades.
. Use of stenile needles, syringes and surgical instruments. |
o Avoid prohibited sexual contacts.
s Screening of blood and blood products before transfusion.

POI HT

Which structure evolved first,

viruses or bacteria?

TF e TR
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PROKARYOTES

Bactenia (S1ze and Shape)
Bactenal Cell Structure
Nutrition in Bacteria
Respiration in Bacterig
Reproduction in Bacteria
Importance and Control of Bae
Cyanobactena

tena

B'ﬂﬂﬁ'l‘l.a dre microscopic, single-celled organisms that thrive in diverse environments.
Size of Bacteria
£ = ekl

R e
Range
Mycoplasma (Smallest)

0.1-600 pm

100-200 nm
1.1-1.5 um (width). 2.0-6.0 um (length)
500 pm indength

Escherichia coli

Spirochete

Staphvlococer & Streptococei 0.75-1.25 um in danmeter

Epulopiscium fishelsoni

OO0 m x 80 pm

Shapes of Bacteria

5 Bacteria may be Coeci (Spherical or oval in shape), Bacilli (Rod shaped) and Spiral
(Curved/ spring shaped).
. Some have charactenstic shapes; others leomorphic (vanable shape).
B WL _Arrange - - Division
Coccus o Spherical NG
Diplococcus ['wo coccl Single plane of division
Streptococcus Cocer in cham Single plane of division
Staphylococcus | Trregular arrangement Random planes
Tetrad Ciroup of four Two planes of division
Sarcina Group u.}!'L'IEhI Three _'['ll:-i.ll'l':.‘-‘. of division
Bacillus Rod shaped NO .
Diplobacillus Two bacilli Efnglr: plane of dfﬁsi_un
Streptobacillus | Chain of bacilli Single plane of division
Coccobacilh Rod shaped with spherical ends | No
Spirals Spirally coiled N1u
Vibrio (Comma shaped No
Spirillum Thick, rigid spiral No
Spirochete Thin. flexible spiral No
, &T
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Some Important Examples

streptococci
LAy Gy
3 - Q\‘\

-/_’

Vibrios
ﬂm;miﬂ'dﬂ
rmubm'rmh'ﬂ
_rf
spm-n-m spiracheetes
(ks ptrichim {Trepanema palidurm!

e —

m "'-'FH'E'FHH memﬂgzrm’:

1 Cocci

| Diplococcus pneumoniae, Staphylococcus cmff

| Bacilli

K Est huathefe coli, Bacillus s \H-'r*n’m"* P'*E”"Jf"'””"m‘r‘; ——

ema pallidum, Spm rilum minus

ISEIrals | hhrm_ cholera, Hh J.imrr.:mhrum Trepon

. All bacterial cells invariably have a cell
bodies.
. The majority have cell wall, which gives shape to the bactenal cell.

in all bactena.

Plasma memsrgne

Coll well

I:I-PII-UII'

 Flagella
J Thin

Lrromosome

Plasmid Qs !

Specific structures like capsule, slime, flagella, pili, fimbriae and granules are not found

Masnsome

Cytoplasm

»

i,
Flagellum

Pili/ Fimbriae
Thick

lLﬂ_g

Short

I Flexible, Helical

Rigid, Non-helical, Hollow

| Originate from basal bodies, attached with
pl‘a:;ma membrane & pass out through cell

Originate from basal bodies, attached with
plasma membrane & pass out through cell

|

| wall. wall.

' | Made of flagellin protein Made of pilin protein

. ' Present in all except cocci. Cocei rarely have | Present in Gram negative bacte hil
 fla | flagella. absent in Gram positive bﬂttf:t::a T

Heu‘p in Im,nmnrmm motility/ chemotaxis.

I

Involved in attachment with host or with
other bacterium for conjugation (Sex/F pillLJ

KETS - PREP BOOK
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membrane, cytoplasm, ribosomes and chromatin
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( lassification on Base of Fig

s

JlﬁF_h""‘ No flagella

_ﬂ"_“"_'.f.ri"h"“" Single fagellum at one end

| Amphitrichous Single flagellum at both ends
Luphﬁ:"‘il'h““ﬁ Tufl of flagella at one pole
Peritrichous Bacterium equally surrounded by flagella

Amphitrchous bachemim

Cell Envelope
Complexes of lavers external to the cell protoplasm are colléctively called cell envelope

[ ]
and commonlyv include capsule, shme and cell wall,
. Capsule and slime form glycocalyx;

Capsule -
A thick. gummy structure giving sticky character to colonies of encapsulated bactena.

L
It is made up of polysaccharide units or proteins or both.

L
® It is tightly bound to the cell.
Slime - . -3
. Loose soluble shield ol macromolecules outside capsule 1s called shme capsule.
. It can be removed from cell easily. |
. Slime provides greater pathogenicity to bactena.
. It protects them from phagocytosis.
Cell Wall ‘ T
- A rigid structure between extracellular substances and cytoplasmic membrane.
C | " absent in Mycoplasma.
. Cell wall 1s only absent 1n ¥} | - N—
N It 1s composed of a macromolecule called peptidoglycan consisiing of g gl
chains cross linked with peptice .I rﬂgmilll;:lulluh'snccharidﬁ are also present which are
" El " u [l rl]-l'ﬁ'"'lﬁ ﬂn A
. Sugar, teichoic acid, ipop
linked with peptidoglycan. BT
X Teichoic acid fibers protruce e tidoglycan; rather contain proteins,
Cell wall of archaebactera does not contain peptidoglycat.
u ell wall ot archac O
T e 5-
glycoproteins and ]',’Hll}'hdl.ﬂhﬂﬂdf'
' It determines the shape of h:ctﬂr;l. 2
. ] vs _
. It protects the cell from osmotic 1) =

TR el e e pr W
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It provides identity to different bacteria, depending upon their staming charactenisge,
1.e.. Gram positive and Gram negative bacteria.

Gram Positive Gram Negative

Techolc scid w

Characteristics Gram Positive

Stain anaw,d}r? (Crystal violet & Secondary dve ( Satrann)
Gram’'s 1odine) |
Staining character Purple Pink
Number of major layers | 1 2 B
Peptidoglyvcan 50% of dry weight f dry werght
Lipids 1-4% -1 |
Lipopolvsa - 1
Additional substances Teichoic acid and lipoteichoic acid | © " - 70 |
Overall thickness Thick 20-80 nm hin 8-11
QOuter membrane No [ Yes :
Periplasmic space Present in some | Present
Permeability More permeable | Less permeable
Resistance More 1 P~ Tr——
L ]

Periplasmic space lies between peptidoglycan laver of cell wall and cyvtoplasmic
membrane. 1t is the site having certain enzyvmes.
Cell Membrane

. It is thin, flexible structure beneath the cell wall, surrounding toplasm
- It 1s very delicate in nature and any damage to it results in death of the organism.
. Bacterial membrane differs from eukarvotic membrane in lacking sterols such as
cholesterol,
[ ]

It 1s involved in transport of proteins, nutrients. sugars and clectrons or othef
metabohies. '

T'he plasma membrane of bactena also contains enzvmes for respiratory metabolism
Le. site for cellular respiration '

- s
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Cvtoplasmic Matrix |
* A gel like substance pre ]

2 Plagsma memhr;:':::} En.sem between the plasma membrane and the nucleoid.
» Cytoplasmic mm:_.‘m everything present within it is called protoplast.
hoenating nl.lch:arlﬁ :Iu":k_t:'t'lt‘mbmnl: bounded organelles and cytoskeleton however
: " 0dy, ribosomes, mesos R Jdeaid are present in i
Nucleoid . mesosomes, granules and nucleoid are present In it
. Bacterta like other -
pruka otic cells : : v )
. LY lls lack definite membrane bounded nucleus and
. Nucleoid 1s a sin ' :
Fonad danes :gl.e‘ circular, double stranded DNA molecule, aggregates as an irregular
shaped dense area in the centre of bacterial cell
. 'I:I} '[II: :.:;1['.:];3 1~"f'tht light I'I'I'I]'EI‘EISE{}[}E after staining with Feulgen dye.
: Ext:u:mz‘;;clhmm '“"'I:I‘“:':d are nuclear body, chromatin body and nuclear area.
ong molecule of DNA that is ti e A ot is
: : is tightly folded to fit inside the cell component 15
chromatin body. ey L P
. Eﬂcﬁrm]hﬂw a single chromosome; thus they are haploid.
. E. coli closed circle chromosome meas ‘ |
: some measures approximately 1,4000 pm.
Plasmid P Y H
. C ”'1'-1|f-"- double stranded DNA molecules, self-replicating but not essential for the
bactenal growth and metabolism
. Contams genes of drug resistance, heavy metal resistance, disease, and insect
resistance.
- Plasmids are important vectors in modern genetic engingering techniques.
Ribosomes
. Smaller than cukaryotic nbesome.

They are composed of RNA and proteins.

L
e May be loosely attached to'the cell membrane or plasma membrane.
. They are involved n protein synthesis.
Mesosomes _
. Formed by invagination of cell membrane in to the cytoplasm.
. Involved in DNA replication, cell division, export of exo-cellular enzymes and also

contain respiratory enzymes.
Storage Bodies and (ranules
. Store extra nutrients like glycogen, sulphu_r, fat. and phuspl:}ate..
. Also store waste material like alcohol, lactic acid, and acetic acid.

S _ _ - _

RerE These are metabolically dormant bodies, resistant 1o adverse physical environmental
. ese A g ,

conditions such as light, high temperature, desiccation, pH and chemical _agr_:nts- "

Th L be eX0SpOres {f:;::temal to vegetative cell) or endospores (inside vegetative
. ey may

cell/ inside cell wall). h R
. Endospores are more resistant structures and L:.’gl Surr;bla Emjﬁim&
. They germinate 10 form vegetative cell undﬂrh d?ha;;t.:ria

th O :

. They normally develop at end Stage of grow |
Cysts desiccation resistant form but not heat resistant
. They are dormant, thick walled , :

structures.

71
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.2tion of vegetative cells which can germinate %1
3

They develop during differen

»
suitable conditions.
|
Qutside - —————-,.,_.

f

Inside ( Endospores)

—e—

Resistant to light, tem ature. desiccation, ; : .
£ ot ' | Desiccation resistant

ne differentiation of bacterial ce]|
rentiation 7 e = = 2. |

_ pH and chemical agents
 Develops at end stage of bactenal growth Develops during

Bacteria
Autotrophic [+ {Hcterutrﬂphic
Photosynthetic Chemosynthetic Parasitic Saprotrophic
A) Heterotrophic Bacteria
Those bacteria which cannol synthesize their organic compounds from simple inorganic
substances are called heterotrophic bacteria. ]
(i) Saprophytic Bacteria
B Saprophytic bacteria get their food from dead organic matter present in soil in the form
of humus.
. Humus is the material resulting from partial decay of plants and animals. |
# Saprotrophic hacteria have an extensive enzyme system that break down the complex '!
substances of humus to simple compounds. |
® Examples are Pseudomonas, Azotobacter
(i)  Parasitic Bacteria
. Those bacteria which are fully dependent upon their host for nutrition are par
bacteria.
. These are also called as pathogenic bacteria as they cause disease in their host.
. Examples are Mycobacterium tuberculosis, Streptococcus pneumoniae €ic.
B) Autotrophic Bacteria
Those bacteria which can synthesize their organic compounds from simple inorgani¢
substances are called autotrophic bacteria. ;
(i) Photosynthetic Bacteria
. Photosynthetic bacteria carry out photosynthesis. y
e They contain chlorophyll which differs from chlorophyll of green plants dispersed in the -'
cytoplasm and thus is different from that present in cells of green plants. 1
. They use H:S instead of water and that’s why release sulphur instead of oxygen. ]

CO,+2HS—52-—(CH,0), + H,0+ 2§

e e
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P Examples of photosynthetic bacteria are green sulphur bacteria, purple sulphur bactena,

purple non- sulphur bacteria etc.
(i) Chemosynthetic Bacteria
. Chemosynthetic I_:-m:terla oxidize inorganic compounds like ammonia, nitrates, nitrites,
sulphur or ferrous ions and trap the energy thus released for their synthetic reactions.
" Examples are nitrifying bacteria.

o  Respiration in bacteria may be aerobic (requiring free oxygen) or anaerobic (not requiring
free oxygen).

Requirement of Oxygen ' Example
B Aerobic Grow the presence of oxygen Pseudomonas |
B Anaerobic Grow in the absence of oxygen Spirochete |
Facultative Grow in the presence or absence of oxygen E. coli I
d_hﬂ:lﬂifmllllm_ | Require low concentration of oxygen for growth | Campylobacter J

Asexual Reproduction

- Bacteria lack mitosis.

. Bacterial growth refers commonly to increase in number of bacterial cells.

¢  Bacteria increase in number by an asexual means of reproduction, called binary fission.

» Parent Cell Enlargement — Chromosome Duplication/DNA Replication & Distribution —
Cell Membrane Invagination — Inward Growth of Cell Wall — Division of Cell mto Two

Daughter Cells
The interval of time until the completion of next division is known as generation time.

>

* DMA Replication

( g w B Cell elongation
R e

+ Septurn formation

Cell separation
+ Each daughter cell

receives one Copy
of the chromosome.

ause there is no formation of gametes
ination. It occurs in three ways;

Sexual Reproduction _
Bag}teria lack traditional sexual reproduction bec

and zygote. Instead 1t ‘nvolves genetic recomb

conjugation, transduction and transformation. I
ent bactenum

o e 1 ium to a recipi
" J g‘?um:-: bacteria transfer genetic material from a donor bacterium p
during a process called conjugation. "

KETS - PREF BOOK
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Phases of Growth

L]

-
(iii)

0
(iv)
.

. ! : ; e " : etic mater;
During conjugation, bacteria use specialized sex pili to transfer gen erial.

)
Bacterial plasmids are exchanged during conjugation. .

oo ‘ . S w the resultin A
Conjugation produces new genetic combinations that may allo b b‘%
survive under great variety of conditions.

Fplamid  Confugation pilis Chromasome -
nwullnudlﬂ_r:;u
v e

' (@ e cells contact one anather.

(e straed of plasmid DRA
irra'm@ﬂ'n:r'.l o the racipient.

m" ﬂmﬁﬂ
! n;i-mmmm““”“
m*:dl;hhﬁn;ﬁﬂﬂ
complemantary siran .
:undrgrumpﬁﬁﬂ'ﬂ-

P ool Fol

onlv to increase in number of bacterial cells.

Bacterial growth refers comm
c.

Four distinct phases are recognized n bacterial growth cury
L.ag Phase

It is the phase of no growth.

Bacteria prepare themselves for division.

Log Phase

It is the phase of rapid growth.

Bacteria divide at exponential rate.

Number of cells double with each doubling time.

Stationary Phase

Bacterial death rate is equal to bacterial rate of reproduction and multiplication.
This occurs due to exhaustion of nutrients or accumulation of toxic metabolites.
Death/ Decline Phase

Bacteria start dying. Here the death rate is more than reproductive rate.
Some bacteria may survive by forming resistant spores.

Bacterial Growth Curve

4
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[mportance of Bacteria
Fcological Importance

- Bactena are ecologically very ;
found nearly evervwhere. 'Y Important. They are highly adaptable as a group and are

. Thev are able to dec
- Ompose ; .
POSE organic matter and play a significant role in the completion

of cvcles of nitroge
R gen. phosphorus «
Economic Importance phorus, sulfur and carbon.

B Bacteria are used in
. ; numb : i : : :

antibiotics) and in himefhnul{:ﬁl of industries, including food, drugs (production of

. Bactena are also respons; i
: sible for s o ff
) Many plant pathogens adverselv hl::{;llﬂgi of food and vegetables.
Medical Importance »ely allect the agricultural industry.
. Bacteria are very common path .
: o OEENS ; . :
cavar-diicase i bt pathogens of humans, Approximately 200 species are known to

. Many bactena normally inhabit the bodies of man and other animals.

Control of Bacteria

Bactenal control is requi !

I red to prevent diseases and fi POl

. s spoilage.

Physical Methods bog Speileg

. The process in w h_H.:h physical agents are used to control bacteria/microorganisms 1s
known as sterilization process.

It involves killing of all microbes.

L

. In phwvsical methods. sticam. dry heat, gas, filtration and radiations are used to control bactena.
(i) L se of Heat

. Both drv heat and moist heat are effective:

. \oist heat causes coagulation’df protéins and kills.the microbes.

. Drv heat causes oxidation of chemical constituents of microbes and kills them.

(ii) Use of Radiations

* Cenain electromagnetic radi ations below 300 nm are effective in klling of MICToOrganisms.
. Gamma ravs are in general used for the sterilization process.

(iiiy Membrane Filters | N

. Heat sensitive compounds like antibiotics, seras etc. can be sterilized by means of

membrane filters
Chemical Methods

(i) Disinfection ‘ —
< killing of microbes by us¢ of chemical agents.

. It involve iz
Y 1l ‘ yot all life tforms.
E It involves killing of most but not a4 7= e .
. ~,q 1 chemicals used for disinfection are oxidizing and reducing agents. For
, ¢ Imporiant & rogen peroxide, potassium permanganate, alcohol and

i‘ph::nu.‘.-l:-, h}ii

example. halogens.
formaldehvde etc.

iii} ."‘“tibt} Eis g S M L 2 T, antis Sis_
. Prw.;::dﬂr:: ‘o eliminate or reduce the possibility u_f m_tcj: “: . cf’:?nf mizrm:}rgﬂniﬂm are
’ ( h. | substances used on living tissues that inhibit the gro
eMmical - -
called antiseptics
(idi) Chemotherapeutic Agents e oo weork with natural defense and stop the growth
N * Chemotherapeutic qeents and antibiotics Wo S araeiiing i penicillin.
{ bacteria and ':th::r‘mi.:rubc}. These arc sul fonami . e e e
o] bacicria 4 L 2 ems 0 v .
a hey destroy O inhibit the gnw,-'[h ol [I'Iltl".ml'gﬂﬂlbm*-.
75
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(iv)  Vaccination

SHy . 1 A g in humans. 5
E Vaccination is an important method to control bacterial disease G
. Pasteur used attenuated cultures of bacteria as vaccine. \
Antibiotics hi sed in treat t
e . — . which are us meng qp
Antibiotics are the chemotherapeutic chemical substances W of -
infectious diseases.
Svynthesis - ' tes (Spore formi.
) - Weria. actinomyce pore orm;
" Antibiotics are synthesized and secreted by CEriain |thLF;{I1edélaﬁlaments} and fungi. 3
Gram positive bacteria that grow to form long oy t;_T Lwevcr their origin is living cells,
. Some antibiotics are also synthesized in laboratory. HO : |
Mode of Action ; : i
. - - jately. |
. Microbicidal effect is one that kills the microbes immediately

v .o of the cells and maintaing g, |

e Microbistatic effect inhibits the reproductive capacities of ﬂle_

microbial population at constant stZ€. N Pl il wall. el icmbedl

- Damage ﬁypamihimics can result in malfunctioning of ce mm,.

cytoplasmic enzymes or nucleic acids. |

j Antibiotics _ _ o ! L = 1

MIEHS‘;Pj AR ead problem 1s drug resistance against microorganismes. This results ip an
. 'idespr . g 1

increased resistance against disease treatments.

e  Misused antibiotics can interact with the human metabolism and 1n Severe CAses can cauge
death of human beings.

|
Antibiptic . 1
Penicillin Allergic reactions ' - =
||§Ircpmnwu:in Effects auditory nerve causing deatness. |
i Tetracycline Permanent discoloration of teeth n young children. J*
Introduction _ . _ PR |
Cyanobacteria are the most prominent photosynthetic bacteria which are found in any
damp place.
Features
. Majority of them are free living while some are found as epiphytic or symbiotic forms.
o Cyanobacteria have Gram-negative type of cell wall.
L

The body may be unicellular and solitary or in the form of filaments which may form

colonies. In filamentous forms the cells are arranged in lincar row, the trichome which is
embedded in mucilage sheath e.g. Anabaena, Nostoc etc.
Importance of Cyanobacteria

“ They help in reclamation of alkaline soils. |
. Cyanobacteria have heterocysts, which are helpful in the fixation of atmospheri¢
nitrogen. A
. They release Oz in the environment due to their photosynthetic activity.
Oscillatoria and few other cyanobacteria can be used as pollution indicator.
. They have symbiotic relationship with protozoa, fungi, and nitrogen fixing species fom®
associations with angiosperms. They are photosynthetic partner in most of lichen association. |
L

Many species of cyanobacteria form water blooms where they often impart unple

smell and due to large amount of suspended organic matter, water becomes unfit €=
consumption.

Some species produce toxins that kill ivestock and other animals that drink the water

WO O L, T
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worc73) PROTISTS & FUNGI

Introduction

[ ]

. Protozoa

. Algac

. Fungi Like Protists

. Introduction and Body of Fungus

" Nutrition and Reproduction in Fungi

Classification of Fungi
Importance of Fungi

lular

iying i “proti - .omplex multicel
Fukaryotic cells, the unifying feature of protists, are common 10 comp

oreanisms from three other kingdoms (fungi, ammals, and plants)

Types of Protists

. Heterotrophic protists (protozoa, slime molds, and water molds)

. Autotrophic prolsts (algac).

Polyphyletic Origin of Protists

' T ' rotists do not share a
a polyphyletic group ol organisms. that 1s. protists

['he protist kingdom is

L
single common anceston,
m - : . ywn algae that
Fheir size varies from microscopic protozoa lo giant kelps, which are bre aly
. IL- W oili
an reach O meters (almost 200) feet) in |.,_-1|gqh
Loadl) 1 ellt ¥
‘ Lzati olony 15 a loose
Maost tists are unicellular, some have a colonial organization (4 < lomy
L Ost profists . | i . 1
: . o ic lI‘L‘l‘lI‘L‘ h'.." Th"t :t]ll“lhﬂlllll.jr].' I-I-t1|1|.. wi l"I"IL
rgreeratlion {1 |,1'|,|*-xl_ SMMe Aare ( [“lHH}"L ll'['ll]lh'l'i'l.h.
== 5= =" 4
are multicellular |
ave relatvely simple body forms
Linhik Jls fungi, and plants, multicellular protists have relanvely p \
- Milkde Aniimals, Bl «

without sped iahized tissues

Major groups of protists

Protisis include three major groups

¢ Protozoa: Animal-like Protsts
. Algae: Plant-hike Protist
. Fungus-like Protists

. All protozoans are unicellular

" All ingest food by endoCylOsIs.

= L e s r—
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Common
Name

\ Form Existence Locomotion

Entamoeba histolvticg

Pseudopodia(false _ %

Amoebas ; Free living | feet) cytoplasmic (Amoebic dysentery in
Unicellular projections humans.) {
Trichomvmphas Y

Unicellular. | Free living, | One (usuallyat | (symbiotic in termile’s

: FYpanosoma

Lhollagelintes. | some i sl e En;:]l} > ?:}ifiﬂj:l;ﬂf’fﬁmg
- soriblof flagella iy i
colonial symbiotic. | more Hdg sickness)Euglena

Radiolartans
Actinopods Unicellular | Free living Pseudnpﬂja Fi:ﬂm : —
Ty - : living | Pseudopods —— —
Foraminifera | Unicellular | Free 4 Plasmodium (malaria)

Apicomplexans | Unicellular | Parasitic None, flexing

Paramecium, Vorticella, i

Ciliates Unicellular | Free living | Cilia Stentor 1
Zooflagellates ;s |
. gTri«:hu::n*ym;::lms are complex, specialized ﬂagcl!ata:srwith_mﬁﬂ}'_ ﬂ?:jgf“ﬂ which live g
symbionts in the guts of termites and help in the digestion of dry w 00d. .
& Choanoflagellates arc sessile marine or freshwater flagellates, which are attached by 3
stalk. and a delicate collar surrounds their single flagellum.
® Chnﬁnnﬂagellates are of special interest becanse’ of their striking resemblance to colla
cells in sponges. -
Ciliates
. They are unicellular organism with a flexible outer covering called a pellicle that gives them
a definite shape, which is changeable. |
. Water regulation in freshwater ciliates is controlled by special organelles called contractile
vacuole. =
® Ciliates have two nucler 1.e. diploid micronuclei functioning in sexual process whereas
polyploid macronucleus that controls cell metabolism and growth,
. Ciliates are capable of sexual reproduction called conjugation during which they transfer.

their genetic matenal.
Foraminiferans and Actinopods

. Foraminiferans and actinopods arc marine protozoans which produce shells (or tests).
. Tests of foraminiferans are made up of calcium whereas those of actinopods are made l.lil"
of silica. ;
# Dead foraminiferans sink to the bottom of the ocean where their shells form a grey mud
that 1s gradually transformed into chalk.
“ Foraminiferans of the past have created vast limestone deposits.
. Radiolarians are actinopods with glassy shells.
Apicomplexans
. Apicomplexans lack specific structures for locomotion but move by flexing.
. Many apicomplexans spend part of their life in one host and part in a different hos!
species.
= Plasmodium is transmitted to man by a bite of an infected female anopheles mosquito-
—
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; t m— =0 Protists and Fungi
. .Ipi}n en r}r" gﬂiﬂ dccess 1o 'I' = ___——-—-—'_-_-"-I

: H a2 iver cells, then i i ok :
R o e

. s bursting of mill; e
N — g of millions of cells result chills, fever from number
A - iacte Sage
‘.'mm

of toxic

Habitat
Algae arc found in ocean, fresh water ponds. lakes. streams, hot springs, polar ice, moist

soil. trees and rocks.
or multicellular. Filaments are composed of

filamentous
lack cross-walls (coenocytes) ot distinct cells.

Life Forms

Algae may bc unicellular,

res. which

multicellular structu
Thallus
In multicellular algag, €-&- scaweeds the body 18 branched or leaf-like called thallus.
Photosynthetic Pigments
found in algae are chlorophyll "a", yellow and orange

The phi}tﬂS}“I‘lthﬂtiﬂ pigments

carotenoids, xanthophylls and phycuer}flhrin.

xcept the red algae (Phylum

Flagella
reme variations. All algae ¢
one stage of thetr hfe

Algal hfe cycle chows €xlt | . |
Rhodophyta) have forms with ﬂagfﬂaln}d motile cells n at least
' this respect that the se

cvele. Algae differ from the plants in | h
: : ¢ 1s not prutr:u.:h:d by the paren! body and embryo ts not formed.

umicellular, the zygol

X organs in algae are &

—e
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Classification of The Photosynthetic Protoctists

i 1
]

o [ Twoflagella | oo oy
Euglenophyta Euglenoids Unicellular onelong | -~ . ienoids Eug!e,,ﬂ
L | oneshort | b
| - Chla, Chle, |
| __ , 5 _ | ‘ Carotenes Gonyay,,
Phyrrophyta | Dinoflagellates | Unicellular | Two flagella including Ceratiugy
- | B | Fucoxanthin
Chl.a, Chl.c, Di r’““w
, Is “arotenes Jlatomg
Chrysophvts - Usually Usually Carotenes e
| Sl Matoms | multicellular none including ﬁ?gw!“_ 'i
AR W | | Fucoxanthin "inularig
| | Two flagella | Chl.a, Chl.c, i
. Phacophyta | Brownalgae | Multicellular o LS Focus, -
, reproductive including Macrocysgs
S F—— e Tt I cells | Fucoxanthin _
Multicellular Chl.a, o
‘ Rhodophyta Red algac or None Carotenes, | Cﬁm.?d”"’r
— ~ ] | unicellular | Phycoerythrin Polysiphonjg
X Unicellular, Cﬁfﬂw
Chlorophyta Green algae colonial. Most have Chl.a, Ch.b, Ulva,
B B multicellular flagella carotenes Acefabufaﬁq
General Characteristics of Planl-iikt-_-}_?}ﬁtists \ = : Sﬂirﬂgvm__

Euglenoids [Enoladiu BUSC R ———
uglenoids are small fresh-water organisme
- L TLILL TR i | s 1 TdnTth 3 o
Dinoflagellates o sanisms, e.g., ~uglena.

:]. I St F 5 g e
! I ”]!%ﬂ agellates vary in colour from yellow, green to brown
® Lhatoms are the most SRR . ;
| Al NUumMerous u“!”"-ll]”]-ﬁl‘ al ae i
i ntiful in fi ; f n th
Diatoms plentiful in fresh water g € oceans and alsp

| i
| ® The cell wall has two halves, with
smaller half

w e

the larger halves acting as a "lid" for the

s '!"hq:}-‘ range from sn;llﬁcr;n?w
jnnns up to 75 meter in length,
| ® The large brown algae are called k

EIEH. '
wr ' * Red Algae are multicellular. E
algae ® They can be up to a
| \ meter long 3
o B £ attached to rocks or other substances by al

———

ith_sia;ie fi

——

laments to large multicellular

Brown algae

| » Green algae are imﬁﬂ_rtant producers

| & G ve i
reen alg -
| gae live in the ocean byt are more |j
can even be found on land e.o.

Green algae

Similarities with fungi
. Both are not photosynthetic.

. Formed of thread like stru
Differences with fungi ctures called hyphae.

g These protists haye centrioles,
3
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Topic-7 Protists and Fungl

N Cell wall 1s made of cellulose, while that of fungi is made of chitin.

slime Molds or Myxomycota

. The feeding stage of a slime mold is a plasmodium, a multinucleate mass of cytoplasm
that can grow to 30cm (Ift) in diameter. Plasmodium is a naked mass of cytoplasm
having many nuclei.

. Reproductive structures of slime molds are stalked sporangia.

Sporangia produce haploid spores by meiosis formed during unfavorable conditions.

e —

L]

. In slime molds under favorable condition, the spores germinate into biflagellated or
amoeboid reproductive or swarm cells, which unite to form diploid zygote.

. The plasmodial slime mold Physarum polycephalum is the model organism that has E'_';T
used in many fundamental biological processes such as growth and differentiation,
cytoplasmic streaming and the function of cytoskeleton.

& D Plasmodum
W
R S
--'--FEITI|IEH[||!I'|-—-------_ MEWEI-LH“:I--_'
|
& 4 {Fn mm H
'- §
Spores (resistant)
Amoebeid or +
flagellated cells
; yeota . :
i }.1 ﬂl.ds - ”ﬂmh- tains cellulose, not chitin with aseptate hyphae. th
. Their cell wall .._m.1 ains " the cause of Irish potato famine of the 197 century.
dophilora infestans wis - sk .

: :?:'-:mﬁ:w 4 discase commonly known as late blight of potatoes

L | : AL i : ;

Importance of Protists to Humans

i o hete i h fresh water

Gains n important source of food and oxygen tor heterotrophs in bot

. Diatoms arc d :

| : -, ale \ n food
and murrlnc Emhf?:,::?pﬁwidﬁ food to organisms, but 1s also harvested for huma
Brown algac no Y Id. .
and for fe . oconomically important. The muc ;b ercially to make capsules for

s Red _“]E.uc are uf-_* .d al guﬁriﬁ a source of agar usc ccn:rlx_i s for couieiS 1t

certain genemdﬂ re el making dental impression &

jtamins and drugs, as cioip eria. | |
rz:ll'i:‘]amry qear is a culture mj‘"m mra;j;i’:w’a’a has been used as {:xpﬂnmmu_al ?Sr{g?ﬂl;‘ljlﬂm
i are i rtant producets. *- . food source 18 single cell protein At 3

. Green algae are IMPO 5 o *y relatively new fo0d s lanktons
: - . gis. A relatl on phytop tons,
e— ;‘“ pll:ux:c;z:ulhiﬂs and ponds arc IEE:‘.‘:#;;“! that feed on phyto

. In oceans, fresh Waikt, . in the .
and are important as primary consumers T o

: ' [ CO : :
Diseases .. one of the world’s mos Ex e dic
. jum 15 ON e to two million peop
" Malaria causcd h_qe Hmm.f:{d health organization about one
diseases. According 0 W =
cach year from malana.
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Topic-7 Protists and r::E -'

© Entamoeba histolvtica causes amocbic dysentery. 1
Tripanosoma causes sleeping sickness.
Phyvtophthora infestans causes late blight discase in

Structure of Fungi

. Fungi are eukaryotes, non-motile absorptive heterotroph.

* The body of the fungus is called mycelium, consists of long, slender, branched tuby|y,
thread like filaments called hvphae.

. Hyphae may be septate or non-septate. Septate hyphae arc divided by cross-walls calley
septa into individual cells containing one or more nuclei. _

. Septa of many septate hyphae have a pore through which cytoplasm flows from cel] y,
cell.

. Non-septate hyphae lack septa and are not divided into individual cells; instead these gpe

in the form of an elongated multinucleated large cell. Such |1_}“Ph*'“' are L'“”""ld Coenocytic
hyphae, in which the cytoplasm moves effectively, distributing the matenals throughour,
These are always multinucleate.

. Hyphae may be packed together and organized to form complex reproductive structures 3.
such as mushroom. puff balls, morels etc. i

. Yeast is non-hyphal and unicellular fungi. "

. Chitin in their cell wall is more resistant to decay than cellulose and lignin which make j
up plant cell wall. b

. All fungal nuclei are haploid except for transient diploid zvgote that s tormed dun'ng j
sexual reproduction. i

. All parts of the fungus growing through the substrate ate metabolically active. Extensive
spreading system of hyphae provides cnormous surface arca for absorption

. They show a characteristic type of mitosis, called nuclear mitosis. During nuclear

mitosis, nuclear envelope does not break: instead the nutotic spindles form within the
nucleus and nuclear membrane constricts between the two  clusters of daughter
chromosomes.
NUTRITION AND REPRODUCTION IN FEXGI
Nutrition in Fungi |
. All Fungi lack chlorophyll and arc heterotrophs (obtaining carbon and energy from
nrgzlmic matter). They obtain their food by direct absorption from the :
environment and are thus fungi are absorptive heterotrophs.
Modes of Nutrition
* Various ques of nutrition are found in fungi. Some of them are-
(i) Saprotrophic nutrition
(ii) Parasitic nutrition
(iii)  Predation
(iv)  Mutualistic nutrition 3
(i) Saprotrophic Nutrition -'rl
.]-.'l:’fﬂsl fungi are ﬁpmt{*ﬂphs (or saprobes), decomposers that obtain their food (energy.
carbon and nitrogen) directly from dead organic matter.
Saprobic fungi, along with bacteria, are the m
contributing to the recycling of the elements (C, N,

diat . o 0 5 el e

immediate

< abielin i imi

b e G

ajor decomposers of the biospher®
P, O, H etc.) used by living things.
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Protists and Fungi

Topic-7 s a

e ——
( haracteristics of Saprobes
Saprobic fungi anchor to the substrate by modified hyphae, the rhizoids.

Fungi are the principal decomposers of cellulose and lignin, the main components of
plant cell walls (most bacteria cannot break them). _
Extensive system of fast growing hyphae provides enormous surface for absorptive mode

of nutrition.

(ii)  Parasitic Nutrition
Parasitic fungi absorb nutrients directly from the living host cytoplasm with the help of

special hyphal tips called haustoria.

Types of Parasitic Fungi
There are two types of parasitic fungi i.e., _
Obligate parasites can grow only on their living host and cannot be grown on available

defined growth culture medium.
Facultative parasites can grow parasitically on their host as well as by themselves on

artificial growth media.

(iii)y ~ Predation
Some fungi are active predators (which can capture a living prey). Other predators have

other adaptations, such as secretion of sticky substances.

Examples
The oyster mushroom (pleurotus ostreatus) is a carnivorous (predatory) fungus. Some

species of Arthrebotrys trap soil nematodes by forming constricting ring, their hyphae
invading and digesting the unlucky victim.

(iv)  Mutualistic Nutrition
Fungi form two key mutualistic symbiotic associations (associations of benefit to both

partners).
These are lichens and mycorrhizae. _
Lichens: arc mutualistic symbiotic associations between certain fungi (mostly

Ascomveetes and imperfect fungi, and few Basidiomycetes — about 20 out of 15000
species of hchens) and certain photoautotrophs either green algae or a cyanobacterium, or

sometimes both.
Most of the visible part of lichen consists of fungus, and algal components are present

within the hyphae. _ L ;
Fungus protects the algal partner from strong light and desiccation and itself gets food

L
through the courtesy of alga.

. Lichens can grow at such places where nether of the components alone can, even at harsh
places such as bare rocks etc. lichens vary in colour, shape, overall appearance, growth
form. - | _

. They are ecologically very important as bioindicators of air pollution.

Mycorrhizae are mutualistic association between certain fungi and roots of vascular

plants (about 95% of all kinds of vascular plants). |

. The fungal hyphae dramatically increase the amount of soil contact and total surface area
for absorption and help in the direct absorption of phosphorus, zinc, copper and other
nutrients from the soil into the roots. ‘ . o
growth than those without this association. The plant, on the

.- Such plants show better
other hand, supplies organic carbon to fungal hyphae.
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Types of Mycorrhizae
There are two main types of mycorrhizae:

. Endomycorrhizae; in which the fungal hyphae pen
forming coils, swellings, and minute branches, and also ex
Ectomycorrhizae; in which the hyphae surround and exte
penetrate the cell walls of the roots. These are mostly Ic
However, the mycelium extends far out into the soil in both kin

Reproduction in Fungi
Fungi can reproduce asexually as well as sexually.

Asexual Reproduction ;
Asexual reproduction takes place by spores, conidia, fragmentation and budding.

(i) Spore Formation

. Spores are common mean of reproduction in fungi.

. Spores are produced inside the reproductive structures called spor angia, which are cy
off from the hyphae by complete septa.

Spores may be produced by sexual or asexual process.
These are haploid, non-motile and not needing water for their dispersal.
These are small in size, produced in very large number and dispersed by wind to grea

E:
ctrate the outer cells of the plant Too,
tend out into surrounding soi
nd between the cells but do ng
formed with pines, firs et
ds of mycorrhizae.

distances.

. Spores may also be dispersed by insects and many other small animals and by raig
splashes.

(ii) Conidia Formation

. Conidia are non-motile, asexual spores which are eut Dff at the end of modified hyphae

called conidiophores, and not inside the sporangia, usually ip ehains or clusters,

. They may be produced .in- large 'number) can' survive for weeks and cause rapid
colonization of new food.

(iii) Fragmentation

. Fragmentation is simple breaking of mycelium of some hyphal fungi, each broken
fragment giving rise to a new myceljum. - | |

(iv) Budding
. Unicellular yeasts reproduce by budding.
. It is an asymmetric division in which ti |
E:ns;.dgmw_ vision i which tiny outgrowth or bud is produced which may
. &. r '. = N .
yeast may divide by simple, re];ﬁwe]}f equal cell division.

 ;»
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Topic-7

Nucleus

Sexual Reproduction

Develuplng Bud

nucler and meiosis are common to all.

Protists and Fungi

Details of sexual reproduction vary in different groups of fungi, but fusion of haploid

IJur!ng sexual reproduction in fungi, hyphae of two genetically different but compatible
mating types come together, their cytoplasm fuse followed by nuclear fusion.

Karvogamy is the fusion of nuclei while plasmogamy is the fusion of cytoplasm.

In Basidiomycetes and Ascomycetes, karyogamy does not take place immediately after
plasmogamy; instead the two genetic types of haploid nuclei from two individuals may

coexist and divide in the same hyphae for most of the life of the fungus. Such hyphae
having 2 different genetic types are called dikaryotic or heterokaryotic.

basidia’ basidiocar

and asci/ascoca

{_'L.\HHIFI{".-TI{}.\' OF FUNGI

Different groups of fungi produce different types of haploid sexual spores, such as

basidiospores and ascospores, subsequent upon-meiosis in zygote.
These spores may be produced by their characteristic structure/ fruiting bodies such as

e

. Fungi are classified into four groups.

and type of hyphae and some other characters.

Sexual
Reproduction

Asexual
Reproduction

Classification of fungi is primarily based on type of their sexual reproductive structures

Hvphae

I}'gum}fra Rhizopus (Black bread Nﬂn-n}milc. s
(Zyvgomycetes mold), Pilobolus Zygospores spores mn_n in m::lrtlirslzglzzé
or conjugating fungi) (spitting fungus) sporangia
Ascomycota Y easts, morels, truflles, Ascospores Conidia cut off | Septate, lengthy
(Ascomycetes or sac- powdery mildews, inside sac-like from tips of dikaryotic
i‘ungi} molds asci conidiophores phase.
Basidiomycota Mushrooms, rusts, Basidiospores P
(Basidiomycetes or smuts, puff balls, borne on EFU!:' MREaIngH dika.ryp {;li{: pﬁasi
club-fungi) bracket fungi shaped basidia
Deuteromycota _ Sexual phase B
{Deutemmv}cetesf 5D Ergj?:s, .5 has not been Conidia Varied
' cilli SFRr
| Imperfect fungi) Penicillium, Alter observed

Zygomycota (Zygomycet

Zygospores are temporary, dormant,
sexual reproduction by fusion of hyphae.

es or Conjugating Fungi)

thick walled resistant structures formed during
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~ Life Cycle o nus PN RN NG
" “Mycelium —» Hyphae (fusion) — Zygote formed by fusion of gametangia — Zyg
P =5 me Eﬂ'l'm;l'l‘ ates — Bpornnginphurﬁ with sporangia — MM - po

O
e

New mycelium E
L’ft Crclt ‘ 1,;-!.:"_ by
. It shows both asexual and sexual reproduction.
. Asexual reproduction 18 through spores produced in sporangia and sexual repro iy :3":_'.

through zygospore. O -

[2) _ PLASMOGAMY -3 |

\»ﬂ

Young
Gametangia with 2y ngium

haploid nuclei (heterokaryotic)

- Mating
Sexual
type reproduction

L4

KARYOGAMY

“rﬂﬂlia{_t i ! 9 ' :.Fr:'.‘*.. 1 I".'-.

i
spersyl 05

germin

AR YL i nuclei
T\ Spores\ *}
! 'qﬂ - I J.

vt T en \by

Sporangia © "k

# E P a .~
| ——atg %P ] Haploid (1)
- b ’ﬂ, syl (8], % '
j Py e I--_' |:’ h";ﬁié‘!-ﬁrsai E] P_'
Amey 1 P and ] Diploid (2n)
reproducio’ ) germination 3
ul.f:T:."'-'..._E-,
W e
Mycelium

Ascomycola (Ascomycetes or Sac-Fungi)

H = . l-] I.' Ti.-l-”ul- P &
It is the largest group = .. 50% or so occurring 1

4]
L,
o L1

g There are approximately 60,000 species of ascomycoi:
and some are mycorrhizal (¢.£. morels). i i
. Most are terrestrial however 5{}111}: :Elrﬂ marine or '“’j. wi ;d ik |
. They reproduce asexually by conidia that ace 0RO RS high are . in S8t
Iso produce haploid sexual spores called Ascospores, W - D e cach ssol
. They also p Commonly 8 ascospares are pdeI.IL"ﬂd puh

structures called asci [aScuszsan:J.I. | e 8
microscopic frulting body containing ascl. | il

jum .a_r.e Plasmogamy — Dikaryotic Mycelium — Karyogamy— Zrﬂﬂf )

s —» Mitosis — 8 Ascospores — Myceliu

. Ascocarps
Mycel
Meiosi
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d r - -
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Examples

. Yeast, cup fungi and morels are different examples.

& Yeasts are unicellular microscopic fungi derived from all the three different groups of
fungi but mostly ascomycetes. _

¢ Yeasts reproduce asexually by budding however sexual reproduction by forming ascy
ascospores or basidia/ basidiospores may also occur.

s Saccharomyces cerevisiae is the most common yeast.

Basidiomycota (Basidiomycetes or Club- Fungi)

. Named so for their characteristic club shaped sexual reproductive Structure, the
basidium.

. Basidiospores are four haploid spores which are born on, not inside each basidium. |

. Their hyphae are septate and cells are uninucleated during one phase and dikaryotc
during the remaining.

. Fruiting bodies of basidiomycetes or visible mushrooms are formed entirely of

dikaryotic mycelium.
Mycelium — Plasmogamy — Dikaryotic Mycelium — Karyogamy — Zygote (2n) —
Meiosis — 4 Basidiospores — Mycelium
Examples
Edible mushrooms, rusts and smuts, puffballs, and bracket/ shelf fungi.
Puccinia species are most common rust fungi.
Ustilago species are most common smut fungi.
. Rusts are so called because of numerous rusty, orange yellow colored disease spots on
host surface (mostly stem. leaves).
Smurs are so called because of theirblack dusty spore masses that resemble soot or smut.
. Spores of Ustilago tritici(loose smut of wheat) are called reliospores.

Cap [Welews ) SEaben

g
ﬂl. A%l N
NS ?"—:"-_':""-_-,-"..*

e
":-E-"—__—,_

e ]

Gty (1 pempilar |

Siom [slapE

Cupp (Vaiva)

Deutromycota (Deuteromycetes or Imperfect Fungi) |
. All such fungi in which sexual phase has not been observed are placed in deuteromycota.

B If sexual structures are found on an imperfect fungus, it is then reassigned to the
appropriate phylum. _ :

. Most impgrfe{;t fungi are now classified on the basis of DNA sequences.

. Imperfect fungi show special kind of genetic recombination called parasexuality. In it

portions of chromosomes of two nuclei lying in the same hyphae are exchanged.

Examples | | |
Penicillium (blue, green molds), Aspergillus (brown molds), Alternaria, Fusarium,

Helminthosporium

KETS - PREP BOOK i d
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Penicillium |
& Are saprophytic species.

+ Having septate hyphae. L scadie
. Reproduce asexually by means of naked spores call Denicillium.
. Brush like arrangement of conidia s charactenstic O

o F Ly rl:ﬂlr L]
Fungi are important both ecologically and economically

Ecological Importance -5 and ﬂ.mhlnnts.

are | . < in the ecosystem.
. Fungi are important group of decomposers ¢ ! nutrients in the ecosy
. They play an important role in recvcling of inOrE&TE h which 95% of vascular plants are
» “1-';2ﬂl'l'|'.lii‘:ll fungi improve the growth of plants, Wi
1 G718 ing the course
associated. r— for other organisms during of
i . 5, sciting :
. Lichens growing on break rocks. |
ecological succession ood bio indicators of air quality.
. Lichens being sensitive 10 pollution arc g :
. ' ' i jation.
o Some fungi are also used for bioremediatio

Commercial Importance
Ecological Gains Due to Fungi

Role in Food Industry jible e.u. Agaricus Sp.
. BoARd ) ;
200 species of mushrooms are €l ' dies of s

: :[hmil Ji 'i;:rhrﬂa esculenta) and truffles ( underground  fruiting bo some
. Maorgls [ e

. ¥ ""t ”l.'::“-‘: milhlu [uﬂEr B ne # ]

;H'WH}L: tlTILthHHH’ﬂ*-i are called toadstools €& death eap/dcath angel (Amania) wg
& O1sOnNoUS ! :
Jack O' lantern mushroom | |

Fxample

reindeers.
[ ]

"Mushrooms _ Edible B
Morels | - )
Truffles Edible

Saccharomyvees cervisiae | Fermentation to get bread and liquor.

| E——

| Penicillium

Flavor, aroma and characteristic colour to sume cheese.
Fermentation of -b[}}’El bean to get soya sauce and soya paste.
) Production of citric acid. )

Role in Drug Industry

Penicillin was the first antibiotic, discovered by A. Fleming from Penicillium notatum

( funﬁusj.

Aspergillus

Penicillin | Anubiotic 1
Lovastatin B | Lowers blood cholesterol i e
_Cyclosporine  Prevent transplant rejection/ Immunosuppressive drug
| Gnseofulvin | Inhibit fungal growth/ Antifungal _
Ergotine | Relieve headache (Migrain) —
Role in Research
. Yeasr was the first eukaryotes to be used by genetic engineers.
. First functional artificial chromosome was made in Saccharomyces cervisiae. __—
KETS - PREP BOOK »
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Pink bread mold Mewrospora (Pink bread mold) has been used in genetic research.

¥ cological Losses Due to Fungi

powdery mildews | Grapes, rose and wheat
Ergot: S L | R

_E:ﬂ ot | Sggearcane

| “H a

oot ot S ]
Scab § Appl

_ Brown rot Fcpéf::lfes, plums, apricot and cherries

Plant Diseascs

Fungal Disease \ ffected Plant

Human Diseases

. Ringworm and athlete’s foot are superficial fungal infections.

. Histupllasmusis 1s caused by inhaling spores of a fungus, which is common in soil
contaminated with bird’s feces,

. Candidasis or candidosis is ora] or vaginal thrush caused by Candida albicans.

. 1:;;;:.151'??1.'.‘.'ﬁﬂm'gﬂ'!'!ﬂ causes aspergillosis in persons with defective immune system (e.2.

. Some strains of Aspergillus produce carcinogenic mycotoxins, called aflatoxins.

. Ergotism is caused by eating bread made from purple ergot-contaminated rye flour.

Spoilage

. 15-30% of world’s fruit is lost each year due'to fungal attack.

. Wood-rotting fungi destroy living trees and structural timber.

. Hrai‘kftfﬁhﬂlf fungi cause lot of damage to stored cut lumber as well as stands of timber
of hiving trees.

. Pink yeast Rhodotorula grows on shower curtains and other moist surfaces.

I
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aturcs of Plants

Introduction and Diagnostic b e

ation of Plants
[ HOS v D

PLANTS

f!ﬂhhﬂh‘
I TROIL

Do not form seeds|
With Structures [
"""“;:' qnnnuﬂl
Mosses. Liverwors Whisk ferms, —
& Hormworts Club mosses o T et vwined
sorstel vems | ""'""'"'F'"-'ﬁ
' i
W Doz iy G
e ] P |
.54 .
S ¢ ongmn 1s calle v
\n'HT‘ILLmLIH of I'll‘[..dﬂl"ﬁl'll‘- on the base ol Uik LA C —— Ph- w
svstem of classification [t foreshadows e . ong IVINE OfEanismy
and their mode of origin
vludes organisms s cusanvolic, utotropas,
- ade of cellulose

Kingdom plantae manly imciide
multicellular, non-motile, develop froms

There are about 360,000 known spevic .
CL ‘\HHIH( \lll)‘h OF PEANTS

(Wo major categones o Jivisions e

| _|.|. g K
TAY

Kingdom Plantac can b
trachcophyia

L
bryophyta (non- vascular plant

Bryophyta

. I'hey are the first plant to colonize land

. They are thought to be evolved from green algac

. Vascular system is absent. So osmosis and diffusion are mamnly mvolved B
transportaton

" Gametophyte gencration is dominant

. Sporophyte 15 attached 1o gametophyte and dependent or tood

. hey are homosporous, poorly adapted (o hife on -.md_ mamnlv confined w0 Jump
\h-‘:ﬂf} F[JL'L‘H .

. [hey are Mlowerless plants.

. Ihey show a regular alternation of heteromorphic (morphologicaliy -.hw '
gencralions

" Ihey require water for fertihization thus called Imﬂibi,ln; of plants '
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Diversity among Plants

gl -s
opi€
Tttrrﬂptiﬂﬂ ¢ g:‘;:,t;?]: multicellular, haploid gametophyte generati
A proce s, diploi sporophyte generation (2n) iscaled alternation of genaragion ™"
I;I:Ia:-::rnmiq:.n of mﬂmgnfglcﬁli]y h{il flerent generations s -.:allged r;e:m ;
¢ glternd! on of generatlo wf ile that of morphologically similar generati Erﬂ{r!nrphk
hic alternation of generation, EHICTNIONs Is called
MT: hytes Show heteromorphic alternation of generation.
. o -?e Generation(m)
ﬂ‘“““g,:w te producing generation is called gametophyte.
f bryophytes is dominant, independent, free living and is haploid

¢ Gmnemphy"-ﬂ 0 : : .
thalloid (as 1n many liverworts) or differentiated into structures like st
. stem,

It m8Y % hizoids (anchoring and absorbing organ).
Gametophyte produces a sporophyte.

' hyte Generation (2n) -

spore producing generation is called sporophyte.

’ It is a less conspicuous generation.

1t does not contain chlorophyll and is unable to perform photosynthesis, thus are partially

. or totally dependent on gametophyte for their nutrition,
Jtisa diploid generation.

: It consists of foot, seta and capsule.

" Entire sporophyte development takes place in gametopyhte.

. When fully developed remain attached to gametophyte to get nourishment from it.
Adaptation 10 Land lllahltat

' Compact multicellular plant body and cuticle reduces the exposed surface area thus

conserving water.
Photosynthetic tissue is present in special chambers.

They exhibit heterogamy consisting of non- motile egg containing food and motile sperms.
Gametes and embryo are protected by multicellular sex organs.

Alternation of generation provides a chance of genetic variability, selection of best
genetic makeup for survival and adaptation in the changing environment.

cance of Alternation of Generations

Provides a chance of genetic variability, resulting from meiotic division at the time of spore formation
Result in selection of best genetic makeup for survival and adaptation in the changing
environment, Thus the gametophyte with less advantageous character will be eliminated.

Classification of Bryophytes
Bryophytes are divided
Features of Three Classes

Signifi
L
L ]

into three classes i.e. Hepaticopsida, Bryopsida, and Anthoceropsida.

yop h 'i:s

Bryopsida Anthocerpcida

Feature paticopsiga
Introduction Liverworts, 900 species, Mosses, cushion or Homworts, slightly
simplest mat like advanced and different
Habitat Moist rocks, wet soil Damp places, some Moist places
dry places
Examples Marchantia, Porella | Funaria, Polytrichum Anthoceros
Gametophyte Haploid, thalloid Haploid, having stems Haplmd, lobed,
and leaves. irregular
B Lt ' dent
é?“fﬂphyte Diploid, dependent D]p]md Free, indepen
91
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Hepaticopsida | S |

. Thallus of liverworts is flat or ribbon-like usually dic hotomously l‘)r.itr;t‘i:cd; o |

. Some liverworts are attached 1o soil by rhizniﬂs{.umﬁunmnuﬂaﬁam13%&6} @U ¥ a)

. In liverworts sex organs develop on tip of thallus (Porella) or on special Dranchey
(Marchantia) which are antheridiophore and archegoniophore.

Bryopsida | » e

. Archegonia and antheridia of mosses develop on different branches of same plant

(Funaria) or on different plants (Polvtrichum).

. In mosses, archegonia and antheridia form clusters and are mixed with sterile hajr
forming a structure called paraphyses. |

" Spore ugfa moss. unlike of liverworts, develop into an alga-like structure call;d m?::nat:d

s Protonema produces a bud from which a haploid moss plant (gametophyle :

Anthoceropsida _

o Anr?wridr’a and archegonia in homworts are partially sunken in gametophyte.

. Sporophyte of hornworts is advance than that of liverworts and mosses.

. It is initially dependent on gametophyte then becomes independent.

. Sporophyte of anthocerotae has stomata and chloroplast.

. They also have a waxy cuticle to check excessive 10ss of water. | |

b In sporophyte of hornworts, at junction of foot and spore producing region. there 1s a
band of meristematic tissue. | | ) |

. It keeps on adding cells towards the spore producing region during the formation,
maturation and dispersal of spores from the opposite end.

L ]

Its fast erowth rate results in increase in length of sporophyte for indefinite period of time.
Tracheophyta

Tracheophytes are further subdivided into four sub-divisions.

. Psilopsida

. Lycopsida

@ Sphenopsida

. Pteropsida

Features of Groups of Tracheophvtes

Feature Psilopsida

Sphenopsida
| Introduction | Psilophyta, earliest group

Club moss. spike moss

Horsetails,
arthrophytes

(due to club spike

shaped strobil

|
ground pries

. | - .
Diploid, dominant,

Diploid, dominant, |
differentated root,
(stem & leaves

' Sporophyte Dip!oid. dominant, rootless,

rhizome with rhizoids, leafless = differentnated root.

_slem & leaves
Haploid, reduced,
underground

i Gametnph}'te Thalloid, colourless, [halloid., Eru“-ing
underground, haploid, on clayed soil &
reduced. with mycorrhizal mud

association

e mr—

Fossils are Rhvnia. 4',_1'urpu;ff'nm_.“ o __T_f_',‘{fuﬂ.f:.'u;? T
Horneophvton, Psilophvion

Cooksonia. Living members

| are Psilotum, I'mesipeteris

| Eﬂmples

\.'.‘-{'J'ILJ'I_E:J'.H'E’HH

KETS - PREP BOOK

s LR

Scanned with CamScanner



_ - ) Diversit
w/' ==Y &mong Plants

aapsidd

pgrlﬂpﬁmw (2n) 7 I .

P L - sporophyte of psilopsids is differentiated ingo |

5p0 stem of spt both are dichotomously branched. A0 an undergroung rhizome and ap

[ 1 ’-rtn
’prlﬂlp - il d
- 1 pranches of psilopsid sporophyte are gre ,
Aerial b green, leafless and bear small eitless

’ rﬂ"'ﬂhs' i
outg ia are reproductive organ of psilopsida,

Sporang oo ‘
. (nternal structure of stem 1s simple. Vascular tissye ig Narrow, centra . :
* pith Cortex is wide. : and solid without

hyte ()
G’mﬂ?tpig*tha"ﬂid' colourless and underground.

It develops mycorrhizal association with a fungus. This symbiot: .
the gametophyte, while the fungus in return gets prutectiﬂn};Tﬂz;U;:E relation gives food to

sids
They are also called: ‘
Ground pries because of their slight resemblance to evergreen plants

Club mosses/ spike mosses because of their club/ spike shaped strobili and small |
- caves

resembling MOSSes.

spoprophyte (20) o
Spﬂrﬂph}'tf of lycopsida differentiates into roots, stem and trye leaves

. : . .
. [eaves a:re mlcrnph}ills 1.c. small and single veined, arranged spirally or opposite
" Sporangia develop singly on the upper side of sporophylls. ‘
2 Sporangia may be of one kind as in lycopodium or of two kinds i.e.. microsporangia &

megasporangia as in selaginella.
Club shaped structure formed from clustering of sporaphylls at the tips of branches are

called strobili.
Those sporophytes, which enly produce one type of spores are called homosporous

L
while those producing spores of two types are called heterosporous. and this condition is

called homospory and heterospory.
Some lycopods like selaginella have a leaf-like structure called ligule (an outgrowth

present on the upper side of the sporophylls near their base).

Gametophyte (n) |
Their gametophyte 1s usually underground.

LycoP

Lycopodium and Selaginella
Feature Lycopod g Selaginella
' Sporangia One kind | Two kinds i.e. microsporangia and megasporangia
' Strobili (cone) | Absent Present
| Spores | One type [wo types 1.¢. microspores and megaspores, thus
' resembles seed producing plants (spermatophyte)

| ' (homosporous)

" because of its heterosporic conditions.

| Ligule 1s present

L

Ligule | No ligule -'
Sphenopsida | ‘
They are also called arthrophytes because the whole plant body is composed of large

number of joints.

Sporophyte (2n)

' I'heir sporophyte is di fferentiated into root, stem and leaves.

*  Leaves are expanded or scale like, arranged 1n whorls.

L

’ trobili.

Main stem is not smooth instead it contains ridges and furrows.
d are aggregated to form §

Sporangia are produced on sporangiophores an
93
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Each sporangiophore has a slender stalk and an expanded disc at its free end. 5Pﬂ!’anm
appear on the underside of the disc. ¢

Gametophyte (n)

Pteropsida

. This group is divided into three classes i.c. filicineae, gymnospermac and angiospermae

Filicinae

e !flants present in class filicineae are called ferns.

* Ferns are seedless plants.

. Their leaves are called fronds.

o Circfna!f vernation is a pattern of development of fronds, such that when they g,
immature and young they are coiled.

¥ They are worldwide in distribution, abundant in tropics

) Thﬂ*}’ are shade and moisture loving plants.

. Some are epiphytic (growing on bark of trees) _

3 Examples of ferns are Dryopteris, Preridium, Adiantum and Prerts.

Gymnosperms | :

. These are heterosporous plants which produce sceds but no fruit.

' They are worldwide in distribution, one of successful group of land plants, 1/37 of
total world’s forest.

’ ‘Gymno’ means ‘naked’ and *spermae’ means ‘seeded’ so they are nﬂked St‘:E:liEd plants,
. Naked ovules are born on exposed surfaces of Iﬂﬁgﬂﬁpﬂrﬂph}’”& which unlike those of
angiosperms are not enclosed in fruit but lic naked on the surface of fertile leaves.

. Different genera of gymnosperms are. Cycas (sago-palm), Pinus ( pines), Taxus (yew),

drus (deedar), Ginkoetc.

. 8 g & &

It is a thalloid and grown upon clayey soil and on mud.

Picea (hemlock), Ce

Alternation of Generation _
hic alternation of generation
¢ and less conspicuous, dependent gametophyte i

They show regular heteromorp
Independent, dominant sporophyt

resent.

ilicrnspuruphylls produce mICrospores and megasporophylls produce megaspores.
Female gametophytes always remain ir
The megasporophylls bearing ovules are not folded
ovary for this reason seeds lie naked on the megasporophylls.

1 ovule.

Angiosperms
porous autotrophic plants which produce flowers, fruits and seeds.

They are heteros
‘Angio’ means ‘close’” and ‘sperm’” means ‘seed .
Most abundant of land plants, 235,000 species out of 360,000 plant species.

A flower is a modified shoot, which consists of a pedicel, thalamus (torus) and floral

leaves (sepals, petals, stamens and carpals.
Thalamus. stamens and carpals arc modified leaves.
Sepals and petals are non-essential or non-reproductive parts.

Sepals protect the inner parts.
Petals attract insects for pollination.

Sepals and petals fall off after pollination.
Stamens and carpals are essential or reproductive parts of flower.

Stamen consists of a filament and anther. It is male reproductive part of flower.
L it

Carpal consists of ovary (basal broader part), style and stigma (terminal part of sty
is female reproductive part of flower.
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w‘:\. ok L il
A %:f,é'-' ‘Di
8 : versity among Plan
of Generation and Life Cycle —t ANt
L e i :
e I exhibit heteromorphic alternation of peneration |
1 which do
mitrant

i
inir Tl'_r"l L’:"}.H' = * ot i H - - e 3
. '?'.IP‘[md sporophyte E'.:;“ ket ;“:mi.hf; with inconspicuous gametopk
e i nro te " ‘ B WLE Cener:
I:\.'laiﬂ thl 1% dli_pll.:;: ;}l phyte differentiating into roots, stems F:n}ﬁl;. peneralion,
' . x 15 A ol s L LT B e L LA .
. fowers gre also 10FF= aves at maturity

nuﬁlh-ill:
1 spermn feriiizes the 600,
i nites with 2 nuchel
w0 By ey ST

qeed Formation _

Testa and tegmen arc coverings of seed that develop from inte .
g . ruments .

- Fruit 18 formed from the ovary wall. E of the ovule

Geed under suitable conditions germinates and produces a seedling which gradually

changes 1nto sporophyte.

Classiﬁcan'un of Angiosprems

On the hasis of number of cotyledons m the embryo, anglosperms are divided nto ™w

classes 1.€. nto two
Monocotyledo
Dicotyledonac (dicot)

ocot and Dicot

pifference

nac [mumn:m}

Mon

Two cotyledon

yumber of cotyledons One cotyicdon
Number of sepals and petals 3 or multple of 3 ‘L A4 or 5 or multiple of 4 or 5
nt of vascular bundle
iirrangeme . Bundles scattered Bundles in a ring
in stem
Pattern of veins l__ parallel veins \ Net veins \
Both herbaceous and woody

All herbaceous

Presence or absence of wood

——————

Both regular and \ Both regular and irregular

Symmetry of accessory pa rts of

the flower jrregular
Individual or united petals Both separate andl Both separate and
gamopetalous gamopetalous
and infenor

Relative position of male and Both supenor and
inferior ovaries

'%LTEIIIHIE flower parts
Examples | Wheal, rice, maize __ Gram. pe2
__'__,_,_——'-'-_-—‘—-_‘
9%

ovancs

\ Both supenor

S ——
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Introduction, Grade Radiat

Classification according to

Protosto
Invertebrate and Verteb

INTRODUL

. The name Anima

All the animals are mult
followed by digestion.
Complexity in Kingdom Animal

¥
organized int

. They have

organization.
In eumatozoa, similar cells

organs operate 10g

Diploblastic and Triploblastic ¢

mes and Deuterostomes
rate Phyla

Kingdom Animalia
lia is derived from Lat
icellular heterotrop

Simplest of the animals belong 10 §
o organs and have inde

yrifera is included in parazoa.
cellular grade of organization.

The subkingdom Eumatozoa in

tissue. The tissucs arc asscm

cther as organ systen,

a, Bilateria
Jrganization

Coelom (Body Cavity)

in word anima
h and usual

ia
ubkingdom Parazo

terminate shape an

cludes anima

rinto.a

are grouped togethe
ctional

bled into larger fun

|

meaning breath or soul.
ly acquire food by ingestion

a. These animals lack tissues

d are asymmetrical. Phylum

Is of other phyla which have symmetry and

highly coordinated unit called
units called organs. Different
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_____Diversity among Animals
%

—

e 0
0
%ﬂ Base of Symmetry
ca

jata . - :
pe? Rlﬂ;:: qnimals in grade radiata are diploblastic.
Allt mals with radial symmetry.

[ contains AN R .
< a condition or organization in which parts of the body are arranged around g

his 1 : ;
! | axis in such a way that any plane passing through the central axis divides the

nira : :
ce lves that are almost mirror images of each other.

animﬂl in ha ; .
adial symmetry is considered an adaptation for a sessile life.

B Cnidarian (coelenterates) are placed in this group.
. 6 cylindrical body of a sea anemone can be cut in two equal halves vertically in any plane.

' L]
(rade Bilatert . s A :
The animal can be divided into two equal parts by an imaginary line only in one plane
. . . | ;
There have clearly defined right and left sides, anterior or head and posterior or tail ends
. and dorsal or back and ventral or front surfaces.

The animals belonging to Phylum Platyhelminthes to Chordata are included in this group.
Animals belonging to phylum Echinodermata have developed bilateral symmetry in their
larva forms and adult echinoderms have secondarily developed radial symmetry, due to
their special mode of life.

All the animals included in grade bilateria are triploblastic.

They may be acoelomate, pseudocoelomate and coelomate.

No symmetry Radial symmetry Bilateral symmetry
(e.g. Porifera)

(e.g. Cnidaria) (e.g. Arthropoda)
DIPLOBLASTIC AND TRIPLOBLASTIC ORGANIZATION

Diploblastic Organization

¢ Diploblastic animals belong to division radiata.

' These animals have tissue level of organization.

’ The body of these animals consists of two layers of cells, ectoderm and endoderm.

® There is jelly like mesenchyme or mesoglea which in most cases is non-cellular.

" Diploblastic animals show lesser degree of specialization and they do not form specialized

Organs.
’ There is no special transport system in these animals. Most substances are distributed
Within their body the by process of diffusion.

[ . , ;
There is no central nervous system in these animals. A neuron net 1s present.
B
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Dlrlrllt __ .

. : -avity or coelenter
. Phere is only one cavity i the body called gastrovascular cavit on

: S o and also tor the re

. , ) :  gysiem
wastes along with water. This is known as sac like digestive 8|

2 They reproduce both asexually and sexually.
* Diploblastic animals are placed in phylum Cnidaria.
Triploblastic Organization
o These animals have bilateral symmetry. derm. mesod
+ e ST ™ si* b 'y - "y P
¢ The body of these animals s made [rom three layers €¢ m
endoderm. -
' d| Aslic & wals are not disy
. After embryonic development these layers 1n Most TII[‘fllTE‘.ll.lh.llL mmr1 ISting
. ires formed from them,

separate layers of cells but are represented by the structt e ]

e nf enecialization. These have special:..d

. The cells of these animals show greater degree of speciahization p""“l"lti!q-é
|

organs and organ systems. |
system develop from ectoderm.

. The systems such as integumentary and nervous
| reproductive systems.

* Mesoderm gives rise to muscular, skeletal anc
of digestive system such as |jye

. Endoderm forms the lining of digestive tract and glands
Triploblastic animals may be acoelomate, pseudocoelomate or coclomate.

CLASSIFICATION ACCORDING TO COELOM (BODY CAMITY)

Acoelomates

B This group includes phylum platyhelminthes,

* There 1s no body cavity or coelom.

. Mesoderm forms a loose, cellular tissue mesenchyma or parenchyvma which fills the
space between the ectoderm and endoderm. It forms a packing around the internal organg
of the animals to support and protect them

. The gut is sac-type and there 1s no special transport svstem
. Only excretory system is developed tor the transport ol excretory products. This system
consists of flame cells, excretory ducts and excretory pores
« Nervous system is well developed.

Pseudocoeclomates

s This group includes phylum aschelminthes.
. The space between the body wall and the di gestive tube s called pseudocoelom (false body
cavity),
. Psceudocoelom 1s not homologous to true coelom because it is not lined by coelomi
epithelium, '
i Ithas no relation with the reproductive and excretory organs
.‘ n ¥ . {3 ® a0 ¥ - -- I
It develops from the blastocoel of the embryo and is bound externally by the muscles
o . odI1Y ! L 3

mternally by the cuticle of intestine

UETS - PREP BOOK
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O f.ofl,,mslﬁ | is cavity present between the body wall and the alimentary canal and is lined by

oelo
' mesoderm™ its into outer parietal layer which :
The mesoderm s!:alﬂﬂ n . al?mema y ;’-f Ic underllmes the body wall and the
*isceral layer which covers y cana’ and the cavity between them is the trye
elom. It 18 filled with fluid called coelomic fluid.
coelom- : .
" This group includes animals from annelids to chordates.
d - .
’ In coelomates, gut includes m-::z_nre complexity and NEUro-sensory system is well developed
o * long with excretory system, circulatory system, respiratory and reproductive system.
Coelomates are further divided into two groups proterostomia and deuterostomes.

PROTOSTOMES AND DEUTEROSTOMES

Series Proterostomia Series Deuterostomia
[ Cleavage is spiral and indeterminate. Cleavage is radial and indeterminate.
.-E&EE;,]—E gives rise to mouth. Blastopore forms anus.
,mrgﬂ_funned by splitting of mesoderm | Coelom is developed from archenteron
| (Schizocoelous). (Enterocoelous).

»—m?m is derived from cells on anterior | Mesoderm is derived from wall of developing |
| ip of blastopore. gut (archenteron), |

Tt includes phylum annelida, Mollusca and | It includes phyvlum  Echinodermata,
| | hemichordate and chordata.

| arthropoda.

"
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Diversity among Animals
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Deutsrosiomes (Anus from Blastopore)
1 1
£ wintenr s Hermicrorod Chordata
| 1
Gurwra Craacteny Ganeral Chiar ackers Chuar acters
® Ses bollom (maring) ® Combrnalion of Both ® Notochord
@ Mouth lower surfaces Invenshrate + yverebake ® CNS/dorsal
® Anus UPPeT SurBce ® Pre-chordales o Pawed gills e
® | arval stage —»E xhibit ® Body - »Proboscis + Collar + trunk in embryonc
Liatasr @ ® Circutatory system ‘
SYTHTEAry (Median dorsal + Median Ventral Vesssl)

® Sieve like plale—Madreponie :Rumwamrp system = Gill slits
® No brain/ Nerve nng present .M-WM b AP

® Sexes Geparale .vauuh Syalem

@ Larval resembles chordates Examples

® Examples

Asterias (star fish) Sactog/ossus
Sea urchin, Bea cucumben
Cake Urchin, Boitte star, Sen iy

Balanoglossus

Acrania li"*rr.:n‘li.'.ws.hi.'.b-r'l:'ll’l,nl]lw.g,I 1 S

|

r 1
. il . Herve chord
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Topic-10%) LIFE PROCESSES IN ANIVALS )

Nutrition | :

. Modes of Nutrition

. Mineral Nutrition in Plants with Deficiency Symptoms
Camivorous Plants

Human Digestive System

Digestion in Oral Cavity

Digestion in Stomach

Digestion in Small Intestine and Accessory Glands
Digestion in Large Intestine

Disorders of Digestive Tract

Gaseous Exchange

. (raseous Exchange in Plants
. Role and Structure of Stomata
* Human Respiratory System
. Mechanism of Breathing
E Transport of Respiratory Gases and Respiratory Pigments
B Lung Capacities
® Respiratory Disorders
Transport
E Uptake and Transport of Minerals and Water
- Uptake of Water by Roots
" Water Potential
* Ascent of sap
. Transpiration and Factors Affecting if
# Iranslocation of Organic Solutes

« Blood Circulatory System (Blood)
. Structure of Human Heart

Blood Vessels
Blood Pressure and Rate of Blood Flow

L

L

. Lymphatic System
. Immune System

" *MODES OF NUTRITION
Organisms can be divided into two classes on the basis of their method of nutrition.

Autotrophic
Autotrophic organisms can exist in an exclusively inorganic environment because they

can manufacture their own organic compounds from the inorganic raw material taken
from the surrounding media. This means that they produce their own sugars, lipids.

proteins etc. from carbon dioxide, water and nitrates.

S
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Topic-10 Life Process in Animals and Plants
w

Heterotrophic , ds from simple
Heterotrophic organisms are incapable of manufacturing organic compoun

: . : ent in the
inorganic nutnents and so they obtain organic molecules from the environm

form of food _

MINERAL NETRITION IN LA ISWITHDEFICTENCY SY ||’|H\|.“-

. CGencrally, all autotrophic or ]‘hﬁ[ﬂﬂ}’ﬂ!hf"f organisms need carbon dioxide and “jﬂh;l":
which supply the carbon, oxygen and hydrogen. These are the predominant elements, the
plant needs for the synthesis of organic molecules.

Minor Elements

There are many other elements that enter into the composition of plants. Some of these

are,
. Nitrogen, which is part of proteins.
. Phosphorous, which is present in ATP, nucleic acid and many other compounds.
B Magnesium. which is par of chlorophyll.
» Iron, which s present in cytochromes
. These are mainly obtained from soil. These are essential for growth and life of the plent.

Crops fail to flourish, if grown repeatedly in the same field unless soil is replenished with
these nutnients. The farmers replace these by spreading animal manure, sewage sludge or
artficial fertilizers in measured quantities over the field. Some chemical fertilizers that
are commonly used in Pakistan are urea, super phosphates, ammonium nitrate etc.
Mineral Element Deficiencies

t1s very difficult or not possible to aScertain the effects of individual minerals in both
plants and animals. However, the deficiencies of some elements cause serious diseases
showing clear symptoms, For example:

K Nitrogen deficiency in soil results in stunted growth and strong chlorosis (lack of
chlorophyll) particularly in old leaves

B Phosphorous deficiency causcs stunted growth of roots.

¢ Potassium deficiency causes leaf margins to become yellow and brown in colour and

premature death of plant.
N Magnesium deficiency results in chlorosis.
Many economically important plant diseases due to mineral deficiency are now
catalogued with the help of colour photography, enabling rapid diagnosis,

There are a few that supplement their inorganic diet with organic compounds. These
organic compounds are obtained by trapping and digesting insects and small animals. All
of the insectivorous plants are true autotrophs, but when they capture prey, their growth
becomes rapid. Apparently, nitrogenous compounds of animal body are of benefit to
these plants. In some plants, the trapped insects are decomposed by bacteria. In others the
trapped insects are digested by enzymes secreted by the leaves. The plants absorb the

nitrogenous compounds thus formed.
Examples

. Pitcher plant (Sarracenia pupurea) has leaves modified into a sac or a pitcher, partly

filled with water.
KETS - PREP BOOK
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. The end of the leaf is modified to form a heod, which partly covers the open moy, 0f
the pitcher.

. Small insects that fall into the pitcher are prevented from climbing out by numerous stify
hairs.

. The proteins of trapped insects are decomposed by bacteria or enzymes and the prodyg,

of this decay are absorbed by the inner surface of the pitcher leaf.
Venous-Fly Trap

. In venous-fly trap (Dionaea muscipula), the leaf is bilobed with midrib between them

. There is a row of long stiff bristles along the margins of each lobe.

. When an insect touches small sensitive hairs on the surface of the leaf, the lobes quickly
come together with their bristles interlocked.

* The trapped insect is then digested by the enzymes secreted from the glands on the leaf
surface and the products are then absorbed.

Sundew

Sundew (Drosera intermedia) shows another type of modification of leaf for
Insectivorous activity.

® The tiny leaves bear numerous hair-like tentacles, each with a gland at its tip.
. The insects, attracted by the plant’s odour are entangled.
. Proteins of insects are digested by enzymes and the products are absorbed.

Digestion

* Process by which large, complex non-diffusible substances are com erted into small,
simple and diffusible forms is called digestion,

* Digestion that occurs with help of enzymes is called chemical digestion.
¢ Digestion that occurs without enzymes is called mechanical digestion e.g. mastication.
* Digestion that occurs inside the cell (food vacuole) 1s called intracellular digestion e.g.
digestion in amoeba.
* Digestion that occurs outside the cell (In digestive cavity) is cal
e.g. digestion in stomach. |
Human Digestive System

led extracellular digestion

. Digestive system of a man consists of structures extending from mouth to anys (tube like)
= The main parts in the direction of passage of food are:

Oral cavity — Oesophagus —Stomach —Small Intestine (Duodenum —Jejunum —slleum)

—+Large Intestine (Caecum —Ascending Colon — Iransverse Colon —Desce

Wi nding Colon —
Sigmoid Colon — Rectum)

- Alimentary canal means the part of gut from oral cavity to anus. It is also called as
gastrointestinal tract (GIT) or digestive tract.
. Digestive system means alimentary canal plus associated glands.

KETS - PREP BOOK 104

o T LR

Scanned with CamScanner



»

Chemical Digestion Mechanical Digestion

Life Process in Aﬂ% Plants
e — B ——

T,,plc- 10
m

Associated glands are salivary glands, liver and pancreas.
Digestion occurs at three main sites:

Oral Cavity Amylase Teeth
o R
rsmmach Gastric Juice Grinding
R P::
_mstme Pancreatic & Intestinal Juice | Emulsification
— HUMAN
DIGESTIVE SYSTEM
Hard Palate
' — Parotid Bailvery Giand
Lip —= Pharynx
Bub-Lingusl Gland — Sub-Maxiiiary Salivery Gland
Laryny Trachea
Esophaguy
Liver
Oull Bisdder —— T \Tetymeter
Fundus
Hepatic Duct
Cystic Duel
Blomach
Duodenum - A e
Pancrentlc Duclt -
Transverse Colon
- Desconding Colon
. Hgmeid Colon
108
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Oral Cavity
It 15 the site for entrance of food in alimentary canal.

Overall Functions of Oral Cavity

It performs four important functions:

. Selection of Food

. Grinding or Mastication
. [Lubrication

o Digestion

Structures Associated with Oral Cavity
Oral cavity is bounded by:

. Palate
. Tongue
. Teeth
. Checks
Nasal cavity
4 . Entrance lo
Hard palate i . ; : . . euslachian lube
Soft palate
Livula
Palatine tonsil
Lo Pharynx
P ...rl. L
i ot . ingual lonsil
Epiglottis
I
0 Esophagus
'.. Ry
zZd
- l:q Trachea
Selection of Food
. When food enters in oral cavity, it is tasted, smelled and felt.
. Oral cavity is aided in selection by the senses of smell and sight,
% Tongue being sensory and muscular organ plays the most important role in the selection

of food through its taste buds.
Grinding or Mastication
- Food is ground by means of molar teeth.

% This grinding 1s useful because:
B
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s allows relatively small pieces to pass thruugh
( H"Ph&gt .« have much more surface for enzymes to attack.
'i[ﬁﬂ“ Pinh n ﬂ
’ :tinn & Digestio

N b . Location |
In fromt of
gt £ glands (Large st) ears

secretions - Opening of Ducts

e — = ‘ ‘I
Saliva with amylase hmlmu_r part  of
| oral cavity

lar *-.unmmllan aeae | Saliva with nnﬁlm:c &l . i
,r-rndrrdrhu Behind jaws B Floor of oral cavity
1 rﬁj_\- e — - —
/A oxns e . s i ~ —
t plingual l:""d" (Em.ﬂluﬂ | Below tongue | Saliva with mucus only Floor of oral cavity
qaliva | SR .
; Fresh saliva is alkaline with pH nearly R, quickly loses carbon dioxide and gets to pH 6.

It has three major components:

Components

"water and Mucus (GP) Maoisten and lubricate food

mhm:ﬂhmmlc Stabilizes pH and is shghtly antiseptic
salivary Amylase/ Ptyalin_| Starch/ Glycogen —» Maltose

End Result Bolus

2 End result of digestion in mouth 1s small oval lump called bolus.

’ It is softened, partly digested slimy food mass:

Anatomy of Oral Cavity : Physiology of Oral Cavity

Teeth M istication Mulmmml LhL,u.tum of food
Lips - 'L ommunication, Hold food in puwltmn |
Jaws - - Mastication’ Mechanical digestion of food

"‘v'ldnumidtmn of food, hold food, ULanhmj, of teeth, Taste,
| Lommunication, Swallowing, mucus and serous

Prevents entry of food in nasal cavity

Tongue

Soft Palate

Sahvary Glands + Chemical digestion of food mainly carbohydrates
Hard Palate | Palatine bones, helps in grinding

Pharynx

. The pharynx is a cavity behind the mouth.

. It 1s common passage for digestive system and respiratory system.,

. It 1s lined by mucus.

Swallowing

. Transfer of bolus from buccal cavity to pharynx and then to oesophagus is called

swallowing/ deglutition.

Beginning of swallowing is voluntary action and then it becomes involuntary. The

swallowing procedure is regulated by nerves in the medulla oblongata and pons.

Events of Swallowing

()  Tongue moves upwards and backwards against the roof of mouth, forcing the bolus to the
back of the mouth cavity.

(i) Soft palate is pushed up by tongue which closes nasal cavity.

KETS - PREP BOOK e
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(iii)  Tongue forces the epiglottis (flap of cartilage) into more or less horizontal i Posig,

thus closing the opening of windpipe (glottis). Epiglottis diverts the bolus “"""ir:

oesophagus.
() The larynx (cartilage box round the top of windpipe) moves upward under the by

tongue.
(v) The glottis 1s partly closed by the contraction of ring of muscles.

Swallowing

Soft palate blocks
the nasal cavity

Tongue blocks
the oral cawity

Upper esophageal
sphincter (UES).closed — Epiglottis blocks
Esophagus the larynx
Peristalsis
. Peristalsis is characteristic movement of digestive tract due to alternate contractions and
relaxations of smooth muscles by which food is pushed along the digestive tract.
. [t consists of the wave of contraction of circular and longitudinal muscles preceded by the
wave of relaxation thus squeezing the food down along the canal.
. Relaxation of circular muscles in front of food is followed by a wave of strong
contraction of circular muscles behind food.
B Peristalsis starts just behind the mass of food, from the buccal cavity along the

oesophagus to the stomach and then along the whole alimentary canal.
Antiperistalsis are reverse peristaltic movements due to which food is passed from

»
intestine back into stomach and even in mouth. It may lead to vomiting.
. Hunger contractions are peristaltic contractions caused by low blood glucose level. These
create an uncomfortable sensation often called hunger pangs.
- Hunger pangs usually begin 12-24 hours after the previous meal.
s Gravity assist the movement of material through the oesophagus, especially when liquids

are swallowed.
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&  Areaof
Contraction

Area of
Relaxation

Food Bolus

Introduction

s Stomach 1s an elastic muscular bag.

s Stomach is situated below the diaphragm on left side of abdominal cavaty.

» It is typically J-shaped when empty.

Anatomy of Stomach

Parts

. First part of stomach where oesophagus empties its contents into stomach 1s called
cardiac region. | .

. At the junction between esophagus and the stomach, there is a ﬁpﬂfi&! ring of rmuﬂi:fﬂi
called cardiac sphincter. It is also called as lower oesophageal sphincter. When the
sphincter muscles contract, the entrance to the stomach closes and prevents backwarq
movement of food. It opens when a wave of peristalsis coming down the esophagus
reaches it. -

‘ Point where stomach joins duodenum is called pyloric sphincter. Stomach empties into
the duodenum thmugﬁ the relaxed pyloric sphincter.

Layers

(i) l.illf:r layer of connective tissue called serosa . externa along with submucosa. This
Middle layer of smooth muscles called muscularis € cular and outer longitudinal
Muscular layer has innermost oblique muscles, middle circular an g

_ Muscles,

.E"” mner layer (mucosa) of connective tissue with many glands.

™ — 109
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oglons of the stomach

lundus ;

Gastric Glands
. Stomach has both exocrine and endocrine glands. Exocrine glands secrete gastric juice |

while endocrine secrete gastrin hormone.

Secretions __ - Functions

Thick secretion
Mucous cells Mucus e Covers inside of stomach
e Protects stomach wall

r- |
e Maintains pH from 2-3 |

. P[li'ﬁ i.L!L' .,h,'l.l{l.,_' |11L’Li:l]rﬂ ﬂ”- ‘-‘ni}'mﬂﬂ ,

. . ) |

. i * & . [ .! . .l L i [ b - 5 . i ., 1
Parietal/Oxyntic cells HCl Softens food & kills microorganisms |

* Converts mactive pepsinogen into pepsin
e Inactivates salivary amylase

* Low pH denatures many proteins

Zymogen/ Chief/

Principal cells Pepsinogen | Hydrolyzes proteins into peptones and polypeptides.

PR

il
: 3 ; ; : Stimulates eastric iuic - |
(i cells/ Endocrine cells | Gastrin aies gasinc juice production, secretion& s
stomach motility [
o
¥ HC -
5 Pepsinogen —;———> Pepsin
- Proteins —22_, Polypeptides & Peptones
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Regulation of Gastric Juice Production

Both nervous and hormonal mechanisms regulate gastric secretions.

Gastric juice secretion is regulated by small, sight and quality of food.

. Main hormones that regu late gastric secretions are gastrin and secretin.

¢ If more pTL‘!II;E"III'I is present in food, it stimulates production of gastrin hormone from
gastric endocrine lining of pyloric region of stomach.

. More protein — More gastrin — More gastric juice

Physiology of Stomach

(i) Food Storage

fir some time, making discontinuous feeding possible.

. It stores food from meals

(i) ~ Digestion of Food

. It partly digests protein food.

: Stomach shows both chemical and mechanical digestion. Mechanical digestion is carried

out by middle muscular layer and 1s called churning. While chemical digestion is carried

out by gastric glands.

. Muscular walls thoroughly mix up the food with gastric juice.

5 End result of digestion in stomach is formation of semi-solid mass called chyme (semi solid.
(ili) Absorption

. Some absorption also occurs at stomach.

(iv)  Defense/ Immunity |
. Mucous membrane and HCl act as barriers afamst germs.

POINT

jleurm.

It is the longest part of alimentary canal. ;4 and
: : o3 num, jejunum
mall intestin€ 1-€- duode ““if] J and is about 50-25 cm long.

There are three parts of 8 1 of small inte ‘
11

Duodenum is first and the shortest _FL__,_/—-/—

FE—

EEE

2 il Lo
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Jejunum 15 second part with length of about 2.4 m (2/5" of small intestine)

L ih . -

- lleum is the third and the longest part with length of .’i.?‘bﬂ:]'r[;"é ite;:ig";:::;“““"ﬂ-

® Small intestine has role to complete digestion and absorb diges :

Duodenum . :

- Duodenum receives secretions from liver and pancreas.

. Duodenum also has its own secretions. .

. It acts both as exocrine and endocrine gland. ‘ _ N 1 :

E Exocrine function of duodenum is se::retinnpft”] intestinal juice and endocrine f““ﬂlnnj..
release of secretin and small amount of gastrin hormone. ,

- Secretin is hormone produced by the action of acidic fﬂgd rﬂ.;lmi;fsm;iu?u;% of
duodenum. It inhibits production of gastric secretions and p lon gf
secretions of liver and pancreas. | _

> Chyme after neutralization by secretions from liver, pancreas and duodenum is Calleg
chyle (liquid).

Pancreas

" Pancreas is also a large dual gland. - _

E Pancreatic juice is produced by exocrine part of pancreas, which is poured in duodenyp,
by pancreatic duct. _ |

. Endocrine part of pancreas produces hormones insulin and glucagon.

Components of Pancreatic Juice

Amylase (amylopsin) | Carbohydrate digesting enzyme(Starch/Glycogen — Maltose)
Lipase Fat digesting énzyme(Fats ~» Fatty acids + Glycerol)
Trypsin Protein digesting enzvime( Proteins — Polypeptides + Peptones)
Chymotrypsin Protein digesting enzyvme(Proteins — Polvpeptides + Peptones)
Sodium bicarbonate | Neutralizes chyme, provides alkaline medium
. Trypsin is secreted as inactive irypsinogen, which is activated by enterokinase, an
enzyme secreted by the lining of duodenum.
s Chymotrypsin is secreted as inactive chymotrypsinogen, which is activated by trypsin.
Liver
= Bile is produced in liver, stored in gall bladder, POIN T7©

acts in small intestine.
* Bile is transported from liver to gall bladder
then to small intestine through bile duct.

¥ Bile is green, watery fluid containing
salts and no enzyme.,

[ ] G . . I *
Pi;negntzu;?s;usjd EI; tls bdidm - What wiil_ hﬂwﬂﬂ to digestion if gall
hemoglobin, AR _h?fid_ﬁ_"h femoved due to gall stones”

. Bile salts emulsify fats j e converts it intg
small globules.

" These small glopyes iv d:
are easily d
by water soluble lipase. y digested
. Accumulation f bi v . Sinacrea..
Caduses jaundit: bl!'ﬂ Plgments mn bh}ﬂd ,"l"i h;“ IS L]jITErE"L:r t;ﬂ’f:'r'ﬂﬂﬂ i:.hy!“u ﬂ"d
- Cholestero] secreted by liver mg ¢ _ly e
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precipitate in the gall bladder to produce gall stones, which may block the release of bile.
Right snd left

Livmr
paithr

Cystic chact

L arrmian
hlplﬂidtﬂ

- ___,_,--"""-'r Bile duct
— il
= AroRvsory

pancreatic duct Pancreathc duct
..--""f 4

paplila : - Tall of pancreas
Major duodenal Raocly of pancreas
papiia

Mead of pancreas

Dusdenum |

Jejunum and Ileum
. Jejunum and ileum are involved in complete digestion of food.

Enzymes of Intestinal Lining

| - Enzymes Substrates Products
Amino peptidase | Polypeptides Dipeptides
Erypsin Dipeptides Amino acids
Lipase Fats Fatty acids & glycerol
Maltase Maltose Glucose
Lactase Lactose Glucose & galactose

Absorption of Food

. Internal surface of ileum has many folds, which exhibits velvety appearance due to the

presence of numerous finger-like outgrowths called villi.
Each villus has outer covering of epithelial cells, blood capillaries and lacteals.
s, closely packed cylindrical processes, microvilli.

. Epithehal cells of villi have countles

. The total area of absorption becomes incredibly large due to the infoldings, villi and
microvillL -

. The end products of starch and glycogen, which is glucose, and the end product of
proteins (amino acids) are absorbed into blood capillaries of villi by diffusion or active
transport. Some of the fatty acids and glycerol (end products of lipid breakdown) are also
absorbed into blood stream. - -

. A large proportion of fatty acids and glycerol enter the epithelial cells of villi, where they

ts along with proteins enter into the lacteals and are

recombine into fats. These fa .
transported in form of lipoproteins

These pass into blood stream via thoracic 7-@
lymph duct. The lipoproteins ~ are POINT

hydrolyzed by blood plasma enzyme and .
enter body cells, where they may be used What do vou know about Lactose
in respiration or stored as fat in the liver,

muscles or under the skin.

droplets (chylomicrons) through lymph vessels.

mtolerance”

113
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Defecation refley ;
€X 1S involy
rectum is filled with f‘::-ce:“::q in emptying of rectum from feces. It is generate
5, 1% oA
s consciously controlled in individuals other than infants.

Tm

[jl_-.'!ip#psiﬂ

Incomplete or imperf
erfec -
pertect digestion 1s called dyspepsia. This is not a disease in itself but

symptomatic of other disorders or diseases

H}'mpl{lm!-;
This is charactenzed by

Ahdominal Discomiort

[
L Flatulence
. Heartburn
L Nausca
. Vomiting
These symptoms may occur irregularly and in different pattern from time to time.
Causes
Dyspepsia may occur due 10;
. Acidity in stomach
* Faulty function of stomach and intestine
. Insufficient quality or quantity of bile secrefions
Food poisoning .. R
It is an illness from indigestion of food containing LOXIt substances.
Symptoms _ o
The symptoms of food poisoning are
. Diarrhea
. Vomiting —
g Abdominal . from 12-24 hours after eating contaminated 1005
These symptoms usually oceur Iro e
toxins produced by ’
G of food poisoning are the
One of the commonest causets :
Salmonella and Campylobacter:
118
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These bacteria live in the intestines of cattle, chicken and du b |
symptoms there, If humans drink milk or eat meat or egg of such infected animals, the,

develop food poisoni ng
Infection is most likely if unpasteurized milk is drunk or if meat is not properly cookeq
Treatment |
eat contains Salmonella bacteria. Thy
d to come In contagy

Tlhe liquid that escapes during defrosting frozen m
dishes and utensils, while the meat is defrosting, m
with any other food.

Botulism
A severe form of food poisoning is called

botulinum. These toxins have selective ac
dizziness, double vision, headache, nausea, vom

: It usually develops from improperly canned or otherwise pre
Obesity
ol when a person has sbnormal amount of fat on the body and 3

[t 1s the term employed
person with this condition is called obese.

ust not be allowe

t is caused by toxins of C_Iﬂstﬁ.;i.m
tion on central pervous system causing fatigye,
iting, diarrhea and abdominal pain.
served foods.

botulism. I

Causes it R
S IFETT ot tty food.

5 It is mainly due to overeating and eating 1& s 2 some people

Hormonal causes may also consider being invol VEE SE% exmnptl N IErnlflllf:th fat I:E.tt fi]u t:‘:

very less fat but become fatty. On the other hand, some eat £00

become fatty.

A% these drops increase in size and

Mechanism p _ |
“ertai lIs accumulate -fat drops in cytoplasm. | : 4 :

’ Lea oe r one large fat globule in the middle of the cell, pushing
ells join to form adipose

number, they join together to fo
cytoplasm into thin layer and nuc

tissue. _ 1
Adipose tissue usually develops in the abdomen around the kidneys and under the skin.

leus to one side. Groups of fat ¢

Complications _ -
An obese person is much more likely to suffer trom:

* High blood pressurc

. Heart discases

. Diabetes mellitus
. Stomach disorders
Control

Obesity can be controlled by reducing fatty food, by eating balanced food. In case of
hormonal disturbance, hormonal therapy can be used.

Anorexia Nervosa
This term is employed to the loss of appetite due to the fear of becoming obese.

Such feelings develop in human females between the ages of 12-21 years.

Causes

’ It usually affects girls after onset of puberty. It is characterized by loss of appetite due 10

fear of becoming obese. Such girls are often immature and are unable to cope with the
challenges of puberty and emerging sexuality.
Treatment

. Psychiatric therapy is required to treat anorexijc girls
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patient is often fed through any route other than alimentary canal, which may be

' C
intramuscularly or intravenously.
Recovery 15 very slow and it may take 2-4 vears and in some cases longer,

]
Bulimia Nervosa S . .
It is neurotic disorder in slightly older girls. It is characterized by bouts of overeating

fattening food such as fried food or cream cakes,

: .
S}mP"!II‘::n much eating is usually followed by;
. Self-induced vomiting
™ Fﬂﬁtiﬂg
. Purgatives
Complications N

The frequent vonuting and purging may cause physical effect including;

. Serum electrolyte imbalance
B Recurring infection

Treatment o - :
Treatment is likely to be prolonged. Initially treatment is to overcome the effects of

weight loss and malnutrition. Treatment should be in hospital under strict supervision.

iles

: Piles or hemorrhoids are masses of dilated, tortuous veins in the anorectal mucosa.

Symptoms

. Sometimes, these masses start bleeding during bowel movement.

. Situation may aggravate when the patient suffers from constipation.

. The urge to defecate is depressed and it becomes difficult to expel feces.

Complications
Physical distention of regtum may cause other symptoms of ill health.

Treatment

* The only therapy required is improvement of hygiene and use of food softeners such as
roughage in food or laxatives.

. Patients are advised not to sit on hard seats,

» Hemorrhoids are removed surgically m some cascs.

Llcer

. Sore produced by cating away of the walls of the stomach or duodenum after break down
of mucous layer due to digestive enzymes 1s called ulcer.

Causes

. Excess gastric acid secretion is an important factor of peptic ulcer.

Complications

. Sometimes a hole develops in the wall of the digestive tract and the contents of the tract

spill into the abdominal cavity. leading to severe infections, which may prove to be fatal,

if immediate medical care is not sought.
Care
. Smoking, spicy food, alcoholic beverages, coffee, tea and stress should be avoided by the

imients sufﬁmni from ulcer. wm
L ]

: Plants like animals also get their energy from respiration.
In plants, in contrast to animals, no special organ or system IS present for gaseous

exchange as they exist in higher animals.

[ ]
— Every cell of plant carries out exchange of gases according to its needs.

- PREP BOOK
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' : ioh i ho i.e. xyle
. The transport system of plants which includes conducting tissues 1.€. y

...1

is not involved in the transport of gases in the plants. | .
; i P ;is, there are pr :
* In most cells of mesophyll which are specialized for photosynthes! Sem
large air spaces.

These air spaces are directly involved in

piants.
g stem.

f dead cells.

nvolved in gaseous exchange.

through stomata.

Stomata are the main sites of exchange of gases in
Stomata are largely present in the leaves and in youn
In older stems, cork tissue 1s present which 1s ﬁ:nrmﬂl_:i 0
The cork tissue has special pores called lenticels wthh are
Land plants get their oxygen directly from air which enters

Enormous number of stomata is present on e Icawsﬁare centi
It is estimated that there are 12000 stomata e 1?3]31’ spaces
Tobacco plant. These stomata lead to the interce

: : . ; . oney comb.
mesoptiglhiisane, fe ALk S o ht Iiﬂlume of the leaf. The exchange
= These air spaces may comprise up t0 40% of the tota

. . nlace promptly. The roots
of eases between and the moist 5uriag=: of mesqphl‘" ” i lls Eﬁ;g qpacﬂs between the soil
of the land plants get their oXygen form the air existng ‘

particles.
. Aguatic plants obt

meter of leaf surface ip
(spaces between cells) of

rgen in Water.

en by diffusion from dissolved 0X
Y SYSTENM

ain their ox

HUMAN RESPI RATOR

Human respiratory systcmi includes:

(i) Air Passageway

(ii) Lungs

Air Passage Way |

# It is passage way by which air enters ot lecaves the lungs.

. It consists of following components il sequence:
Nostrils — Nasal Cavitics — Pharynx — Larynx
Bronchioles — Respiratory Bronchioles — Alveolar

.+ Trachea — Bronchi — Terminal
Ducts — Alveolar Sacs

Nasal Cavity Plus

Paranasal Sinuses—}\.. ==
Nostril — 4

Oral Cavity

Pharynx

Larynx _.--"":
Trachea \ Left Main (Primary)
] B
Carina of Strachea \\ ronchus
Right Main | \ Bronchi
Bronchus [

. Alveoli
Left Lung ]

'}
- |_LeftLung

Parietal Pleura

Ribs

Diaphragm

e ﬂfﬂh
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Anatomy
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Physiology

passage ways.
Ciliated epithelium

e Bone and cartilage * Filtration of larger
Sostril (2) Hair particles.
e Mucous membrane * Moistening
; o  Warmin
e e FEach cavity subdivided into 3 -
e Filtration

¢ Moistening

Nasal Cavities (2) .
Mucous membrane e Warming
I & M I_
pharynx/ Throal Muscular passage e Channelizes air to
' e Mucous membrane larynx
- o . g
e (artilaginous box
Larynx/ Voice box o ClEE. * A PASEE N
. « Epiglottis e Voice production
e Vocal cords
S %A e (-shaped cartilage rings e Air passage way
' W | i T ‘
Trach?]ﬂf[[j‘{:tl:‘i:”gz l{u:] Ciliated epithelhum e Filtration
(ventrd S « Mucous cells/ Goblet cells e Moistening
& e (-shaped cartilage rings e Air passage way
Primary Bronchi (2) e (Ciliated epithelium e Filtration
e Mucous cells e Moistening
o ~Irregular cartilage plates e Air passage way

e Filtration

Terminal B hiol e No cartilage

wminal Bronchioles iy o ot
CORES e (iliated epithelium
o Mucous cells

- =i P ¥ i i 1[1-[|Iit"l~ L % o N
h:.um;]i-lir} & le - o Ciliated f:plthe]mm
i : ; .
Bronc | o Mucous cells e Moistening
yiameter of 1 mm or less ~
¢ [hamele e Air passage way

e Filtration
e Moistening

e No cartilage
« No Ciliated epithelium

Respiratory Bronchioles
e Mucous cells

Gaseous exchange with
blood

e Single layered surrounded by

blood capillaries
Lined by surfactant

Alveolar Ducts&
Alveolar Sacs 5

Gaseous exchange with
blood

POINT

What is role of cilia in trachea’

5 Epiglottis is cartilaginous lid having a muscularly
. Vocal cords are two thin edged stretched fibrous
have low pitched voice.
Cartilage in air passage way prevents ¢
Bronchioles are made up of mainly circular

controlle
bands. These arc la

d. hinge-like action.

rger in male so male

possible through bronchioles.
KETS - PREP BOOK
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smooth

Elastic

- - . w
Ciliated epithelium muscles fibersy -
with goblet cells : |
v == i = J
. Trachea i_ de— =T=" v ‘f———_..,'
. Bronchi Al RS s S W A
| Terminal Bronchiole | * | ——F— | ¢ o o
_Respiratory Bronchiole | < | ———— [ ¥ v o
_ Alveolar Duct e —————— | ¥ £
| Alveolar Sac % = e SRR =

Pulmonary L‘J
Arteriole l y

Transports

deoxygenated
blood from Pulmonary
the heart Venule

Carries Oxygen

towards the heart

Bronchus

Bronchiole

Capillaries
Alveol] ————————

Oxygen and Carben Dioxide
are exchanged here

Lungs
. They are closed sacs that are connected to the outside by the way of trachea and nostnls o
mouth.
& The right and left lungs are shghtly unequal in s1ze.
. Lungs are spongy because of presence of millions of alveoli.
& Lungs are placed in the chest cavity.
s Chest cavity is bounded by ribs and inter-costal muscles on the sides.
¥ The floor of the chest is called diaphragm. Diaphragm is a sheet of skeletal muscles.
N Lungs are covered by a double layered thin membranous sac called pleura.
POINT

Surfactant
. Mixture of lipoproteins secreted b . S
® Forms a layer over the surface of 1{1: [;:?jd; i?thﬂmm- :
* In premature infants, respiratory distress s ,:1 = "hf"' alveoli to reduce surface tension.

8 yidrome is common due to its deficiency. -
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Breathing is a process by which fresh air containing oxygen is pumped into the lungs and

' ' . [
air with more carbon dioxide 1s pumped out of lungs.
- It has both vcrI_untar}f and mmll:mFar}' control.
. It is a mechanical process consisting of two phases, inspiration and expiration.

During rest, normal breathing rate is 15-20 breaths/min in humans and it can increase to
30/min during exercise.
Phases of Breathing

Inspiration Expiration

Another Name Inhalation Exhalation
Basic Mechanism Passive expansion of lungs Passive contraction of lungs
| Active process involving muscle | Passive process involving elastic
Nature contraction recoil
Removal of air low in O2 and
Definition Taking in of air into the lungs high in CO; from lungs outside
body
Contracts Relaxes
Diaphragm Moves down Moves up
Becomes less dome-like Become more dome-like
Rib Muscles Contract Relax
Rib cage Moves upward, forward & Moves downward, inward&
outward backward
Overall Change in
g Increases Decreases
Volume
Changes in Pressure Decreases Increases
Air Moves Into lungs Out of lungs

PIHT i

Why h’m‘ ng !ﬂ ﬂ'flil'l children than adults? '
Air is drawn in Air forced out

o s

Ribs move
out

121
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PIGEMENITS

ot of diffusion.
® Gaseous exchange follows prll?C'Fl"f-"* :ti: artial pressure of gases.
a This exchange occurs due t0 dlfTLl’EIE:J: 5
Airways
Alveoli of lungs
nz ﬂ; 5
s at alvenks-capilisry
g rm—— Sametace
Imonary
ona
i:::r::-llatln Ouyges tamsport _I
)
IIII
Qm,—-t —
Systemic
circulation
CiDy e hdenge ':-:.-'HI d
?d:‘ My & URBYEE
e T *
=t Y~cellular
- E—{{I-Eip_lfiﬂﬁt;\uﬂ
.ll.-"'r .iﬂI'F* _____.--""'..
Transport of Oxygen _
. Most of the oxygen is transported through haemoglobin.
E A small proportion 1s transported through plasma in dissolved form.
L Haemoglobin acts as an efficient oxygen carricr.
At Lungs 1 | .
E Haemoglobin readily combines with oxygen to form bright red oxyhaemoglobin.
. Hb + 0>— HbO: _ -
= Maximum capacity of haemoglobin to carry oxygen is about 20ml/ 100ml of bloo
level. At this blood will be 100% saturated.
. Under normal conditions, blood of alveoli of lungs is not completely oxygenated. o
» At 115 mmHg oxygen tension, there is 19.6ml of 02/100ml of blood, where Hb 18 75
saturated. :
At Aerobic Tissue . *
*  Oxyhaemoglobin is unstable and splits into the normal purple red haemoglobi® =
oxygen in the condition of low oxygen concentration and low pressure. :

-
e

An enzyme, called carbonic anhydrase, present in RBC facilitates this activity.
. HbO. Carbonic Anhydrase » Hb+O

. Oxyhaemoglobin is unstable at pressure below 60 mmHg.

KETS - PREP BOOK
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Every 100ml of blood gives Sml O: to aerobic tissue,

Factors Affecting O2 Holding Capacity of Hemoglobin

1. Carbon Dioxide

When carbon dioxide pressure increases, the oxygen tension decreases, the capacity to

hold oxygen becomes less.
Increased carbon dioxide tension favours the greater liberation of oxygen from the blood

]
to the tissue.
2, Temperature
. Rise in temperature causes a decrease ip oxygen carrying capacity of blood.
. For example, in increased muscular activity.
3. pH . .
. With decrease in pH of blood, amount of oxygen bound to haemoglobin also declines.
. Decreased pH results from increase in hydrogen ions. Hydrogen ions combine with the

protein part of hemoglobin molecules causing a decrease in its ability to bind oxygen.

Transport of Carbon Dioxide
Carbon dioxide is more soluble than oxygen.
CO: produced in Cell — Dissolved in Tissue Fluid — Passes to Plasma of Blood

CO- is much more important than oxygen as a regulator of normal alveolar ventilation

(breathing).

Ways of Transport of COz2 1
207 Carboxyhemoglobin/ Carbaminohaemoglobin
[ 5% | Plasma proteins - 1
70% | Bicarbonate ions combined with sodium in plasma.
" Small Amount | By corpuseles combined with potassium

. C arbc::-.;yhacnmgJnhin_{‘arhumi:mhuuum;lubin is formed when carbon dioxide combines
with amino terminal of globin chains of haemoglobin.

Transport as Bicarbonate lons

At Aerobic Tissue

. CO,+H,0—=tmeame=s , H,CO,

o H:CO: — H™ + HCOy

At Lungs

. HCO3; + H" — H2COs

’ H,CO, —Subwic Ampdrse_, (), + H,0

Capacity of Blood for CO:

¢ Arterial blood contains about 50ml of CO»/100ml of blood.

. Venous blood contains 54ml of CO»'100ml of blood.

. Each 100ml of blood takes 4ml of carbon dioxide as it passes through the tissues and

gives 4ml of CO; as it passes through lungs.
POIHT; Q

Vhat hannens ta , s , : W
appens to Hb when CO binds With which parts of Hb, H . 0=, C U= ame

O combine?
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dioxide is loaded into the biood.

%

HCO,™* H* = H,CO, = CO,#+H,0 CO,+H,0 ~H,CO;~ H*+ HCO,"
Blcar- Carbonic Water Water Carbonic  Bicar-

bonate acid acid bonate
lon Plasma ion
, Plasma = it -
. e ‘;: ﬂ 48 g___ .
Red bleod ool ﬂ:‘; P Systermnic capillary
Pulmonary caplilary

Role of Respiratory Pigments
s Two respiratory pigments are importan mn
capacity of blood to about 75 times.

humans i.¢. haemoglobin and myoglobin.

. Hemoglobin increases oxXygen carrying

. Myoglobin is also called muscle haemoglobin.

- : . o1 i Tl S __:T..H‘.I:.;?:l' . i
s D s T Myoglobin

Location Muscles/Sarcoplasm
; . It transfers oxygen from
It transfers oxygen from lungs to . _
Oxygen Transfer | haemoglobin to aerobically
tissues through blood. o ;
respiring muscle cells. 3
k
Oxvgen Storage [t cannot store oxygen. [t can store oxygen. 5
It consists of four polypeptide It consists of one pﬂ!}'P'*F'“de
Structure chains each associated with an chain associated with an 110
iron containing haem group. containing haem stru:‘llll_ff_-_____..
Capacity for Oxygen More Less

Affinity with Oxygen Less More

()»: molecules Bound 4 ]

M

———
=TT
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In an adult human being, when the lungs are fully inflated the total muqu_c capacity of

.
lungs 1s about § litres.
Normally when we are at rest or asleep the exchange is only about half a litre. The vol il

L
air taken inside the lungs and expelled during exercise is about 3.5 litres. In other words, there
is a residual volume of 1.5 litres even during exercise which cannot be expelled

B Normally, at rest we nhale and exhale 15-20 times per minute During exercise the
breathing rate may nise to 30 times per minute. The increased rate and depth of breathing
during exercise allows more oxygen to dissolve n blood and supplied be to the active muscles.

M The extra carbon dioxide which the muscle puts into the blood 1s removed by deep and

fast breathing. There 1s hittle change in the composition of inhaled and exhaled air during
rest or exercise in most of the constituents of the air as seen in the followmng table

= Inhaled % Exhaled %

Oxvgen 21 16
Carbon dioxide ‘ 0.04 | o 4 _
" Water vapours I Variable  Satrated s
Fi' 79 -

Nitrogen -

Malignant umor mn lungs

Disease HReROHR 1 'hh:.r A\ N\ Breakdown of alveoli and show potentially
respiratory systein . Uﬂ"ﬂ“!!-li}’_f_f'“Th i
| Myveobacterium
1 tuherculosts (air-born : Smoking (90%)
Cause droplets) STIOKING Other pollutants
Malnutrition
- - — —

Poor living conditions |
e Smoke chemicals —

Weaken walls of alveol
e |lmitants — Smokers

cough — Bursting of Malignant tumor
weak alveol — | Local expansion by
- | Comtagious discase | -"‘fh-‘*"P'.l = “I:'*" T* ' invasion and
ogenesis i__ung damage | (Gasecous exchange — systemic by metastasis
- Cough & fever I; Hrtamiu_:s:inmﬂ and Occlusion of respiratory
exhaustion passage

"o Inflammation of

. bronchioles —

| : i .
Obstruction — T airway

| mmr————

o | resistance e
Chemotherapy &

g

Treatmeny | Modicinal A il Ql.;i_l-l-lng !-imukin-g. -
N lJ;. ! t‘dif]"ﬂ'ﬁ“tlhtﬂl‘tg | Hrun;‘h{ﬂlluhlf, A_H[lb]'u'{lus‘ ]‘m;lillw:' i

- 7
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Asthma | .
e Asthma is a serious respiratory disease associated with severe paroxysm of dige:

breathing, usually followed by a period of complete relief, with recurrence of attagy }

more or less frequent intervals. | | _
cold, humidity, pollution etc. which maﬂif!h

. It is an allergic reaction to pollen, spores, cold
itself by spasmodic contraction of small bronchiole tuhi.f:s. o
» Asthma results in the release of inflammatory chemicals such as histamines into g

circulatory system that cause severe contraction of the hrunciﬂle' T i
LPTAKE AND TRANSPORT OF MINERALS AND WATER
. The roots of a plant not only anchor the plant body in the soil, but also absorb minery 1

and water from the soil.

. There are three types of nutrients needed by the plants, carbon dioxide, water gpy
minerals besides light to carry out photosynthesis. -
® To get these materials, roots must provide large surface area for absorption, which j
achieved by extensive branching. 4
. The roots bear a dense cluster of tiny hair like structures which are extensions of
epidermal cells of roots. |
. These are the root hairs, which are in fact the sites where most of the uptake of water and
minerals takes place. ;
® Plants are able to synthesize all their required compounds, with the help of the minerals
and H:0 from soil, CO, from air, and light energy. p
v Most of the minerals enter the root hairs or epidermal cells of roots along with water in |

bulk flow, but some are taken in by diffusion, facilitated diffusion. or active transport.
Mineral Absorption by Roots
The minerals available to plants for absorption are dissolved in the soil water.

. Their concentration varies according to the fertility and the acidity of the soil. besides ;
other factors. ? ’
* When the soil minerals are not in solution but are, bound by ionic bonds to soil particles,

they are not available to plants.
Processes Involved in Absorption by Roots

s The uptake of minerals by root cells is a combination |
. . of passiv ¥ ;
involving the use of energy in the form of ATP. : " vk nd astive phoy
s The passive uptake involves diffusion. The minerals they also move down their

concentration gradient through plasmodesmata (symp] :

endodermis, pericycle and then to sap in xylem ceillg, plast pathway) to cells of cortex,
: From here t_hr:}f are Fulled up by transpiration pull to different parts of plant

The diffusion of ions along with water also takes place by mass ﬂ:;w along the

apoplast pathway. lons moving in the apopla
: P poplast ¢ :
caspanan strips prevent further progress. an only reach the endodermis, where

. To cross the endodermis, jons m '
‘ mis, 5 must pass by diffusj
endodermis cells, entering their cytoplasm, and possibl IE? iy
reach the xylem cells, S
. Diffusi ' :
Iltusion of ions can also take the vacuolar pathway where the ions move along their

concentration gradient through the cell
membranes,
membrane of vacuoles), and reach the dead xylem cells Cytoplasm, and tonoplast (the

KETS - PREF BOOK ——
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5 Most of ions are taken up by the roots by the process of active transport.

F By this |nn;thn1d plants can take a mineral that is in higher concentration inside the root

cells than in the soil solution.
In this process molecules and ions move from their low concentration to their higher

[
concentration (i.e. against the concentration gradient), through cell membrane, by the use
of energy in the form of ATP. ~
. Active transport is selective and is dependent on respiration. Some ions move by passive

as well as by active transport.
N Some nutrients are carried from the soil to the epidermal cells of roots through their cell
membrane by facilitated diffusion.
In this type of diffusion, carrier molecules within the cell membrane transport nutrients

across the membrane.
These carrier molecules are proteins which are present within cell membrane of

epidermal and other root cells.
UPTAKE OF WATER BY ROOIS
There are three types of hutrients needed by plants, carbon dioxide, water and minerals

besides light to carry out photosynthesis.
Root hairs arc dense cluster of tiny hair like structure which is extensions of epidermal

cells of roots.
e 67 % of the total surface area of the roots is provided by the root hair.

of the uptake of water and minerals take place.

. These are the sites where most
form rather bound by ionic bond to soil

. When the soil minerals are not in the solution
particles, they are nol available to plants.
The rate of absorption ol individual nuner
water molecules 15 determined by:

(i) Concentration both inside and outside of the root cells.

(i)  The ease with which it can passively penetrate cell membrane.

(iii)  Extentto which carrier molecules and active absorption 1s involved.

Processes Involved in A hsorption by Roots
ation in root cells can qlso be taken in (against the

al which is independent of rate of absorption of

. Minerals with higher concentr
concentration gradient).

. It utilizes energy in the form of ATP.

. Such type of diffusion that occurs through carrier proteins is called facilitated diffusion.

Uptake of Water by Roots

. Movement of water molecules trom a region of higher water potential to a region of
lower water potential through a partially permeable membrane is called osmosis.

. Movement of water molecules by osmosis into a cell is called endosmosis.

2 Movement of water molecules by osmosis outside a cell is called exosmosis.

. Three pathways arc commonly involved in transport of water and minerals i.e. apoplast,

symplast and vacuolar pathway.

Apoplast Pathway
5 throughout the plant roots.

= This involves system of adjacent cell walls which is continuous

. In the roots, apoplast pathway becomes discontinuous in the endodermis due to the
presence of casparian strips.

Y Apoplast pathway is of greatest importance for both water and solute transport.
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Symplast Pathway

L . , i

z Symplast pathway is the system of interconnected protoplasts in the root cells. %
Cytoplasms of neighboring cells (protoplast) are connected with one anothe,
plasmodesmata (cytoplasmic strands that extend through pores in adjacent cell wallg) o

Vacuolar Pathway ;

* In this pathway, water move passively down the concentration gradient from vacygj,

vacuole, .

Life Process in Animals and

¥ 0.1
‘ ‘-.' i e it
ol Ut N ' B
soll yood Xylem
pedlicles Root ‘ t:nlt#:ﬁ"." Pericycia e
hair Eoibd Endodermis

Water molecules possess kinetic energy which means that in liquid or gaseous form, they
move about rapidly and randomly from one place to another. So, greater the
concentration of the water molecules in a system the greater is the total kinetic energy of

water molecules. This is called water potential (‘¥'w).

Factors effecting water potential:

In plant cells two factors determine water potential.

Solute concentration (Osmotic or solute potential = ¥s)
Pressure generated when water enters and inflates plant cells (Pressure potential = ‘Pp).

Pure water has maximum water potential which by definition is zero. Water moves

from a region of higher ¥w to lower ¥'w,
All solutions have lower Ww than pure water and so have negative value of ¥w (al

atmospheric pressure and at a defined temperature).

Osmosis:

Osmosis can be defined as:
“The movement of water molecules from a region of higher wat

lower water potential through a partially permeable membrane™.
—

2r potential to a region of

KETS - PREP BOOK
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ﬂsmnlic (Solute) Potential ='¥'s —

The osmotic (solute) potential ¥s is a measure of the change in water potenti
system due to the presence of solute molecules. ¥s is always ﬂtg:: 1 Em:: ¥Yw) of a
ive. More solute

molecules present, lower (more negative) is the ¥'s.

ure potential (¥'s)
greater than atmospheric pressure is applied to pure water or a solution, its
n, 1

| increas ' ‘ |
es. It is equivalent to pumping water from one place to another

Press

If pressure

water potentia
Such a situation may arise in living systems.
plant cells by osmosis pressure may be built up inside the cell making

When water enters
the pressure potential. Thus the total water potential is sum

the cell turgid and increasing

of W's and ¥'p.

¥w
water potential
If we use the term
systems can bhe measur
r from

Vs + ¥p
solute potential Pressure potential
water potential, the tendency for water to move between any twWo
ed: not just from cell to cell in a plant but also from soil to root
soil to air. The stecper the potential gradient the faster is the flow

from leaf to 31T O

of water along it.
uld help understand the concept of water potential. Two

The following example wo
d cells are shown with'F'w. ‘Pp and '¥'s.

adjacent vacuolate

lved minerals towards the leaves through the xylem

ng upward of water and disso

nt of sap.
cohesion tension theo

. Pulli
fssue 1s called asce

hrough ry, root pressure and imbibition.

. It is explained 1
Cohesion Tension Theory
. It was proposed by Dix

. According to this theory.
is the attraction among W

011,
uptake of water dep
ater molecule

on and tension.

ends upon cohesi
rming a solid chain like

[H-hﬂnd} fo

. Cohesion
column within the xylem tubes.
. Tension 15 provided when water chain is pulled up in the xylem. Transpiration provides
the necessary energy of force. This xylem tension 15 Srong enough to pull water up 10
200 meters in plants.
’ Adhesion develops between water molecules and cell wall of xylem cells. The
ecessary adhesion 0 water molecules that helps wateT

[l provides n
at of cell wall €s

d have hig

pecially has great 211 '

composition of cell wa
h tensile stren

creep up. The cellulosic compone
lem walls shoul

. It is essential that the XY
cellulose provides strength to cell wall of xylem vessels. bei recorded
» Large quantities of water are carried at relatively high speed, UP to 8m/b berBE
: lants at 1m/h.
in other plan e/, which 15 used bY

in tall trees, and cﬂnm'lﬂﬂl}f
he leaves 18 granspired. except about i

. The total water pulled up in't
esis.

plants in various activities including photosynth
/’/-E
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Cohesion and adhesion
create tension within
xylem that helps move
water upward.

cohesion

adhesion

Root Pressure
solutes from root cells jpy,

. A pressure created by

xylem sap, which lowers the water potenti
200 K Pa (exceptionally 800 KPa) is generated by root pressure,
ough water secreting glands o

active secretion of salts and other
al of the xylem sap is called root pressure.

A pressure of 100
Guttation or exudation is a loss of liquid water th

hydathodes.

. It is caused by root pressure in small plants like grasses. It is more notable whey
transpiration is suppressed, and the relative humidity is high at night.

Imbibition

= It was first proposed by Sacks.

. The cell walls compenénis especially cellulose, pectin and lignin can take up water and
as a result increase in volume: but the components do not dissolve in water, this is called
imbibition.

s The root cell walls imbibe water from the soil, and this water moves by apoplast
pathway.

. It is a reversible process.

Bleeding

4 Flow of sap from cut ends or surfaces is called bleeding.

B It is mostly seen in land plants in spring.

. Although the flow of sap is ordinarily slow, a considerable quantity of the sap within

period of 24 hours comes out of the plant, e.g. In some palms when tapped, there may be

a flow of sap to the extent of 10-15 L/day.
 two factors 1.e. hvdrostatic pressure and root pressure.

FRANSPIRATION AND FACTORS AFFECTING LT
evaporation of water from aerial parts of plant especially through stomata of leaves

It 1s created b

. The

is called transpiration.
As a leaf transpires the water potential of its mesophyll cells drop. This drop causes walel

[ ]
to move by osmosis from the xylem cells into dehydrating mesophyll cells.

« The water molecules leaving the xylem are attracted to other water molecules in the same
xylem tube by hydrogen bonds. Therefore, when a water molecule moves up the xylem
the process continues all the way till the root, where water is pulled from the xylem cells

o This pull causes water to move down its concentration gradient transversely from the
epidermis to the cortex by endosmosis and to Pericycle. This pulling force 1S od
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; tr,mpiratinn pull and is so strong that it also red ) %
| gpidu:rrnai cells. uces the water potential of root
| Thus water in the soil moves from its higher potential to .

’ epidermis of ro0! by osmosis. a lower water potential of

Stomatal

Lenticular
Component Cuticle Lenticel Stomala
Aerating pores formed
resent on upper & lower : b :
F; 1mn' ﬂF:p coeable s from bark from cork, 1n Guard cell.
ermis, impermeable :
Structure epidermis, IIP=F. : stem of some plants, dumbbell
water. water lost from thin o
externally scars or shaped.
S protrusions
%eage 5-T% 1-2% 90%
Factors Effecting Rate of Transpiration
Light o |
of stomata is directly controlled by the light.

The opening and closing
Temperature

. Rate of transpiration do
* Stomata close at very hi
CO; Concentration
[ ow concentration of carbon dioxide stimu

Humidity and Vapor Pressurc
Transpiration INCreases with

ubles at every rise of 10°C 1n temperature.
gh temperature i.e. 40 -45°C.

lates the stomata 10 open.

increase in dryness of the atmosphere.

Wind
Air in motion Increase
Ay ﬂhhi!it}- of Soil Water
If little water 1s availa

s the rate of transpiration

ble to be transported little will lose in the form of transpiranion.
: in s JUCTOSE 1S
The pathway taken by sucrose is symplast in most cases, but in some apoplast. Su¢ "
actively transported to the sieve elements. f
X In the storage sinks ¢.g. Sugar beet, root and sugarcane stefm, sucTuse

spoplast prior 1 entering symplast of the sink.
KETSY iR
- FREF BOOK
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The phloem constitutes the inner bark.

. The cells of phloem that conduct or transport sugars andiorganic matenal throughout
plant are called sieve elements.

- Transport or translocation occurs from the arca of supply (sources) 1o area of metabolism
or storage called sinks.

s In biennials e.g. root of beet is a sink in first growing sc¢ason but becomes source in the

next growing season, when sugars are utithized in growth of new shoots

& The movement in phloem 1s from source to sink i most of the plant dunng acve
photosynthesis. |

Pressure Flow Theory

« The theory called pressure flow theory 1s the most acceptable theory for the [r.msmrli'
the phloem of angiosperms.

. A hypothesis was first proposed by Ernst Munch in 1930, It states that the flow ‘

solution in the sieve elements is driven by an osmotically generated pressure grndl‘_f}
between source and sink. '

The circulatory system of humans has the same 3 basic components.
(i) Circulating fluid: The blood
(li)  The pumping organ: The heart
(i)  The blood vessels: Arteries, capillaries and veins
Blood
B Blood is the form of fluid connective tissue in which dissolved nutrients, mP'M;
gases, hormones, and wastes are transported through the body. ’

&l =
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(he W eight of blood in our body is about /]2
. The normal pH of blood is 7.4,

. made up of two main components i.e. plasma - :
[t 1s M P BlOD[f and cells or cell like bodies.

EEE——

of our body.

Plasma sl
{55|%} (45%)
Dissolved HBITI___I
";’3;? Substances WBCs Platelets
10%
Proteins Others
7-9% 2.3%

Plasma
[porganic or Mineral Ions

Inorganic ions and salts make up 0.9%of the plasma by weight. More than 2/3 of this
amount 15 sodium chlonde.

plasma Proteins
Most of the plasma proteins are synthesized in liver. Some of the globulins

(immunoglobulins) are produced by lymphocytes and released in plasma or lymph in

response to antigen.

. Thrombin acts as a catalyst in blood clotting process.

" Fibrinogen takes part in blood clotting process.

. Immunoglobulins playv important role in body’s defense against disease.

Organic Nutrients

v Organic nutrients include glucose, fats, phospholipids, amino acids and lactic acid.
. Some of them enter blood from intestine (During absorption).

. Lactic acid is produced in muscles as a result of glycolysis and is transported by blood to

liver.
. Cholesterol is cither metabolized or used as precursor of steroid hormones.
Others
: Nitrogenous wastes are produced as a result of cellular metabolism. These products are

carried from the liver where they are produced, to the organs ﬁ'ﬂfm where they are
| removed i.e. kidneys. Urea and small amounts of uric acid are present in plasma.

Hormones and gases are also found in plasma.

tk R — i
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U ey ol Wl (€ iy
Foatury

L N Ervtioeytes Leucocytes Thrombocytes
4 nlow Rl Colorless Colorless
o |ver & spleen (embryonie S
hie)
. Red bone marrow
B matio \ G i e Red bone m
on o Red bone marrow ol &lymphatic tissue arrow
stermum, nibs, vertebrae
| r kldll][llh'l _ —
Nigy N [arger than RBC Smaller than RBC
i e , ic Plate like
Nhape | Biconcave Polymorphic
& \ h * .. a = . I e
. . BEE ale
un: U et | million mm (ma ¢) 2000-8000/mm’ 250,000/mm’
_wmm’ of bloed | 44 5 nulhon mm (female)
' No nucleus,
Flastic cell membrane, no membrane
Nreciure nucleus, 95% Hb, 3% Nucleus bounded .
cnsvmes, salts, protemns Cytoplasmic
fragments of cells
Lite xbdn 4 months (120 days) Variable .
Fenotron Transport of gases [mnmunity Blood clotting

!
i

i

|l
T
"‘éx E 1

My, I-l"‘.-

Neutrophil Eosinophil Basophil
Y
Ane &
[
Erythrocyte Platelets
Fet Bavad _
. These ze most numerous of the cells in the blood. | i
. e c2lis when formed have nucleus, but it is lost before they enter the circulatory
o Tl
. The red blood cells once mature do not divide. 7@
% nne Biowd Cells PO’NT

There are five different types of WBCs which
cass e destanguished on the basis of the shape of Enlist organelles presen
st mucheous and density of granules in the

¢ in RBL?

-

. Ty

s

i e A
: '?i.ﬂ be grouped INto tWo main types, granulocytes and agranulocytes.
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Pigledars

Functions of Blood
Maintenance of Osmotic Balance

(1)

. Plasma proteins maintain colloid osmotic pressure of blood.

. 75% role is played by albumins; 25% by globulins and almost none by fibnnogen.
(ii)  Transportation

. Blood helps to transport nutnients, water, salts and waste products

. Hormones are transported by blood from the endocrine tissues to the target cells.
B Gases (02 and COz) are transported by blood.

(iili) Homeostasis
Blood acts as a buffer to maintain the acid base balance i.e. concentration of H™ and OH

«
1ons in the body.

B Blood helps in maintaining the body temperature, concentration of water and salts. thus
helps in homeostasis.

» Blood helps the body in maintaining the internal environment, by producing heparin,

histamine and also by maintaining the amounts of chemicals.

(iv)  Defense/ Immunity

Blood helps in body defenses against disease. Neutrophils and monocytes engulf and
destroy invading microorganisms e.g. bacteria.

Blood provides immunity by the lymphocytes. PC NT7Q
Blood produces interferons and antitoxins which are
profeins and protect our body from nucleic acids and

Warins of invading organmsms.

]
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(v)  Blood Cletting
It helps in blood clotting process and seals the wounds that stop entry of pathogens mnto

the body.
(vij Exchange of Materials
Walls of capillaries help in exchange of materials between blood and body tissue through

blood capillanies via interstitial fluid.

‘]f! uction _

The human heart is located in the chest cavity between lungs slightly left of the sternum.

[

[

o The heart contracts automatically with rhythmicity, under the control of the autonomic
pnervous system.

Pericardium

. The heart is enclosed in a double ?@
membranous sac — the pericardial cavity, .
which contains the pencardial fluid Cast You name the aricrics arising from

B Pericardium protects the heart, prevents [ % arch of sorta?

it from over extension. .
. Pericardial fluid reduces fmctuon dunng contraction.
Heart Walls
The wall of the heart 1s composed of three lavers: Epicardium, Myocardium and Endocardium.

L
. Epicardium is a thin serous membrang

Myocardium of heart is made up of special tvpe of muscles, the cardiac muscles. Their
arrangement and mechanism of contraction 1s essentially same as skeletal muscles except
that thev are branched cells. Successive cells are separated by junctions called

intercalated discs.
Endocardium consists of simple squamous epithelium over a layer of connective tissue.

L

Heart Chambers

. There are four chambers of heart: two upper thin walled ama and two lower thick
walled ventricles.

2 Right atrium receives deoxvgenated blood from superior and inferior vena cava and the
coronary sinus. The left atrium receives the oxygenated blood from four pulmonary
VeIns.

’ Atria pump blood to ventricles. Atria open into the ventricles through atrioventricular
apertures,

[ ] = .
ngfll. ventricle pumps deoxygenated blood to lungs through pulmonary arteries while left

. ;lf_-'nmc:lf pumps blood to all organs except lungs through aorta.
H gt side of the heart is concerned with deoxygenated blood and left side with

CIFEEmtﬂd blood.

ompl - :
m.up :':_ sEpaman of deoxygenated and oxygenated blood is maintained by formation
Pta (interatrial and interventricular).

e
e 137
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\Mta are separated from each other by interatrial septum and ventricles
nterventricular septum. ;

The wall of left ventricle is thicker (3 times) than that of right ventricle.
Heart Valves

z Tricuspid or the Right AV valve (3 flaps) is present between right atrium ang righ |
ventricle, |
*  Bicuspid valve/ Left AV valve/ Mitral valye (2 flaps) is present between left atriu g,
left ventricle. |
E These flaps are attached with fibrous cords called chordae tendinae, to the Papillary

muscles which are extensions of the wall of the ventricles. Papillary muscles congp,
when the ventricles contract and prevent the valves from opening into the atria by Pulling 1
on the chordaetendinae attached to the valve cusps. '

. Semilunar valves are present at base of aorta and pulmonary trunk. Each valve consig;
of three pockets like semilunar cusps.

| PDEHT

Why gap jyﬁ;_tiﬁi’q@i‘g;pfgsent in heart

Byt e

Supenod Vena i!'_.ﬂ-..-i..--.-h,t"L Arteries

Agrta
s r— =

B Mg LR "\._
Superior Node - ;

= T ~pulmaonary Artery

‘\\'hl-ﬂ'l.ur'q

P Mgt L. 4-;"?‘-: g, ge—Fresrm | Loy

]
e

-
i .I.' >
Pulmonary Veins - S Pulmanary Veins

A‘I:nn'.-'en'lrll‘:ul&f,t - h : 1 Left Atrium
= pitral (Bicuipid]

Right Atriu okl
Tricuspadd Val Left Ventricke
Right Yentricle Purkinje Fibers

Seplum

Inferior Wena Ca AOrTa

'.’.'..T..{:«"

Blood Circulation Through Heart _ 1

. Heart functions as a double pump and is responsible for pulmonary and system
circulation.

Pulmonary Circulation

Deoxygenated Blood _ 1 .
Vena cavae (Deoxygenated Blood) — Right Atrium — Right Ventricle — Pulmonary

Trunk — Right and Left Pulmonary Arteries — Lungs

Oxygenated Blood _ T
Lungs — Pulmonary Veins (Oxygenated Blood) — Left Atrium — Left Ventricle
Systemic /Aortic Circulation __#;

1
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supply blood 10

pranches arise I'rnml arch of aorta that supply blood to head, shoulders and arms
descends down in “.": chest cavity, It gives many branches to the chest wall.
inal region, it supplies to different parts of alimentary canal, kidneys and hlswur

rhree
.i-l.“:. ;“'Iﬂq'.l.
In ii[‘u,!l'llﬂ]
OIS o b
At the end of abdomen, aorta bi urmlr:,a. into iliac arteries which supply blood to legs.

s“ perior vena cava collects blood from head, shoulder and arms, while inferior vena

ava from all other parts.
C

Jugular vein
(also subclavian
vein from arms)

Carotid artery
(also subclavian
artery to arms)

Pulmonary artery
Superior vena cava

Inferior vena cava

Hepatic vein —pyeg f 4A—Mesenteric arteries
Hepatic portal vein

Renal vein

[liac vein lliac artery
4
X
"'—j
2
Trunk and legs
The Cardiac Cycle - Jetion of one heartbeat.
It is the sequence of events which take place during the comp _ M
sequence o (rial systole, ventricular systole an

‘n'"mluur.

e

~ : ot 1.6 a :
Heart beat involves three distinct Stages S ontraction is called systole.

Relaxed period of heart chambers 18 called and lasts for about 0.8
One complete heartbeat consists of one 8

seconds.

ystole and one diastole

- i ing.
11 es, without Stopp
In one’s life, heart contracts about 2.5 billion tim

Turr r L E
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_ Valves  Evealsin Al
o AV valves e Atria relaxed [qux}*gﬁﬂﬂwd '
open | Deoxygenated | blood enters right
i » SL valves blood enters ycnlriﬂlﬂ through |
| Diastol | closed right atrium by right atrium ! 0.4 g,
| . 1 0 Eﬁ | vena cava . Oxj’gﬂnﬂwd blood |'
. (Relaxation) | |
i ) . . {)?‘}'Ecnawdl left enters lefi venil_'ulr: |
| | blood ctr:ter-‘s through left atrium. |
| atumby - o
| nary veins | ———— ed 7
| ‘ —— ul—@%fﬁ} Vﬂn[ncfr.?s are reiiﬂ}imm i| Ve
Muscles ot 4 and receive bloo | A C
| Atrial o AVvalvesopen | .. iract and pump : |
Systol SL valves closed veptricles | 8ifi8- __————2" """ | -
& ystole E v o blood to VEMI===—"""5 »th ventricles |
- - i T I . tl‘HCt i
| o AV valves con ;. .
close (LUBB | . Left ventricle ; |
I sound) pumps {I]x:_.e'gi.‘nattt? .
o SL valves blood viaaoriato 1 3
b 2 open at the Atria are relaxed [ 4] parts of bﬂd}" secapprox.
Ventricular beginning during this phase | Right ventricle
' systole e SL valves | pUMpS
close at the de.:._-.;ygenﬂlﬁd blood
end ot ' UV Y0 lungs via
systole(DUB | pulmonary artenes
B sound) —_—

Adtrial systole:
ventricular
diastole

Ventricular
svstole;
atrial diastole

—
valves
closed

Semilunar
valves

open
Semilunar

k o Atrial and
l ventricular
diastole
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L on
fleartbeat starts when the SINO-atrial node ;
cends out elect rical impulses 1o the atrig) mu‘“;“Mak;-.-
. SCles, thus ¢

' ¢

it
the upper end of right atrjym)

. simo-atrial node congjge , s .
he ts of smal| “”mh;;r GF 4 :"ill'l.l-’,' hlllh alna 1n Conteact

sessing few myofibnils and fe
i oV ..f ! . : t I'L"l-'l" “{'."r"n"ﬂ ﬂ”f“n s fi Eﬂ[(;{l {-'Hf('.!}.a‘ rh
has been developed from sinus venggye E8 1rom the autongm b s « libres,
impulses from the SA node Ous system. [t
ventricular node (AV),

There 1s a delay of approximately (.| 5

S o St L seconds in o :
node, Iu:llnnln;g ulrl.l.r| systole 1o e Completed h:lf:;;"d“‘-lalncc from the 5. A node 1o A-V
Iﬂ?t? g: f'll?t:il'f 1;1 bundle Of muscle fibers pro ‘:ru,"mulﬂr Systole begins,
excitable . L . N e mterventrieylar SEPLUm 1o the Pagate Fh“ regulatory impulses via
I'n‘-l,;:,tlll-'-'lki:l‘ 1S w.wp-.umhl::_ for inilia:mg the ilnpulw: m}’hﬁcard!mn of the ventricles.
;’aN.h =3 SA Node -+ Atrigl Musculature + Ay ‘*ulnd Which trigger the heartbeat rate.
AV Node — Bundle of His — Right an "ode (Inter-nodal fibers)

Ventricular Musculature Lt Bundie Branches — Purkinje Fibers

avel 1o th
E v
musculatyre of the alnum and |
O atro-

ation Upper end of night ; : -
Loc | eht atrium | Junction of nght atrium and nght
el puet | ventnicle
o [lfusely oriented cardiac fibers | 5 Diffusel oriens |
Structure e Few myofibrils |;l usely onented cardiac fibers |
: Y et : *Few myofibnls
o  Foew nerve L.Hdll'll_{h from dutonomie o Few'n \ n:. .
i - s | Lﬂl:' |:T| In L
1 NCTYOUS System  .w f | d | . autonomig g_*. s
; electrical Impulses i
Function et It acts as re -
o 2 clay and trans e Al o
* It sends impulses to the atrial impulses to wall of v Hﬁ? -
muscles and LdllsEs !]'II;._'H] O contract - venincies '
Direction ' S.A node —» Wall of atria — delay of | AV node — Bundle of His —

ofimpulse | 0.15 sec —+ AV node

Bundle branches — Purkinje fibers
_— Wall of Ventricles

—_—

Atrioventricular
(AV) node
Sinoatrial
(SA) node \
,
Bundle of His
Left
bundle
branch
anterior
division
Right bund Left posterior
Purkinje fibres
h""""—n-...__
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Flectrocardiogram
‘ As the cardiac impulses pass through heart, these also spread into surro i
Electrodes are placed on opposite sides of the heart and electncal potentials ge. .

these currents can be recorded.

° This recording is called electrocardiogram which is taken by ECG machine.

. It helps to diagnose the abnormalities in the rhythmicity and conduction sy“ﬂnf
heart. b

. In an ECG:

(i) P wave represents atrial contraction.

(ii) QRS complex represents ventricular contraction.

(i) T wm'e rcpre:aents ventricular relaxation.

POINT7Q

t o R s
#' HnwECGcanheumj as diag
:,'“—: Atral quwmnm L gt
S o T
1 . OINTIC
z Q S0 you know about artil.
S ' g maker?

0 02 04 06 08

Time (5)
BLOOD VESSELS
Blood vessels are involved in the transportation of circulatory fluid(blood). They &

.|

three types of blood vessels i.e. Arteries, V CIns and Capillanes £ ,_'
Feature Arteries " Veins Capillaries
j Direction of They transport blood !huy ml.]m:t blood _ _ , “
' Blood Flow away from heart to TORLYARON pltts l.}t They link anene
| | various parts of body | body and transport it | - veins
e | towards h:L.EI.H |
| All carry oxygenated All carry 1.
| Type of Blood | blood €xcept pulmonary | - deoxygenated blood ! ' They ha muxed
! arteries except pulmonary | -ty
N— ._..____r_ﬁ.'__ ————y H:mz-. !
'. » T e - . e — -
Structure . U:_,.:: l:ym = T'hnﬂ: layers ' Only one cell tuck
S unnmwe
— [* Outer:C ‘onnective | v:ndulht'h“m/
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Capillaries

. In hiver, every coll i diget comact with capnliary

’ The diarmcter of a capnllary can be altcred fry serviss WaSmCEve. whach tends o chose
thern and by chemicals, such as nistasmme, which dekise Guem.

" The change 11 diameter 15 brought ahout by change m skape of celis

. The pre-cagnllary sphincters also regulate the arovmat o Diond fewmg = capiiene

! Exchange of materials between blood and cells DT throngh wits exrracliviar fud B

"""«-l-m

involves dif fusion, active transpon and endocyums.
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Adlvenititis

AIr b,

S

t arca against the walls of

Blood Pressure
“It 15 the measure of force with which blood pusnes up per

blood wvessels™,

It is measured in mmHg
It is the force that keeps blood flowing from the hean to all the capillary networks in the
body.

les. This 1s called systolic

The blood pressure 1s generated by the contraction of ventric

»
pressure.

* When the ventricles relax, the atnial pressure 1s lowest and s called diastolic pressure.

. Blood pressure consistently decreases in the lollowing pathway
Aorta — Arteries — Capillaries —Veins — Vena cava

E The normal systolic blood pressure 15 120 mm Hg which 1s duning ventricular systole

& The normal diastolic blood pressure 1s 75-85 mm Hg which i1s during diastole of e
heart.

Rate of Blood Flow

* The rate of blood flow tends to fall as the blood moves through the branching artenes ant
arterioles, the rate is lowest in the capillanes; and increases again in the venules 208
velns. .

» These charges in rate of blood flow result from changes in the total cross sectional area ol
the vessel system. The flow of blood in veins is maintained by the contraction e
surrounding muscles and the action of semilunar valves which prevent back flow
blood.
Muscular activity including breathing movements helps normal flow of blood the bicod vessé!
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This system 1s responsidic for the transport and returning of material i -
. D hady o the blood Uinoum the Dixsues
- It comprises of hvmph capillanes, dvmph vessels, bmphord masses, hph nodes, and

lvmph.

Components of Ly mphatic System
Lymph

Lymph is the flurd which flows in the svstem

The lymph vessels conpty in vems; so lvmph s a flurd i ransit hetween wterstinal Mnd
and the blood.

The intercellular spaces i the walls of hymph vessels are larger than those of the
capillanes of blood vascular svstem

In an average person, about three liters more fluid leaves the hlood caprllanes that are re-
absorbed by them cach dan

After a fatty meal. the fat globules may make up 1%e of the lvmph,

145
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branches of lvmph capillaries inside villi of intestine,

Lymph Vessels

. Lacteals are the

¢ Lymph capillaries are blind ended structures.

. Largest lymph vessel is thoracic duct.

. Lvmph vessels which carry lymph towards l[ymph nodes are called afferepg Ir.“
vessels. : _ |

. Lymph vessels which carry Iymph away from lvmph nodes are called efferent In."
vessels.

Lyvmph Nodes

. These are masses of connective tissue where lymphocytes are present are called Iymp
nodes. _ 1

. Lymph nodes are present in neck region. axilla and groin of humans.

- Several afferent lvmph vessels enter a lymph node, which 1s drained by single effers |
lymph vessel. |
) ] _ . |

. Lymph nodes act as filter for lymph as do spleen for blood. |

Flow of Lyvmph 4

. Direction of flow of lvmph is:
Lymph Capillaries — Smaller Lymph Vessels — Larger Lymph Vessels — Thoraci
Duct — Subclavian Vein

- The flow of lvmph 1s maintained by:

(i) Activity of skeletal muscles

(ii) Movement of viscera

(iii)  Breathing movements

(iv)  Semilunar valves thatprevent backward flow
Functions of Lymphatic System

. Return of excess extracellular fluid and proteins to the blood.

= Absorption of large fat globules by lacteals of villi.

. Play important role in the defense system of the body. Lymphocytes and macrophage
ies-ent inside Ivmih nodes kill bactena and viruses, I

Immunity

. The capacity to recogmze the intrusion of any material foreign to the body and ¥

mobilize cells and cell products to help remove the particular sort of foreign material with
greater speed and effectiveness is called immunity

. There are three defense lines of our body: -

(i) First defense line 1s provided by physical and chemical barriers.

(ii)  Second defense line by phagocytes.

(iii)  Third defense line by the immune system.

. First and second defense lines are non-specific while 3™ defense line 1s specific.
. Skin, mucous membrane and blood clot are physical barriers.

* HC1 and lysozyme are examples of chemical barriers.

o Phagocytes and lymphocytes are example of cellular/ biological barriers.

Components of Immune System
. Immune system forms 3™ defense line of our body.

* It is denved from mesoderm. #-‘;
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(i)
(i)

(iv)

(i)
(ii)

Antibodies ufactured by E-l}mﬂhﬂfﬁﬁ'

e

, main components i.e. lymphocytes an

jt has Wi d anllbﬁd]ﬂ

‘ nogen is a foreign subst
en OF |I1"_““ B slance, often a : .

?::ﬁnnn of antibodies. Protein which stimulates (he
e

1e8
ﬂ;mhlmﬂfg are _examplﬂs of agranulocytes and belong to WR(
Hf”" are two major types of !ymphucytcs e. T&R Iymphﬂﬂy[,:;
: |.,rmp|1“f}'m5 ha?'e been gi‘ven name due to thejr relatinnshq-: with th
'rh‘-:ﬂ’ us has role !ngturatlnn of T-lymphocytes and makes ther ~thymus glland:a
-;_“;IPEIEHL T-cells onginate fT{'IITI stem cells in bone marrgw. After 'mr:'mnﬂ!ngmal!y
Eﬂ-ﬂﬂl‘r'“‘?"t' the newly forming T-cells migrate 1o thymus gland ﬂ]:ary embryonic
ymphocytes are further divided into following categories: processing. T-
y -lymphocytes recognize the antigen and

jper T-lymphoc, , Een and inform other cells E .
g:r:aical substances (cytokines). vy relcasing specific
Suppressor T-lymphocytes are imvolved in controlling immune response,
vtotosic T-lymphocytes are involved in direct killing or destroying of antigens. For

destruction, they usually depend upon l}.ws_nsnmes and peroxisomes.

Memory T-lymphocytes keep information/ memory of the antigen to protect body for
pext attack by same antigen. |

B-lvmphocytes have been given name due to their 1* discovery from Bursa of Fabricius,
u.-h;ch is a lymphoid tissue in birds around cloaca. In humans, these are produced and
released in mature form from bone marrow. After stimulation by antigen, they are
activated and start dividing and form:

Plasma cells clone which synthesize and secrete antibodies in plasma and other body fluids.
Memory B-cells which keep information/ memory of antigen encountered.

memory T-cells
E T- ?r--._lphncrlﬂ —L—r— cytotoxic m

e T-cells
Pl ™

lymphocyte helper T-cells suppressor T-cells
pre:ursurE- |'H
i g0 husmeral ;
plasma cells —» Igo immunity

[M;rlmtn TN ot

memory B-cells IgA

prmcin:n man

‘inﬁ ’ $ 5 ilr: 1]{]'311[3]'
bodies/ Immunoglobulins & they circulate freely.

then secreted into the lymph and blood where
These are Y shaped molecules and possess
Iiu:ternary structure.

. : N : . ant ree1on
Lriﬂ_h antibody consists of four P(’lfpﬂﬂudf What is function of “-”_‘“‘"'! regl
chaing: two heavy chains and (WO light of antibody?

chaing )

Lﬂc.h chain has a constant region and variable
Tegion,

| T within 2
E]h:’mhm region, the amino acid sequence 15 constant

""luux

Scanned with CamScanner



Topic-10 Life Process in Animals and H"h
Therer% !

* Variable segment consists of different amino acid sequence in uv;rg_anﬂl'_md}r,
they act as antigen binding sites. Each antibody has two antigen binding sites,

Modes of Action of Antibodies 20INT

What do you know about differ,,
types of antibodies?

Types of Immunity
There are two basic types of immunity: inborn or innate immunity and acquired of
adaptive immunity.

Innate Immunity
E The ability of the innate immunity to kill microorganisms is not specific.

B First and second lines of defense are part of innate immunity.
Acquired Immunity
. H?ghty specific protection is provided by innate immunity, but it takes several days W
this system to become fully functional.
. Th-;r-: are hv:::r types of acquired immune responses i.e. cell-mediated responsé e
antibody-mediated or humoral immune response.
e
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7-cells recognize antigen and thep P

- tion of foreign transplanted tissye if i ‘isrni 0o
n

. rﬂi.dil”d response. ] mau;: als
> Ils recognize antigen and form I ¢d. This 18 called
: F:;ﬂ,'f antibodies into the blood p]la:;aaﬁsﬂ clone, e cell
! {en ; tis a cell .
qurfaces of b?;':n 4:1" ﬂii;pcm P their phag .?:Esnu d. Here m'bod:issy:tt?;ue g
for "Lm:JJIH { # Produces by micmurganilsmsm'?}:nh-b"diﬂﬂ behave ag anti;g t:
respon>® - TS IS called humgpg) |
| Mmunpe
>
-~ v

I:‘p“ of Acquired Immunity

There are two types of acquired immunity:

g pcive Inmunity
" Immunity .o infections of tetanus,
‘ .Th': method of passive immunization is used to combat active in
,  IMectious hepatitis, rabies, snakebite venom etc. P
¢se are further divided into natural and artificial 1
E‘h\‘“ 149
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Life Process in Animals and Plant,
_ﬂ%

Immunity

Feature & ngdes . .
| itur Active Immunity Passive
- Production of Immunity Pm.d"md because of entry of | Produced because of entry of
- _ - ) antigen. antibodies.
' Source of Antibodies Body is stimulated to produce Antibodies are introduced
B  antibodies. from other source.

- & 1 _ oo i _—-—'—__ |
_Substance Entering | Antigen | Antiserum_ SN
:,_“ﬁ]ml_lﬁf | Delayed immune response [mmediate imMUNE TESPOTSE

e ol Loy rr PRV e i I - -
 Results ; Prolonged results | Short acting SR—

Memory cell production v ' _______—“—-— —
| Role _ - Preventive [ Preventive and U

Natural Active Immunity

becomes ill and 1n MOSt cases

infection (antigen)

against that disease is called natural active

When a person is exposed to an
:s.un'ires. then this immunity developed
immunity.

Artificial Active Immunity (V

of antibodies 1n the body, and
< called artificial active

accination)

stimulates the production

. The use of vaccines, which :
making a person immune against the diseases or infection.
;mmunity. The process is called vaccination. . . :

= This active immunity has been achieved by artificially introducing: anfigens in the body.

called as natural

Natural Passive Immunity |
n' type Of Immunit will be

If the source of antibodies_18 natural, the

L

passive immumnty:
s For example, antibodies from “a mother can

cross the placenta and enter her fetus. In this g

way they provide protection IS LU - Name at least three discases thal

its own immune sysici is fully funcuonal ¢ “provide auto S MMUNE TESPONSe in
. This immunity may also he provided by [SSES individuals?

AT Y :

colostrum, the first secretion of the m

glands. The baby absorbs the
through 1ts gul.
Artificial Passive Immunity
Antibodies which have been

antibodies

L]
the blood of another individual

. In the case of snakebite venom, passive pmmunity
is called anti-venom seruni.

» Similarly, specific antibodies used for combating

injected into humans.

formed 1n one indiy 1dual

are extracted and then injected 0
s produced by antitoxins, so the serum

tetanus and diphtheria are cultured and
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orci1)_ HOMEOSTASIS

Mechanism of Homeostasis
Homeostatic Feedback Mechanisms
Osmoregulation

Osmoregulation in animals of different environment
Nitrogen Containing Excretory Products

Excretory System of Humans

gtructure and Function of Kidney

Nephron

Renal Disorders
Classification of Animals Based on Thermoregulation

Thermoregulation in Humans
MECHANISM OF HOMEOSTASIS

Hnmeustusis
The protection of internal environment from the harms of fluctuations in external

environment is termed as homeostasis.

The homeostasis keeps the internal fluctuations in a narrow range.

Most susceptible components of internal environment that may be affected by fluctuations in
external environments are water, solutes and temperature.

The mechanism an organism has adapted to eliminate harmful nitrogenous wastes depends

upon the availability of watcr.
The mechanism of regulation, generally between organism and its environment, of solute and

the gain and loss of water is osmoregulation.

. The mechanism which eliminates mitrogenous waste is referred as excretion, whereas
maintenance of internal temperature  within - a tolerable range 1s designated as
thermoregulation.

Mechanism of Homeostasis

. The coordination makes possible the integration of functions essential to organismic
behavior.

. External environment may show changes within broad range.

. Intracellular and extracellular internal environments also keep fluctuating but in narrow

o solute and water various essential metabolites, hormones etc.

| is brought about by control system.
control center and effectors.

range. Here, in addition t
are kept in required range. This contro

¢ Living control system has thrce components L.¢. receptor,
Stimulus
*  Any change in internal or external environment is called stimulus. -
< Change in temperature of atmosphere and light are examples of external stlm.uh- :
. Changes in solute or water concentration in blood are examples of internal stimuli.
Receptors
. : - : 1
These are the structures which detect change in external or internal environment.

. of eye), neuron endings (€.g. Pacinian

The receptors may be cells (e.g. rod and cone cells
corpuscles) and organs (e.g. nose, €ar).
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: timuli e.g. che .
* Receptors are also classified on base of type of stimuli e.g m“‘%
mechanoreceptors, thermoreceptors etc.
Control Centre

. It integrates data from receptor with data stored as set point.

. Control centre of most of the activities of humans is brain.

Effectors

. These are the structures which respond to stimulus.

. Effectors are either muscles or glands. Muscles show response by contraction While

glands through secretions.

mm"""""" l w ' @rm_
. paarmay o
pattwy to

e
® - : T5H ek, I
[E p M !
— C Vartabie B3 hvheaiapiy). =

HOMEOSTATIC FEEDBACK MECHANISMIS
Feedback mechanism is a type of interaction in which . controlling mechanism s jtself

controlled by the products of reactions it is controlling
. For proper body functions, two Opposing sysicms are needed, 1f there are accelerators,
there must be inhibitors, |
® Negative feedback is an inverse reSponse o change in environment e.g. when blood |

concentrations of thyroid hormones Increase above a certain threshold TRH-secreting
neurons in the hypothalamus are inhibited and stop secreting TRH-

TRH

e
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™
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! Positive feedback mvolves a change in some variable that triggers mechanisms that |
amplify rather than reverse the change e.g. labor contract; ' 1 !
phit ons during child birth .
e |
i o owp |
I.I;I. ll
PRT— Y ¢ y———
whoned = s ( N e gt
=l L
| e
v The mechanism of regulation, generally between organism and its environment. of solute
and the gain and loss of water is osmoregulation.
W Water 1s solvent of the solutes in the cell. Each cell has been adapted to defined quantity
of water n relation to salts in it to perform its functions.
Water Relations to Cells
(i) Hypotonic Environment
. A diluted solution compared: to the cell concentration is designated as hypotonic
environment.
. The hypotonic environment osmotically causes entry of water into the cell and renders
the cell solutions diluted which need to be regulated.
» The plant cells become turgid while animal cells may be ruptured.
(i)  Hypertonic Environment
. The more concentrated external environment is termed as hyvpertonic environment |
. The h}*pt’:ﬂumc environment renders cell solutions concentrated and shrinks the cell due
to loss of water which needs to be regulated.
(iii)  Isotonic Environment
. Environment that resembles to internal solution is called 1sotonic environment
. There is no need of osmoregulation in such case. Such animals are called
osmoconformers.
i
m. - nn m E
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NSV ITRONN )
CISNIOMRD LT S THON IS ANEMIAE S O R an oy aﬂhwmn
a ary ey ter and soliie: - A
Animal cells require more critical balance ol wa s i
I : t':i : i Il-l,'lll"ni"‘r L'Tﬂtr"l |:|“d I'E Ives [h'. LT"H,
| survive with a net water gam of Joss. Water contin -

Approaches to Osmoregulation in Animals f wate
There are two approaches in maintaining balance OF W5

(1) Osmoconformers
Amimals that do not require adjustment

r and solute
of internal osmolic state are  gafjyg

In these ammals, body flunds are
marine saltwater environment

(i) Osmaoregulators . . 1 with outside environ
A al J » body Nlnd concentrations diiter T|1.1I1LL1I|'I|} . alt in h Meny
mimals whose body hypotonic and excrete salt in hyperton;e

actively regulate to discharge the excess water 1n

kc‘pl isofonic W il

are called osmoregulators . .
=g 1ons.

Ihese animals discharge excess waler in hypotontc coll

. They excrete salts in hypertonic condinons

Osmoregulation in Diflerent F nvironments
e animals and pl

Ants to distribute themselves in wide range

Owmoregulation has enabled t

ol habitals .
Osmaregulation in Marine Eny ironment

(1)

srlehrales Are i lormers.
. AMost manne imvertehrales are osiiiceoi _
. Amone veriehrates, vanety is present. Seme ol the examples are described below,

(h Hagfishes arc soloni. with the Surraundmg sea walter: :

(i) Most cartilagimpus fishes msniain lower mternal salt concentration than that of sea
water. Their kidnevs ar¢ imvolted in osmoregulation They excrete salts through gills and

also possess salt secreting organs such as rectal glands, Excretion of salts 1s by active
transport _ . i

(i)  Some fishes have low salt concentration and thus live in hypertonic sea water. To prevent
excess entry of salty water in body, they retam urea in body fluids in form of
trimethylamine oxide for protection agamst tloxicity of urea.

(iv)  Some of the bony fishes. which live in marine water, lose water from their hypotonic
body fluids to hypertonic environment. They drink large amount of sea water and excrete
concentrated unne resulting in maximum salt excretion and minimum water loss,

) Osmoregulation in Fresh Water Environment
Fresh water animals are constantly facing the osmotic Hooding of body fluids and loss of
salts. Mechanism of osmoregulation in different fresh water animals is as follows

() Freshwater protozoa, amoeba and paramecium pump out excess water by structure

contractile vacuoles.
(i)  Many freshwater animals including fishes remove excess water by producing large
(i) iﬂ[‘iﬂfﬁ‘ii‘ﬁ ‘iiﬁ: .::jgfdi i i
3) ::T;.k.fr“fsaaﬂj by gills and f.r:b UG g it Somelttog fd e
: egulamn in Terrestrial Environment |
the evaporative loss of water leading to dehydration is the major problem for terrestrid

i

: hfe. Arthropods .

¥ Different ad;;u:ib_and Vvertebrates have successfully adapted to terrestrial mode of lif¢

: plations in terrestrial animals for os moregulation are

KETS - PREP BOOK _-i;
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(i) Terrestrial animals a:I'E covered either by waxy exoskeleton (insects) or multi-layered
dead keratinized skin cells (vertebrate), which prevent loss of water, -

(i) Drinking and eating moist foods compensate the loss of water.

(i These animals have metabolic and behavioral adaptations,

(i) Some desert animals feed on seeds of desert plants containing more carbohydrate, which
produce water of metabolism e.g. kangaroo rat. They survive without drinking water,

v) Terrestrial animals reabsorb moist filtered water through kidney during excretion and
produce concentrated urine.

(vi)  These animals can tolerate dehydration and it differs in various animals. This

characteristic is known as anhydrobiosis.

NITROGEN CONTAINING EXCRETORY PRODUCTS
Excretory Products in Animals

Different excretory products of animals are,

Water, which s excretory product of animals living in hyperosmotic environment.

L]

. Salts. which are excretory products of animals living in hypertonic environment.

" Nitrogenous wastes, which are main excretory products produced by breakdown of amino
acids and nitrogenous bases or mitrogenous waste metabolites constitute the excretory
product.

. Deamination is removal of amino group (-NHz) from amino acids. This amino group
cannot be stored or reused for recycling of amino acids.

. This amino group 1s dissolved wrwater and excreted in form of ammonia to avoid toxic

rise in plasma or transferred to another molecule for removal or reuse.

Types of Nitrogenous Wastes
Nitrogenous wastes arc mainly produced by catabolism of proteins, purines and

pyvrimidine bases present in nucleic acids.

N Nitrogen produced from amino acids 1s excreted mostly as ammonia, urea or uric acid
and very small quantities as creatinine, creatine or trimethylamine oxide.
- Metabolism of purine and pyrimidine bases mostly produces significant amount of

nitrogenous wastes of hypoxanthine, xanthine, uric acid, allantoin, urea and ammonia.

Fxcess — Ammonia, Urea, Uric Acid

. Proteins
Low Quantity — Creatine, Creatinine, Trimethylamine Oxide
Excess Quantity - Ammonia, Urea, Uric Acid
. _Nitmgcnﬂus Bases———
(Purines and Pyrimidine)
Low Quantity — Hypoxanthine, Xanthine, Allantoin
KETS - PREP BOOK 155
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Most aquatic Mammals, most Many reptiles

animals. including amphibians. sharks. (including birds).
mostbonyfishes  somebonyfishes  insects. land snails

Y
0
o N
v HN c-
M, | c=0
NH 0=C PPLem -C N
3 ) Y ﬂ " H
Ammonia k. H
Very toxic Urea - less toxic Uric acid - not soluble

Nature of Excretory Products in Relation to Habitats
There are three main nitrogenous wastes, which-aré produced \dnd excreted according to habity

These are ammonia. urea and uric.acid:

g Water | |
Habitat | Supply 1 Waste
s ot R e R e s P S e R i

."-Tl.!ﬂ

Hyvdra,

S00ml lgN  Ammonotelic

Aquatic = Maximum  Ammonia
[OXIC Plﬂ.ﬂdﬂﬂ
; Moderate ) . ) )
Terrestnnal  Moderate L'rea S0ml 1gN Ureotelic ;R
OXI
, : | Less Reptiles
Terrestnal = Mimimum Lnc acid Iml 1 gN L'ncotehic RN
ark i birds

EXCRETORY SYSTEM OF HUMANS
Excretory svstem of humans includes both liver and Kidneys.

L]

. Liver is involved in production of nitrogenous wastes (e.g. urea) while kidneys filter urea
from blood and remove 1t outside the body n form of unine.

. Urinary svstem in humans 1s specialized tor tormation of urine and its removal outside
the body. This uninary svstem includes Kidnevs and associated tubules like ureters
urinary bladder and urethra.

E ® Following filtration of blood and further processing through tubular system, unme B
' collected in the central cavity of the kidney called renal pelvis. Pelvis 15 proxima!

enlarged end of ureter.
lrine leaves the kidney through a duct called ureter
18

[
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Ureters of both kidneys drain into urinary bladder through uretral orif
ral onfice, Urinary hi
¥ bladder

]
stores urine before 1ts removal.
. Urine leaves the body during urination/micturition. fro h
called the urethra. oM the bladder through a wbe
5 Urethra empties near vagina in females or through penis in males
2 Sphincter muscles (Urethral sphincter) near the junction of ur tlh d
€lhra and unnary hladder

control the urine in bladder. This is an example of dual sphinct
Cler.

- |

Introduction . i 3
Humans have twuo kidnevs placed in abdominal cavity, on both sides of veriebral

]
column and attached with dorsal abdominal wall. |
* Right kidney 1s slightly lower in position than left kidney due to longer "i—’}_“ lobe of liver.
. A pair of kidneys col ists of millions of functional units called nephrons Or unnary tubules.
] . vorstory organs of ane but also act as an
osmoregulatory organ. e onane i
_ ) , - : e = of blood
. Kidnevs account for less than 1% ol the body weight, while they receive =78
supplied with each cardiac output.
Morphology
" ; ' s s (™ | _",'_"L'l'ﬂ"i.
. Kidneys are bean shaped with inner concave and outer LﬂI""_'ﬂ_q called renal hilus.
. Middle portion of kidneys by which all vessels entcr, or !cd"-hﬁl*tz - er brighter portion IS
. ark of kidney is called renal cortex wil :
Outer darker portion © i les and convoluted rubules.
ATt la. Cortex contains renal corpuscies i cols and
called renal medulla. Lorie ; Jdulla containing blood vessel:
.’ Renal pyramids are conical parts of "’““]h il Iu.
= . i i ‘: L] 1.'\._ I
collecting ducts. All the pyramids project into t pe 187
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Scanned with CamScanﬁer




Topic.1;

Arraanin

kinot cahyn

Major Calyx
Pl pebbers
Pyramad
Papils
Fenal coumn

Comex

Funf:tinns
L AT, s Ay T ; 3 : : : "
hldm}-h are mvolved in filtration of wastes from blood, formation of urine ang jy,

removal outside the hﬂd}' through tubular system.

‘ [ T & ¥ - - - . .
Kidneys act as osmoregulatory organs and maintain solute and water level in blogg and |
body. :
. |
] ' » ’
Kidneys also help to regulate blood volume and blood pressure.
. Kidneys also release a stimulus (erythropoietin) for production of RBCs,

. Basic structural and functional unit of'a kidney is called nephron.
. These are also called as urinary tubules.
Each nephron 1s composed of renal corpuscle and renal tubule.

Nephrons are of two types Le. cortical and juxtamedullary. |
Those nephrons that are present along the border of cortex and medulla. with tubular
system looping deep in inner medulla are called juxtamedullary nephrons.

The nephrons arranged along the cortex are called cortical nephrons.

. Juxtamedullary nephrons play important role in production of concentrated urine.

Cauhcal nephran
| EMhesrénl
arfeerndle

Alteran
| B i o Ot

Jursiarmadullarmy |
nephnn

Cortax

Irdleriobular
ariery
e -

|
|U'ulﬂr
|shripe

Chider rone
Inner
| Hrm

Caoleching
OLCt =

Medula

infer rone

—
il
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d Functioning
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/ Which kidney is slightly lower
o than other in position & why?
gharest
— wE
i g 30N |
%1 s s 4 BRGNS} Which organ in human body receives
S— ; | maximum blood supply?
- —fp W §
e WGEHIET

How do the skin & lungs
confribute in excretion?

- Anatomical Features Physiological Features

‘ e (Cup shaped
Bowman's capsule | g

Pressure-Filtranon

e Cluster of blood capillanes 1
inside; Bowman's capsule

o Porous walls

e Hieh blood pressure

e Receives blood from
afferent anenoles.

o Network of capillanes
around tubular pan

e Recerves blood trom |

Glomerulus Pressure Filtraton |

PR

' Peri-tubular

. efferent artenoles Selective Reabsorption '
| Botwmrs e Vasa rectais additnonal ]
. loop 1n Juxtamedullary
b nephrons o 1 . R
| Proximal i . | o Selective REﬂhSﬂ!‘pﬁi‘!ﬂ |
_convoluted part ¢ 1" convoluted p:lrt | e Maximum Reabsorption .
| ' N ¢ Selective Reabsorption |
¢ Descending/ Thin imb e Counter Current Multiplier -
Loop of Henle | (Permeable lo water) e Site of action of aldosterone
i s ‘&;’5‘::"?'? Thi:fk, E,’r::lt:;} o Tubular Secretion (Ascending |
"|j.|;t'|' | {Permea euj_i IL_;__-. Limb) ]
_|Illr_|i N 2% convoluted part | s Selective secretion ]
¢ ollecting tubules .I {'hangi:ai;lr ;‘I‘L'_I;t'.l‘lt"ﬂhllllt}" for | Reabsorption of water under action of
—— e | walter _ | ADH e
Kers . FREF BOOK 159
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.Mﬂfh&nigm of Urine Formation
(i) I[;'[”"E ﬁﬁnﬂ{itiun involves following steps:
] ressure Filtration/ Ultrafiltration _
Blood passing through glomerulus is filtered into Bowman’s capsule.

. Glomerylus walls are porous and the fraction of blood pressure reaching here F"Widq
the filtration pressure.
" The filtrate appearing in Bowman's capsule is called as glomerular filtrate, Whig,

contains various useful substances such as glucose, amino acids, salts etc.
ol Composition of glomerular filtrate is same as plasma minus plasma proteins.
(i) Selective Reabsorption
: It occurs at the tubular part of nephrons.

- Most of the useful constituents of glomerular filtrate (80%) are rr:ﬂi:rﬁurbcd in PTOXimy)
tubules and when filtrate leaves proximal tubules, it mostly contains nitrogenous Wastes
. Glucose, amino acids, vitamins and hormones are 100% reabsorbed while sodiy

chloride and water are 80% reabsorbed,
(iii)  Tubular Secretion
. The tubular epithelium also secretes substances into the lumen.
. This secretion is very selective and is mainly of hydrogen ions to balance pH/ acid base
balance of blood and filtrate.
Concentration of Urine
. In restricted supply of water, the conservation of watet is the principal function of the body.
This is done by concentration of filtrate by counter current and hormonal mechanisms,
Less H20/ Hyperosmotic Body Fluid — More ADH — More Reabsorption of H;0 — Legs
amount of concentrated urine.
In the sufficient or excess supply of water, reabsorption of water from the filtrate is reduced,
specifically due to inhibition of release of ADH in the presence of hypo-osmotic body fluids,
The reduction in reabsorption causes large volume of diluted urine.
More H:0/ Hypo-osmotic Body Fluids — 1 ess ADH - Less Reabsorption of H20) — More

amount of diluted urine

x Mammalian kidney including humans is adapted to conserve water by over 99.5%
reabsorption of glomerular filtrate,

Factors Involved in the Formation of Concentration Urine

(i) Structural Adaptation
Juxtamedullary nephrons and vasa recta are structural adaptations for concentration of urine.
(ii) Hypertonic Environment of Medulla
The interstitial fluid of kidney is gradually concentrated from cortical to medullary part
Thus, inner medulla is highly concentrated due to presence of urea and counter cument
multiplier,
(i)  Counter Current Multiplier
Counter current multiplier causes gradual osmotic outflow of water from the filtrate back 1
kidney as it passes downward in the descending loop of Henle, Ascending loop of Henle does
not allow outflow of water from its filtrate, instead actively transports Na' into kidneY
interstitium to sustain its high concentration,

-}
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| Control

Hormona ¢ :
e of Na' in the ascending limb or thick loop of Henle is promoted by the

™ The active uptak
- on of aldosterone, the hormone secreted from adrenal cortex,

acti T
ADH released from posterior pituitary lobe acts to actively transport water from filtrate in
collecti

ng tubules back to kidney.
POINT poiNT/0

Why the colour of urine is yellow? ~ What is literal _”._EE._Em of ADH?
i RENAL DISORDERS

Kidney stones
Stone formation in

increases susceptibi

Enunw and urinary bladder, results in obstruction to flow of urine
lity to infection and thus eventually leads to kidney failure. ,

Types of Stones
Different types of kidney stones are

as follows:

* — ; ;
Type of Stone Ci%Ape 40 Cause
. High i
A v 20% |° igher level of oxalates in blood.
e Increased use of tomatoes and green leafy vegetables.
Calcium phosphate s [ Hypercalcemia (high level of C a’" in the blood)
. e Hyperparathyroidism

Uric acid 0% |° Increased uric acid level in blood
; High protein intake in food

L.

Cure

’ Lithotripsy is applied for smaller stones.

. Lithotripsy is used for non-surgical removal of kidney stones.

Extracorporeal shock wave lithotripsy (ESWL) is the one opted for small kidney
stones. This is a minimal in vasive surgery, inwhich kidney, pelvic or ureteric stones are
broken down by bombarding ultrasounds or X- rays on them without giving any cut.
. Smaller stone picces are flushed through ureter and then through urethra out of the body.

i Renal surgery is done for larger stones which can't be broken by lithotripsy technique.

Direct surgical exposure and removal of stone is done.

Ultrasound Smaller pieces that

shock waves then can easily pass
P through the ureters

Kidney stones

Ureter—,
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Thermore ulatory .hl:!ﬂmthms in Animals
i H _.'I‘J.j- -...I::-\' :I*. .;:-I. j
o Pl i _?. 1

Structural Adaptations

CLASSIFICATION OF ANIMALS BASED ON THERMORFGUL ATION

Homeostasis

Pilsssish Bjnim 84
|lrllrll-:i kel }

L [ T g

vemaiios ylide}

| | | Differentiate between
(a) Micturation (b) Egestion

Why kidney failure causes Anemia &
high blood pressure? | (c) Excretion

| Transplant
It is considered permanent treatment. Since dialysis can only be done on temporary basis

Mostly opted in severe renal failure, called uremia or end-stage renal discase

Only a matched Kidney (blood/HLAs and tissue matching) can be transplanted in an

ndividual, Sot needs donor-recipientmatching.

Maintenanee of internal temperature within a tolerable range is designated as thermoregulation
Animals are classified mto-three groups on the base of thcnnal‘cgulatinn 1.e. m:tuthenn-
cndotherm and heterotherm. ' ’
Anmimals that generate their own heat through heat production as by product during
metabolism are endotherms e.g. humans, birds, some fishes and flvine insects.

Amimals which produce metabolic heat at low level (that is 3|f5.|:. ;Kﬂhangl:d with the
environment quickly) and absorb heat from surroundings are called ectotherms e.g. most
imvertebrates, fish, amphibians and reptiles.

Animals which are capable of varying degrees of endothermic heat production but
generally do not regulate their body temperature within a narrow range are heterotherms

e.g. bats, humnung bird ete,

e ("hanges in sub-dermal fatty layer insulation. |

e Pelage

o Sweat glands |

e Lungs modification for panting ||
.

Regulation of blood flow to skin (Vasodilatation, Vasoconstriction).

L
Pt.]'krlhmlﬁgi":al e Activation of muscles for thermogenesis |
Aaptations  Plumage fluffing | |
Bebavigel 1 il ‘htl_tﬂtmn ol 1-:_\5-'1331 glands for evaporative cooling . 1
Adaptations | “ [ﬁhﬂngc n habitat !
e | * Change in body posture il
“*T8 - PREF BoOK 163
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(a) Micturation (b) Egestion
(c) Excretion

Why kadney failure causes Anemia &
hl"h blood pn:muru

e T.rampl-‘iﬁlﬁr -d nermanent treatment. Since dialysis can only be done on temporary basis.
: l'-:';:‘n:j:i "'J,_ i severe renal failure, called uremia or end-stage renal disease ‘
: ;'“JTJ‘: ﬂ. ”_ ed kidnev (blood HLAs and tissu€ matching) ‘ean be transplanted in an
! i ' ‘-.-'-:'.-'- plERima .Lnn )

‘1--*** nce nal timperBuGtiin a ol ""- range 15 dn:-w mmedaﬁt}rrmﬂegulanm
. \ :mr-m'“_'.u" <aified iy three 27 wuns on the base of thermoregulation 1.e. ectotherm.
[ ] ) |rjr- i :..-,".'-.'.'..__.. I HEL) I =18y

endotherm and heterothenm o |

e that venerate their own peal through neal pro wuction as by product duning

Animals thal gEncraie LR W] [
; 2  ra endatherms ¢ o, humans, birds. some fishes and flving insects.

M 15T al & SliEniie i s s ARLATTRAELS, : ]

A ;T ] hich produce metab tbast at low level (that is also exchanged with the
. -r:.: J--dr."' .-';ﬂ :-rr!\"-l [ ekl o (L g L o o e - L8 l =

- IrOTment = -rnd shsorh heat from surroundings arc called ectotherms e.g2. most

invertebrates. fish. amphibians and repties

LB F | L g ; § £ |.| o - t n hu{
. Amimals which are capabi€c 0] Carymg Lu..”]":.:_\ ol endothermic heat I'.ITEIdUL 10

H"ﬁ:-ra':i. d,- T Toor |=1'; *?-“_.J_-r' h-':_-{.- 1‘ "'"LT..IlJF’I., i r:hln I:' nmu“ rﬂI‘IEL arE h{f[ﬁmmm
e.g. bats. humming bird etc.
Thermoregulatory Adaptations in Animals

Adaptation

Examples
e (Changes in sub-dermal fatty layer mnsulation.
e Pelage
o Sweat g glands

e Lungs modification for panting d
Regulation of blood flow to skin (V asodilatation, Vasoconstriction).

Structural Adaptations

L
T’r, sinlogical e Activation of muscles for thermogenesis
Adaptations e Plumage fluffing
' e Activation of sweat glands for ev aporative cooling , .
H'thldi rthi ¥ et e |

Change in habitat

L2
luﬂ.::r’!d_l
Pations " wdy posture "
__v#wms | e Change in body postur —
1

m“’!ﬂlnﬂ:
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RDE"'HI{IH Strategies
.
Mammals including humans maintain their body temperature within a narrow ang, |
about 36-38°C (36.1-37.8°C). |

” Humans are endotherm. |

s Hypothalamus is thermoregulatory centre in humans. j

Strategies in Cold Temperature

y The rate of heat production is increased by increased muscle contraction by MOVemey,
or shivering so called shivering thermogenesis. : :

’ Hormones trigger the heat production as do thyroid hormones and are termed ag p,,
shivering thermogenesis. Ao

. Some mammals have brown fat, which is specialized for EnGItt BEBE THOPHLION.

. Vasoconstriction occurs at skin which reduces rate of blood flow and also heat loss,

" Vasodilatation occurs at trunk where most of the vital organs are located.

. Sweat glands are inhibited.

. E I'LL[H:I-"I of hair in humans and rising of fur in others maintains body heat by trapping y;
and increasing insulation.

. Humans mostly rely on a layer of fat beneath skin acting as insulating layer. 51"111&1'[1.

ch colder water and have a thick layer

marine mammals like whales and seals inhabit mu
of insulating fat called blubber just under the skin.

Strategies in Warm Temperature
Vasodilatation occurs at skin which increases rate of hlood flow and more heat loss.

HLat d:mpatmn oceurs uthu thmuah C‘vdpur"ltlﬂn radlatmn ccmdu::tmn or mnwctmn
ev apﬂrdtm. {.muhni, ocCurs in Ihf: respiratory tract {p-:iﬂl]l'lg In dnab} or through saliva and

urine (as in bats).

I-:||'|r||.|, o i \
B gy 2 | v e SR Surtea

Doty Tarmpueeaiurg
Cecreases: Frypothalarmms
shuts off coobing

Tal l‘r..-]_,i;_.lhﬁ]aﬂp_j‘\': eonirc] Caratres e lascls
i:ha"u_?n el el LERIT ILII Shar el T r'1m:|‘1-1.r||5.'1‘|5
\ R ,1,, i
hlgh [Ty X |;|-. 4-..-'1|-.-=-
in R
ETIMULLUS; increasaed by
Teamperal i {qg wifhean E hars
exercming oF it hot HOMEOSTASIS i >
[ 5 i I
ST ) oy Dmrm Deeer St STIMLLLIS: dec
' C— — Body temperaiure (e.g
liwwas due 1o cokd surroundings)
Ekin blood vesass constriot
A keeps control centre wer arc]
168y e
rtl_jm':":’? i—"‘ﬂ'r Ll R T reduces heat loas from skdn
hisdarniies shute ot saface Fypothalammus © ol CEning
SIETTING Meescharesme detects charngs arnd aetales
AT e s
Skl 1o ches

e m'lud,; it ip

T e Fwasy
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ropic-12)) SUPPORT & MOVEMENT

Axial Skeleton

f.smp;;-ndi::r.il:aLr Skeleton

Disorders of Human Skeleton

Bone Fractures

Joints

Joint Injuries

Comparison of Muscle Types

gtructure and Ultra-Structure of Skeletal Muscles

gliding Filament Model and Energy for Muscle Contraction
Muscle Disorders

HUMAN SKELETON (BONE AND CARTILAGE)

- 5 % ® % ® 5 ® ®

Bone

. It is the most rigid form of connective tissue and forms endoskeleton of humans.

a The collagen fibers of bones are hardened by calcium phosphate deposition

Tvpes of Bone
Feature

Compact Bone Spongv Bone

'Nature | Dense and strong Light and highly porous
“Blood supply | Less More
r | Contains bone marrow and
Function ' Attachment site for muscles involved in blood cell
, - production.
Example | Outer portion of long bones | Inner portion of long bones
Bone Cells:
. Osteoblasts: Bone forming cells
. Osteocytes: Mature bone cells
. Osteoclasts: Bone dissolving cells
J'II'{:‘ -
/8
f = L » _ siiais
.*}‘"Ur —_— -
. —
mee g ER S

BIHIE DE\’Elﬂpmmt:
Bone replaces cartilage in early development.
Osteoclasts invade and dissolve the cartilage — Osteoblasts
Matrix is hardened by calcium phosphate deposition —

. entrapped within i
':""liage pped within it (now called Osteocytes).

then replace it with bone —
Osteoblasts are gradually

It is much softer connective tissue than bone.
278 - prer BooK
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Topic-12

“' [t has no blood supply and gets nutrients by diffusion.
’ Living cells of cartilage are called chondrocytes.
* Collagen matrix is secreted by chondrocytes.

Types of Cartilage
(i) Hyaline Cartilage
. Most abundant type in human body

. Found at the movable joints
(ii) Elastic Cartilage
. Matrix containing bundles of collagen fibres
' . Forms external ear/ pinnae and the epiglottis
(ili)  Fibrocartilage
|
. Annulus fibrosus of vertebral disc is an example.

Feature Bone

I—C"?HS T | Mature cells are osteocytes =
l._s_'r_e_l.'gr_hﬂ'_iﬂg_i"flﬂlfrial | Inorganic salts _ No ~Jles

Reshaping il ¢ | el
h[‘ﬂ"i_ﬂ..“ﬂph - __l v e e,
L Healing | / 1 i
| i S

Elastic connective tissye
| Holds bones at joints

| Inelastic connective tissue

Nature
| Attaches muscle to bonet |

Human skeleton,is mamly bony. There are about 350 bones in infant and 206 in aduly
Human skeleton s/ \generally divided into two parts: axial skeleton (80 bones) ap4

]
appendrcular skeleton (126 bones).

» Axial skeleton provides basic framework of body and consists of skull, vertebrae and
ribs.

. Appendicular skeleton 1s associated with extremities and consists of pectoral girdle with

forelimbs and pelvic girdle with hind limbs.
. Primary function of skull is protection of brain
Vertebral column provides protection to spinal cord. It has tour curvatures.

_ Sub-parts | H R

etal & lemporal

Cratitin (8) Paired (2): i‘hm. |
* Unpaired (4): Frontal. Occipital, Sphenoid, Fthmoid.
Skull (22) ¢ Paired (6): Maxilla. Zygomatic, Nasal. Lacrimal,
Face (14) Palatine, Inferior Concha. :
e Unpaired (2): Mandible. Vomer

Cervical 7 vertebrae. neck region. first two atlas and axis

, Thoracic 12 vertebrae |
Vertebral Column S - l el
i . _umbar 5 vertebrae

(33 vertebrae) . ol
Belvi O vertebrae, anterior S join to form sacrum & postenof

eIviIC . . : |

4 join to form coeeyx (tatl bone) R

P

1
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Rib cage and
u.'.[t,‘l'l"llli'ﬂ {{-hi‘ﬁl
hone)

* 12p
< pairs articulate wi
e with thoracic v
s ‘ -
posteriorly FrT
* 7 nai
 Pairs connect ¢
anteriorly with st
| | | ‘ ermum directly
12 pairs of nbs (True ribs) e
*  1pa
3 pairs ;
“P Cﬂﬂﬂ.l.‘i_i with sternum through costal
cartilages (False ribs)
™ g
< pairs are '
pairs are of floating nibs (since they don't attach to
the sternum).

Appendicular Skeleton
pectoral Girdles (4) ; :"L|.'::F|l-j-]|&~m}m”.hl” blade)
i—— avicle (Collar bone Beauty bone) connects scapula with sternum. |
e | Humerus (Upper arm)
'- e | Radwus andl ulna (Forearm)
Fore limb ( 30%2) e X carpals (Wnst)
o 5 metacarpals (Palm)
e 14 phalanges (Fingers’ Digity)
A . | 2 coxal (huplrboines
Pelvic Girdle (2) e Fach'havung thum, ischium and pubis
et e | Femur (Upper leg)
e | tibia andl fibula (Lower leg)
_ e 7 tarsals (Heel)
Hind limb (30 2) e 5 Meta-tarsals (Sole)
e |4 Phalanges (Digits/ Toes)
| Pat L“,,j ( Knee cap)

Shoulder

Joint

Elbow Joint

| —

Wrist Joint

| Ii liJ .irni Hm]u:l

F ﬁrmatinn

d L.nlty of HLdpuH

NN

Head of humerus and glunm 3

Ll'ld'-r of I‘dd]llb & ulrm

hurmnh :md proximal

]'ddlhl:-. .m-.l uI:m Jnd Lﬂ[‘[’ldlh

Joint
T bi D]‘:Lﬂ Lnd L}f

Hinge Joint
_— T [}thl end~. UI

Multistage Joint S

Head of fe f hip bone

mur and acetabulum o

B — _BEH]_;IHLJ_P;DCI(EI
i Jc:.rint B - —— S———— ‘__d_ fnbia&ﬁbufa
__E‘éLJ int | __H— Jnmt _ DI’:-[E] Lﬂd ui femur and P“”“ma_l o —
cJoint | inge T =
_*’a_kl_ 3 }: J t_ T Distal enda uftrbm and f'hul.i and tar:-.al:« i
~ Ankle Joint | "\-’[ll“lh'fd;:.l? oin int | B e
- _________-———-—’_"'__——_ 167
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Clavicle
Scapula =) | Sternum

1 - g
{F. " ;, /(P’( Sacrum
,'F Pubis

Femur L, Ischlum
Patella —> =~
:-'_r I

Tibla ——# ,!,
|
:

Flhula""l i , Tarsals

, %Meuhruiu
‘:_':* ?___,Fhalangu
DISORDERS OF HUMAN SKELETON

Dis¢ Slip
Sudden physical trauma like bending forward while lifting a heavy weight results in

[ ]
hermiation of disc

. Protrusion of nucleus 'pulposus, May result in compression of spinal cord or any nerve root.

. [hise ship s treated withibed rest, traction and analgesics as a pain killer. If fails, the chsc
s removed surgically

Spondylosiy

. It as i form of arthritis in which there is immobility and fusion of vertebral joints,

. A spondylotic vertebrae 1w called Bamboo spine, sice its same as an clongated UPﬁghl

bitnihoi stemn

Sclantica

. It ow i stabbing pan radiating along the course of sciatic nerve i the leg

. Fall, hermiated dise, improper buttock ingection

o I Jusl o um|ur'.',.u-ll' resull i excru ating pain i the leg, but 1 transected leads to

cornplete

. Paralysin of that ey
Recovery s usually slow and incomplete

.
Arthritis
. Inflammamtory or degenerative diseise damaging joints. Membrane lining the jount
thickens, Hud protection i lost, resulting i loss of Incton ‘
. Artheitis means inflammation of joimis
. Acvute Torm ciaused by bactenal mvasion, and treated with antibiotics
. C bt e fmemtly getwtse i onigin i Lk omtoosrthnte, thewmatond arthnts ard gouty arthnts.
. Crteonrtheibin i a disease of synovinl joints. characterized by cartilage loss Grenes
responsible for synthesis of collagen v 11 are detected
. Hhewmutoid arthotin is symmetncal polyarthnts of uhexplatned cause
o S Y| A 2 Y _"'"'""ﬁ i

T 5 N
e wr Damds e
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Break n the continuity of a bone is called fi
' a4 iracture
Trfﬂlmfnl . .
Fracture repair compnises of reduction, fixatig
: - HA4NON In real :
Reduction 'gned position and immobilization
Fractured segments are returned to their original :
Closed: £inal position
Bone ends are retumed back at the
. 10N manu
Open: nanually
Surgery is performed to retum the broken ends to their original pos
l_.haﬁ"n ginal position.
Reduced segments are fixed both by open and closed techni
B r ) L 3
Immﬂh"”m"m Jues.
[mmobilization of fractured bone 1s done via a cast or by traction. It is 1 I
i b ) i 8 NCCES[Ary 1or

propes healing
The Process of Healing and Repair
. T y T 1 i
|deal healing ime 18 12 weeks, but is longer in the presence of infection, poor health and
diet. in weight bearing bones, and n bone with poor blood supply (c.g., of an elderly

individual )
There arc foul p||.|-~;-~‘ 0ol repair

Hematom: Formation
A mass of a clotted blowd @t the fracture sie.

[
’ Comes from tom blood wessels of the bone and in its surrounding
. ("ontains substances like bone morphogenic protemns (BMP). which help in healing process.

Soft Callus Formation

It 1s formed w ithin 3- 4 weeks

[ ]

. Capillanes grow in hematoma and remove debris.

. Fibroblast and osteoblasts migrate and construct a bone called soft callus.

Bony Callus

. Rv osteoblasts and osteoclasts.

. Begin 3- 4 weeks after injury, up 10 firm bone formation 1.€., within 2- 3 months.
Remodeling

. By osteoclasts.

: Excess bony callus on the outside is removed.

Joints occur where bones meel.
. They not only hold our skeleton toget

*’:‘.iw." it mubi]'iw. Calculate total n
Classification of Joints human Adult.
On Base of Amount of Movement
(i) Immovable Joints

These joints do not allow
ovable joints.

L ]
¢ Fibrous joints are imm
*  Sutures (Joints of skull) ar€ examples. ____—— 169

her but also .
umber of bones 1

any movement.
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-orsion Of sudden impact to the joint can be dey
and sprain
scation of joints

pisl " dislocated joint 1s a joint that slips out of the spac
a ; E.

: It OCCUTS -,:;Lhen enlds of the bones are forceg from their ne -
' A severe dislocation can cause icaring (‘ifmugﬂgs ligam:r::é POsitions,
joint. : | > and tendons that support the
' gymptoms include: swelling, intense Pain, and immohjl;y fth
. The most common causes are a below. fall, or other traﬁ D- - ul’fef:tfrdjmm,
digl{‘bfﬂtlf.ll'ltﬁ are c:%tllsud by a disease or 3 defective ligame 'tT-Id o ik jotat. T O ck
’ Rheumatoid Ellﬂlhrltlﬁ can also cause joint dislocation "
, A dislocated joint usually can only be needed to repf;ir or tigh
Sprﬂi“ B b lghten stretched ligaments,
. A sprain 1s an injury to a ligament,
. Commonly mjured ligaments are in the ankle, knee and wrist
A The h gmlncnt can be injured by being stretched too far from Ii‘] ' iti
. The sprain should be rested. Sprains can usually be treated cun?;zz::fitﬁnl
) reatments

such as icing and physical therapy. Dressines
] iy o - : I E‘ \
immobilize the sprain and provide suppori,

bandages or ace-w

COMPARISON OF MUSCLE TYPES

raps should be used to

. Earliest forms of muscles tobe evolved are .
. : ; ¢ smooth muscles whic
ammal kingdom. h are present throughout

N Cardiac muscles and skeletal muscles are found onlv In vertebrates

» Most abundant type of muscles in human bodv are skeletal muscles

' . CERRINTRENRL :
oF B i Lo L N ardi: R
Muscle I . - .
R Unstriped (non-striated) |Trt.lgular stripes Regular stripes
Pp ce (striated) (striated)

Cell shape Spindle Branched Spindle or cylindrical
Number of nuclei One per cell One per cell. I‘ﬂaﬂ}f per cell
Speed of , :
| contraction Slow Intermediate Slow to rapid
| Fatigue Vary Never fatigue Can be fatigued
Contraction Spontancous, stretch,

caused by Nervous svstem, Spontaneous Nervous system
pac o hormones

R Controls movement of

n
Ction substances through Pumps blood Moves the skeleton
o hollow organs
ont e ; o

T*—h——[ﬁl___ Autonomic (involuntary) | Involuntary Voluntary
| Location, Blood vessels, GIT. Heart Associated with
——————— other hollow organs skeleton

e
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Cardiac muscle cell

Skeletal muscle cell

. The muscles that are attached to the skeleton and are associated with the Movemeny

pones are called skeletal muscles.
The skeletal muscles are consciously

theretore, are called voluntgg

- -1 |
coniroliead a

[ ]
muscles

" Generally, each end of the entire muscle is attached [0 Bune 0y a bundle of collagen, nog.
elastic fibers known as tendons. _

. The enure muscle 1s covered by alayver Hf\donmECtive nssue called epimysium

. Structural scheme of'd skeletal muscle is given below -
Skeletal muscles — '"™uscle bun Lj:a."- » Muscle fibers « Myvohbnls - "'1.11'-.;1']7‘.::—.

« Myol amenits | AcCtu 1 Myvosi *

(smallest contractile unit of muscle fit

F B e
A F E oy

_~—Capillary

miliscle rATNMCOPIasSMIC
reticulum
Transverse

I ke ""‘-hq_-__,
Myohbrils

Tendon
s>drcolemma

Flauma
TR Ll e |

Bone

Mg ersin ['.:.-‘:-

My ofilarmenty b

e
i

£ line Maosin
Wby ol ' .
AITErly Cross t'llh.'llijt* ~—

- Ax tin
i Myofilamenis

{e1) : I“ aal : . r.'f..hj.q

ki oy l'l'-l"i!

V4
. 1 k
Py T — n Filamgo .
¥V

rEr e Ll et
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pundles are also called as muscle fasciculi,

e bounded by a connective tissue called perimysium,
Tl ; 5

5 are further composed of muscle fibers or cells.

’ Muscle pundles

 uscle Fibers . is a long cylindrical cell with multiple oval nuclei : |
Mu Fach muscle fiber 1 arranged just beneath its
' hm‘rl:;:‘t:zfmlt fibers are huge cells.

' ;;;: diameter 1s 10-100 pm. o

. " lasm of the muscle fiber is similar to the cytoplasm of other cells, but it contains
e f stored glycogen and unique oxygen binding protein, myoglobin.

! <ually large amount © .
usudii] reticulum is continuous system of sarco-tubules extending e

.,,‘..";m"“'ptﬂsn‘lic . . : . ; ;
. = plasm around each myofibril. It is like endoplasmic reticulum but devoid of ribosomes.
m':II muscle fiber further contains large number of myofibrils.
, Fa
wyofibril® “bril i hat run in parallel fashion and extend entire |
" Each m}-unbnl is 1-2 pm that run mp on and extend entire length of cell.
Bundles of these fibrils are enclosed by the sarcolemma.
The myofibrils consist of smaller contractile units called sarcomere.
. “‘_ﬂﬁ[-,ril has series of dark and light bands. These give cell as whole its striped
# L
appearance.
Ultra-structure of Myofilaments | |
\Mvofilament is made up of thick and thin filament.
L L)

(i) Thick Filament _ _
Thick filament is about 16nm in diameter and is composed of myosin.

mvosin molecule has a tail terminating in two globular heads.
; o long polypeptide chains coiled round each other.

# EﬂCh
called cross bridges because they link the thick and thin

Mvosin tail consists of tw
The heads are sometimes _
mvofilaments together during contraction.

E:-;s:h mvosin filament is surrounded by six actin filaments on each end.

(i)  Thin Filaments o |
Thin filaments are 7-8 nm thick and are composed of chiefly actin molecules.

The actin molecules are arranged 1n two chains which twist around each other like a

twisted double strand of pearls.

’ Twisting around the actin chains are two strands of another protein, trupumynsin._When
the muscle is at rest, the tropomyosin is disposed in such a way that it covers the sites on
the actin chain where head of myosin become attached. |

. The other major protein in thin filament is troponin. It is actually three polypeptide

complexes, one binds to actin, another bind to tropomyosin while third binds with

calcium 1ons,

Banding Pattern .
*  Each dark band is called A-band; because it is anisotropic i.. it can polarize visible
light,

The light band called I-band is isotropic or non-polarizing.

If"fh A-band has a lighter strip in its mid-section called H-zone.

I'be H-zone is bisected by dark line called M-line. i
1
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——— —
B The I-bands have mid line called Z-line. |
- A sarcomere is the region of a myofibril between two successive L-lineg ang ;,

the

smallest contractile unit of muscle fiber.

T-Tubule, T System & Triad |
. The sarcolemma of muscle fiber cell penetrates deep into the cell o form

= ~F L i . I',_]“
¢longated tube, the transverse tubule or T-tubule, the lumen of which is Continygy,,

_ S Wit
the extracellular fluid. _ h
B The thousands of T-tubules of each muscle cell are ::nll_cctwcly :.a_lli:d T-system,
. It extends and encircles the myofibril at the Icw?f of Z-line or A-I junction.
. The T-tubule and the terminal portion of the ud_ruc::nlbﬂ"‘j-’ﬂlﬂpﬂ of sarcoplasmig reticu]um
form triads at regular interval along the length of the fibril.
Part of a skeletal Iband  Aband Il:u!nd
muscle fiber (cell) | I -
Z disc Hzone | Zdisc
M
i
— Sarcolemma
Triad
- T tubule
et Terminal
: cisternae
_____ 2 of the
sarcoplasmic
reticulum (2)
Tubules of the
sarcoplasmic
reticulum
Myofibrils
Mitochondria
Initiation of Muscle Contraction
E Muscle uuntrm.:_tinn Is initiated by nerve impulse arriy ing at the neuromuscular junction.
r’:.i] the fibers innervated by a single motor ACUron are a “motor unit” and contract
simultaneously.
. N en-'-::.in?pulse from sarcolemma penetrates into the muscle fiber through T-tubule.
. Then it is carried through the T-tubule to the
adjacent SR. 7@
a The calcium gates of SR open releasing POINT
cfifu_tlnl m ::_*,rmzlaul. | | What is mmmt}»bﬁ“ﬁ.‘ﬂ
. Calcium ions bind with the troponin molecules (S8 asmic reticulum and rough

of thin filaments. This has the effect of |

KETS - PREP BOOK

Scanned with CamScanner

e i



topic:12 =
\.\.\\_\‘.l_uﬂniﬁﬁwcam and exposing the binding o
Jisplacing ! 8 the binding gjteg for th
€ Myosip,

sin head has become attached :
Once the myosin ¢ 1ehed o the actin fjj, :
i ihe bridges ._.mca,.. to __m nu._a_n and result in myscle no:ﬂmnzca.:#:r ATP is hydrolyzeq and
Rigor Mortis 15 stiffening of the body afier death Since ATP j
i

. pond between actin and myosin, which get deficient after death S Tequired 1o break the

ken, and the body gets stiff. thus the brigges can't be

H \h | @ ,,,\WQ._-E.... terminal of motor neuron

[ ®

bro

o ) Symapticclet T ______.__._:a. Membrane

N ) a—

SLIDING FILAMENT MODEL AND ENERGY FOR MUSCLE
CONTRACTION

H. Huxley and A. F. Huxley suggested _:,:z

model of muscle contraction. Its salient

features are given below:

§ When muscle fiber contract, the thin and
thick filaments undergo shifting. .

. Thin filaments slide past the thick
filaments.

. Actin and myosin filaments overlap 10
greater degree.

* The I-band reduces in length.

. Z-lines get closer.

. H-zone disappears.

= Length of A-band remains unchanged.

g Actin filaments come close to each other.

i TE—
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p—mmes

filaments

Thick filament (1)

Myosin head (low-
en}r:rgy configuration) )

— Thick

o= """
Efj’b.?in.
- Thin filament moves Actin inding siteg
toward center of sarcomere.
Myasin head (high.

Myosin head (low- g fifpebinien: ‘
err:rgy configuration) ray EH;riiuun]

All or None Response | o |
e fiber will contract collectively in a particular contraction.

* All the fibrils of a muscl ; . -
However. the degree of contraction depends upon the number of participating fibers.

Energy for Muscle Contraction
Energy for muscle contraction comes from ATP. Supply of ATP is maintained by the

L
aerobic breakdown of glucose in muscle cell, which comes from stored glycogen in the
cell.

. When more energy is required due to high metabolism, it is provided by another energy

storing substance called creatine phosphate.

. Sometimes during oxygen deficiency or very high metabolic activ ity (such as prolonged
or strenuous muscular activity), ATP requirement is met by anaerobic breakdown of
glucose into lactic acid. Lactic acid accumulation causes muscle fatigue. At rest, 1/3 of
lactic acid is broken aerobically and its energy is used to change the remaining 4'5 lactic
acid into glucose. i i

—

17é
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‘& NORMAL CONDITIONS | . Vement
B YDER STRG FU

Gilycogen
{ '(ITC?'IHH > i
l Aerobic ¢ Phosphate o

Glucose ——————y, At |
Breakdown m q____fl‘:*lt_

]:ll'l.‘-'i]n{]{-”.,,'.” flIT:L:ﬂ_ﬂ.r;

Detachmeny of
Cross Bridges
ercise on Muscles

gflect of F2 |
Increase in size of the muscle,
) [ncreasc m its strength.
: More efficient and fatigue resistant, How creatine phosphate and ATP
. Capillaries surrounding muscle fibers and correlate during muscle contraction?

mitochondria in 1t increases

Synthesize more myoglobm.

“ Effects
Relative deficnt of .
Muscle | State of physiological | ATP, Accumulation - 5r S Ontracture formation
Fatigue | inabihity to contract of lacue actd. Tome \|'® Drop in muscle pH
* Increased excitability of
. ' neurons
Characterized by ¢ o clitamil l“m ”;f .
‘le OW Cdlc I ®  L.0ss ol sens:

Muscle muscle twitches and L load Aesatons.
Tetany convulsions NHOO *  Progresses to spasm of

! | lar}fnlercs.pirutur}f paralysis

| ] and ultimately death. |

T Hypoglycemia, 5. 3 =

| L}RII: q }!. o Lasts for few second to i

| : . B B e e hours, commonly at night or
Muscle | Tetanic contraction of | Electrolyte after exercise.

| [rritability of spinal painful

‘ cord and nerves. .

=] = o Persistent painful muscle
' spasm.

o Begins with stiffness of jaws

- Acute infectious , and neck muscles, progresses
Tetanus disease caused by Clostridium tetant 1o lock jaw and spasm of
. trunk and limb muscles.
Fatal due to respiratory
I

anaerobic bacterium. |

failure.

e
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ropic-13}) COORDINATION & CONTR

Steps Involved in Nervous Coordination
Sensory Receptors and Their Working
Neurons (Structure and Types)

Reflex Action and Reflex Arc

Nerve Impulse

Synapse

Central Nervous System

Peripheral Nervous System

Nervous Disorder

Hormones-The Chemical Messengers
Endocrine System of Man (Hypothalamus)
Pituitary Gland

Thyroid Gland

Parathyroid Gland

Pancreas

Adrenal Glands

(Gonads
Hormonal Feedback Mechanism

STEPS INVOLVED IN NERVOUS COORDINATION

In almost all the animals’ coordination is'executed via neuronal and chemucal (endocrine,

systems.

Neuronal Coordination
This type of co-ordination involves specialized cells or neurons linked together direc)s
1 network that connects the cell o

[ ]
or indirectly via the central nervous system, to forn
organs which receive stimuli and those which carry out actions or responses.

. The neurons have the capacity to generate and conduct impulses which travel across the
synapse.

* Three basic components of nervous system are

(i) Receptors
(i)  Neurons

(iii)  Effectors
SENSORY RECEPTORS AND THEIR WORKING

_.!1 cell or a neuron or a receptor organ which can detect changes n the external and
internal environment of the animal is called ar )
T SRR Pt i 2]

i SRR o e
Type o % Conr
L e, L

LLL'L'E"[U[

Chemoreceptors Smell, taste, blood CO-. O, glucose,
amino acids, j'“_n} acids RLTL'P[H!'H in hypothalamus
1‘ * g . T x Z y —
lechanoreceptors | Touch. pressure, hearing, equilibrium | Ear, skin. etc |
Photoreceptors Light — i, iy
I'her - Eyes (Rods and cone cells) |
poaermoreceptors | Cold and warmth Receptors in skin
| l‘ - r - . R
L Nociceptors Pain
¢.g.,inskin '
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Coordination and Control

Sensory Skin Receptors

: l.‘ kel —" ~ ol [ 3] a j d 2
“nfl"“p’{:..h{ e different sensations are perceived by the skin, ie., touch, pressure, heat
Al I : 7 |
" Wi and paitt di :
s cndings concerned with these sensations:

Structure Sensation

- Nerve At the base of hair, Free nerve endings. Touch
Ending> i Specialized cellul
1 _ Specialized cellu
In papillac which ct?ca sulated co Tscles
\feissner’s extend into ridges of | ¢ irsﬁland twisti.:fl endin Touch
: scles the fingertips. P B Mgs,
Corp¥ - each ending in a knob.
. Deep Pressure
Encapsulated neuron i mll:,.ﬂf

2 won in the body. endings. Mostly located In g

Faﬂnlﬂ“l . Deep in the body & H"E; e vibration
2 5. ;
Corpuscic: sensations.
— 1 ation of Recep il i :
Dsstnh: ptors are ot evenly distributed throughout the skin rather are located at the sites of
gceptors -
[ ] = 5
,;pc,ﬂﬁc function. |
Their relative abundance also varies €.g,

. 17 X = Cold reeeptors.

Pain receptors -
10 X > heat receplors.

NEURONS (STRUCTURE AND TY PLES)

and functional unit of

Cold receptors

asic structural

It 18 the b

pervous systent. | i
rate ' 't nerve impulses
' Neurons can gencrale and conduct ne [ 1 TTRONRERTES
which travel across synapscs and pass from receptors Wh
4bout nervous coordination.

neuromuscular junction?

0 effectors, bringing
. Neuroglia cells mostly

playing important role In

constitute nearly half of t
. Neurons once matured do n

capabilities, only 1f neural cell body 1s mtact. POINT7©

Structure of Neuron
A typical neuron consists of:
(il Cell body
(i)  Dendrites
(i)  Axons

eS¢ igher animals,
present in hig | | | _
qutrition of neurons and their protection by myelin sheath. They

1¢ NErvous 5}-‘5[1.:"1.

ot divide any further. However, they exhibit limited regenerative

. L
Why neurons are unable to divide:

[l sizes matenals
; tes “the cell, and synthesizes

’ Itis also called soma, is the chief nutritional part of the cell y

necessary for growth and maintenance of newron. - N— Golgi apparsts,
. It contains nucleus and other cellular organelles, like E.R,

mitochondria embedded in cytoplasm. i association with RER
' Nissl's granules are group of ribosomes which are presen =
"l-p-._ﬂ__ 1
KETS - PREP BOOK
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. [T 118 intact, the neuron can regenerate its axonal and dendrital components
Axons

. The Processes ca rr}'inﬂ impul!u's away from cell hf}d} are called dXOns

. Cellular organelles like mitochondria, microtubules and neurofibrils, R ER anq GaA,
present throughout the axoplasm of the neuron. _ e

. Most of the axons are surrounded by protective sheaths can I::::i myelin sheath_ MPoryy,
for neuronal nutrition, protection and proper propagation of impulses. ;

Dendrites

. These are processes that carry impulses towards the cell body. |

. I'hese are usually thin fibres devoid of Schwann cells and thus non-myelinated,

* They unlike axon give a spiny look.

Myelin Sheath

oz Neurons are surrounded by a layer, of fatty substance. called myelin sheath.

. [t acts as insulator and gives white appearance.

. It is secreted by Schwann cells in peripheral nervous system.

Types of Neurons
There are three main types of neurons:

(1) Sensory Neurons
. Sensory neurons carry sensory infonmation from receptors 10 associative neurons present in CNS
H The dendrite endings of some sensory neurons also act as receptors

They usually have single long dendrite called Dendron.| It Is structurally and functionally

similar to axon.

(ii)  Associative Neurons
Associative (intermediate/ relay / inter) neurons are present in CNS and connect sensory

L]
and motor neurons.
. They are involved in processing and interpretation of information coming from receplors
(iili)  Motor Neurons
. Motor neuronscarry the information from relay neurons to eftectors
) t)‘ dendrite === \%GlY LT R
Q h 5 7 \ :»::f‘,v Jy
= -«,?‘if‘—' 2 P
receplo
Cell body cell Cell body
neurafibril node
(node of Ranvier)
AXDN
myelin shea
node dendron
axon
Cel| body
."1
a) Motor Neuron
(multipolar) c) Interneuron
(multipolar)
b) Sensory neuron
{unipolar)
KETSE - FREP BOOK -
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is a type of involuntary action.

flex action , -
Re the pathway of the passage of impulse during a reflex actjon

" Reflex arc 18
. [t includes:
Hcccpmfﬁ

_y Brings @

_» Sensory neuron — Intermediate neurons —s M

bout the desired action,

whita daraal dorsa-roat
matiar harn ganglion

Olor neurons — Effectors

mmaher

\

i

i . " !
: hl:rmurun ~al
=3 menet,
Ventral veniral

ventral cafl body root
horn af

nffaciar
motor meuron [musels)

jmportance of Reflex Action

It helps an animal to save himself from danger e.g. when a person steps on a sharp object
this message is immediately conveyed by the pain receptors to the spinal cord which
results in contraction of the muscles of the leg and immediate withdrawal of the leg.

Definition
Nerve impulse is a wave of electrochemical changes, which travels along the length of

neurons involving movement of ions across the membrane and chemical reactions.

Membrane Potential

E Electrical potential is the measure of the capacity to do electric work.

. The electrical potential that exists across a cell membrane is called membrane potential.

()  Resting Membrane Potential

*  Potential difference across the membrane when neuron is in non-conducting state is called
resting membrane potential (RMP).

. Neuron in this state is in polarized form.

. A typical neuron at rest is more positive electrically outside than inside the cell membrane.

" Its value for a typical neuron is -70 mV.

W) Active Membrane Potential/ Action Potential

Potential difference across the membrane when neuron is in conducting state is called active

membrane potential (AMP),
¥ g
! 'S In form of nerve impulse. During this state, inner membrane surface becomes more
. POsitive than outside,
Its value is +50
Inﬂ.‘i Inﬁ'[ﬂyed
L] M" 2 " . . :
J K" are most important in nerve cell and surrounding fluid.
7% - "ReP BoOK 181
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Na' is tenfold higher in concentration outside than inside the membrane surface,

»
‘e : o cide thi ide.
. K ' is twenty times more concentrated inside than outside. o
5 " . s = - = L 'l'l:r,lﬁ.| ﬂr rﬂﬂiﬂ HCI 5 E[ § i 3
“ The large negative organic molecules/ions (such as proteins, 018 . C)are my,
makes the inside of neuron membrgy Mor

more inside the membrane than outside. This
negative,

Channels Involved

. o except KT oso some K le
The cell membrane is virtually ||'r:pem1cablc to all ions cxcep ak out of the

dlfﬁl‘ﬂﬂn accounts for maore “ﬂgﬂtive

L
cell. The loss of these positive ions from neuron by
charges inside than outside. ; :

. :  located in their cell
» All the neurons have very active sodium and potassium pumps located < membraneg
o ; . transport 3 Na' out and 2 K into the cell, again,
Driven by the splitting of ATP, these pumps trd Sport - st
their concentration gradient.
. - - which w low mov :

. Cell membrane has sodium and polassium gates which when open al ovement of o
along the concentration gradient.

Initiation of Nerve Impulse o o

. Under normal conditions, a nerve impulse 15 initiated by an appropriate stimulyg
(threshold stimulus) applied at one end of neuron, o | |

. Minimum intensity of stimulus that is required to Initiate a nerve mmpulse 15 called
threshold stimulus. | |

. It results in a remarkable localized change in the resting membrane potential. It disappears for a
brief instant and is replaced by action potential. This change is so briet (for a millisecond) that

only a portion of neuron is 1 active state.

Conduction of Nerve Impulse (RMP — AMP)
The passage of nerve impulse is associated with increase in permeability of Na™ moving

L
inwards upsetting the potential momentarily, making the inside more positive than outside.
This increased permeability is due to opening of sodium gates. When these gates open, Na®

#
rush into the neuron by diffusion. Some K™ moves out,

. The inner side of the cell membrane has excess ol positive ions and outer surface becomes
more negative.

g Duning active membrane potential, the neuron cenducts the impulse in the form of nerve impulse.

» These changes occur along the length of neuron till the impulse reaches synapse.

. Soon after the passage of impulse, the resting membrane potential is restored by the movement

of a small number of ions especially K moving out. This neuron is now ready to conduct

another impulse.
Repolarization of Neuron (AMP — RMP)

. It is the restoration of resting membrane potential, after the wave of depolarization has passed.
™ . =~ 8
Rcsults_ frﬂfm closure of Na' gates and opening of K" gates, without flux of K ions, causing
repolarization
o Na' /K" . iginal ion; -
: = 1.:] l:“mP restore the original ionic gradient and thus the resting potential.
ole process of depolarization and repolarization takes about 2- 3 millisecond

Scanned with CamScanner



o T——
C

13 —
W tdination ang Contrg)
Outside of axon P'l-m] memb

rane of axon
F o i G .l e i e e S50 e A, Y "

s SR Ry
.---""---— - n s fasss

Q At the start, the membrane Is completely polarized

Passive depolarization spreads
_-——-"'+""+++"T+++++++++++
" : ; ..-.T = -'_. "'._"""_'—l_-'l .

+= 4+ 4
R il o 3|
++------q---_-----.._

-

+
Na*
€ When an action potential Is initlated, a re

lon
depolarizes. As a result, the adjacent region glon of the membrane

8 become depolarized,
_________ ++++++++++++++++
Na*

© When the adjacent reglon Is depolarized to Its threshold. an
action potential starts there, ’

K'ﬂ'

e el o e e e e fe + + + + 4

Na*

@ Repolarization occurs due to the outward flow of K* ions, The
depolarization spreads forward, triggering an action potential,

Hir

© Depolarization spreads fcrward, repeating the process,
Speed of Nerve Impulse
. Normal speed in humans is 100 m/s but can
reach up to 120 m/s.
. The nerve impulse is conducted from node to
node in jumping manner. This kind of jumping
nerve impulse is called saltatory impulse.

E:"tfjplaﬁmiﬂ gaps between consecutive neurons are called synapse.
A single neuron may form synapses with many incoming fibres of different neurons.
single nerve Impulse does not necessarily get across the synapse. It may take two or

thrﬂ | % . - - 8 f I
€ iImpulses arrving in rapid succession or perhaps simultaneously from two or more

thI'S (3] start an i |
n lm]:ll.l]SE n '[h
Nﬂumtraﬂgmiﬁﬂ € next neuron.

. :
The actin potential

is 1 : cannot jump from one neuron to the next in line; rather the message
. ransmitted across

synapse in the form of chemical messenger called neurotransmitters.

Neurg : _ ‘
‘-‘“*!rnap:;a ismitters are chemicals, which are released at the axon ending of the neurons at
.‘.‘h-h'—'""-n—_
Koty . P .
‘11".--\. i
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. Acetylcholine is neurotransmitter for synapse outside
serotonin and dopamine in CNS.

Mechanism of Synaptic Transmission icles within it fuse with .

, & Ic ves
. When an impulse reaches a synaptic knob, synapt Pre.
synaptic membrane. _ ” into the synaptic cle
. These vesicles cause release of neurotransmitter nmlntulfqt-ﬂ}m:lptic}r m:mbrancﬁ' .
. Neurotransmitter molecules bind to the receptors U ‘ La“h'mE
changes in its permeability to certain 1005. « impulse in the post-synaptic neuroy
E vy LT B - v s :
. Change in permeability causes imtiation of ner o werminal  Synaptic vesicies

Presynaptic axon

Direction of
presynaptic

el |I1'IfPI.l|!E '.'..: B S g 2 s - 3 -
' Synaptic vesicles [T~ i - (;
containing _ o 3 . A

: neurotransmitter AR i . \
Synaptic bouton ] - / molecules 2%y !,/ - "‘J-M
9,

Presynaptic ot '1 . (€ Dendrite 0.5 pm
membrane 2 \ Mitochondrion
e 2 b 3
( gy e , | Synaptic vesicles
Postsynaptic % Presynaptic
membranea

membrane i

N
A r_ Synaptic cleft i
&;‘ aw

o = . - -' lh"-l.l.‘: L l.. .‘: E‘ : 5 Impuc
Postsynaptic dendrite \ Neurotransmitier mnleculna::-." i ]n?;ﬂ
- " - -__ " [] i-l ll [T d
Toslzsynaptic
mEMDrane
Sl piQOrs

—ESree—

There are two types of synapses;

(i) Electrical synapses

(ii)  Chemical synapses
Electrical synapses

» In electrical impulse, which are specialized for rapid signal transmission, the cells are
btn:]:;:rated by a gap, _tcllle Synaptic cleft, of only 0.2nm, so that an action potential arriving
at e pre synaptic side of cleft, can sufficiently de } '

: 2 A o > Can | y depolarize the post syn mbrane to

directly trigger its action potential. . JIRpRRE
Chemical synapses

. The majority of synapses :
synapses are chemical syn: L
20nm. ical synapse whe

Through these synapses, information of im
another by means of chemical

re synaptic cleft has gap of more that

. pulse from one neuron is transmitted ¥
messengers, the neurotransmutters,

KETS - PREP BOOK
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Central Nervous System Peripheral Nervous System E

(CNS) (receives and processes (PNS) (transmits signals between

information; initiates action) the CNS and the rest of the body) ‘
|

[ I . e =1
1 _——r . = - ——
 Brain i - Special Cord Motor Neurons || Sensory Neurons
‘ ives and processes | (Conducts si g,na]_s to (Carry signals from (Carry signals to the
(Rece - information; and from the brain; the CNS that control || CNS from sensory
f"fl_sm Irﬁpom; sfores controls reflex the activities of organs)
|m'f:|-:*:rfﬁl senerates activities) muscles and glands) |
Bﬂhﬁ and emotions) | } l
| e [ __
Somatic Nervous Autonomic Nervous System
System (Controls involuntary
(Conducts voluntary responses by influencing .
movements by organs, glands, and smooth
activating skeletal muscles) |
muscles] '
— | |
| Sympathetic Division | Parasympathetic
| (Prepares the body for Division
stressful or energetic (Dominates during times
activity; “fight or of “rest and rumination” |
| Dight™) directs maintenance |

| | activities)

¢ The central nervous system consists of brain and spinal cord

. Both brain and spinal cord are hollow. The PO|NT7@
spinal cord has central canal and brain has many
cavities (ventricles).

Both are protected in three ways.

) Cranium, which is part of skull, protects the
brain and neural arches of vertebrae of vertebral
column protect the spinal cord.

Write names of 3 layers of

meninges and their sequence.

(i) The bra . layers of meninges.

. n and spinal cord are also protected by three layers of e and

(i CSF bathes the neurons of brain and spinal cord and cushions B » b:;pfpim]
Jolts. Its composition is similar to blood plasma. It is found in cavities of brain

~_“0rd and between meninges.

T ¥ Dl

Scanned with CamScanner



dination and Cont l

Topic-13
e e
Physiolo gical Features

Sub-Parts Anatomical

Features hetween sensory input from eyes, ears,
I L] L & ¥ -
Thal Relay centre ReW) hic system & cerebrum.
alamus ' skin etc 10 limbic - —
. production
Hypothalamus o Hormone P r center
P ; o Major coordinating I .
el .- Un.'-'.. l-m E‘r-.
o (Controls hody tempera ; g.|
menstrual cycle, water balance, sleep-wake
Limbic system eycle.
Ko B ; re, punishment, sex
{Arc between = T Sensation of pleasure, p ual
thalamus & Amygdala (cluster 0 el
cerebrum neuromns il qpe
) ) s Feeling of fear & rag ]
mory
; Long-term me
. Hippocampus ¥ :
Forebrain PP P s Learning : —
- infi tion
e Largest part ¢ e .
e Two halves o Processest .
(cerebral e Stores in form of memory
hemispheres) e Direct voluntary "’_‘”‘“Fmﬁ." ;
e Corpus callosum e Responsible for thinking, intelligence,
Cerebrum (band of axons) reasoning, judgment. |
o Outer cerebral e  Sensory area, speech area, motor area,
cortex forming association areas _ |
convolutions e Right cerebral hemisphere controls left side
of body and vice versa.
Midbrain s | Relay center connecting hindbrain with
(reduced in Reticular forebrain G :
human) formation ¢ Screening mput information
¢ (Contains auditory relay station,
» [nfluence transition between sleep &
Pons wiakefulness
» Controls rate & pattern of breathing
Controls autonomic functions c.g.
*  Breathing
Hindbrain Medulls ¢  Heart rate
* Blood pressure
o Swallowine
21 Jargest part A L 2
Cerebellum | , c-:r:hgarrafhemis fician " oordmates voluntary movements
(best developed PHETES 1o Guides smooth & ace i
i connected by vermis S tcurate motions
in birds) : : *  Maintains by wdy position
* Leamine & me - :
Spinal Cord ¢ Dwlameing -.h ning & memory storage for behaviours,
= staped hollow [ e Centre for many reflexes
cylinder p any retlexes
. athway for ¢ ey :
*  Runs throughout fr‘”m d'i‘t‘mr conduction of impulses to and
I. TR = iy " '
vertebral column crent parts of body and brain.
*  |nner butterfly
5!]34:"3‘1 8ray matter
| *  Central cang]
° Outer white Mmatter
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Dorsal

Wh®  hom Interneuron Dorsal Dorsal
matter s B
GEFEr Dorsal (back) Sensory  ganglion
" neurcn R l
' . \
a "!'.. Y i <
€.~ ‘. i
] S .
—-:: L3
Venral N4 S peripheral
horn - e -1 s
-‘H“-‘_—-
Central Ventral (front) Motor
canal ;

. It consists of sensory neurons and motor
neurons, which may form ganglia and the
nerves.

Ganglia arc concentrations of cell bodies of
neurons. Ganglia often interconnect with other
ganglia to form a complex system called plexus.
The nerves are the bundles of axons or dendrites,
C'Hssiﬁtatjun of Nerves

Functional Classification
]

They may be sensory, motor or mixed nerves depen
they conduct.
Mixed nerves contain both sensory and motor neurons.

Can you explain the role of vagus
nerve?

bounded by connective tissue.

ding upon the direction of impulse
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Regional Classification

* Nerves which arise or lead to brain ar
pairs of cranial nerves in humans. Some © ¢ for Vag
mixed. All these supply to only head excep
abdomen, .1 nerves, There are 31 pa;

. Nerves that anse or lead to spinal cord are called "-P;nfliu;;:ﬂa” and all are mif;dﬁn:
nerves (8 cervical, 12 thoracic, § lumbar, 5 sacral and 1 cOCCh

Classification of PNS

4 Motor neurons form somatic nervo

hral or cramal nerves. There ary .
ry. SOme MOtor and e '
us nerve which extends eyey u";r“

!f;

e called cere .
f these are senso

Pingg

/ey

os system, which controls voluntary Movem

which are under conscious control of the hody, involving skeletal ﬂ1u&f,|cn
. The motor neurons from autonomic nervous system which control Nvoly
responses are divided into the sympathetic and parasympathetic nervous system
Autonomic Nervous System
B It controls involuntary responses by influencing organs. glands and smooth muscles
It is classified into sympathetic and parasympathetic divisions

Features Sympathetic

ity

ﬂ[an

Bottom portion of

' Middle portion of spinal cord : SPnal cord .
| | cranial nemves (vagus nen, es)

| . Thoracic region Lumbar region

P LL & I =
_Fosition of ganglia | Near spinal cord Near effectors

' Length of joni | T\

. pre-ganglionic ; =
L_._____ B Lk __

- Length of post-ganglionic ] o

 fibers Lung .

— —_— | Shor

| B —

| Fuocn o |

|| Unctions _ 1'1"'Ur|u'.~. N emergency, fear and
P——— | light Situations ' A Py

e L i{
1

| 4 2 'r".:Ju\-n..'kI \'I"'“'n.‘

[ ] ."". 1
il Actions | . I}l-LilLu.hmmi~ hv‘m“‘t'.u
| . aky by | m‘unh‘b
. dl
thlhllw "hEL"\.““” of fixd . YIsIincenon of pup|
T LW 1 “ '
¢ 1n blogd DYy * Promoges { pls
- : . * CIBESUON of fouod

___‘_____ ] ‘-Il1h- I".r'IT.I.l‘.

of h]\:u_uj pressure
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8 a0 nervous  disordey
.Lxllhu'.]l,'ll;,:‘l"!.i’l.‘tl I“l Il"l"ln'l.'llll,|t'|[4-‘||w’-

SVE iy -
d by Y | nerves chaye Wirder of | |,
remors,  dimimished  motor

enz by abrupy N characte

e
; i | Y | i Gechine in by h’

jtion | nower and ngdity, e IPIOMS Of gty N fungtjon
pefin L Sensory, psychic or ‘

| : , Autonony
. U Changes in ¢
W = HNSCousnesy
Aty Y B s . ; . I,
“Omsel l = .Mﬁ:. dm_'-m U or | Before 30 years of ape
08N Progressive Organic I - -3 Late e dise |
| disease  afler 10 . Uisense &
| years S Progressive

| | Cell death i bramn area that | N '

' Caust oduces dopamine o iy known — cause. | Generic T g
produces dopaming that may | Fmotiong dl‘illlrh*m.‘w. wl;.nr_ln. pr-::dm;msnm".
he due to head trauma alcohol ete are ilggr'wl‘lnnt; High levels of aluminium

| lactors v

b it | L-dopa, Use of GDNF EEG for diagnosis e ——

Treatme ; ' tor diagnosis, Non-curable E

Anti-convulsive drugs for
therapy

HORMONES-THE CHEMICAL VIESSE {.l- RS

: Hormones are L}rgl.miu compounds of varying structural complexity,

% They are poured directly and are transported to the blood to respective target cells/tissues

. They do not initiate nuw_him:hrmical reactions but produce their effects by regulating
enzymatic and other chenucal-reactions already present,

i They may either stimulate or inhibit a function.

. Hormones may also control some long-term changes, such as rate of growth, rate of

metabolic activity and sexual matunty,
Types of Hormones

» Chemically hormones may be of following four ty
gory iiklags '« Gland Hormones
Protein Islets of Langerhans | Insulin, Glucagon
Polypeptides  Posterior pituitary | ADH, Oxytocin_

T3, T4, Epinephrine, Nor-
| epinephrine

Amino Acids and Derivatives | Thyroid, Adrenal Medulla
' T ir Estrogen, Testosterone,

Steroid | Gonads, Adrenal Cortex Cifanis. |
ENDOCRINE SYSTEM OF MAN (HYPOTHAL \MILS)

Gl

" e Glandular cells are secretory Of

These are the organs that are specialized for secretions.

neurosecretory cells that have abundant Golgi bodies. 2. ADH is

called as neurosecretions €.

[ ] : - 5
Hormones released from neurosecretory cells are
neuropeptide. | P ] .
) {il"““d[: L[‘:"1 be divided into two main categories i.¢. exocrine and endocrine & ands
' ‘ ; L 20 endocrine glands.

Endocrine system of human consists of aboul

e 5
-~ PREP BOOK
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Fxocrine Glands
' Ducted glands

_si“!l“!]!?!'ﬂﬂii___—f-—a Enzymes, mucus etc.
retions . EREyT
Transportation Throughduets | Through
Transportation | Sweat glands, Salivary glands j A dﬂ!ni himk_j
— - Blandg Pity
: It

Examples L

Hypothalamus _
It is a part of forebrain. It has neurosecretory

. cells which produce and secrete a variety of
hormones.
E It is here that many of the sensory stimuli of
nervous system are converted into hormonal
responses.
. It is believed that oxytocin and ADH are
produced in hypothalamus and travel
down the nerves to the posterior lobe of
pituitary to be stored in nerve endings.
They are released from posterior | _ M
pituitary after receiving nerve impulses from the hypothalamus
& Another cluster of neurons in hypothalamus produce and secrete a bap
and inhibiting hormones, which are carried by the hlood 1o, the Hifésia Ty '_:‘f eleagn,
regulate the secretion. of many . tropic hormones. s o ltr.l"nfullar:..T,mmE
manufactured by the anterior pituitary cells. ) NOnes and projaee
. In man, the pituitary gland or hypophysis cerebri 1s 11, d structure b
adult and is connected to brain through a short stalk (the 111 d ;-1jux|: r‘l Bl
: ;fhhﬂs three lobes viz, anterior, median and posterior o
¢ anterior lobe is often referred 10 as the macror .1
producing primary hormones it prudu.;!; I?L [:.; 1:":1,_‘ [“ 'L':L_md' decause in addition &
of hormones in many of the other endocrine ol P
Anterior Lobe ¢ glands

(i) Somatotrophin Hormone (STH)
It is also called as growth hormone
Hypothalamys ) or
us — SRF — Anterior Piluitur} + STH - Growth

* Somatotroph; ;
. When gmiﬂlln I:Ieasmg factor (SRF) i5 secreted from hypothalamus throughout life
S mostly ceased after adole -

y.
during early life, leads to gigantism or if later m i€ e

scence, the hormone continues ©

ahmmaj dﬂ'\"ﬂ'l[_’lpmf_-nt

of . £ -
. If there s i h:l‘l-d:;, t'ﬂﬂt, Jaws elc. (known as .cmmrﬂll} ). “h.'tj a0
) n'r W ) IM“ -
lack of thyroig ang adrena| hm::lsm results, as well as other symptoms
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At

roid stmulating Hormone (TSH)
gﬂ“““ n Blood = Hypothalamus - TRF -» Anterwe Putany & INH 2 Dol
r;]_;gd SThyroune o |
;;-ie:h‘-ﬂ' o thyrotrophin releasing factar from the hypothalamus s contrathat by the levels

xine m
of thyT

versd. B |

j is secreted throughout life but particularly reaches high levels during the periods of
- =

rapid growth and development.

It acts directly O the cells of thyroid gland, imcreasing both their numbers amd sevretory

activity- |
Adﬁnmﬁrﬁtntrﬂphif Hormone (ACTH)
‘ d in Blood — Hypothalamus — CRF —» Anterior Pituitary - » ACTH » Adrenal

the blood.
of low levels of thyroxine, there is mcreasimg prodiction of UNH amd vice

Sterol
Cortex — Corticosteroid
Release of corticotrophin releasing factor from the hypothalamuy ix controlled by steroid

levels in the blood and by direct nervous stimulation of the hypothalamus as o resull ol

stress e.g. cold, heat, pain, fright, infections.

Excess and deficiency results in disturbanee of normnl adrenal functions

Gonadotrophic Hormone (GH)
These are follicle stimulating hormonc {
ICSH in male) and prolactin (sometimes inappropriately calle

FSHD, luteinizing hormone (LI alwo c¢illed
d luteotraphic hormone,

LTH).
; ; alamie releas factor,
d LH/ICSH share a common hypothalamic releasing
FSH an and i inhibited by prolactin

Prolactin is continuously produced from the pituitary
inhibiting factor (PIH) from the hypothalamus.

Prolactin stimulates milk production and acts with LH. o
' : } o
FSH in females stimulates follicle development and secretion ol l.mtuujr.vz.:rnmi’I b
' [ £s
ovaries: in males it stimulates development of the germinal epithelium ol 1es

sperm production. | G
LH works with FSH to stimulate estrogen secretion and rupture of mature follic
0| 1’70

Jﬁwmﬂ

L4

release egg or ovum. p
It also causes the lutenization of mature
follicles and acts synergistically with Which hormone ¢
prolactin to maintain corpus luteum (and
hence the progesterone it secretes).

ICSH in the male stimulates the interstitial cell

P

¥ 0
s of the tesies W WLTEE Lokt AAET

;;
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Newrosecraton cells produce
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These hor mones &
secreted into & portal syEfem
o AT B ared

i.ﬂ:l'ﬂiﬂ A

= AT
i fhe Dlood siredm

n-l.‘l""'D'C-f'H

Each type of hypothalamic
el endrgE F

bt mone aither stimulates of
and secretion

inhibils progucton
of an anterior pituitary harmone

o Padlers <8

The anterior pituitary secretes
e e ]

its hormones mnto the bloodstream
o B falpl V1= B

L, -
anterioe Dibwibary \

I womth | "\r\‘
oo rd le. —
[ profectn(PAL) | [ pqorenceortics | [T thyrod '
5t bigtari

| tropan CACTH)
| ] Boereng (T3H! |

A

Eoned TEesues FAmTETIE Y
__—] Elaads dddrene corte
Thgrosd

|
|
|- mi b

=

L]
- -.-..“
..-".'F

Median Lobe
Median lobe secretes MSH.

[ ]

B Its inhibition of secretion is controlled by hypothalamus

B External light governs its secretion. T)

. More secretion in pregnancy stimulates - *HP T " :
melanocytes in skin to produce brown st
pigment, melanin, which darkens the
skin.

. Excess MSH is secreted in Addison’s

disease. One of the symptoms of which 1s darkening of skin.

Posterior Lobe
L. Antidiuretic Hormone (ADH)/ Vasopressin
Its secretion is caused by decrease in blood pressure, blood volume and osmotic pressure

]
of the blood which is detected by osmoreceptors in hypothalamus.
External sensory stimuli also influence hypothalamic neurosecretory cells.

[ ]
. lmi'rr:as.'cd levels cause increased water reabsorption in distal parts of nephron
. ’ . .
A lack of this hormone produces diabetes insipidus, characterized by production of lange

quantities of dilute urine and great thirst,
19
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Coordination and Control
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.13
W

oxytocin — . ; :
1 release 18 stimulated by d:ﬂfﬂ_‘lﬁmn of cervix, decrease in progesterone level in blood

th neural stimuli during parturition and suckling,

ank

ction is on smooth muscles, particularly in the uterus during child birth and also
' lands.

|ntrud'flfl:;mid gland is located below the larynx (voice box).

These are tWo in number.

H“""'“.Ju_;;mxin (Tetra-iodothyronine/ T4)
Tri-iodothyronine (T3)

Calcitonin
Control

T3and T4 . :
Negative physiological control by anterior pituitary (master gland) via tropic hormone

TSH (Thyroid stimulating hormone)

Calcitonin | _
Circulating calcium levels in blood
Functions

T3and T4 | _
Both act essentially in the same way.

They act on basal metabolic rate by stimulating the breakdown of glucose and release of
heat and generation of ATP.

They also act in conjunction with somatotropin inbringing about growth.

* They act directly on brain cells causing them to differentiate.

Calcitonin

It regulates blood calcium level. High Ca™ ion concentrations in the blood causes
stimulation of the synthesis and release of calcitonin.

Abnormalities of T3 and T4

Overproduction

. Excess thyroxine produces a condition called Graves’ disease which is characterized by
exophthalmic goiter and increase in the basal metabolic rate.

. This can lead 1o cardiac failure if prolonged.

' It is caused by production of an abnormal body protein which continuously stimulates
thyroid to excessive secretion.

Under-secretion

. If congenitally deficient, the lack of thyroxin causes cretinism, where individuals fail to
develop normally. They are small, have coarse scanty hair, thick yellowish skin and are
mentally retarded. They also fail to develop sexually.

' Deficiency later in life, perhaps 7@
due 1o iodine deficiency, POINT
produces swelling of neck
LH;;:;?‘}_ and may 1:.’::1{1 to What do you know about?
siion of excess fat as a (a) Cretinism (b) Myxedema (¢) Grave’s discase

‘esult  of which weight is

pcreased. This ~ condition is

"E’:d'} 15 myxedema. It is characterized by puffiness of hand and skin. All body and
~___~ <! Processes are retarded.

L
PREP
BOOK 190
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i Topic-13
F bnormalities of Calcitonin . urbance of calcium metabolism with its assoc;
* i deficiency leads to distur aled

a Excess or uscle, blood etc.

effects on nerve, skeleton, m

PARATHYROID GLAND

Introduction
» In man, the glands are found embedded in the posterior part of the lateral lobes of the
thyroid.
¢ These are four in number.
Hormone
® These produce a hormone called parathormone.
Control
. Low levels of Ca’ ions stimulate the parathyroid directly to increase the parathormone
production.
. High levels of Ca™ ions suppress its release
Abnormalities
* Under-activity causes a drop in blood Ca '~ ions which in turn leads to muscular tetany.
g Over-activity would lead to a progressive demineralization of the bones similar to rickets,

as well as to the formation of massive kidney stones.

e PANCREAS

ntroduction

. Pancreas is a dual gland that acts both as exocrine and endocrine glands.

- Endocrine portion of pancreas contains Islets of Langerhans

Hormones )

. ‘ .

: E:e Eﬁs}et:-. contain large number of B-cells associated with insulin production.
e smaller number of a-cells secretes glucagon

Control o

L

This is under control of the pitui : :
; pituitary trophic h o ' 5 W alse
responds directly to the level of blood giuuns]:::. Sk, STH sad ATy '
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Introduction l
A parr of adrenal gland is present, one on top of each kidney.

. I hese are also called as glands of emergency or supra-renal glands.
. Adrenal
Capsule

gland

Cortex

Medulla
Bl

, vessels
Eidney

\drenal Medulla

. Inner portion of adrenal gland is called adrenal medulla.

Hormones
. T}::.: medulla produces the hormones adrenaline (epinephrine) and noradrenalin (nor
epinephnne). ‘

Control
Both adrenalin and nor-adrenalin are secreted in stress situations.

L ]

. They are influenced by sympathetic nerveous system.

Functions

. Essentially adrenaline | dilates blood vessels in certain parts of the body such as the
skeletal muscles and increases the heart’s output. '

. Noradrenaline constricts blood vessels but again only in certain areas such as the gut.

. Effects of the two hormones are synergistic in raising blood pressure. )

» .%dn;nahnc and noradrenaline promote the release of glucose from liver glycogen and
reinforce the effects of the sympathetic system.

Abnormalities

. Rarely found, but in excess, these hormones lead to abnormally high blood pressure.

W In rats whose adrenal medulla has been removed surgically, the ability to withstand any

stress situation - such as cold - is markedly diminished.

Adrenal Cortex
Outer portion of adrenal gland is called adrenal cortex.

[ ]

Hormones

. The adrenal cortex secretes corticosteroids such as cortisol, corticosterone. aldosterone
and androgenic hormones.

. Cortisol 1s the glucocorticoid.

B Corticosterone 1s both a glucocorticoid and a mineralocorticoid.

B Aldosterone 1s the principal mineralo-corticoid.

Control

s Hormones of adrenal cortex are secreted under influence of ACTH from adrenal cortex.

Functions

N T'he adrenal contex 1s active at all times but especially so following shock or stress situatior
or infections, P

196
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Cortisol brings about an increase n blood glucose level mainly by its production from

_____

. protein and antagonizing the action of insulin.
i COFICOSICTONS INCTEAses blood glucose levels and regulate mineral ion balance.
; Aldosterone conserves the level of Na™ in the body by preventing their loss from the
kidney tubules.
L udg-r-sﬂl'l'ﬁﬂ'n of Corticosteroids
son's disease, Wil lead to

The destruction of the adrenal cortex, such as occurs in Addi
general metabolic disturbance, in particular weakness of muscle act
Siress situations, such as cold, which would normally be overcome, lea

and death.

m.erpru{lﬂftiﬂ“ of Corticosteroids
The reverse of this is found in Cushing’s disease where too much cortical hormone 13
ar and bone

produced. Symptoms are an excessive protein breakdown resulting muscul
weakness. The high blood sugar disturbs the metabolism as in diabetes.
Overproduction of Androgens
Androgens cause development of the

FOIHT; g

ion and loss of salts.
d to collaps€

L]
secondary male characteristics.

Very small amounts of androgens are
secreted in both male and female by T REEERFVRTRINEE: [ ROTE discases
adrenal glands. : ffoct muscles?

A tumor on the inner part of the adrenal
cortex in a female can cause excess androgens to be produced and thus the

certain male characteristics. Such cases are very rare.

Ovaries
Hormones
Ovaries are involved in production and secre

and progesterone.

development of

tion of female sex hormones mainly estrogen

Estrogen

Production and Control

. Oestrogens are secreted by ripening follicles whose development has been initiated by
FSH from the pituitary.

. In many species produced by interstitial cells of the ovary.

Functions

. Bring about the development of the secondary sexual characters in the female.

*  Cause thickening of uterine wall.

*  Atapoint during the estrous or menstrual cycle, exert a positive feedback which results
in a sharp rise in LH output by the pituitary.

: They also aid in healing and repair of uterine wall after menstruation.

s Under the influence of estrogen, some of the cells of uterine wall become glandular and
start secreting proteinaceous secretions which are taken up by the embryo during its earl
—_ Stages of development. b
KETS - PREP BOOK
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I‘rnduﬂinn and Contrg|

- Produced by the ruptured follicle in response to LH from the pituitary

Functiops _ _e

s It inhibis further FSH secretion from the pituitary, thus preventing any more tollic]es
from ripenip g ; : _

. It alsg affects uterus, causing further thickening and -,,-;l.HL'1JrHJ"];-'i_1-[IHT'Ii u.rT- Ih, wall and Other
areas of the female body. preparing it for maintaining the state t..+l pregnancy.

* It suppresses Ovulation that is why it is a major constituent of birth control pill

Testes

Hormones

9 The testes consist of many coiled seminiferous tubules where the *PeTmalozoa develop

N Between the tubules, regions of interstitial cells produce gonadal hormones Called
lestosterone and 17 P-hydroxytestosterone.

. Afler the initiatjon of development, the sex organs in thednétus produce them and thesr
level rises fairly consistently unti| puberty.

. Afier puberty the supply of LH (ICSH). and therefore!the Levod oF 1oy, SISTUNE. TeTNAINS constant

Functions

. In the foetus, i nitiates the devElopment of the
SEX Organs, F’DFH{@

. At puberty, it brings about development of the .
male sccondary characteristics angd promotes the
sex drive,

. The castrated male fujle o develop secondany

sexual characteristies and his body tends MOre lowards the
HORMONAL FEEDBACK MECH

ol interaction n which g control|

lorm of the IMmmature female

It 15 a tvpe

: : Mg mechanism | itselt” controlled by the
products of reactions it is controlling,

L After receiving the signal, a change oceyrs 'O correct the deviation by, depressing it with
negative feedback or enhancing it wig; positive feedback ‘ ;

Positive feedback

. I'hese responses are not homeostatic and are rape n healthy Individuals
= % il

" In positive feedback, an end Product speeds up its Production

& An example of positive teedback childbirgh
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Coordination and Control

from fatus
and mothers
postenor pitutary

Induces oxytocin
receptors onuterus

Stimulates uterus
to contract

Positive feedback

Stimulates
placentatc make

Prostaglandins

U

Stimulate more
contrachbons
of uterus

In this system, an endocrine gland is sensitive either to the concentration of a substance 1t
regulates or to the concentration of a product from a process it controls.
For example, regulation of blood glucose in the blood by pancreatic endocrine cells.

3 i b0 i
SR K

DU SUparT
EE TR

Raises blood sugar Fromolas
[. insyuln
| .
1 Sumusalas glycogen i
breakdown = i I
; i E_I' ﬂﬂ_ ﬂ_h_"_ _'__ "\ r
I Pancreas ;

Stumulates
glycogen lormation

[
LI /hssui cells

Can you differentiate between posiive
and negative feedback mechanism?

L R T —— —_—
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Male Reproductive System
Female Reproductive Sysicm
Menstrual Cycle

Sexually Transmitted Diseases

RODUCTIVE SYSTEM

VIALE REI
Gonads — 23 . in sac-like «
. Male gonads consist of a pair of testes. which lie outside lhvf:I h;dh | ‘fr ke scrotyp,
= i iy -alled semimferous ;
. Fach testis consists of a highly complex duct 5}*F.tﬂ_mh LIL:II s - Mhuleﬁ_. In
i - . roduces s :
which repeated division by the cells of the germinal epithelium p h'L h“'pem_amgﬂnm_
: : cells : 8. whic - e
. Seminiferous tubules also contain sertoli cells/ nurse cells ch provide liquig

medium, protection and nourishment to cells while they are in the tubules. These cells

also secrete inhibin hormone which serves to control the spermatogenesis at normal rate
" Interstitial cells/ levdig cells are present between the seminiferous tubules and SECTete
testosterone essential for production of sperms and development of male secondary
sexual characteristics during puberty.
» Both germinal epithelial cells and sertoli cells. are under the control of FSH while
interstitial cells are under the control of ICSH,
External Genitilia
» Penis 1s copulatory organ-and external genitalia, which is used to transfer sperm into
female reproductive tract,
Duct System

. Seminiferous tubules are the sites for spermatogenesis
. Eprdld}-m_w s the proximal highly convoluted portion of vas deferens where maturation
of sperms is completed; they become motile and are stored.
& Vas deferens (sperm duct) is the main duct of male reproductive tract.
5 Part of vas deferens that receives secretions from seminal vesicles is called ejaculatory duct
g . T , wr sl a0 . d :
. Ure !_hra in male is also called as urinogenital duct because it transfers both urine and semen
outside the body.
Glands
® Testes are endocrine ela hi :
nds which are +d '
_ , scine g which are paired and produce male sex hormones, most
important of which is testosterone.
* Seminal vesicles, prostate ;
. , prostate and bulbo al/cowper’ i
urethral/cowper's glands are exocrine glands.
POINT
What is the funct; P Qi
r Eln. fgncnﬂn of Seminal
€8 and Prostate gland?
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Gametogenesis
Gametogenesis is defined as ‘the process whereby a haploid cell or gamete is formed

A T B

L ]
from a d|p|md cell through meiosis and cell differentiation.’

gpermatugenesls

. Gametogenesis in the male 1s known as spermatogenesis and  produces !
spermatozoa/sperm.

. Spermatogonia are present n the seminiferous tubules can increase in size and
differentiate into primary spermatocytes which undergo meiotic division to form
secondary spermatocytes and spermatids. 7Q

. Eventually —spermatids differentiate  into POINT |

mature Sperms.
. The sperms are then transferred to the main
duct of the male reproductive fract, the vas
deferens, which forms highly convol luted

What is average duration of sperm

production in man?

epididymis.
. The sperms then pass through the urinogenital duct and are discharged out.
thi.-lﬂ Malosls |l \ ,
@" @" Uh ey &~ o, \
) Gamere Spere (rfls
formation in the male "
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g Hormonal Rogalution of Spermatogenesis

Huornvong ‘qum'n' -
CinkN

: |

o Stimulate the anterior pituitary glang 4,

release gonadotrphins
Enhances sperm formation

Hypothalmmus

=
B |

| ISH | Anterior pituitary lobe - - !
CLHesn Anterior pituitary lobe e Stimulate interstitial cells of tc:st_ir,__t I
[ produce testosterone _
.- Lestosterone | Interstitial eells in testes | ® Spermatogenesis T
| e Development and maintenance of malei
reproductive structures |
e Male secondary sexual characteristics

e Sexdrive B
Inhibits FSH secretion, thus causing 5 |
decrease in sperm and testosterone

production

Inhibin sertol cells in testes .

FEMALE REPRODUCTIVE SYSTEM

Gonads

. Female gonads are ovaries which lie within the body cavity of the female and held by

several ligaments,
@ Germ cells in the ovary produce many oogonia.

External Genitilia

. Structures external to vagina constitute external genitalia in female.

Associated Ducts
Discharge of ovum from ovary 1s called ovulation.
Main duct of female reproductive tract 1s oviduct that is also called as uterine tube or

L
fallopian tube.
. Fertilization of ovum occurs in proximal part of oviduct.
. Oviduct leads to uterus. It 1s about the size and shape of an inverted pear. Uterus has role
in implantation/ conception, placentation and development. Innermost layer of uterus is

endometrium, middle myometrium and outermost is perimetrium.

B Uterus opens into the vagina through cervix. Vagina is the part of birth canal.

0
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l”‘rn E ;"“h-'b"ﬂﬁlq il‘l tht'.‘ ffﬂ“ﬂic 15 k]anﬂ as mgmﬁtq m I'Eﬂl.ﬂt i“ thﬁ fmanm {]f {]‘Qa:":gg
b « starts before birth when oogonia divide mitotically to produce primary oocytes.

. 00 Fcﬂ{:'ﬂ
' These primary oocytes are enclosed in groups of follicle cells.
' primary 00Cytes undergo through meiosis I but are arrested at prophase 1.
. At puberty, pﬂmﬂl'}' oocyte completes meiosis | and gives rise to haploid secondary
*ocytealong with 1% polar body.
Gecondary oocyte undergoes through meiosis Il but arrested in Metaphase II. It is
) released in this stage from ovary and does not proceed further until fertilized.
, If fertilization occurs, then secondary oocyte divides to form ovum and 2™ polar body.

in human female only one ovum is usually discharged from the ovary at one time, this

phenomenon is called ovulation.

(Dogenesis

Ln,hﬂ[mn | Occeur in testes Occur mainly 1n ovanes

“Meiotic Division Results in | E qual division of u.tupla,ar.n Unequal division of
mupl.u.m 1

“Number of Gametes Produce | Four " One and two to three pﬁlar
htﬂl:.h s

_Sm. of the Gamete CRelatiy cly smaller _ Rtlamth Idrgq:r

Fﬁu_rldlmn Ln- |I1I-.‘r1u|1h.'u.| Process ]n JITL:.ILd hlﬂgﬂa

Onset Begins at puberty ___F_ﬁfr”""‘ dunng tetal _!I._i:?___r

I HE.E.LJL.L of p g2 ameles - C ontimuous ——— ___'\-El[hh []-rum Pub&l‘[}

“End ' [ifelong (But reduces with Terminates with menopause

age) - 1
f wuhlh phd'ﬁﬂ * Short - leuﬂgﬂd |
(unmt Motility | | Yes | ~INo

" In female, production of egg 1s a cyclic activity as compared to male.
» Oestrous ¢ycle is reproductive cycle in all mammalian female except humans. In human
lemale, 1t 1s called menstrual cycle.
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Feature
{ Yeen rrence

Hrlﬂsr of ﬂeﬂrugrn

! II‘ ft«rtlllzaﬂnn does not
| occur

} ﬁﬂ Iuw_lu_ET
| l artial for ::nnwprmn

Resorption of endometrium

—— —

Eogis ‘conserved

— e

| |

Requires physical stimulus of

- Human female
| .M__ higher fL"-LI )
F1.1II}J for u;.unmptmn
Destruction and dn-:ha:,bfu

(Menstrual flow)
Egg is released

Under hormonal contro] |

Menstrual Cyele

PSR AR TR

! Ovulation
SRR __mﬂ.lll'lg S ——— — |
PﬂlNT; c |
Whml: hnmwne mm ml'm“m'}
- Menstrual cycle involves changes in the structure and function of the whole reproductive
system.
. I** ovulation and menstruation occur at puberty. Start of menstrual cycle is calleg

menarche. Its complete stop or end 1s called menopause.

. It 1s completed in approximately 28 days.

. The events of the menstrual cycle involve the ovaries (ovarian cvcle) and the uters
(utenne cvcle).

. Events of menstrual cycle are regulated by pituitary gonadotrophins.

. Menstrual cycle can be divided into four phases.

Phases and Events of Menstrual Cycle

(i)

Pituitary gland on the onset of puberty, releases FSH which sumulates the development
of several primary follicles. Only one of these follicles conuinues 1o grow with 1ts primary

oocyte while the rest breakdown by a degenerative process known as follicle atresia.

(ii)
(iii)

(iv)

(v)

(vi)

Ovary under influence of FSH produces estrogen,
Estrogen, on one hand, stimulates the endometrium and vasculanzes 1it. On the other
hand. it inhibits secretion of FSH.

Decrease of FSH and increase of estrogen, causes the pituitary gland to secrete LH which
induces ovulation.

The follicle cells, after release of egg, are modified to form a special structure called
corpus luteum. This yellowish glandular

structure starts secreting  progesterone,
which develops endometrium and makes 1t
receptive for implantation and
placentation.

If fertilization does not occur. the corpus
luteum starts degenerating. The progesterone secretion diminishes and its %lpr._-.mnﬂ
::Eﬂh:::t:; ::ildgz:;f:;?ﬁ:zl;?;;f: ced, which suffers a breakdown. This -.Juﬁ%ﬁh
. as menstruation. This stage usually lasts for 3

_..-IlIl""-
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Reproduction

000 ®®.

Developi"8  Maturing rpus  Degenerate
Follicle Follicle Ovulation Lu[.:um Cnrpus Luteum

SARRNE | |
37° I BaEE R l
Body Tcmpemtl:lrc
36°C l |
Estrogen
o Follicle-Stimulating \
g Hormone
AR EERERY
S
s "-"'""1-

Fn[llcular Phas;e

Histology

Endometrial

ol 11113/ 15/17]
1&3]t 56?81 111 3115117 1920212\2232‘425262

Dn}f nf Mcnstmal C}c]e

: a ""‘ th-c Sl;ﬂgﬂﬂ at whr:h oocytes 1s
_ arrested during meiosis?

How many eggnre pﬁﬁduced by a
female 1n her life?
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AL D DISEASES

SENE AN Y TR
i ' CGenital
Fenture Cetininrrrhea Syphilis Herpes
Cuusative i . - Vi
¢ Ciram positive Spirochete Virus s
Agent hicteria
e S — - - I ]
- s SIMpIEX
Cause Netsveria Treponemd Htrp;:I p HIV
5 T I
wonorrhoear pallidum ype -
S ——— Infection of
senitilia,
Damage to gent .
Mucous membrane |, productive genital Destruction of
Main parts of urimogenital tract, organs, €yes, soreness & immune
Affected eye infection to hones, joints, ulcers, damage | sysiem
baby. CNS, heart, skin. | tO €Y€S & CNS
in infants. ‘I
: - T Sexual contact | Sexual contact
H“ o l:'f : Sexual contact Sexual contact
I'ransmission
Antibiotics Anu-viral Anti-viral

Treatment

Antibiotics
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ToPIC-15>>

acic 1€rMs
Bd:,:zicliﬂﬂ Inheritance
Law of Sugl‘{:gﬂ'ﬂ(}n
Law of Im:l::pendgm Assortment
Dominance Relations 1
Multiple Alleles (ABO Blood Group System)
Rh Blood Group S;_f:slem o
Maternal Fetal Rh incompatibility
Epistasis and Bn:_uﬂhay Phenotype
polygenic Inheritance |
Gene Linkage and Crossing Over
Recombination Frequency and Genetic Map of Chromosome
patterns of Sex Determination
Gex Linkage in Drosophila
Sex Linkage in Humans (Hemophilia and Colour Blindness

- . W™ W W W W W W W W W W W

It is the basic unit of biological information.
" Genes are actually parts of DNA comprising its basic sequence.
" It is sequence of nucleotides that specifies sequence of amino acids in a polypeptide

chain.
Locus
, The position of a gene on the chromosome is called its locus.
Allele
5 Genes form pairs on pairs of homologous chromosomes.

v One member of a gene pair 1s located on one homologue and the other member on the
other homologue.

. Partners of a gene pair are called alleles.
’ Each allele of a gene pair occupies the same gene locus on its respective homologue.
. Both alleles on one locus may be identical or different from each other.

Dominant Allele

i Such an allele that masks the effect of other allele in a pair is called dominant allele and
such trait is called dominant trait.

For example, in pea plant, round (R) is dominant over wrinkled (r).

Recessive Allele

" Such an allele that is masked by another allele in a gene pair is called recessive allele and
. S_uch trait is called recessive trait.

Gene pl;zll- example, in pea plant, green (y) is recessive while yellow (Y) is dominant.

" Allthe genes/alleles found in a breeding population at a given time are collectively called
the gene pool,

| It consists of all the alleles at all genes loci in all individuals of the population.
h"“"lrnuuu ey

Scanned with CamScanner



Topic-15 Variation & Genetics/ I“h‘ﬂtq

Introduction
. Faw of mdependent assortment is stated that

‘when two Contrasting pairs of ti4i
'} . ) H .
e assor! independently into gametes’. it
5 has no influence on the distrify,
1

tollowed m the same cross, themr allel
. Uhe distribution of alleles of one tranl inio pamete
ableles ol the other tran
il B iz dihybnid crosses .

Phenotypic & Genoty pic expression

yellow, grecn,
round wrinkled

yellow,
round

Probability and Product Rule

E -_ " u T ¥ A -."I-'Eq_. _..'_ 'I. "-l ; = ]
Probabilitv is the chance ol an event lo occur ¢ : in F- offspring of a monohybnd cross
%

[ ]
the independent chance for a seed to be round 1s 34

. When two independent events arc occurring simultaneous!v like in dihybrid cross, the
ratio of each joint phenotypic combination can be obtained by multiplying the

il "!_:'-\J |_"| : i
Event No. 1 Event Ni

ies of individual phenotypes. [l Eh_l._':]”-._'l.l "'Il_"'.rlll.'1 rule
Naod 505 s . Both Events at a Time

Seed Shape Seed :, jﬁﬁﬁ“ _Shlpe& Colour
Independent Probability Independent robability =~ Joint Probability
Round = 34 Yellow — 3/4 | Round Yellow = 34 x 34=9/10 |
Round = 34 | Green = 1/4 Round Green=34x 1/4=3/16
Wrinkled - 1/4 Yellow — 3/4  Wrinkled ) E_J_i_*"'“r'f___li-“‘_-:’_'ljj_lﬁ—
Wrinkled - 1/4 _' Circen = 1/4 W :':'nL!udi’rr_cun_li_ﬁ_]_;__l__ﬁ-—-
Limitations of Law of Independent Assortment _—
. Genes are located on chromosomes at specific loci. Independent assortment ol e
:IL'pL'ml v PN r!]tfrpumlunl assortment of their chromosomes., her i8
All the genes present on a homologous pair of chromosomes are linked 10 each ot
the form of a linkage group. These cannot assort independently. »
non-homolo

Ihime  alleles  assort independently  whose  alleles  are nding
CHroImiosomes _.---"""'"f
W

SR T LY
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I_‘.lE,iE d

I is 8 thﬁm]
re are four by
Dominance

es of dominance relations:

Incomplete
Dominance

| effect of an allele over its partner allele on the same gene locus.

Co-domin

Over
Dominance

ance

One allcle lleles are | One allele boosts
mnpletﬂh’ Bt e ' Both alleles are ffect of oth
| in G oot of | EXPressed expressed fully, | CHiect of et
i“lfl:;!'f'ﬂ"t | '“i”‘ks cffectol | sartially. pres: | allele. |
peter ™ other. = ST : :
s o “th Intermediate ' Distinct from Exceeds in
onotyPe Rescmbles wn[ | between both both ' quantity from
. Fir ;
E::Emﬂgﬂtﬂ one homOZYEOLE | 1,1 0zygotes homozygotes. homozygote.
e | Different
— "r“q‘l']i,lﬂ] ]ctte:jiur Different Different ﬂxpr?ssic:m for
pxpression of | dominant dnl' expression e.g. | expression e.g. | dominant and
slleles small !em.r o R1 and R2 M and N recessive e.g.
: recessive. w+ and w,
I"h_i.*ai_ﬂ?'-l]"3 & Different Same Same | Same
fn{uh'EfB“““‘J B
"Need of Test | e " x x
[ Cr_ﬂiﬁ_ [ T LI = — |
B All seventralts | gy et colour in | AB and MN Eye colour of |'
Examples | studied by 4 O'clock plant | blood groups ' Drosophila |
| Mendel . : ' _J

. All
multiple alleles.

.'\l_'I.TIl’LE ALLELES (ABO BLOOD (

cuch altered alternative forms of a gene, whose number is more than two are called

Some genes may have as many as 300 alleles.
Anv two of these multiple alleles can be present in the genome of a diploid organism, but

ROU

P SYSTENM)

a haploid organism or a gamete has just one of them in its genome.
. Gene mutations may produce many different alleles of a gene.

Abo Blood Group System

’ ABO blood group is first discovered multiple allelic blood group system in man.

*  This blood group system is encoded by a single polymorphic gene [ on chromosome 9. It
has three multiple alleles I*, 1" and 1.

*  Allele I* specifies production of antigen A, allele 1" specifies production of antigen B but
allele Io/i does not specify any antigen. |

: Alleles I* and I® are co-dominant for each other while completely dominant over 1.

| I.-‘b‘nligpn .\ﬂlihﬂ{ll\ _.
- - A Anti-B antibody —
fEB ST PR 1B B | Anti-A antibody
~—  [1"F A&B No Antibody |
0 S S | Anti-A antibody |
P . | Anti-B antibody |
- 211

1mer

T




-

Variation & Genetics/ Inheritan,

Topic-15
: ——

—

Blood Transfusion

S . i -esence or absence of ;
. Positive or negative sign of blood group refers to the presence O " another

blood group system antigen called Rh factor. ) ihe surface of REC
Rh blood group system is defined on the basis of Rh factor present on the Cs.

Rh blood group system is encoded by three genes C, Dand E W'hll:h CHIII]‘Z}};'_F‘-’TG lilg[f;ﬂ?p]llnktxi.]mt_
Alleles of gene D occupy one locus called locus D, while genes L and & afternatively

L

occupy the other locus. The D locus is of prime importance. d
. Gene D has two alleles. D and d. D is completely dominant over ¢.
Phenotypes & Genotvpes =

i . Ry R - | e
Rh positive | DD, Dd Z5€ |
Rh negative dd Absent | Absent |
Blood Transfusion ! N :
| -t SR T Bl : ol
B L : e kT

Rh positive
Rh negative
Rh negative

Rh positive Rh positive

Rivnegative Rh positive

Rh negative

RNAL FETAL RH INCOMPATIBILITY

MATE

Introduction . . : : 4
It results when a Rh™ woman, married to a Rh” man. conceives a child who 1s Rh'.

Chances
If the man’s genotype is DD, all of their offsprings (Dd) will be Rh.

[
. If the man’s genotype is Dd, half of their offspring with Dd genotype will be Rh'.
Mechanism

Different steps involved are shown in the following diagram.
How Rh hemolytic disease develops

later pregnancy
+ . . with
during pregnancy  at delivery months latar  Ah-positive baby
.._ﬁ. W i H‘ 2 Wikhp= N
- kY g o - . L
Rn-pasitive e Y =% T - W -5 4
fathr - E LT - g
i e o - 5 -—-. H'I'l'!ﬂﬂ'm '—-L‘i-'h'_ — :
Hh‘ril:ml'l'ﬂ AT .._"'- - Hh'mﬂlll'ﬂl - -- - .._-
- - blood calis g g o ey
Rh- ; CALSE [he
nm!lm hirt:ym procisction of Rh ﬂl‘lhmﬂlms RAh antibodies
Ah-Oot Rh antbodias remain in aftack the
bay oalla enter mother's Rh-positve
b mother's bloodstraam baby's blood
leodstraam cells, causIng
Ah dissase R
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| Vv
: Mmﬂmiﬂ may lead to abortion or still birth_
\f pregnancy continues, the liver

. #
RBC. .
The breakdown product of RBC called biliryb;

and
spleen of the foetus swel] as they rapidly prody
ce

n also dccumulates

L is brain cells and turns his ski : n foetus. Biliryh;
gamages h 18 skin and white: . : ilirubin
called jaundice. ltes of eye yellow. This condition is

; nwlﬂr]ncumpnnhlhty

0

sensitization of Rh™ mother is avoid : .
i RS T P— — ded by a simple therapy. She i
of Rh antiser & edrly pregnancy and immediately after birth
in the Rh antiserum will destroy Rh* RBC of the foetus before the stimul
of maternal anti-Rh antibodies. The injected y stimulate
pregnancy. |
Sometimes a mild ABO incompatibility protects the baby a ains
s gy {
incompatibility. It O" mother conceives A* or B baby, a}::}' E‘-:}el:;! HAT;? 1’; SWE;ETERERS
entering the mother’s blood are quickly destroyed by h . ol sl
before she can form anti-Rh antibodies. yed Dy her anti-A or anti-B antibodies,

EPISTASIS AND BOMBAY PHENOTYPF

pefinition
When an effect caused by a gene or gene pair at one locus interferes with or hides the
effect caused by another gene or gene pair at another locus, such a phenomenon {;f gene
interaction is called epistasis.

o  Epistasis must not be confused with dominance, Dominance is the relationship between
alleles of the same gene occupying the same locus, but epistasis is the interaction between
different genes occupying different loci.

Bombay Phenotype
Bombay phenotype is an example of epistasis. Such a blood phenotype which is different
from genotype is called Bombay phenotype.

Mechanism
The expression of ABO blood type antigens by I* or I" gene depends upon the presence
of another gene H.

() ABO locus is on chromosome 9.

(i) H locus is on chromosome 19

’ "H gene’ (dominant) changes a precursor substance into ‘substance H’.
* It produces an enzyme that inserts a sugar onto a precursor glycoprotein on the surface of
RBC.

Antigen A or antigen B specified by I* or I® gene could attached to this sugar of
substance H

_Thz? recessive allele h’ cannot insert sugar molecule to glycoprotein. Therefore, ‘hh’
Individuals lack the site of attachment for antigen A or antigen B. Their RBC lack A and
B antigens although they do not lack I* and I® genes. They are phenotypically like O but
dre not penotypically O,
POLYGENIC INHERITANCE
;} tnntinu.uusly varying trait is encoded by alleles of two or more different gene pairs
ound at different loci, all influencing the same trait in an additive way.

Qualitative differences are large and more obvious but quantitative differences are small

oy less striking,

PREP BoOK 213
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\ continuously varving trait is encoded by alleles of two or more different gep, 1
. UM . : . b . g : ; - tua : Iy
found at different loci. all influencing the same trail in an additive way, Tho,
: ‘ ; 2 b S :
antitative tranls are called polvgenice traits and their genes are polygenes, -
i . uils I- . :
. Human skin color is controlled by 3-0 gene pairs. .
. Fongue rolling 1s quantitabive trait controlled by single dominant gene.
- :
* MVultifactorial traits are controlled both by genes and environment.

Phenoty pes of wheat grain color

Phenotype
Dark red

"AABBCC |
. Aabbece White \-‘
. o —

,- vabbec aaBbee aabbCe Light pink |

\ Abbee aaBBee aabhCC/ AaBbee/ aaBbhCe/ AabbCe Pink . o
| \;LH_hl‘.: AABbee/ AabbCC Light red ]
_ AABBee aaBBOC AAbDBCC Red

Moderately dark red

' AABBCc AABDBCC/ AaBBCC
GENE LINKAGE AND CROSSING OVER

Gene Linkage
. Phenomenon of staving together of all the genes of a chromosome is called gene linkage,
. Gene linkage 1s a physical relationship between genes.

\ chromosome carries its linked genes en block in form of linkage group.

L

. [he number of linkage groups corresponds 10 the pumber of homologous pairs of
chromosomes. Man has 23 linkage groups.

Examples |

. Genes for colour blindreds! haemophilia, gont ¢tc. form one linkage group on human X
chromosome.

. Gene for sickle cell'gnfemia, leukemia and albinism etc. form hinkage group on human

chromosome 1 1.

RECOMBINATION FREQUENCY AND GENETIC MAP OF
CHROMOSOME

of segments between non-sister chromatids of homologous

Crossing over is an exchange

L]
chromosomes during meiosis. | | |
' [ inked genes can be separated by crossing over. Closer the two gene loci, more strongly
their enes linked. The farther apart two genes he: greater are chances of their separation
L L i E
through crossing over,
. Crossine over minimizes the chances ol gene inkage.
Homologous
chromosomes
Genes
= i g .."-- l
o W w B =
\ Breakage and Reunion:
Chromalids Crossing over gxchange
3
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(‘ross over o recombination frequency i« the pro
(o gene pairs as compared to the sum of
rhe recombination frequencies betwee

portion of recombin
= . ' -FI”T Iil b " -
all Eﬂmhlnulmnﬂ. ypes between

N two linked
hackcrossing ! he heterozygote to g homozygote double re
ts value 18 directly proportional to distance betwe
od on a chromosome on the b

genes can be calculated hy
cessive,
en |Ihl'.‘ !lnked gene loci. Genes can be
ymbination frequencies.

i rhmmuiﬂm'f-'ﬁ

Se Chromosomes which are different in male and fe
of sex are called sex chromosomes,
All chromosomes other than sex
carry any sex determining gene.

qumans as Example

Humans have 46 chromosomes in form of 23 pairs,

. 22 pairs are of autosomes and one pair is of sex chromosomes.

L Autosome pairs are common in both the sexes but 23 sex chromosome pair is very
different in male and female, : .
A female has two similar X chromosomes in her 23" pair but a man has an X
chromosome along with a much shorter Y chromosome in his 23 pair

.”.d ' . 2 ' - , ol o [
' The 23% pair in man is heteromorphic. She is XX but he is XY
o SRY is the male determining gene. It is located at the tip of shdrt arm of Y chromosome.

It is male sex switches and expressed during 6" week of pregnancy.

patterns of Sex Determination g
Feature X0-XX | XY-XX

male and have genes for determination

ch " il
romosomes are called autosomes. Autosomes do not

XA

Crrasshopper; s T
Examples s i | PF Human, Drosophila Birds, Butterflies,
aampes | Prowenorbug | | _Moths
| Male | X0 __ | XY 2z
N | Heterogametic | Heterogamenc Homogametic
| | XX XX ZW |
Female = . - : . 2/ ST
' o I II‘-”"“':_-—'m”f-ll'-' | HU‘I'IH":C"..I.['IIL'IJL' . HL‘IL'IT'E_’,LII'[]ET'H.:

inin - . . N
SFI Determining : NSperm Sperm Fou
Gamete 1 _ _ o
Sex Ratio ] 1 |1 _ l:1
SEX LINKAGE IN DROSOPHIL A

n T. H. Morgan (1910) provided expenimental evidence in support of chromosomal theory

of heredity through discovery of sex hinkage i Drosophila

Reasons for Selection of Drosophila

Drosophila is a very uscful organism for genetic studies tor many reasons. For example;
() Easy collection & culturing
() Sexual dimorphism
()  Short generation time
(i)  Excellent for genetic studies
(V) Part of human genome project
Morgan*s Experiments and Crosses

L 5 ; ; . . .
Morgan raised cultures of / drosophila lies to study different traits, such as colour of the
E o
~ KE78.- prep BOOK e
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Normal truit flies, the wild type, have b
. ﬂ“: ﬂ}"'

Bridges, obs
: 8. served ; . U T— tm
Step 1: Normal I'L"r\na;;ii in unusual white eye mutan
:;;llurgan Mated white eyed male with a wild type red
: S Cross had red eves an ¢ ded that red eye
Step 2. Neriial Crom eyes. Morgan conclude
Morgan allowed males and females of F| generation >
vounted 2459 red eyed females, 1011 red eyed males and 7%

eyed female. All 1237 offspring of
15 dommant trait.

o and produce F, generation. He

mat .
» ales among F:.

7 white cye m

Observations

. Different observations got by this cross were. . ed-eyed males and white-
Offspring produced due to this cross were red-eyed females, f

" The proportion of 3470 red eyed to 782 white eyed flies di '
Mendelian 3:1 ratio. it

. The number of recessive phenotype individuals was 100 small. female in F:

:: All the white-eye flies were only males. There was no white eye

onclusi " off:
lusion d to the sex of offspring

The inheritance of eve color somehow seemed to be relate
Morgan proposed that;

(1) The gene for eve color is located on X-chromosome. There is no corresponding
(ii) The alleles for eve color are present only on X-chromosotie. 27 c
allele for this trait on Y-chromosome. . et R Y
. : Ll b tesd Y8elf 1n male :
(iii)  Single recessive allele on X-chromosome | Cam | cypresse it
chromosome is empty for that gene. nts of P cross
= v rarwiy e (O LI :-"_:,_-;._I|.."‘ L LR P
. Now we can relate these 'crosses With genotype Ihe genotype Of -
Were x W x W .h.”.. ]..E.'j E}.-IE I”II]HIL" u”d .'"I. 4 .'r [T W EL:'I“ b |-|--|.1|-|I-.I. L= e
I First Step Cross :
P Red eyed female X Witte eyed male
! .-r L .:_‘- T

| X X
o o0 © O
ceEs

X

e ——

Scanned with CamScanner



Variation & Genetics/ Inheritance

s T
i ———
e T
T —
ey b

tep 3: Test Cross | :
o Morgan wanted to test his hypothesis. He crossed the P1 white eyed male (X"Y) with one

of its own daughters (the red-eyed heterozygous female from F; generation). ‘
Out of total offspring of this cross, half female offspring had red eyes and half had white.
Similarly, half the males had red eyes and half had white.

Red eyed female of F, X White eyed male of P,

Offspring of test cross

Step 4: Reciprocal Cross/ Confirmatory Test _
*  Appearance of white eyed female provided an opportunity for a further contanssory test

. Morgan mated a white-eyed female with a red-eyed male. All female offspring had red

eyes and all male offspring had white eyes. o
: When F, red-eyed females and white-eyed males were mated to produce F:, then half ot
the F> females had red eyes and half white eyes. | |
* Similarly, half of the F» males had red eyes and half white. This Fi x F; cross was exactly

like step 3 test cross.

""|-|-|.._|_'__
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1_ = _F..F = White eyed female . R :r:d;rfulr - -

| XX j o () w:,.f- |

e @ @ 1.';/'\\&:" * ¥) ,

I-ﬂs =T “w . "rF!I'I’hq i

I

|

| XY
X"X" |
i Red eved female White eved male

SEX LINKAGE IN HUMANS

(HEMOPHILIA AND COLOUR BLINDNESS)

A trait whose gene is present on X chromosome is called X-linked trait. X-linked try,.

are commonly referred as sex-linked traits.
X-linked recessive traits are common in male while X-linked dominant traits .

common 1n female.
. X-linked traits follow zig zag path while Y-linked traits
Genes located on Y chromosomes are called Y-linked gengs and their traits are called Y-

dre transmitted in straight way.

linked traits.

. Such traits whose genes are located on'both X'& ™ nosomes are called X & Y

linked or pseudoautesomal traits such genes are called Nand-y hinked cenes
Haemophilia
. It is a rare X-linked recessive trait.
. Haemophihac’s blood fails to clot properly after an injuryv. because it has either reduction
or malfunction or complete absence of blood clotting factors
. It 15 a serious heredity disease because a haemophiliae mayv bleed to death even from
minor cuts.
Types of Haemophilia
Type Occurrence Factor
| A B0% | VIII A-linked recessive
R Vo | ,
Iy, ; ' E
| B l 20% | Y 1-|IE]|~.-._'-..| FreCessIve
: B P i, r I .
H '—': | Less "L_ln 1% : Xl Autosomal recessive
® qe ' 3 : . e T
aemophilia A and Bare non-allelic recessive sex-linked but haemophilia C 18 al
autosomal recessive trait (Autosome 4).
*  Haemophilia A ave - ~ e
" ph'f' e and B have more chances in male as compared to female wh
E 1a . ancee | .
1 N P as equal chances in both male and female.
Genetics of Haemophilia A
. A Wwoman can h;uﬂ:': = 1 . 7 Eh"-
sutfer from ‘haemophilia A® o
; tha A’ o ‘he L nozygous
Pecessive sliate nly when she i1s homozys
___-_-_-_---".
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\ man with just one recessive allele will dlqp]ﬂy the trait

' H ‘muph:lm A zig-zag from maternal grandfather throy gh a carrier e <

! Jﬂd“'ﬂn
r passes direct from father to son.

I neve
e for normal is H and gene for *haemophilia A’ is
, Gender Genotype Phennn-pe
! | Normal
| Female __X”X“ ' Normal but Carrier
Xhxh Haemophilic
| rHyr i
i Male \h‘r Normal
| | XY Haemophilic
Colour Blindness

Normal trichromatic colour vision is based on three different kinds of cone cells in the retina,
each sensitive to one of the three primary colours red. green or blue.
Each type of cone cell has specific light absorbing proteins called opsins.
Genetics
The genes for red and green opsins are on X chromosome while the gene for blue opsin 1s
present on autosome I
Types of Colour Blindness
Mutations in opsin genes cause three types of colour blindness:
i  Dichromacy
A dichromatcan perceive two primary colours but is unable to perceive one whose opsins

L

are missing due to mutaton.

. It 1s further categonzed Into three following types:
Protanopla Red blindness Green. Blue
Deuteranopia Green blindness | Red. Blue
Tntanopia Blue blindness | Red, Green

(i} Protanomalous
’ Some people can detect red and green but with altered

poinNT/O

perception of the relative shades o t these colours. What you know about rod and
. They have abnormal but sull pamally functonal 7 cone cells?
OpSINS.
) They are protanomalous and deuteranomalous for red and green weakness respectively.
@)  Monochromacy 7@
* A monochromat can perceive only one colour. POINT

Monochromacy is true colour-blindness.

Blue cone monochromacy is an x-linked recessive
Tt in which red and green cone cells are absent.

s 2 common heredity disease.

I-|-|-'-"'-I—_
s . FRE? BOOK

Can color blindness and
haemophiha be autosoma
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R R maternal grandfather through a carr

L] .
Li o i L ; :
ke any sex-linked recessive traits, it also zigzags from
daughter 1o a grandson
" .
It never pasgses d;
Passes direct from father to son

. i : i ~men. because chances for :
This type of colour blindness is more common in men than Womet. a male
to . . .

0 be affected by it are much more than a female.

Others

w . ke ait i |C I ’
Testicular feminization svndrome is a rare X-linked recessive trait in which rlLl":-:l}In has
_X & Y chromosomes vet tfm genes on their ¥ -chromosome develops them !’}h}-‘gmal]y
mto female.

- TR - ifte R e
A sex-limited traijt is: liriited o onlv one. gex: due 1o anatomical differences e.g. beard
Erowth in human male and milk vield in cows.

- » & - z . =
Sex influenced traits occur in both males and females, but they are more COMIMOn in one

2 SeX ¢.g. pattern baldness. These are influenced by hormonal differences.
I'raits and I{Iamples

Example

X-linked recessive Hemophihia, colorblindness, testicular feminization syndrome
X-linked dominant Hypophosphatemic or vitamin D resistant rickets
Y- linked traii Maleness
Pseudoautosomal trait Bobbing in insects
Sex himited trait Milk vigld arr Cow, beard i man
Sex mfluenced trai Baldness
ﬁurg - PREP BOOK i;;
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“hromosomes (Number, Structure, ¢ " -
P E.::;L“-.mmal Theory of Inheritance PRI e Grgamzatmn;,
’ Concept {}f{il.'l_'ln.‘
' NA as Hereditary Material
- Models of DNA Replication
, . Mcsglsﬂn-ﬂtahl'ﬁ Experiment
’ process of DNA Replhication
. Central Dogma of Gene Expression
[ ]

Transcription
# :

Genetic Code
[} .

Translation

Mutation . _
¢ HRONMOSOMES (NUMBER,STRUCTURE. C OMPOSITION AND

ORGANIZATION)
Chromosomes are thread like structures that appear inside the nucleus at

the time of cell

division.
" Chromosomes were first observed by the German embryologist Walther Fleming in
1882, in cells of salamander larvae.
Human cells have 46 chromosomes, consisting of 23 pairs.
Organism | No. Of chromosomes

_Mosquito 6
| Honeybee 32
. Bl o
| Sugarcane | 80
| Frog A 26
Mouse | 40 - ]

Structure and Types
o Generally, both chromands are attached with each other at a point known as centromere or

primary constriction, so cach chromosome shows two arms.
Some chromosomes may have another point of union along the length of chromatids,

called secondary constriction.
Beside secondary constriction the end becomes a knob like structure called satellite.

* This region has a useless sequence of DNA called junk DNA
Karvotype is the particular array of chromosomes that an individual possesses.
Position of Centromere

L ffl_l:tatentric [n the center V-shaped
- E‘E"_"]“ﬂﬂ‘“l_rif Sk gl}i_ljmu}- from the center J-shaped
ke “_"f-"_'ﬂ_fl‘ntrir'_ | "~ Neartheend [-shaped
— _r"l-'llH‘!EIItriE o T At an end , |-shaped ]
E‘;—--.'_‘_"- —— ] WL | PIPRRR A
- PREP Book
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Telomer ; .nces at each end of a chy

N A f ] f repetitive qucleotide sequentt o it TR MOS6m

nte s a region of 1€ ; serjoration ~ ith ne:

s It : “m{'”’h"‘ ﬂ rc‘l"yf{"mhl hrzmmﬂmc from deterioral “Eighhmng

protects the end of the ¢ ‘ |
; -hromosomes like the g

. f:rhjumusu}meh. h end of DNA hat protects chro Plastic i, .

elomeres are the caps at €a

the end of shoelaces.
Cwpmahict

CH‘H‘IDI‘_I"‘!I.'H' /A\
!

”_m

Metac #nt

— §hort arm Secondaiy

wﬂﬂr c OI'II-“ i< mrl
—long OffM

!
,

Prmary
c oning ion

) and proteins (60%). A significant amoyp;

Composition of Chromosomes -
E 0
. Chromosomes are campﬂseq of DNA ( o
of RNA is also associated with chrOmO Er ooy (1 410%) nucleotide in s DNA
. A typical human chromosome contains aboult | 40 milhic ; ' 15d DNA duplex ;
. s O .insand ¢oiled DIV, X.
= A nucleosome is composed of eight histone PrOIY Y d" nino acids, arginme and lysine
. Histones are positively charged due to abundance of bdw;h d: fhrmn.m;n ysine,
| ; : Y ' " etero .
. Highly condensed portions of the chromatin arc LI,dJIIn_?d i s W T
E bh' tin is condensed only during cell division an at othe s pe
. ‘uchromatin 15
configuration and its genes can he expressed. n T
B e B!
~Beads on a sinng’ 11 nm

¥

T
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( HROMOSONV
The chromosomal theory of Inherita
found on the chrumnsumes, %0 chro
Emergence or origin of chromosomg]

= s
o L

: theg G : edity”
¢ chromosomes which were firg observed h?\ﬁill&};rg]dnw 1S linked with dlEﬂﬂ\-‘Er}f of
“chrom " e €Mming, ki
: Trhﬂtt?‘:;e the Tﬂlg:?ﬂT:hi:ff h ool by Waldeyer, ""hﬁih literally means g i
: Firs eredity units wigh chronig colored :
Correns. Somes was put forward by Karl I
The actual credit of this theg 0 I
. 5y 1002, thsSe scientints rﬂc;g rﬁzzz I;:I ES;ZIEHHT Sutton and Theodor Boveri.
202, A . ‘
. (genes) is parallel to the behavior of chmmusan{:g atth::etigzi:] ehavior of Mendel's i
" Iif Mendﬁ:l’s model s correct, then these two gamclesk .
contributions. Sperm, however, con

LB must make equal hereditary
tains little ¢ , ; S
contributes nucleus to the Zygote. Ytoplasm and during fertilization it only

= Therefore, the hereditary units Must reside within the nucl

_ €us of the gametes,

: Genes would be present in chromosomes, E

' Many mnvestigators of 'thﬂt l}mc pointed out a serious objection on Sutton’s theory.
. After some years the objection was cleared a

_ ; fter the discovery of linkage by the historical
experimentation of T. H, Morgan in 1910 on Drosophilg, K _—

Parallel behavior of genes
Behavior of chromosomes

1- Diploid cells (before meiosis) have two

copies of each chromosome (homologous

pairs) while gametes (after meiosis yhave

only one. €.g. In pea plant, diploid cells have pairs of

E.g. In pea plant diploid cells have 7 pairs of alleles for each gene like Rr, Yy, and Tt,

homologous chromosomes while gametes while gametes have single Rorr, Y or y and
have single 7 chromosomes. Tort

2- Homologous pairs of chromosomes
segregate during meiosis,

and chromosomes during meiosis,
Behavior of genes
1- According to the Mendel. diploid cells have

tWo copies of each gene (pair of alleles)
while gametes have only one.

2- According to the Mendel, pair of gene for

each trait also segregates from each other
during meiosis. e.g. Rr

2 During meiosis. each pair of homologous 3- According to Mendel, alleles of one gene
chromosomes orients on the metaphase plate pair also assort independently to the alleles
independently of any other pair so that in of other gene pair during meiosis. e.g. Rr¥y
anaphase each pair assorts independently of genotype as a result of independent
the other. assortment can form four type of gametes

I 1.eRY, Ry, rY, and ry.

T UUCONCEPTOFGENE

. It is the basic unit of biological information. |

" Genes are actually parts of DNA comprising its basic SEJE}HEIICE,. * T’

. It is sequence of nucleotides that specifies the sequence of amino acids in a polypeptide
chain,

Locys

L

. The position of a gene on the chromosome is called its locus.
ele

: |
Genes form pairs on pairs of homologous chromosomes.
h"l—-_-*___

m“"lﬂ'muu o
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10 Chromoso
of Averys Macleod and McCarty — DRA

iscovered agent responsib]
They discovere ponsidle for transform;
following experiments. Mg streptococcus, They performed
They prepared mixture of dead S Streptococeus an
much of the protein (99.98%) by applying protein i
Transforming activity was not reduced.
The}'r rgmﬂM'Ed much of RNA h}" applylng RNA d]gESt[]‘lg enzyme.
Transforming activity was still present.

ed DNA b ' i :
. They removed y applying DNAase. At that time transtorming activity was lost.

d live R streptococcus and removed
gesting enzyme.

Heal-kilied l_ (*-‘ Lipids

S cells ﬂ - {)r_. Sugars

/ i J\
F=' Add |'=.‘ Add '=1| Add e v
— protemase — RNase DNase real
/ | 'flﬂ-h i"‘]*-.- enzymes 10 desiroy
| 24} 8 protesn, RNA or DNA
\"/NOPROTEIN  \ ./ Np R \_/ NO DNA

—
|
Add R celis )| AddRoells Add R cells Add to culture containing fving R cells.
/ ! ] F
- /"'I - hu:-m‘;-
§ cells if" Q0™ ) S cells No § cels
appea o appear ppeer

Conclusion: Tr

Work of Hershey and Chase |

They performed experiment with bacteriophages (T2) supporting A%riz}f'ﬁ C'E!nﬂltfslﬂn. |

M Inan experiment, they labeled viruses with radioisotope **P being incorporated into
newly synthesized DNA of growing phage.

i) Ip other experiment, they labeled viruses with radioisotope
the amino acids of newly synthesized protein coats. | | "
After labeled viruses were permitted to infect bactena, h:afr:ten:al cells were agl::t
violently in a blender to remove the protein coats of the infecting viruses fmml the surface
of bacteria. This procedure removes nearly the entire **S label from the bactena. 1
However, 2P |abel had transferred to the interior of the bacteria and was found in viruses

: ' ' tion injected
Subsequently released for the infected bacteria. Hence the hereditary information inj

' : tein.
: acteri ~ ati iruses was DNA and not pro
"'--...._n_tf!hﬁ bacteria that specified the new generation of viruse

m"*"llrm

S being incorporated into

[ e

Scanned with CamScanner




Chromosome & Dy,

Topic-16
| Cbrthage i mivhees || e i
| Mens moactrvely 'J"'l""'.'_"'-—,__..' e et bocterta farmad  radhanameny
bpluain phagpee wilh :".__..mn » paiit ol e DOthom of e Delled s
Ernpty ——
{ Radicsctve pratesn shell | Bthomr ety
il proten .ﬂ—""_‘:""'"qh_ = gl
Bactaria cull ~ e T > P
1 L
Baiok 1 h“ ;_w 1 1
@ wlih reslioaciive Phasge
Bultur (*5). which was A ! DwA | -:;-;--.,_
mmi —— o m r i
e 3 \“m
s R Bt iy anad coriente
LA
— -'—.'.-‘- —
Baich 2 Phaprs were ’ " i
[ T W P M P | - —
phosphorus [ CP), which i ‘1‘
WS COTpOraisd i N —li
I*llllhl.lqm = m
s :‘F," o il i Mﬂ::'
Pl I
w peptiar

MODELS OF DNA REPLICATION

Semi-conservative replication model was presented by Watson and Crick.

Semi-conservative replication was confirmed by Meselson and Stahl.
In semi-conservative replication, the sequence of the original duplex is conserved after

According to conservative model,. paféntal \double, hehik "would remain intact and

L
L
-
one round of replication, the duplex itself 1s not.
L
generate DNA copies consisting of entirély new molccules.
&

each strand of all daughter molecules would b

molecules.

Conservative Model

5 W

X T

According to dispersive model, parental DNA would become completely dispersed and
¢ of old and new DNA

————————

Conserved

Dispersive Model [Lost _ lLost
[ Semi-conservative Model | Conserved i | ost
a) Semiconservathve moded b} Conservative model o} Digpersive moged
' 'S 'S
J< Paental LJ Paronitai "J F'_uT_"'||_i
] - - = - I 'l.. .
| i h -'g ?
( Al B ; After first \ Por e 9
FE‘“n:jn-:!lnal +'\ r" b pin v . rgfcation 4
b RN | " N

5!
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A

. hypothests of DNA replication were ¢

1 he H’“‘-

Vitluated
grev bacterta m a medium Containing hYM'MmI

| heavy isot
% OF the bacteriq DNA

Sonand F Stahi

'y
[he! Pes of nitrogen NS

hecamt inc

A i

orporated into the base

,..u*pl of gacteria in Artificial Medium
awl ; .

.w bacteria in a me o
They 8re¥ bactertd | ' medium containing heavy isotope of nitro N1S .
hecame incorporated into the bases of the bacteria| Ben(N"), which
DNA of these bacteria was denser than that of bacte

ghter 15010P€ of nitrogen (N'"),

DNA. After several generations, the
fia grown in a medium containing the
I
Then they transferred the bacteria from the N' medium to
| . (he DNA at various intervals,

14 s
the N'* medium and collected

step 1 |
Ultracent rifugation

They dissolved the DNA in cesium chloride and then spun it at a very high speed in an
altracentrifuge. DNA strands of different densities got separated.

fach DNA floats or sinks in the gradient until.it réaches the position where its density
exactly matches the density of cesium chlonde there.

Because N % ctrands are denser than N'* strands, they migrate farther down the tubes to a
denser region of the cesium chlonde gradient.

(Observations
The DNA collected immediately after the transfer was all dense.

- -
o
o

Tl : ' . . N4 2
' After the bacteria completed their first round of DNA replication in the N medium, the

: aan W14 W15
density of their DNA had decreased to a value intermediate between N -DNA and N

DINA.

. After the second round of t'upliL':lliun. two
n114 AN |
al to that of N7 -DNA. |

L T

density classes of DNA were observed, one

intermediate and one equ

Interpretations
- i SRR ,i:
Meselson and Stahl mti.:rprt:li.‘d their results as follow
5 . . ; - ! : '||.,,’l
! After the first round of replication, cach daughter I:.'
nt molecule and one light
ributed one heavy

A duplex was a hybrid pOssessing

_ strand.
one of the heavy strand of pare

When this hybrid duplex replicated, 1t cont
' > a i .

~ hybnd duplex and one light strand to form a light duple

( "nclusion

strand to form another

: DNA
: - - watcon - Crick Model that
This experiment clearly confirms the prediction of Watso

"plicates in a semi-conservative manner. 227

-l-h"'""l-r—__.__
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" Bactaria grown
Bactanal F" Fi1% heavy isolops of nitrogen
oedlg £ ‘,'I
o ' ARcw bo Grow
in medium &
containing b
‘ \ |mnper|:fr14nmgm
medium-. medium JEN medium .
:E .--"1"1- ﬁ;ﬂ'i‘%\" u‘;.ﬂ"h,!
ey N ¥
; Sample al
@~ 0 minut g sample 3t @% sample at
minutes ‘ ?D;te-ly - ME:-II!!
Oﬁrﬂk open cefls
and extract DNA
Suspended DNA
in cesium chionde
golution
::I‘jk:: Centrifugation
o ¥ o o
- ey
i
VAR J
L8 l )
-
Canbrol greup Labeled papant v Fy peneratian Fs generaion
junlabeled DNA] _fhett strands DNA& (one DNA (e
heavy) heawny/ight it abeeded
iyt mokscLEE, O
heavylight Ryibnd

malecula)
CHECUNR

A REPLICATION
he DNA molecule, where there 15
igin of replication.

ess that catalyzes the

PROCESS OF DN
ane or more sites on 't
This sequence is called or

The DNA replication begins al

L2
specific sequence of nucleotides
. The DNA polymerasc [l and other enzymes begin a complex proc
ing complementary strands of DNA.

addition of nucleotides to the grow
Enzymes/ Proteins Involved

(i) Helicase
® It opens the double helix of DNA by breaking hydrogen bonds.
(i) SSBPs

eins prevent recoiling of DNA.

g Single stranded binding prot

(iii)  Primase
primase constructs an RNA primer, 4
to the parent DNA template.

sequence of about 10 RNA nucleotides

complementary

(iv) DNA Polymerases

. DNA polymerases catalyze addition of nucleotides to the complementary growing strands
of DNA.

. They are of three types I, 1) and 111 in bacteria.

. The true E. coli replicating enzyme 15 DNA polymerase 11 which 1s 10 times larger.

. This enzyme is a dimer and catalyzes replication of one DNA strand. e

238
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e Chromosome & DNA

o replication i |0 macleotides sec
i roclentdes only ' a cham of )

" g ¥ cotides that 1 already paired with the parent
' g e
i & poofyTICTASE cannot "*‘ﬂﬂ' syathesis on its own.
s add pacieotides 10 the 3 end of 2 DNA strand so replication always proceeds from
o ¥ dwection on a growing DNA strand.
peA Ligase )
W _sects [INA fragments together
L

P

. g wieps are involved duning DNA replication:
elicase OPENS deuble helix of DNA and SSBPs prevent recoiling.

T‘ i A0GS PrIMET COM plementary to DNA strand.
f '.Ju s notvmerase [11 recognizes primer and constructs new strand in 5° — 3.
'f} 'u,djng strand, which elongates towards the replication fork, is built up simply by
”) Ading nucleotides continuously to its growing 3' end.

[agging strand, W nich elongates away from replication fork, is synthesized
¥ icomtinuously as a series of short segments that are later connected.

“voqe sepments called Okazaki fragments are 100-200 nucleotides long In eukaryotes
' o 100002000 nucleotides long in prokaryotes. Each segment is synthesized n 5 — 3,

~einming at the replication fork and moving away from it.
; A& , the pulymerase reaches the 3" end

¢ the lagging strand, DNA ligase

smnects these Okazaki fragments. J | |

. he [INA 18 further unwound, Jrew Can you explain the role of DNA

- - eSS A nalvmerase 112
PRI polymcrasc | and DNA polymerase

aoslvmerase i then jumps abhead 1000-
L 4 A

100 nucleotides (towards the replication fork) to construct another fragment.
fisubunit N
[hmenic replicative  “sliding clamp™ SSBP

[N A polymerase

L ) [ -
E Hj_r ¥l

leading strand

0 € Searaki [INA palymerase | RENE P Helicase

Irs \
amE [INA ligase)

CENTRAL DOGMA OF GENE EXPRESSION
Central dogma is the basic mechanism of reading and expressing genes in living organisms.
the genctic information resides in DNA and flows down into RNA, which is then
_“ﬂlnlulud Into proteins.
‘I he first step of central dogma is the transfer of information from DNA to RNA, which
|::{ l'l‘::i. when an mRNA copy of a gene is produced. The process is called transcription.
e ‘_‘-;inlhum;ﬂc{i is complementary transcript of the copied gene.

- PREP BOOK
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r of information from RNA 10 protein

which occurs :

rs i . : . : ; ;
of pislyng ut'd“hm th_l: information contained in the mRNA 18 used to direct the synthes;,
el r},:i ptides by ribosomes. The process is called translation because sequence of
. ‘ 2 - L
es in mRNA is translated into amino acid sequence of polypeptide.

. The <
¢ second step of ce
nd h.h.p ol LLI‘ITrﬂi dl'hgm;] 15 thﬂ Iransf’c

DNA sequence encoding the

Transcription is the process by which an RNA copy of the
RNA polymerase.

gene is produced with the help of an enzyme.
Role of RNA Polymerase
RNA polymerase enzym
There is only one type of RNA poly
all three types of RNAS.
NA polymerase [ synl
1H synthesizes tRNA.

= . — F
¢ synthesizes RNA from 2 o3 .

merase in prokaryotes which is responsible for the

synthesis of
. In eukaryotes, R hesizes TRNA, RNA polymerase I mRNA and
RNA polymerase
Mechanism of Transcription
(i) Binding
Transcription starts from promoter on DNA templat
the promotor 18 1

¢ strand.
he first step in gene transcription.

L
. The binding of RNA polymerase 10
» promotor is located upstream of gene.
Two binding sites in rokaryotes and eukaryoles are
Frumﬂtn.r Site : . i Pl' ArYOHS Ellkiil"}'ﬂ[i"ﬁ
TATAAT -10 25
tor’. which is responsible for

(i)  Initiation
called *sigma fac

One of the subunit of RNA polymerase s

L]
correct initiation of transcription process,
. Once the transcription has started, the sigma factor is released and the remaining part of the
enzyme (core enzyme) moves on the template strand and completes the transcription of the gene.
(iiiy  Elongation
. The DNA strands open up al the place where enzyme i« attached to the template strand
forming transcription bubble.
. RNA polymerase transcribes only one strand of DNA, which is called template: o
antisense strand or non-coding strand.
v Other strand is called coding strand or sense strand or opposite strand.
i
230
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The transeription bubble moves down the DNA molecule. I::a'.mﬂ the growing strand
otruding from the bubble.

Termination
LU : -¢s at the end of gene inate : oo

The stop sequences _ Of gene terminate the synthesis of mRNA.
" The simplest stop signal is a series of GC base pairs followed by a series of AT base pairs.
The RNA formed mn this region forms a GC hairpin followed by four or more uracil

’ ﬁhﬂnucfﬂltidfﬁ-
The hairpin causes RNA polymerase to stop synthesis of RNA.
L . s : x
,  Inbacteria, newly synthesized mRNA is directly released into the cytoplasm.

post-Transcriptional Modifications
' In enkaryotes, mRNA has to travela large distance from inside the nucleus to nbosomes
outside in cytoplasm.
. In eukaryotes, mRNAIV s F"DINTTFQ
protected  from  action  of ot '
I » and phosphatase |
RY SC MR < | Can you answer following questions”
linked S'to 5" with firs ‘i ““""‘““EM&““* K
1_‘ R)Huw?-melhyiﬁ'l?uhnkedi to 5'7

nucleotide. This 1s called &
capping.
o While at the 3'-end of mRNA, the poly "A7 tl hinked w 3 Ihis s called ¥-end

polyadenylation.

RNA capping and polyadenylation

coding noncoding
@G{ \!’ sequence sequence |
| e dm1 50-250 ’
LEH:' I l - J
" E——
%m protein

an

I ‘.'_'
. F T CH
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Chromosome & DN A '

Genetie code 1s a combination of three nucleotides, which specify a particyla, Aty

in 4 polyvpeptide chain or a protemn molecule. .
. A\« there are three nucleotides in a codon so it is also called as tnplet code. !
. Iriplet code present on mRNA is called codon while on tRNA is called anti-codon ‘
C odons
. here are total 64 codons for 20 amino acids.
. Marshal Nirenberg, Philip Leader and Har Gobind Khorana tested all 64 Codons, by,

making artificial mRNAs and triplet codons and using them to synthesize protein
o - = I:.rr
ammoacy -IRNA complexes in cell free system.

. Out of 64 codons, 3 codons UAA. UAG and UGA do not code for any amino acig ang «
i

known as nonsense codon or stop codon.
. Every gene starts with initiation codon AUG, which encodes the amino acid methionine

This 1s called start codon.
Genetic Code — Universal or Non-Universal

. The genetic code is universal. It is same in almost all the organisms.

° For example. AGA specifies arginine in bacteria, in humans and all other organisms,

. Because of uniy ersality of codon, the gene can be transferred from one organism
another,

. The study of genetic code of mitochondrial DNA., however. showed that genetic code i

not that universal.
. Following are few examples:

Codon | Specifies (Nuclear) = Specifies (Mitochondrial)

L'GA Stop codon Trvptophan
AUA Isoleudine Methionine
AGA, AGG Argining | Stop codon
UUU | Phenyl ucu UAU | : "UGU .
UUC| alanine ucc] | UAC | Yrosine |1, g | CYsteine
— UCA | serine e 2
UUA leucine |UCG |UAA stop ::]UGA Sop
(UG e |UAG | [uaﬁiwpmprm_J
e e : | .
cuu ccu ‘Cﬁ“” histidine | |CGU
: Y-\
CUC leucine ood proline ._ti CGC El‘gi[ﬂl‘ﬁ
CUA CCA CAA| ivtami CGA
CUG CCG cag| e ||co| |
AUU ACU AAU , AGU| .
AUC | isoleucine | ACC| AAC| FsParagine | | s | Senne
AUA ACA reonine —
.. |lacG AL tysine || ASA| arginine
!ELIG methionine AAG \AGG
o 4 -+ R
GUU GCU g:g 3553“"3 | GGU
ac .
guui valine GGEE alanine ggi glycine
Eﬁ GCG GAG Eﬂd GGE. . : I
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Chromosome & DNA

g the proves” by which amino acids are arranged in form of polypeptide chain according to
Ill.l:_ sequence of nucleotides in mRNA,
'I s

of Aminoacyl-tRNA

particular {RNA molecules become attached to specific amino acids through the action of
qctivating enzymes called aminoacyl-tRNA synthetase.

For 20 different amino acids, there are 20 different tRNA and enzymes.

itiation | _ _ '
:: prokaryotes, polypeptide synthesis begins with the formation of initiation complex.

First a tRNA molecule carrying a chemically modified methionine (called N-formyl
methionine) binds to the smaller ribosomal subunit. This is done by initiation factor. |
nitiation factor position the tRNA on the ribosomal surface at the ‘P site’ (peptidyl site)
where peptide bonds will form. Nearby two other sites will form.

A site’ (aminoacyl site) where successive aminoacyl-tRNA will bind.

E site’ (exit site) where empty tRNA will exit the ribosome. '
This initiation complex, guided by another initiation factor, binds to AUG on the mRNA.

P site
Large

ribosomal
subunit

Elongation/Translocation

Larger ribosomal subunit binds with small subunit on mRNA,

An elongation factor binds another aminoacyl-tRNA at “A site’.

The two amino acids which now lie adjacent to each other undergo a chemical reaction,
catalyzed by the large ribosomal subunit, which releases the initial methionine from its
IRNA and attached it by a peptide bond to the second amino acid.

The ribosome now moves (translocate) three more nucleotides along the mRNA molecule
in the 5' — 3' direction, guided by another elongation factor.
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Topic-16

" This movement translocates the tmtial tRNA to the 'E site and eject

ribosome and repositions the growing polypeptide.

B Same process is repeated again and again.

(iii}  Termination

. Elongation continues in this fashion until chain-terminating non-sense codon |5 EXPoseqd
(e.g. UAA),

. Nonsense codons do not bind to tRNA but they are recognized by release factor tha

release the newly made polypeptide from the ribosomes.

tANA carrying
first amino acid

(e
UAC

Anticodon

5'WW ——-I
b ot . ¥ €) During initiation, the cnmpun-ents\ ELONGATION

AUG mANA UTG of the transiational apparalus come
Start codon Stop codon .+ logether with an mFchIA. ar!d' atAMNA '.I ﬂ .During elongatian,
carrying the first amine acid (A -ﬁ1] ' amino acids are hlﬂughl 1o
binds to the start codon [AUG). the mRMNA by tRNAS ang
l are added, one by one, 1p 3
grewing polypeptide chain,

Reeyeling of
translational
components

Aelease
= —-u.;i_r lactor
i _‘ :
-t-—ﬂ"ff’;

© During termination, a stop codon
: in the mRNA s recognized by a

s Sy S J protein release factor, and the
oot ranslational apparatus comes apart,
releasing a compleled polypeptide.

Stop codon

. A gene mutation is a permanent ¢
in the population.

te i the DNA sequence that makes up a new allele

B Mutations range in size from change in a single DNA nucleotide io a large segment of a
chromosome or whole chromosome or sometimes changes in the number ut’chgumﬁ'*ﬂmf-
8 Tha - T r Wi 2T i O E 1 .
I'he agents that causes mutations are called mutagens while the oreanism or cell in which
mutation 15 occurred 1s called mutant. h
Mutagens
Mutagens are chemical compounds or radiation (such as UV or X-rays) that causes
irreversible and heritable changes (mutations) in the cellular senetic material DNA. The
sources of mutation may be physical. chemical and biological agents
KETS - PREP BOOK A
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’ic-lﬁ Chromosome & DNA

ﬂrﬁﬂl’h‘ gical mutagens include radiation of any kind i.e., UV, gamma rays, X-ray, radioactive, high
ﬂ_;_pfﬂfmc alterabons.
;cal Mutagens | . . i "
The chemical mutagens include colchicines, mu:}_mrd gas, nitrous gas, acridiné orange,
eactive radioactive isotopes, and free oxygen particles etc.

. Jogica | Mutagens | o |
giological mutagens may include certain viruses, transposons and errors that occur duning
mg;i::. or DNA replication.

{ Mutations | | |
me ?Iw there are two types of mutations e.g. chromosomal and point mutation.
Generaliy-

romosomal Mutations |
- ~(hanges in structure or aumber of chromosomes are referred as chromosomal mutations

or chmmusﬂmal aberrations.

n syndrome | ) {
o Down syndrome is characterized by 2n+1 as these persons have an extra copy of 21

§
:
£
5
£

chromosome (tnsom} 1)

Klinefelter’s S» ndrome o
It is characterized by Zn~| (44+-XXY).

Turner syndrome \ e\
It is characterized by 2n-1 (44+XO0).\The affected individuals are females.

;ene Point Mutations | o

. A gene or point mutation arises as a result of a chemical change in an individual gene.

. An alternation in the sequence of nucleotides in the part of a molecule that corresponds to a
particular gene changes the order of amino acids making up a protein.

. These may include base substitution (replacement of one base by another), insertion
(addition of one or more bases) and deletion (removal of one or more bases).

. Frame shift mutations occur when one or more nucleotides are either inserted or deleted
from DNA. This results in the completely new sequence of codons and a non-functional
protein.

Sickle Cell Anemia

The sickle cell anemia is also known as Hemoglobin SS disease (Hb SS); Sickle cell discase.
Phenylketonuria

A rare condition in which a baby is bom without the ability to properly break down an
amino acid called phenylalanine is called phenylketonuna.

oo 238
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" Concept of Evolution

u Evolution of Eukaryotes from Prokaryotes
. Lamarckism

. Darwinism

. Evidences of Evolution

CONCEPT OF EVOLUTION
In the earlier 19" century, ]1r:rr: were two schools of thoughts.
. Creationists believed on theory of special creation.

. Evolutionists believed on theory of natural selection.

(i) Theory of Special Creation _ 5 W
According to this theory, all living things came into existence In their present forms

especially and specifically created by nature. Among the scientists -.:.-hu;::'hchurr:d In divine
creation was C. Linnaeus. C. Linnaeus in the eighteenth-century clui:ﬂlh:.‘f! organisms. He
grouped similar species in the same genus and similar genera in one tgmjl}, But as a
natural theologian, he believed that species were permanent creaions. C. Linnaeus was
one of the believers of this theory.

(ii) Theory of Natural Selection _ _
According to this theory, organisms evolved through time. with one type of organism

giving rise to another type of organism.

It is ancient one starting from days of Aristotle to Darwin

However, the present-day concept of evolution 1s based on historn

Scientist’s Name _Life Span Achievemismie 00

Linnaeus 1707-1778 | Order in diversity of life, binomuial nomenclature |
Lamarck ) | 744-1829 | Theory of evolution

Malthus | 1766-1834 | Essay on *Principle of Population’ ul .

| Cuvier 1769-1832 | Science of Palacontology, earth’s history by L,'.;ll;l:-'.[mphir;m__i

Lyell ~[1797-1875 | Principles of Geology = T |

1. Voyage of Beagle.

Darwin 1809-1882 | 2. Books on origin of species. ;

. 3. Essay on origin of species. __;

Mendel 1822-1584 | Papers on inheritance - oo | -4

| Wallace [ 1823-1913 | Sent his theory to Darwin — |

ROKARYOTES _
and evolution of prokaryotes Iniv

_ EVOLUTION OF EUKARYOTFS FROM P
Different speculations about the origin of first life form
cukaryotes are mentioned briefly,
Hydrothermal Vent Hypothesis
Origin of First Life Form
ol

. According to one conc ; =
& oncept, life may have originated in the oceans, in underwater D

springs called hydrothermal vents, Th
i g 1S, Ihese vents could have « 2 . enerpy and ravw
materials for the origin and survival of early life forms ave supplied the energ)

KETS - FREP BOOK e
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qhﬂfhﬂﬂﬂria are considered as first life form, which support this vent hypothesis
. pecause they can mlﬂ'ﬁ“{ temperature up to 120°C and undergone less evolutionary
_hanges than any other living species.
AS pacteria are Pfﬂkfﬂ'}’ﬂtﬁﬁ, S0 prokaryotes are considered as first life form on earth.
g s photosynthetic Organisms
(olutio” = ats produced in primitive environment would have limited early life. Photosynthesis,

EYOT Nutrie _
' :nilher cource of nutrients, probably freed living organisms from a dwindling supply of

jents.
]::3 photosynthetic organisms probably used hydrogen sulfide as a source of hydrogen
¢ porreducing carbon dioxide to sugars. |
Later water served this same purpose and oxygen liberated by photosynthetic reaction
* | egun toaccumulate in the atmosphere.
f Aerobic Respiration

Eﬂ'ﬂ‘“ﬁﬂ“ - ; . . el :

Accumulation of oxygen in atmosphere changed the primitive environment. -
' Ozone developed by oxygen in upper atmosphere began to filter ultraviolet radiations
' from the sun. It is considered that about 4.2 billion (420 million) years ago, enough

pm[ective ozone had built up to make life on land possible.
ing atmosphere slowly changed into oxidizing atmosphere.

Some living organisms began to utilize oxygen.

. = £ L - - P

[ronically, the change from a reducing atmosphere to an oxidizing atmosphere also means
L ] 1 ==

that life could no longer arise abiotically.
Evolution of Prokaryotes into Eukaryotes \)\
. The prokaryotes may have arisen more than 3.5 billion years ago.
. Fukaryotes may have evolved 1.5 billion years ago. _
It 18 considered that prokaryotes converted into eukaryotes. Major change 15 development

of organelles. Two hypotheses are considered in this context.

Endosymbiont Hypothesis |

This hypothesis was presented by Lynn Marguh:a:

According to this hypt thesis. cukaryotes and their organelles had been pmduc_ed by some
ith prokaryotes, Origin of some organelles has been described below.

Reduc

symbiotic relation W
(i)  Origin of Mitochondria |
According to this hypothesis cukaryote cell might have evnl\rtq :when large .anazmbic
amoeboid prokaryote ingested small acrobic bacteria and stab1]1zed them instead of
digesting them. This idea is known as the endosymbiont hypothesis. _ _ |
These acrobic bacteria then converted into mitochondria, which are the sites of aerobic |
respiration and energy conversion in eukaryotic cells.
(i)  Origin of Flagella |
Flagella (whip-like structure) might have evolved through the ingestion of prokaryotes
__ similar to spiral-shaped bacteria (spirochetes).
(iii)  Origin of Chloroplast
Ingestion of prokaryotes that resembled present day cyanobacteria could have led to the
éi “:nmdhnsymbimic development of chloroplast in plants.
‘ rane Invagination Hypothesis |
According to this hypothesis, cell membrane of prokaryotes invaginates (folded inward)
10 enclose copies of its genetic material.
KETS - PREP BOOK ==
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ouble m embrane-bounded entities

This - 3 2 : i
Invagination resulted in the formation of several d

-ould then have |,_."..n|"-'l._‘l.1 It the i.:l.lk.'tr}-h]n_

wroanallec) | : :
lorganelles) in single cell. These entities ¢

mitochondrion, nucleus, chloroplast etc.

Nuclear envelope
Endoplasmic
reticulum Nucleus
- Mitochondrion
Infolding Ancestral
- photosynthetic
of plasma 1 - Cell with x eukaryote
membrane | ' nucleus and . |
> "' 4 endomembrane 'l ) | Plastid
i-. - - . system 6/?-—.‘ ’ -‘
—_— . '. i : f
"4 Engulfing of '.ﬁ"
4 pmmayﬂiheli-: ’
prokaryote g

=

DNA
‘ ' 4
*. \ N Engulfing 4 “' _. ’

4 of serobic
¥ heterotrophic : -
I Ancestral prokaryote ‘.-.‘ f" *
prokaryote f
Plasma | hnr;;ﬂmn
membrane Mitoc Ancestral
helerotrophic
gukaryole

Evolution of Multicellular Eukaryotic Organism and Diversity

led to a dramatic increase in the complexity and diversity of

Formation of eukaryotic cell

life forms on carth.
< which in tum formed

During evolution, cukaryotic cell became specialized into Hissues.
organs for many different functions. These multicellular torms then adapted themselves
environment.

to life in a great variety of

arck’s Theory
129) published his theory of evolution in | 809, the ycar

Jean Baptiste Lamarck (1744-152

Darwin was born.
Two important points of Lamarck’s theory are; use and disuse of organs and inheritance
of acquired characters.

Use and Disuse of Organs
Lamarck argued that those parts of the body used extensively to cope with the

environment become larger and stronger e.g. blacksmith developing a bigger biceps mn

the arm that works the iilasly ot R 1
he hammer. Similarly, giraffe stretching its neck to new lengths 10

pursuit of leaves to eat.
_-—-'--
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rhose parts that are not used deter;

I TI[‘.Im]t:
' hurTOWs and bushes. e.g. loss

eritance of Acquired Characters

In according 10 Lamarck,

inher;
, Critance of

ﬂcquirﬂd | characters  means that  the
modifications an organism acquires during its
lifetime can be passed along to its offsprin
cg. the long neck of giraffe, Lamarcf
reasoned, evolved gradually as the cumulat

L‘ Ao LTI o
HHYou give example of 4y

S ! LTt
evolving in humans

i Ive
ancestors stretching higher and higher, product of a great many generations of

rits of Lamarck’s Theory

Demé
[t has been now known that ac

uired characters cannot be inherited.

Darwin observed and collected thousand i :
’ _ : s of specim y
South America. pecimens of diverse faunas and floras of
His main observations were about faun:
. : a and flora of Galapagos Is
collected 13 types of finches. pagos Islands where he
E According to Darwin, new species would arise from an ancestral form by the gradual

accumulation of adaptations to different environments, separated from original habitat by
geographical barriers. Over many generations, the two populations could become
dissimilar enough to be designated as separate species.

" In 1844 Darwin wrote a long essay on the origin of species and natural selection, his
hook the origin of species was published n 1859,

Descent with Modification

¥ Darwin believed in perceived unity in life ie. all organisms related through descent
from some common ancestor that lived in the remote past.
3 According to Darwin, history of life is like a tree, with multiple branching and re-

branching from a common trunk all the way to the tips of the living twigs, symbolic of
the current diversity of organisms.
Natural Selection and Adaptation

. Darwin suggested that populations of individual species become better adapted to their
local environments through natural selection. | |
¢ Darwin’s theory of natural selection was hased on the following observations:

(i)  Overproduction
Production of more individuals than the environment can support.

(i)  Struggle for Existence
Struggle for existence a

. offsprings surviving cach generation.

(i)  Survival of the Fittest | _
It means survival in the struggle for existence 1
heredity constitution of the surviving individuals. Thmfe u]rgm,l
characteristics fit them best to their environment arc likely to leave

; the less fit individuals.

(i) Evolution
This unequal ability of individuals to SUTVIVE,
N a population, with favorable charactenstics accu
leading to the evolution of new species.

mong individuals of a population, with only a fraction of

t random but depends in part on the
als isms whose inhented

more offsprings than

ive and reproduce will lead to @ gradual cha;ge
mulating over the generations thus
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Topic-17 _._____'________;Tluﬂun
Neo-Darwinism _ ]
. Since natural selection was proposed, advances in genetics, bif’fhﬂ?“m’:,‘ fc:fﬁi;ﬁ

paleontology have enabled scientists to identify mutation, genetic drift and g€

other natural forces of evolutionary change. ters led to what become
. The pioneering work of Cheverikov, Mayr, Simpson and many Others

known as the modern synthesis. . laining how evolution
- Neo-Darwinism, which emphasizes the role of genetics In €XP 3

works. The modern theory accepts five major causes of evolution. —
Biogeography
. It is the geographical distribution of species. | :
. It was first evidence that suggested idea of evolution to D@tr; nimals that are endemic
. According to Darwin, islands have many EPCFE*‘ of planl§ :;I; r?ng icland.

but closely related to species of the nearest manlllan-:l or nelg T?'le - volutionary view of
N Armadillos (armored mammals) live only In ‘d‘”’;zc;ﬂ dified descendants of earlier

that contemporary armadillos

d fossil records also confirm existence of such

biogeography predicts _
species that occupied these continents an

ancestors.
ntology o : ., A
f e The?uccﬁ'ﬁsiﬂﬂ of fossil forms is a strong evidence 17 fav}?ug{i;‘;ﬂglﬂtn organism.
. It provides a visual record in a cﬂmpl_{ﬂc series showing the et lived i anciea
. Fossils are either the actual remains or [TaCes of rorgansms
geological imes.
E Most fossils are found in-sedimentary rocks,
® Thioklest Ko fﬂﬁi'ls | g lifferent classes of vertebrate ammals as
] They show chronological appearance of 1_hc C |['. .;.r&n'r 4.1 h‘.:..l
shown by fossils. It shows following evolutionary i i
A Fishes — Amphibians — Reptiles — Mammals + Birds
::ﬂmpa.z::::m?:aﬂi“:;:;mmics between species gmup-:d in 1.t_::: same raxonomic category bnng
another support to the theory of the Descent WI_th mud:ln:.-m.n.m_ | _ -
. Comparative anatomy supports that evolution 1s a t'n:nmdu:]m% process in which ﬂI‘IEEbl‘fﬂr
structures that functioned in one capacity become modified as they take on new
functions.
Homologous Structures o
. Such organs, which are functionally different but structurally similar are called
homologous organs.
# Similarity in characteristics resulting from common ancestry is known as homology and
such anatomical signs of evolution are called homologous structures.
. For examples, same skeletal elements make up the forelimbs of human, cats, whales, bats
and all other mammals although they have different functions.
. The basic similarity of these forelimbs is the consequence of the descent of all functions.
i The flower parts of a flowering plant are homologous. They are considered t© have
evolved from leaves, to form sepals, petals, stamens and carpels.
» They are considered to be evolved by divergent evolution. —
KETS - PREP BOOK 240
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WO
. structures

i ﬂ! s ; i
organs, which are functionally alike but structurally different, are called analogous

alog
An ‘_':.LIL'h

»ans.

. % are considered to be evolved by convergent evolution.

-E " For f:::-::nﬂptm wings of birds and insects are examples of convergent evolution.

’ al Structures _

mnngLlch organs, which are historical remnants of structures that had important functions in

! jjcestors butare no longer essential presently, are called vestigial organs.
These are oldest homologous structures.
For example. skeleton of whales and some snakes retain vestiges of the pelvis and leg bones
of walking ancestors, vermiform appendix in carnivores, ear muscles in man etc.

olecular Biology _ |
The study of biochemical structures and functions of organisms at molecular level 1s
called molecular biology.
Evolutionary relationships among species are reflected in their DNA and proteins. in
their genes and gene products. If two species have genes and proteins with sequences of
monomers that match closely. the sequences must have been copied from a common ancestor.
Molecular biology provides strong evidence in support of evolution as the basis for the
unity and diversity of life.

Examples

A commeon genetic code brings evidence that all life isrélated,

Humans and bacteria have some commen proteins.

Cytochrome “c’. a respiratory pratew, is found'm all acrobic species.

7@ POIN TTQ

What are petrified fossils?

[ ]

M

e PO

Scanned with CamScanner



TOPIC-13>§ Bim

Recombinant DNA Technology

Polymerase Chain Reaction

Genomic Library

DNA Sequencing

DNA Analysis

Transgemc Organisms

Tissue Culture

Biotechnology and Healthcare (Gene Therapy)

RECOMBINANT DNA TECHNOLOGY

Recombinant DNA
. Recombinant DNA contains DNA from two ditferent sources.

. It 1s also called as chimenc DNAL

. Recombinant DNA technology is popularly known as genetic enginecning.

Requirements of Recombinant DNA Technology
Four requirements of recombinant DNA technology are:

(i) Gene of interest which is to be cloned
(i) Molecular scissors to cut out gene of nterest

(iii) Molecular carrier or vector
(iv) Expression system
Gene of Interest

. Gienes can be isolated 'from the chromosomes by cutting on flanking sites of the gene
using special enzymes known as restriction endonucleases
. If genes are small, these can also be synthesized in laboratony

Gene can be synthesized 1n the lab from mRNA using reverse transcriptase. Such DNA
molecule produced from mRNA is called complementary DNA (¢DNA).

Molecular Scissors: Restriction Endonucleases
These are the natural enzymes of bacteria, which they use for their own protection against

]
VITUSES.

. The restriction enzyme cuts down the viral DNA but does not harm to bacterial
chromosome. Thus, they restrict viral growth,

. First restriction enzyme was 1solated by Hamulton O, Smith in 1970

. 400 restriction enzymes arc discovered, 20 are commonly used.

. Palindromic sequences arc scquences of four or six nucleotides arranged 5}.-mmﬂtfiﬂﬂ|l}
in the reverse order produced by restriction enzymes, which cut the DNA at specific sites.

. EcoR1 is a commonly used restriction enzyme.

. The single stranded but complementary ends of the two DNA molecules are called sticky ends-

FDIHTTQ POINT

Why restriction endonuclease does . Lo . .
Can you differentiate between

endonuclease and exonuclease”

not act on bacterial DNA?
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Sticky ends
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wMolecular C arrier: Vector
Vectors are the means by which recombinant DNA is introduced into a host cell.

L ]

' Plasmids are natural extra chromosomal circular DNA molecules which carry genes for
antibiotic resistance and fertility. Thesé were first discovered in intestinal bacterium
Escherichia coli.

[ pSC 101 has antibiotic resistance gene for tetracycline.

' pBR 322 has antibiotic resistance gene for tetracycline as well as ampicillin.

NA licase/molecular glue are the 7‘@
' IR, N ; POINT

enzyme which seals the foreign piece ot

DNA into the vector. What do Yol know about’’
Expression of the Recombinant DNA (a) Conjugation (b) Transduction

(¢) Transtormation

. Bacterial cells take up recombimant
plasmid if they are treated with calcium
chloride to make them more permeable.

Lambda phage (DNA of bacterial viruses) can also be used as a vector.

" A clone can be a large number of molecules or cells or organisms that are identical to an
original specimen.

' Bacterial cells after taking recombinant DNA are cloned. Each clone contains gene of

' Interest which will express itself and make a product.

From this bacterial clone, the cloned gene can be isolated for further analysis or protein
Product can be separated.

%,mm“
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POLYMERASE CHAIN REACTION
rv B. Mullis in 1983,

Polvmerase chain reaction (FCR) was developed by ka : o
PCR takes its namé from: DNA pelymerase. the enzvme that carries out DNA replication
process in cell.
. PCR is done in automatic
. PCR can create millions of copies o
in a test tube.
. PCR i1s very sp
the total DNA sample.
Main Requirements of PCR
. Primers arc the seque
cither side of the target DNA. Primers
start the replication process: it only continues or extends the process.
. DNA polymerase used is temperature-insensitive (thermostable) enzyme extracted
from the bacterium Thermus aguaticus. This cnzyme 1s also known as Taq polymerase.

PﬂlHTTQ

_ Can you differentiate between primer
What are the requirements for PCR? used in PCR and DNA replication?

PCR machine or thermocyeler
f a single gene or any specific piece of DNA quickly

ecific. the targeted DNA sequence can be less than one part in a million of

nees of about 20 bases that are complementary to the bases on
are needed because DNA polymerase does not

POINT

How the probe is used in search of
certain gene in genomic hibrary”
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icy

Jlection of bacterial or bacteriophage clones, each clone

J A genomic library is a Co
containing a particular segment of DNA from the source cell. While a genome is a full

set of genes of an individual.
Development of Genomic Library
. For making a genomic library, an or
pieces are put into vectors (1.€. plasmi
’ The entire collection of bacterial or bact
genes of that organism.
Searching a Gene in Library
* A particular probe can be used to search a genetic library for a certain gene. A probe 1s;
. A single stranded nucleotide sequence.
5 Either radioactive or fluorescent.
' Hybridized (paired) with a certain piece of DNA.
) g U"mi:'ing steps are taken to search a particular gene in genomic library; | _ |
acterial cells, each carrying a particular DNA fragment, can be plated onto agar in 2 Petn |
i dish,
(i il';;t:rhe is applied on it and it is hybridized Witrh partimlllatlr gene. L
er the probe hybridizes with the gene of interest, it is identified due to radioactivity or
izﬂwfeﬁﬂﬁm:e apd is isolated from the fragment.
Now this particular fragment can be cloned further or

DNA se
g quence,

" PREP BOOK
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ganism’s DNA is simply sliced up into pieces, and
ds or viruses) that are taken up by host bactena.
eriophage clones that results contains all the

e
B e ey

even analyzed for its particular
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It 1s a technique to find seque
Main Principles of Method
. Generation of different i
ending at different points.
Separation of these different prece
Reading of sequence from the gel.
Methods to Generate Pieces of DNA
For generation of differ

(i) Sanger’s method in W
DNA synthesis at di fferent sites.
(i)  Maxam-Gilbert method in W

SIZCS,

Separation and Reading of Gen¢ Sequence
ly autom

cleotide bases from

DNA sequence Is now complete
load. run and read the order of nu

Sanger Method

o It is also called as enzyn
12 nucleotides labe

m

nce of nuci-:ntidn:
jzed DNA fragments

s of DNA on ag

ent sized DNA fragm
hich dideoxyribonue

hich DNA threads

Latic or dideoxy meth
lled with d

Biﬂtﬁchnnh

g in a genc.

of all starting from the same poip , 1
Mg

arose gel.

thods are generally used.

ent, Two me
hosphates arc used to terminae

|epside trip

are chemically cul into pieces of differen:

ated. robotic devices mix the reagents and then
the gel.

od.

fferent colored fluorescent dyes are used,
he and products are separated in a

L Chain terminatii
- All four synthesis reaclions are pcrihrmea‘l in same
single lane of a gel
. A detector 1[111_~4i1iunrd near the bottom of the gel) reads  and records the colour of
fluorescent label on each hand as ik passes through & las¢r bean.
. A computer then reads and stores this Aucleotide sequence.
A C - 1 Deduced Fragment Size
Sequence
A G 19
__"f__ - € 20
S T 21
A G 22
A T 23
G T 24
A — A 25
T G i6
S T A 2
—_— A 28
C ¢ 19
— f_ G 30
T 3
Significance )
of DNA sequencing, genomes of many organisms have beet
dl-f wOrml.

Using this automation
g. plant chloropl

sequenced e.
del plant Arabidopsis.

Drosophtla, mo
the complete DNA sequen

ast, animal mitochondria, bactena,

ce of a variety of human pathogens.

veast, a nemato y
: ~ deduct®
mouse and human. R esearchers have also deduc

— 4
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entire genome of an mdividual can be analyzed.

lved in DNA analysis are as follows:

|
!
i gnism
1

. aenom _ -
e #¢ sed fragments. These fragments vary in length and restriction enzyme

' diﬂ'eﬁ:lll 51
separales 4¢¢
of existing 1n
(RFLPS)
Fragments 9

ocl clectrophoresis. | | |
Gel olectrophoresis is a technique used for the

charge.

e is treated with restricion enzymes, which results in a unique collection of

ording to this length, which is different in different individuals. This process
different lengths 1s called restriction fragment length polymorphism

{ genome can be separated according to their lengths through a process called

separation and analysis of

' qacromolecules (DNA, RNA and proteins) and their fragments, based on their size and

It results 10 formation of a number of bands that are so close together that they appear as

a smear.

rav film.

——t

Use of probes for genetic markers produces a distinctive pattern that can be recorded on X-

cleavage of DNA by

Cell sample

extracted DNA

e binding of
W radioactive DNA
¥ probe to specific
DNA fragments 4

&/ transfer to
a membrane
{Southern blot)g

—_—
X-ray film
used to detect
radicaclive

pattern

Membrane
Importance of DNA Analysis

*  ltcan be used to solve disputes of paternity.
L]

disorders and cancer.

These can also be used to determine evolutionary history.
e

restriction enzyme

separation

of DNA
fragments by
electrophoresis

PlantA Sampie PlantB

“h_l:l 11
TR
I

-3 & -
DMNA comparison

Itis important in forensic laboratories as evidence to solve Crimes.
PCR amplification and DNA analysis can be used to diagnose viral infections, genetic

78 - PrEP BOOK
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: .m are called transgenic organij
“If‘!.lﬂlli:iﬂ]r-‘ ”H‘Jl hEl‘r'L' Hn}" ﬁ:“-‘_::ig" l_j_'l_'E'T'lL" 'Iﬂb'L'"l:'d in IhLl” Arc 1..u]”tr g gﬂ:l'lliﬂ'ﬂi
['ransgenic Bacteria
Bacteria having foreign gene are
Methods of Production and Propagation l
o bacteriz roduce in large var
. Recombinant DNA technology is used to produce bacteria that rep arge vats

called bioreactors.

called transgenic bacteria.

Significance

. These are used to get various biotechnology products for human use.
Biotechnology is used to convert frost-plus to frost-minus bacteria.

. These are used to produce insect toxins n plant cells.

. Bacteria can be used in industries as bio-filters. .

. They are also used in biosynthesis of different chemicals e.g. p]wnglalanmﬂ, chemical
needed to make aspartame (the dipeptide sweetener) hetter known as Nutrasweet.

. These bacteria are used in bio-leaching.

. Bacteria are also used in cleaning up beaches after oil spills.

Transgenic Plants
Plants having any foreign gene are called transgenic plants.

Methods of Production and Propagation

Insertion of Gene through Current ' : ;
A Il"rl.'ig” gene i.‘-LL'I'l:lT'..‘l.i from any l}r_“: ﬂfﬂfgilﬂiﬂlﬂ | 5% p]ﬂ‘:ﬂd I [h'i: Lissue L'.'Llll'l.li‘E T'l"IEdIl.ln‘I.

This tissue culture contains protoplasts, High voltage electric pulses are used to create
pores in the plasma membrane so' that DNATenters,

Insertion of Gene through Bactéerium |
A plasmid is used to produee recombinant DNA. This recombinant DNA contains foreign gene.

It is inserted into plasmid of bacterium Agrobacterium, which normally infects the plant cells.
When bacterium infects the plant, recombinant DNA 1s introduced into plant cells.

Insertion through Particle Gun
This method was developed by John C. Sanford and Theodore M. Klein of Comell

University in 1987.
Many plants including corn and wheat varieties have been genetically engineered by this

method.
They constructed a device; particle gun that bombards a callus with DNA coated microscopic
metal particles. Then genetically altered somatic embryos developed into adult plants.
Significance
Transgenic forms of cotton, corn and potato have been made which are resistant to pests
because they produce insect toxins. Soybeans have been made resistant to a common
herbicide. Some corn and cotton plants are both pest and herbicide resistant.
A weed called mouse-cared cress has been engineered to produce a biodegradable

L
plastic (polvhydroxy butyrate) in cell granules.

. Plants are bemg engineered to produce human hormones, clotting factors and antibodies n
their seeds. One type of antibody made by comn can deliver radioisotopes to tumor cells.
Antibody produced by soybean can be used as treatment for genital herpes. Plant made
antibodies are inexpensive and have little chances of contamination.

. Improvements are going in improving quality of food.

I
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cansgenic Animals :
Animals containing foreign DNA
nods of Production & Propagation
Transgenic animals have been developed by insertin

y _Einteuhnnlugy

e — ==

In their cells are called transgenic animals,
Met

S g genes into the eggs of animals
]
In order to get transgenic animals, two methods are used i e. microiniect:
v 5 . ; €. microinjection (by hand
’ and vortex mixing method, by inserting gene into egg. ] (by )
" In Vortex method the cges are placed in an agitator with DNA and silicon-carbide
needles. The needles make tiny holes through which the DNA can enter.
gigniﬁfa"ce — :
: Gene pharn?mg s thf.f use of tranrfgcnlu farm animals to produce pharmaceuticals.
" Genetic engineering 1s done to improve quality and quantity of food obtained from
animals.
2 Urine is a preferable vehicle for a biotechnology product than milk because;

(i) All animals in herd urinate while only females produce milk.

(i) Animals start to urinate at birth while female do not produce milk until maturity.
i) Itis easier to extract proteins from urine than from milk.

pont/d somiTC

What is role of anti-thrombin

11 in surgery?

s Tissue culture is the growth of a tissue in an artificial liquid culture medium, also called
micro-propagation.

. German botanist Gottlieb Haberlandt in 1902 said that, plant cells are totipotent.

. Comnell botanist F. C. Steward in 1958 first time grew a complete carrot plant from a
tiny piece of phloem.

" Tissue culture techniques are used to produce millions of identical seedlings in a limited

amount of space. Common methods used in this are following.
Meristem Culture

. In this method. meristematic cells are used.
. Meristem is virus free portion of plant.
Procedure

. Different steps involved are:

i A small piece of tissue, usually mesophyll tissue from a leaf, is taken and enzymes are
added to digest cell wall and convert it into protoplast. |

(i) Protoplasts regenerate a new cell wall and begin to divide due to presence of auxins and
cytokinins in liquid medium. | . -

(ili) Clumps of cells are manipulated to produce somatic embryos. These somatic embryos
(sometimes called artificial seeds) are encapsulated in a protective h_}rdratec_l gel. Somatic
embryos of tomato, celery, asparagus, lilies, begonias and African violets can be

; produced in millions in large tanks called bioreactors. ~ "

(W) A mature plant develops from each somatic embryo. Plants generated from mmatp...
embryo vary somewhat because of mutations that arise during the production process.

These are called somaclonal variations.
‘_-_'—-—_
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Anther Cultyre '
e contam .
2 It is a technique in which mature anthers are cultured in a medium contaming Vitamp,
and growth regulators. :
. It is useful in plants that express recessive alleles.
Procedure
. Different steps involved are
(i) Haploid tube cells within pollen grain divide, producing pro-embryos CONSISUNg of e
3 many as 20-40 cells.
{fl':l Pollen grains rupture releasing haploid embryos. . are added that enc
(ili)  Haploid plant can be generated or chemical agents arc added thi CNCOUrape
_ chromosomal doubling o T homozyeous for all
(iv)  After chromosomal doubling, resulting plants are diploid but homozygous for all the,

alleles.

Cell Suspension Culture

. This techn Ique is used to get biotechnology products within s.'l.lilulru mn.:.dmm, |

- It will no longer be necessary to farm plants for the purpose of acquiring the chemicals S
they produce. | |

- Cell suspension cultures of Cinchona ledgeriana produce quimine and Digitalis lang,
produce digitoxin,

Procedure

" Different steps involved are:

(i) Rapidly growing cultures are cut into small pieces and-shdlen fu a liquid nutrient medium

(ii)

so that single cell or small clumps of cells.break o ffand form a suspension,
These cells produce the same cheifiicals as the entireplant.

BIOTECHNOLOGY AND HEAL | HCARE (GENE THERAPY)
Biotechnology has made a-huge difference in human health care and has now enabled
scientists to develop products which can give quicker and more accurate tests, therapies
that have a lot less side effects and vaccines w hich are safer than ever before.

Role of Biotechnology in Treatment and Diagnosis of Discases

Biotechnology is used in three different ways i the development of vaceine:

. Separation of a pure antigen using a specific monoclonal antibody .
. synthesis of an antigen with the help of a cloned gone
Synthesis of peptides to be used as vaccines,
. Many human diseases can he diagnosed by using products of biotechnology like
monoclonal antibodies and DNA/RNA probes, -
Gene Therapy
. Gene therapy is the insertion ol genetic material into human cells for the treatment of a disorder,
B There are two main methods for gene therapy i.c. Ex-vivo and In-vivo
# Gene therapy for cancer patients makes cancer cells more vulnerable to chemotherapy
and normal cells more resistant to chemotherapy .
o During coronary artery angioplasty. u b ) . .
sty, a balloon catheter i< o LA — .
] ¢ 5 el % 1 Yy Open up 4
closed artery, mes used to open up
g It will be possible to use in.viv ~
¢ IM-VIVO therapy to cure he . di Kins
: . A ; 161 10 z 3 wf o lu =0 %
disease or AIDS. nophihia, diabetes. Parki
KETS - PREP BOOK vy
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Biotechnology

'l"ﬂ'l’i"""l3 — — —

To treat hemophilia, patients could get regular doses of cells that contain normal clotting

d factor genes or such n:f:lls could be placed in organoids, artificial organs that can be
implanted in the abdominal cavity.

To cure Parkinson’s disease, dopamine-producing cells could be grafted directly into the

brain.
P' ______ _______PO ”Tm

v |- G —————

What is difference between
angioplasty and angiography?

What may be other options to treat

coronary artery blockage?

Disease Method Vectors

Immune
: , Bone
ADA d.ﬂﬁmmy’ ; Modified MATTOW
SCID Defici life EX-vive | L etrovirus
eficiency threatening stem cells
infections e
e Lack of ,
Familial receptor on | Fatal heart i lVivh Modified Liver cells
H}-percllmlﬂi liver cells for | attacks retrdvirus
terolemia | qpolesterol || | -
] | Numerous Liposome: Epithelial
[ , microscopic pithelia
ol Trans- | inﬁ:;tmns of | | vesicles : cell/ mucous
E‘?hb::;{;is membrane resplmt{‘}i‘i e | (lipoproteins cells/ goblet
| cameE of C| m_mt* t_h'; | coated with cells
|  mucus plug | genc)
{" | Plasmud
. _ _ : containing gene |
Heart Blockage ol N ccm.»zl:a_ﬂf In-vivo for vascular 5;;
Attack coronary artery | myocardium endothelial
growth factor
t
e
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W | ECOSYSTEM

|
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Food chain, Food Web, Energy Flow
Succession

Symbiosis (Mutualism, Commensalism,
Parasitism and Predation and Their Significance p
Biogeochemical cycles (N2 Cycle)

Human Impacts on Environment

Acid Rain

Greenhouse Effect

Ozone Layer Depletion
Algal Blooms

FOOD CHAI

Parasitism, Predation)

N, FOOD W EB. ENERGY FL( W

Food Chain m e |
. Linear arrangement of organisms on base of feeding relationship 1s called food chain, #
. All animals depend on plants for their food.
. All food chains start with producers (plants or algac).
. Simple food chain: ; .
: srass  — Caterpillar __— " Blue bird « —  Eagle
S
oY, 4
P 'i

Food Web
. Combination of many food chains is called food web.
® Food webs consist of 3-5 trophic levels
. Different trophic levels in food web are:

T;: Producer

T,: Primary Consumer/ Herbivores
Ts: Secondary Consumers/ Carmivores
T4: Tertiary Consumers/ Carnivores

-2

o 1
= The variety of pathways in a food web helps to maintain the stability ol M
KETS - PREP BOOK
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Killer whale

Keill Squid

o
@i{’\%éu mﬁﬂﬂm

Energy Flow

. Energv in the form of radiant heat and light from the sun flows through an ecosystem
Pﬂmﬁg through different trophic levels (links) and radiates again back into outer space.

2 About 1% of the total energy from the sun is trapped by the producers in an ecosystem.
The remaining 99% of solar energy is used to evaporate water, heat up soil and is then
lost to outer space.

. The total amount of energy fixed by plants is gross primary production.

. The amount of energy left after plants have met their respiratory needs is net primary
production, which shows up as plant biomass. (Gross primary production minus
respiratory loss = Net Primary Production/ Plant Biomass.

. As energy is transferred from one trophic level to the next, from producer to primary
consumer, 80-90% of the original energy is lost in form of heat as byproduct of
respiration and only 10-20% is available to next trophic level.

. A short food chain of two or three links supports a community more efficiently than a
long chain of five links where much of the original energy from the producers would
never reach those organisms at higher trophic levels.

= Decgmpuseﬁ. are able to obtain energy by converting plants and animal tissues and waste
INto norganic material ions.

e,
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tertiary CONSUITIeNS
o 10 keal

T —

secondary CONsumers
100 kcal

pﬂmﬁ‘f}' COnsSuUMmers
1,000 keal

Productivity
Productivity can be indicated by consumption of CO: and evolution of O: during

L
photosynthesis,

& Primary productivity is amount of energy fixed
by plants per unit area and unit time.

s Its unit is Kcal/ M*/YR.

. Productivity of aquatic ecosystem 1s basically
determined by the light and nutrients.

. Light intensity and quality vary with the water depth. so the pnimary productivity also

varies with light. The amount of nutrients also changes with season.
In temperate grassland, rate of primary production 1s about 700-1500 g m’ annually.

» In sub humid tropical grassland, it 1s more than 4000 ¢ m-annualy
Succession is a change in community and 1ts non-living environment over a period of ime.
Succession 1s a sequence of events in community structure of ecosystem over period of time.

It 1s also called as community relay.

L]

. Succession begins by a few hardy mvaders called pioneers.

. Diverse and stable community at the end of succession is called elimax community.

. All the communities during succession are called as seral communities.

Tvpes of Succession

. Succession on dry land takes two major forms, primary succession and secondary succession

I
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guch a succession where an ecosystem is A W peneyman dcw:_lupfi after

e R 5 - .« | as in case of forced fire or an
yol where there is no trace of previous life. |
pe i i _abandoned farm field.

As it is from scratch, so often requires Due to previous community, it
[}ul"“i"" thousands of years. happens much more rapidly.

_——— Guccession
Frimﬂ?j Linmnf succession starting in a pond is called hydrosere.
’ Flr"itﬂ m.;.- succession on a dry soil or habitat 1s called xerosere. | |
" plants growing in xeric conditions are called xerophytes, which are able to withstand
' prnlungcd periods of water storage. | |
Succulent plants like cacti have water stored in large parenchyma tissue
;m es of Xerosere

Stage

= e (rustose means crust on the substratum.
Crustose lichen can live in extreme conditions.

e They absorh water during dry season. _

Hu-lx are quiescent or dormant, normally desiccated dunlng dry season.
| |_H.|;,L.:|a are just like crumpled [eaves attached at one pmrlu. . .
Produces shade o the crustose lichens as a result of which their growth 15

Crustose
lichen stage

Foliage reduced or dégreased: |
lichen stage | . 5 .y hecomes rough with more ﬂssun:_and depressions develop.
e Examples are Dermatocarpon, permellia

s Examples of mosses arepolytrichum, tortula etc.

Thev compete with lichens for water and penetrate

deeper into the soil add
Moss stage | e :
more humus to the soil.

Herbaceous | ¢ Small scedlimgs establish due

to more availability of moisture, humus, soil

stage for anchorage. : _ : S
"}hfuh e Shrubby plants start growing and shadowing herbaceous plan
Stage and add more humus 10 the soil. =
[ i improved soil. , .
: s Woody plants develop due to 1mf : . 1 came if
_ . ey : "
forests nutl‘ing changes in the environment to upset the balanc

SY MIBIOSIS

(MUTU ALISM, COMMENS \LISML, P A
Mutualism
2 It is association in which both organisms are ben
Exampjes
' Lichens are dual organism compos
fungus mycelium. The lichens grow ©
~—__Ctolonizers of bare ground. m—

“BT8 - PREP BOOK

RASITISM, PREDATION)

efited.

tion of algae living within a
surfaces and are important

ed of symbiotic associd
n exposed rock
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. The legume plants (pea and be

i |I1']l, l;.'ll.ﬂ I X H | Ll ] H-l"l le} Cony
ﬁ"““ lﬂg ol noduices.

 are hosts to symbiont bactena, which nhgahy the 4
in 5

e wides bactenia wyh .
ids. which the host uses. In return host prc 100d 44
amino  acids,

protection.

ol p . growing in acid sonl and certain fy |
1 ' T * ool s ol |EH'lt!'- 4
][ 15 4N assocation hem. een the T‘Ig

* ¥ e i - - - I i - ¥

The host is pine, beech or heather and it provides the fungus with an CNZyme 1 digess
€ WS 13 .

carbohydrates in leaf litter. _ Ly . Sy
In retum the fungus symbiont passes mineral 1ons from soil to the host. .

. The insects get nectar from the flower. The flowers are able to reproduce because the
nsects carry pollen from flower to flower.

Commensalism i ) — " |

. In this tvpe of relationship only one organism is benefited from the re ationship, The
other is not affected at all.

Example

E Sharks may have small fish called remoras attached to them. As the shark feeds, the

remoras pick up the scrap. The remoras benefits from this relatic
not affected at all.
Parasitism
This is an association between a host and a parasite. which
parasite with food, protection and conditions for its surviyal:
Significance

mship while the shark s

Involves proy iding the

. Parasite may or may not harm the hest.
a Mostly, they cause diseases in theirhost.
. Diseases in living organisms which are caused by parasite are called infestations.

Types and Examples
There are two tvpes of parasites

(i) Ectoparasites: hiving outside the body of host ¢.g. fungi causing
(ii) Endoparasites: living inside the body of the host ¢.2. lapeworm
Predation

. An animal that preys other animals is 3 predator. A predator o
. The animal that is caught is the prey.

e The overall process is called predation.

Significance and Relation
The sizes of populations of predator and prey are related 1o
population is determined by the size of the other,

. If number of prey is large, this leads 1o
feeds upon the prey, the number of prey begins to fal]

. The number of predators decreases with decrease in prey
supply. As the number of predators decregse :

S. the number

This food relationship of predator-prey creates a cvele.
Examples :

=
e

dandruft in hair,
i intestne of man

4 consumer

ach other. The size of each

an increase in number of predators. As predator

as they have smaller food
of prey begins to mncrease

squito, hawk and small birds

I

e
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Man & His Environment / Ecosystem

Biogeochemical cyele or substance turnover is a pathway by which a chemical substance

moves through biotic (biosphere) and abiotic (lithosphere, atmosphere, and hydrosphere)
compartments of Earth.

nitrogen Cycle -

The process by which mitrogen is circulated and re-circulated throughout the world of

’ living organisms 1s Known as nitrogen cycle.

. Nitrogen makes up 78% of the gases in atmosphere. Just as all organisms are ultimately
dependent on photosynthesis for energy; they all depend on nitrogen fixation for their
nitrogen.

o Organisms cannot use elemental atmospheric nitrogen to make amino acid and other
nitrogen containing compounds, they are depending on nitrogen present in soil minerals.

. Nitrogen cycle mainly depends upon bacteria.

Stages of Nitrogen Cycle

s Principal stages of nitrogen cycle are;

(i) Nitrogen Fixation
(i)  Ammonification
(iiiy ~ Nitrification

(iv)  Assimilation

(v) Denitrification
Nitrogen Fixation

N The process by which atmospheric nitrogen is converted into soil nitrates by microorganisms
15 called nitrogen fixation.

’ Nitrogen fixing bacteria incorporate gaseous nitrogen from air into organic nitrogen-
containing compounds.

. Rhizobia are involved m symbiotic nitrogen fixaton while Nostoe is involved in non-
symbiotic mtrogen fixation.

Ammonification

. Most of the nitrogen found in the soil 15 the result of the decomposition of organic materials

and is in the form of complex organic compounds such as protein, amino acids, nucleic acid
and nucleotides.

. These nitrogenous compounds are decomposed into simple compounds by soll-dwelling
organism chiefly bacteria and fungi.

. Microorganisms in soil use the protein and amino acids and release excess of ammonia (NH3)
or ammonium ions (NH4'). This process is known as ammonification. Such bacteria are
_ called ammonifying bacteria.
Nitrification
[ ] ¥ - = = e { 1 1
iewral bacteria in soil are able to oxidize ammonia or ammonium ions. This oxidation is
nown as mitnification,
In = r - - 'y '
\lPiJl‘ldnt bacteria that are involved are Nitrosomonas and Nitrobacter.
Nitros ot AR : ; \ . i %
. Osomonas oxidize ammonia and ammonium ions into nitrites.
Mrobacter oxidize nitrites into nitrates.
‘_'-—‘--n-___,“_____.-_’-_
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Assimilation
" Litthzation of nitrogen inside the plant body/cells tor synthesis ol MITOgen comtaining
organic compounds s called assimilation
- Nitrate is the form throueh which most nitrogen moves from the sl into the roots
. (hnce nitrate 15 within .['Iu' plant cell, 1t 1s reduced back to ammonium IR CONLrast g

nitnification. This assimilation process requires cnerigy . .
| to carbon-contamming Compounds.

. I'he ammonium ions thus formed are translerrc led by the plant
" s T = | L I |
produce amino acids and other mtrogenous orgattit compounds neeGed M
Denitrification i et e e
. CE () e, releasing MiroEcn ack
o ACLCr. win nitrates in absence ol OXYEL
Certain soil bacteria break di This process is Known as

4 ' ,HPEEr T , seniratien
into the atmosphere and using oxygen lol their own resj

denitrification. lown through the soil
=3 -y 3 . " . ater nercolating down througn the sol
. Soil nitrates are lost from soil erosion, fire and water percolating
Remedies of Nitrogen Depletion in Soil een fertilizers by the man .
I R hl]'i‘ll_L'lil'-."”'-'*L by the addition of nitrogen Icriiiieed \

himself. l

Atmospheric Nitrogen(N,)

Denitrif
Bactemna

Nitrogen-fixing . L\ &l
bacteria living in . )
legume root nodules % Nitratesi(NO, )

Decomposers
(aerobic and anaerobic

bactena and fungi)

Nitrifying
Ammonification Nitrification bacterna

Ammonium
(NH, ")

I'-.I:trm]l_'r'n-fi'ﬁllﬂ_} N|trltylng bacteri
eria

s0il bacter i
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HUMAN IMPACTS ON ENVIRONMEN T

It,‘-.ptllllliﬂn

Demography is the study of human populations and things that atfect them.

947. It has now increased to around 150-

. ae 17 € mills '
. Population of Pakistan was 32.5 million m |
Nion in year 2000, :
FARTE 10 an popuiaiin AL A bl =
About 20 years age, hunl
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every 35 years,
[forestation 5 IR L heistence crops or
peor Clearance of vast arcas of forest for procurnig lumber, planting subsistence crop
# il R R 3
- attle 1e calle forestation,
razing cattle 18 called de v e R R ading 1o
'T"h ib-.lrurt'mn of Torests leaves the soil barren and it is called deforestation leading 1
. ‘: lL‘-.' B
desertification. e e
Hcfnrﬂlﬂtiﬂﬂ 15 :'::|1];Irllll|'lﬂll u!'plnnia i the arcas w here lht.} were present carhier. .
L ¥ ; 5 % L] 5 L] & ™ .
In reforestation contferous species die important which often require bare soil to
. n reloresk '
establish. . s et axicted previous
» Afforestation is establishment ol new forests W here no forests existed P“““}*"ly- .
' i*’ur-:wt»a wre called as environmental buffers because they break speed of wind, rain an
.1 B, L e
floods. o ; irn ;
. About half of the rain, which falls, in tropical forests comes from transpiration of these
plants s e » resulti
4 Biodiversity is total number of difterent species within an ecosystem and the resulting

complexity of interactions among them,
Atmospheric Pollution

. The befouling of the air by anything that may be harmful to living organisms 1s air

pollution,
L These harmful substances are called pollutants.
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~ Alr Poltutant s | -
* Acrosol spray foams Thinning of ozone layer
Chlorofluorocarbons | o Air conditioning system
e Refrigerants

¢ (reenhouse eftect
e Global warming

e Acid rains
Breathing disorders

Sulphur dioxide e Power station :
o Fossil fuel e Lune cancer
e Lead poisoning
Lead compounds ('.umhuﬁtiun of leaded petrol or e Brain damage
ol e Forest decline
Global warming

[

e (ireenhouse effect
L

[ ]

Oxides of nitrogen Burning of fossil fuels Kot pain
Headache& cough
e Incomplete burning of o iisadache
i i 1 1C
. ; carbonate & carbon e
Carbon monoxide carbonate & carbe e Brain damage
compounds
2 e Death
e (Cigarette smoke |

Process through which acids fall on earth-either dissolvied dn'rain or as microscopic drv particles
1s called acid rain.

Causes
. This 1s due to the overloading of nitrogen and sulphur ¢y cle
. Sulphur dioxide and nitrogen dioxide emitted in the air du ing the buming of fossil fuels
combined with water vapours in the atmosphere and form acids )
= For example
. = . Watcr Vapour | ] 4
Nitrogen Dioxide 1 R Nitne Acid + Nitrous Acid

Wiater ETCRITTE

Sulphur Dioxide —terVuons  Sulphurous Acid Sulbhine A

Gaseous Tow R g
Pol Particulate.
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Man & His Environment / Ecosystem

ropic:l”__—— .
EITt‘ﬂ:“”w of the important harmful effects of acid rains are
l[}ﬂ“mgc to life in lakes, farms and forests.

- Washing oul essential nutrients of soil such as calcium and potassium.

) Killing of decomposers and microorganisms.

' plants poisoning. and deprivation of nutrients makes them weak and vulnerable to
. fection and insect attack.
. Erosion of *Taj Mahal” due to "stone cancer’ by acid rains.

GREENHOUSE EFFECT

Grefnhl]usie

(Greenhouses are developed in area of low temperature for protection of plant growth.
ed by the

Light rays from the sun penctrate the glass of the greenhouse and arc absorb
lass does

plants and sotl and then reradiate as longer wave infra-red radiation (heat). The g

rays to escape outside and so the heat remains within the greenhouse.

not permit these

The carbon dioxide of the atmosphere behaves like glass sheet of greenhouse. It absorbs
the sun energy but does not allow it to escape outside. as a result of which temperature of
the atmosphere increases.

Greenhouse gases are those, which prevent heat to escape out from them e.g. CO:.
Increase in earth’s atmosphere due to CO> and retention of heat rays is called greenhouse

effect or global warming.

KETS - PREP BOOK

261

W v L e

Scanned with CamScanner




|

m

e

Man & His EnVITORMETT / Ecoyy,,
_T_npir.-=19 e g

-_'-_"'—PI—-....___

.
e,

Human Enhanceg

Greenhouse Effect

Less heat escapes

: : ara
Mare heat escapil into spac
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Causes

. Causes of greenhouse effect are:
. Over urbanization
. Deforestation
. Industrialization
Effects
This global warming may lead to:
. Rapid melting of jce caps and placiers,
. Bringing floods and changing the path of major air and ocean ¢y I

. Drastic effects on global weather conditions,

Ozone

. In pure 1{:1_‘11} 0zone is bluish. explosive and highly POISONOUS gas s molecule is
made up of ?.-nx}'yun atoms (()), "~

Ozone Layer

. Ozone is layer of

‘ atmosphere extending from 1)-
. It filters and Protects us from (1

5” lﬂ“l .IE‘I-.__HI e -.';'.."”'
Ozone Depletion

V rays,

. Decline in thickness of Ozone layer jq called
0zone depletion : HaS
L] { e A afq -]
.Jn n!. depletion S caused b -
eMlorofluorocarhon (CFCs), which compr s
. P 3 L] L 3 i :
chlorine, flyorine and carbgp, w
. .

Fhese are Produced fr, m ;
- A single L‘]‘I'Uﬁf'll.:
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ne layer Over the Apt
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gffects of Ozone Depletion - B 2

More ultraviolet rays from the su

N are ab|
¢ i : € 10 reae
: This entry of UV rays s affecl:ing all life op e ::2 o
ek a - .
. They cause skin cancers and Cataract ip human Y Increasing temperature.
: S0 a ‘

, They can also affect crops, plants, trees and even mgrine

patterns. rne plankton ang distort weather
CFCs, [
HCFCs, VOCs =

» It is natural process of excessive enrichment of water with nutrients by which large
amount of living organic matter grows in the water,

v Human activities have speeded up this natural process of eutrophication by adding
mineral and organic nutrients in larger quantities than nature would provide, as excreta,
phosphates from washing powder and nitrates and phosphates from fertilizers,

’ It occurs in fresh water and in sea water, both developing unpleasant color and smell.

Procedure
Different steps involved are:

’ Different chemical wastes travel to water reservoirs.

. Vast quantities of algae feed and reproduce on these nutrients causing the water to turn
green with algal bloom. _

- The dead algae are decomposed by acrobic bacteria, which deplete the water oxygen
content causing death of aquatic animals through oxygen lack.
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1. Nutrient load up: O 5. Death of the ‘-‘m!‘-?stern:

oxygen levels reach 5 poing

excessiy i
femﬁm;;gt;lf:fmmm where no life is possibja.
from the land into rivers - . Fishand other crganisms g
Or lakes by rainwater. '
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3. Algae blooms, oxygen is depleted:
algae blooms, preventing sunlfight
reaching other plants, The plants die
and oxygen in the waler is depleted. ~

2. Plants flourish:
these pollutants cause
aquatic plant growth of

4, Decumpusiﬁau further
depletes oxygen:

dead plants are broken down by
onia decomposers), using
€ Oxygen in !
PO INT7@ Xyg the water
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