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»Dedication

~

“The Teacher of the Universe”
(Peace be upon Him)

With whose existence and
by having the charity of His knowledge
the cosmos got illuminated with the light of
insight and wisdom and the journey of human

enlightenment was made possible.
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@eE)  CELL BIOLOGY |

~|’
A) Compare and contrast the structure of typical animal and plant cell. ‘

B) Compare and contrast the structure of prokaryotic cell with eukaryotic cell.
C) Explain the basics of Fluid Mosaic Model of Cell Membrane and define the terms:
()] Diffusion
(ii) Facilitated diffusion
(iii)  Active transport
(iv)  Passive transport
(v) Endocytosis
(vi)  Exocytosis
D) Outline the structure and function of the following organelles:
(i Ribosomes
(ii)  Cytoskeleton
(iii) Centrioles
(iv)  Endoplasmic Reticulum
(v)  Golgi Apparatus
(vi) Lysosome
(vii) Peroxisome
(viii) Glyoxysome

(ix) Mitochondria
/ (x)  Nucleus - -rcbla
\) COMPARISON OF PLANT AND ANIMAL CELL
Cell wall x o
Plastids x v
Glyoxysomes x 7
Centrosome (centrioles) v x
Mitotic Apparatus Spindles + Asters Spindles Only
Cyvtokinesis Inwards Outwards
Lysosomes v X
| Flagella v x
Phagocytosis v x
| Nucleus Central Peripheral
[ Vacuoles | Small it
| Storage Products [ Glycogen Starch B

POINT7©
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UHS Topic-1 Cell Biology

Differences < ProKaryotic cell Eukaryotic cell
J Well Defined Nucleus Absent Present -
DNA Submerged in cytoplasm Present in nucleus -
Type of DNA Circular DNA as nucleoid Linear DNA in nucleus
femb Bounded

Membrane-Bounde Altganit Present

Organelles
Small, 70S ribosomes )

Ribosomes (508+30) Large, 80S ribosomes (60S+40S)

Cytoskeleton Absent Present

Cell Wall Peptidoglycan/Mureir Cellulose/ Chitin
Sacculus

Cell Membrane Sterols absent Sterols present

Cell Division Binary fission. Mitosis/ Meiosis

Histones Absent Present

Composition of Flagella | Flagellin Protein Tubulin Protein’

Example Bacterial cell, Cells of blue Plant and snimal cells
green algace
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Cely By

Unit Membrane Model

Structures of Prokarystic (Bacterium) Cells

Structure of Prokaryotic and Eukaryotic Cells

Plasma Membrane

C) FLUID MOSAIC MODEL OF PLASNMNA MEMBRANE
Cell membrane is the outer most boundary of the animal cell while covered by cell wa);,

a plant cell.
Plasma membrane is about 7 nm thick.

Chemically composed of:
Proteins (60- 80 %)

Lipids (20; 40 %)
Small amount of carbohydrates in form of glycolipids and glycoproteins.

LP h,:gh.\ip;-l;‘

This model was presented by J. David Robertsen 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.e. central non- polar part of phospholipid molecules
and a hydrophilic part i.e., outer polar component of phospholipids + globular proteins covering
both sides.

Fluid Mosaic Model

Ihis rrr:.)dcl was pmposcd by S.J. Singer and G.L. Nicolson in 1972.,
w;o;::cc mlg J)o fluid mosaic model, protein layers are not continuous and are not confined to the
molemlo e n}cmbmnc but are embedded in lipid layers in a mosaic manner. These protein
= cs may function as a gateway (charged pore) for the transport of materials

is model at present is the most accepted ope. o
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UHS Topic-1 ,

Cell Biology

Role oi Different Molecules
. Phospholipids

orm lipid
bilayer.
. Cholesterol _
helps to stabilize What do you Know about role of following i plasma membrane?
this lipid bilayer. (1) Phospholipids (2) Cholesterol (3) Carbohvdrates
e Channel
proteins allow a
particular molecule or ion to cross the plasma membrane freely.
® Carrier proteins sclectively interact with a specific molecule or ion so that it can cross the
plasma membrane.
® Glycoproteins and glycolipids are found on cell surface and help in recognition.

What 1s difterence between camer & channel

protems’!

TRANSPORT MECHANISM ACROSS PLASMA MEMBRANE
. Cell membrane is a differentially permeable or selectively permeable membrane, allowing

only the selective substances to pass through it.
* M\ RLipid soluble substances pass through cell membrane more easily than others.
: Many small gas molecules, water, glucose etc. being neutral can easily cross.
*  -Jons being charged particles have some difficulty in crossing.

Passive & Active Transport
Passive transport
High Conc. — Low Conc.
Along the concentration gradient
Downhill movement
Without use of cell energy (ATP)

Active transport
Low Conc. — High Conc.
Against the concentration gradient
Uphill movement
With use of cell energy (ATP)
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’ Cell Biology

Role of Different Molecules
. Phospholipids
jform lipid
bilayer.

° Cholesterol
helps to stabilize
this lipid bilﬂycr. (1) Ph“‘-]ﬂ"“hphi\

° Channel

proteins allow a
particular molecule or ion to cross the plasma membrane freely.

Carrier proteins sclectively interact with a specific molecule or ion so that it can cross the

plasma membrane.
Glycoproteins and glycolipids are found on cell surface and help in recognition.

What do you Know about role of following m plasma membrane?

(2) Cholesterol (3) Carbohvdrates

What 1s difterence between camer & channel

protemns’’

TRANSPORT MECHANISM ACROSS PLASMA MEMBRANE
Cell membrane is a differentially permeable or selectively permeable membrane, allowing

only the selective substances to pass through it.
® M\ .ipid soluble substances pass through cell membrane more easily than others.
« = Many small gas molecules, water, glucose etc. being neutral can easily cross.

*  Jons being charged particles have some difficulty in crossing.
Passive & Active Transport

Low Conc. — High Conc.
Against the concentration gradient
Uphill movement
With use of cell energy (ATP)

High Conc. — Low Conc.
Along the concentration gradient
Downhill movement
Without use of cell energy (ATP)
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UHS Topic-1 Cell g;,

Diffusion and Osmosis N

e~ Movement of solute molecules from higher concentration to lower concentratioy ;.
diffusion e.g. movement of gases. . @,

. \/ Movement of water molecules across the membrane from higher water polentia| ¢, |
water potential is called 0SMOosis. ™

N

What is difference between 0Smosis What arc different 1ypes OHICtVe transpeges
and diffusion? Can you give example ol cachityped

{
Facilitated Diffusion

. It is a type of carrier mediated transport in which molecules move from higher concentry;,
to lower concentration with help of carrier proteins. "
Endocytosis and Exocytosis

. Intake of materials along the infoldings of cell membrane in the form of yacuole is ¢,

endocytosis. E— )

. Intake of material in solid form is called phagocytosis while in fluid form is called pinocytosig
Selute Solute ——

Coated veslcle
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HHS Topic-1

Diffusion and Osmosis
oL~ Movement of solute molecules from higher concentration to lower concentratjgy, .
15 Cali

sV

What is difference between 0smosis

and dittusion?

diffusion e.g. movement of gases.
Movement of water molecules across t
water potential is called 0SMosis.

\Ol%

What arc different 1ypes OFactive transnem

Can you give example of caclitypes

\/ Facilitated Diffusion
It is a type of carrier mediated transport in which molecules move from higher concenry,

to lower concentration with help of carrier proteins.

Endocytosis and Exocytosis
Intake of materials along the infoldings of cell membrane in the form of vacuole is ¢yl

-—-q___-.‘r

Intake of material in solid form is called phagocytosis while in fluid form is called pinocytosig
Solute —_

endocytosis.
Selute
| | I
o o

Extracellular flsid

i.ia.éi:
2 A
lelua's) 68y

Iztracellular fluld

Y

\4 .
Simple Chasael medisted Carrier mediated  Active transport

¢ifMusion diffesion diffuslon
A B C D E
| |
Pantve transport
(faclieated diffusion)
Endocytosis
""“,‘.“. ""‘y‘.‘h
% Bt il Receptor-mediated
o Solidparticie| m ¢ & S *

T @

Phagosome
(food vacuole)

%
*

Q..

x

Coated veslela 4
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UHS Topic-1 Cell &:gy
Some Other Functions of Plasma Membrane \

e In neurons (nerve cell), the cell membrane transmits nerve impulses.

D)  STRUCTURE AND FUNCTION OF CELL ORGANELLES

Classification of Organelles
Non-membranous

Ribosomes

Double membranous
Mitochondria

Single membranous
Endoplasmic Reticulum

Centrioles Golgi Apparatus Nucleus
Cytoskeleton Lysosomes
Pcroxisomes

Glyoxysomes

Discovery of Organclles

Ribosomes George Emil Palade
Centrioles Edouard Van Beneden
Cytoskeleton Nikolai K. Koltsov

Endoplasmic Reticulum

Keith R. Porter, Albent Claude, Brody Meskers and Emest F. Fullam

Golgi Apparatus Camillo Golgi
Lysosomes D¢ Duve
Peroxisomes De Duve
Glyoxysomes Harry Beevers
Mitochondria Richard Altmann

Chemical Composition

[ ]
Assembly of Ribosomes

Ribosomes are ribonucleo- proteins.
Ribosomes consists of RNA and proteins in almost equal proportion.

%3]

G—\)

Ribosomes are assembled in the pucleolus.M €2
From nucleolus they are transported to the cytoplasm through nuclear pores.

Form & Physical Structure W)
They exist in two forms, either dispersed in the cytoplasm or attached with rough

endoplasmic fpuculum (RER) as tiny granules.
Ribosomes con51st of two subunits: larger subunit & smaller subunit.

Attachment of both subunits is controlled b

(4F)

Mg?* ions.

Ribosomes are attached to 5° end of mRNA through smaller subunits.

Nucleus Robert Brown i i

VleC 2D

Ribosome Larger subunit Smaller subunit
Prokaryotic Ribosome | Small, 705 508
Eukaryotic Ribosome | Large, 80S 60S ) 408
Functions . :'P .
° Ribosomes are the factory forprotein synthcsﬁ

A group of ribosomes attached to mRNA is known as polysome or polyribosome.
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® They are present in animal cells, cells of microorganisms, fungi like protists and ;, b
plants. N

e  They arabsentin higher plantsiand fungi.

° They usually occur in pairs at right angle to ecach other near one pole of nucleus,

Structure
Each centriole is made up of microtubules.

. Each triplet is further composed of 3 7ubules.
® Total number of tubules in a centriole is{27.
* Centrioles/ microtubules are made up of{tubulin protein

Centrioles In a pair In an snimal cell Arrangement of microtubles Cart wheel structure of a centriole

Functions

# Just before cell division, centrioles duplicate and each pair migrate to opposite poles
giving rise to spindle fibers.

Centrioles play important role in location of furrowing during cell division.
Centrioles also give rise to\cilia.
3. CYTOSKELETON

a Cytosol contains cytoskeletal fabric formed of microtu

intermediate filaments.
These are distributed from nuc

bules, microfilaments o

leus to plasma membrane.
Proteins Function

Diameter #
Microfilaments/ | 7 nm Actin, Internal cell motion, Cyclosis, Cy‘OPlas”;’;
Actin Filaments Tropomyosin, | streaming movement, Amoeboid mover™
Troponin A
Microtubules 25 nm Tubulin Centriole, Basal bodics, Cilia, Flag

: , Spindles
Intermediate 8-10nm - | Vimentin Maintenance of cell shxfc/

Filaments
‘/

e ———
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UHS Topic-1

Tom

4. ENDOPLASMIC RETICULUM
3 Network of interconnected channels extending and often continues with cell membrane to
the nuclear membrane 1s called endoplasmic reticulum.
They vary in appearance from cell to cell.
Cisternae arc spherical or tubular membranes which separate the material present in these
channels from that of cytoplasmic matenial.
Types and Functions
A) Rough E.R
® One with ribosomes attached to its external surface.
Contain cisternae sacs.
Directly connected with outer nuclear membrane.
Ribosomes are attached on cisternal surface.
RER is involved in the synthesis of proteins. Afier synthesis, they are either stored in the
cytoplasm or transported out of the cell through these channels.

B) Smooth E.R

. One without ribosomes.

. Contain cisternae tubules.

. Helps in metabolism of various types of molecules particularly lipids.

. Helps in detoxifying harmful drugs.

¢ SER is also responsible for the rransmission of impulses e.g. in muscles cells and nerve cells.
' Formation of Golgi vesicles.

General Functions of ER

' They provide mechanical support (o the cell, so that its shape is maintained

. They are also involved in fransport of materials from one part of the cell to the other.
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s GOLGIAPPARATUS ==

Introduction
" Single cisterna sac is called Golgi Body.

El Stack of cisternae sacs is called Golgi Apparatus.
o Stack of cisternae sacs with associated vesicles is called Golgi Complex.

. Golgi apparatus in plants is called Dictyosomes which are used in construction of cell wall

Structure

® Golgi apparatus is a stack of flattened, membrane bound sacs called cisternac.

. Golgi complex is a complex system of interconnected tubules around the central stacks
The cisternac together with associated vesicles are called Golgi complex.

Golgi apparatus has two faces i.e. forming face and maturing face.

Forming face is outer also called as cis face. Vesicles that bud off from smooth endoplasm
reticulum are fused together to form cistemnac of Golgi apparatus at forming face.

. Maturing face is inner also called as trans face.

; - ;f‘:cretaq' granules/ Golgi vesicles are pinched off from maturing surface.

’ They are concerned with the cell secretion.

s ;h:%ﬁ invn_lycd in modification of molecules. Most important modifications are addition®

. = ') mtc.s_ 1n39 proteins and lipids and ljormation of glycoproteins and glycolipids.
uring cytokinesis in plant cells, these are involved in formation of phragmaplast.

Ribosomes = Endoplasmic reticulum=» Transport vesicles—> Golgi apparatus

Lrscson Packed inside @ membrane Modification of proteins a:
> lipids by adding carboP '3;,'
Excret Golgi <— and converting dlh?f“ o6
e lycoproteins and 9%
granules Vesicles glycop
Iy
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UHS Topic-1 Cell Biology

ﬁ__—f

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

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 mononucleate, two as binucleate and with more

than two as multinucleate.

Can vou give examples of anucleate

What 1s difterence between uninucleate, bimucleate and

multinucleate cells m human body”

binucleate and dikarvone?

Structure
. 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.

;i These membranes have same structure as per fluid mosaic model.

B)  Nuclear Pores

¢ Nuclear pores result from the fusion of outer and inner membranes. They are composed of
specialized transport proteins called nucleoporins.

8 They act as a gateway for the exchange of materials with the cytoplasm.
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Their number is vanable depending upon the

’ differentiation of the cell i.e. unditferentiated
cells like eggs have 30,000 pores / nucleus while
erythrocytes, well differentiated cells have 3- 4
pores/nucleus.
) Nucleoplasm
B It is transparent semifluid ground substance.
. It contains DNA, RNA, proteins, Mg*? ions,
free nucleotides and enzymes (DNA & RNA
polymerase).
D) Nucleolus
. Nucleolus is non-membranous, darkly stained body within the nucleus.
- Nucleoli may be one or more,
B They appear during interphase & disappear during cell division.
. RNA (rRNA) is synthesized and stored in it.
. Nucleolus is composed of two regions: peripheral granular area containing precurs,
ribosomal subunits and central fibril area containing rRNA and rDNA. o
. It is the factory for ribosome synthesis.
POINT7Q
RNA 1s synthesized in nucleolds then what is
location of mMRNA & tRNA $nthesis?
b) Chromatin & Chi omosome
N Each chromosome is a thread like structure resilting from organization of chrom:
material during cel division.
Chemically chrom( somes are composed of DNA ¢ nd protein.
Under compound microscope thcy appear to b: made of arms (chromatids) and
centromere, the pla:z whorz Zindic Dlcis we aiiached during cell division.
- Centromere (primary constriction) is the place on the chromosome and Kinetochore

lace on centromere where spindle fibers are attached during cell division.
Chromosome Number In Different Species

_ Species Diploid (2n) | Haploid (n) | Species Diploid (2n) | Haploid (n) _

, Man 46 23 Frog 26 3
. Chumpanzee 48 24 Drosophila 8 , T
,Omon 16 8 Potato 48 A
. Uarden Peg 14 7 Pigeon 80 40

Nuclear Envelope

Nuciear
pore
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Functions
e It controls all the metabolic activities of cell.

e It has all the i'cm:!ic information in a cell,

Introduction

¢ They are also called power house of the cell,

. They are self-replicating organelles.

Structure

B Their size and number vary depending on the physiological activity of the cell.

N They also contain DNA and ribosome; thus, some proteins may also be synthesized in them.

. When seen under compound microscope they appear as vesicles, rods, filaments.

. When seen under electron microscope, then it shows that they are bound by two
membranes, a smooth outer membrane and an inner one forming infoldings (cristae) in
mitochondrial matrix and they show complex morphology.

- The inner surface of cristac in the mitochondrial matrix contains small knob like structure
called F; particles.

. Mitochondrial matrix contains enzymes, co- enzymes and organic and inorgaric salts.

Functions

“ They manufacture and supply energy to the cell.

o Enzymes in mitochondrial matrix help in metabolic processes like Krebs cycle, acrobic

respiration, and fatty acid metabolism. These processes extract energy from the organic
food and convert them into ATP, an energy rich compound, which provides energy to the
cell on demand.
ADP is regenerated by mitochondria into ATP.
DNA —.

Introduction _ '

' Lysosomes (Lyso = Splitting: Soma = Body) are cytoplasmic or_gancllcs which are found
in most cukaryotic 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 . o

- Bound by a single membrane and are simple sacs (vesicles) rich in acid phosphatase and

several other digestive or hydrolytic engymes. . .
2 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.

—
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Functions A
into the cell is immediately engulfed by the lysosome,

®
fused with food vacuole, the resulting structure 15 1y -
products are absorbed by cytoplasm while remaimning wnstf:s containing vesicle ;. ¢
called contractile vacuole. This is called intracellular digestion. i,

. They are also involved in the autophagy. Dunng this process some old, womn oy P
cells. such as mitochondna are digested. Such lysosomes are called autophagosom, Sk
process also occurs during starvation.

. Their enzymes can also result in degeneration of cell, as may occur during
developmental processes. This type of ccll death is called autolysis. Removal of tadp,
tail during metamorphosis is an example of lysosomal activity.

. Lysosomes also release enzymes for extra cellular digestion.

'.%.‘._ mm_ ':.::‘.‘
Food vacuole
ot | P 52/ snauteg
L T
of particle r/ﬂ“""“ “®  organelle
: /

Storage Discases g

B Several congenital discases have been found to be due to accumulation within the ccl
substances such as glycogen or glycolipids. These are called storage discascs: 205
diseases have been discovered so far. |

- Thesc discases are produced by a mutation that cffect one of the lysosomal enty™
involved in the catabolism. ¢

- . .. . s

. In glycogenosis type Il disease, the liver and muscle appear to be filled with SIYC;I:
within membrane bound organellcs. In this disease, an cnzyme that degrades glycos
glucose, is absent. i

. Tay-Sach s disease is because of absence of an enzyme that is involved in the camt;;ﬁg

Any foreign object that gains entry
completely broken into simple digestible
The ingested food of cell is stored in vesicles, €

picces. This process is known as phagocytagj, ¢
alled food vacuoles. Once a lysog,.
is called secondary lysosome, |y, e}

of lipids. Accumulation of lipids in brain cells lead ion and ever
slo mcmal rctardauon
1'/].'
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_qHS Topic-1 Cell Biology

Introduction

N De Duve and co-workers isolated in 1965 particles from liver cells. In animals, they are
most common in liver and kidney cells.

o They have also been found in protozoa, yeast and many cell types of higher plants.

° The name peroxisome was apsppplied because this organelle is specifically involved in the
formation and decomposition of H:0; in the cell.

Structure

° These are single membrane enclosed cytoplasmic organelles found both in animal and plant
cells.

a They originate from endoplasmic reticulum.

. They are approximately 0.5 pm in diameter.

. They are rich in oxidative enzymes, such as peroxidase, catalase, glycolic acid oxidase and
some other enzymes,

s Catalases are involved in breakdown of hydrogen peroxide into water and oxy .

Functions

B They are involved in formation and decomposition of hydrogen peroxide.

Introduction

) 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 organelle is called
Glyoxysomes.

. Glyoxysomes are present only during a short period in the germination of the lipid-rich
seed and is absent in lipid-poor seed such as pea.

Function

. Glyoxysomes are the most abundant in plant scedlings, 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 activitics 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.
o In seeds rich in lipids such as castor bean and soya-beans, Glyoxysomes are the sites for

breakdown of fatty acids to succinate.
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!HS Topic-1 Cell Biology

ntroduction :_

I
. De Duve and co-workers isolated in 1965 particles from liver cells. In animals, they are
most common in liver and Kidney cells, ]
o They have also been found in protozoa, yeast and many cell types of higher plants,
. The name peroxisome was apsppplied because this organelle is specifically involved in the
formation and decomposition of H,0: in the cell.
Structure
» These are single membrane enclosed cytoplasmic organelles found both in animal and plant
cells.
& They originate from endoplasmic reticulum.
o They are approximately 0.5 um in diameter.
N They are rich in oxidative enzymes, such as peroxidase, catalase, glycolic acid oxidase and
some other enzymes.
f Catalases are involved in breakdown of hydrogen peroxide into water and OX) n.
Functions
s They are involved in formation and decomposition of hydrogen peroxide.
10.GLYOXISOMES
Introduction
¢ 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 organelle is called
Glyoxysomes.
. Glyoxysomes are present only during a short period in the germination of the lipid-rich
seed and is absent in lipid-poor seed such as pea. _
Function
. Glyoxysomes are 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 activitics in these germinating seedlings is the conversion of stored

L
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.
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| TOPIC-2 ) BIOLOGICAL MOLECULES\\

10 MCQs
e

Define the terms: monomer, polymer. macromolecules, discuss (:lrbuhydm,t\
® !\'I:!nusacch-iridcs Oligosaccharides, Polysacchandes (slarch.-gl_\'cngcn. and cellulose)
(2)  Explain the structure of amino acids and peptide bnnfi formation. —

(3)  Explain the structure of primary, sccondary, tertiary, quaternary proteins and they,

importance o _ . _
4) chgrihe Lipids: Acylglycerols, Waxes, Phospholipids, Terpenoids and their functiong

(5)  Describe the structure of DNA as hereditary material along its cump(.wsi!i(m .tmd.funcliong_

(6)  Give the structure and types of RNA (mRNA, rRNA. tRNA) and their function in the ¢

(7)  Define enzyme and describe its charactenstics.

(8)  Decfine the following terms: Coenzyme, Co-factor, Activator, Prosthetic group,
Apoenzyme and Holoenzyme.

(90  Explain the mode / mechanism of enzyme action.

(10)  Explain the effects of temperature, pH, enzyme concentration and substrate concentration
on the rate of enzyme catalyzed reaction.

(11)  Explain the effects of reversible and irreversible, competitive and noncompetitive

inhibitors on the rate of enzyme activiti'.
Macromolecule

A macromolecule is high molecular weight compound more or equal 1o 10,000 and usually
water insoluble e.g. starch, '
Polymer

Such a macromolecule that is made from many repeating units is called polymer e.g. glycogen.
Monomer

Basic repeating unit of a polymer is called monomer e.g. isoprenoid (CsHs) unit in
terpenoids. -
Intercenversion of these molecules will be carrie
Condensation is also called dehydration sy
Biological Molecules

d out by condensation and hydrolysis.
nthesis if water molecule 1S removed.
Essential Elements

Carbohydrates C.H.0 \nn-l-'.swnli:ll Elements
Proteins C,H,O, N S

Lipids C.H.O N

NUCICiC ACidS C. IL (). N. I, : =

. Literal meaning “hydrated carbons™.
L]

They are composed of C, H, and O, Mostl
as in water (2:1),

a Chemically they are defined as “polyhydroxy
which on hydrolysis yield polyhydroxy alde

- Their general formula is C, (H 20).

o Simple carbohydrates are the m

y hydrogen and oxygen are found in same i

aldchydes or ketones or complex substance
hyde or ketone subunits.”

ain source of energy in cell.
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Major Groups of Carbohvdrates

hn I e R Skt
What 1s difference betw cen polvmenzaton and

condensanion’?

Some carbohydrates are the main constituents of cell walls in plants and microorganisms.
Examples are cellulose in wood, cotton and paper, starches present in cereals, root tubers,
cane sugar and milk sugar.

Their main sources are green plants, which produce them by photosynthesis. Even all the
other compounds of plants are synthesized from carbohydrates.

Carbohydrates combine with proteins and lipids to form glycoprotein & glycolipids respectively,

Feature Monosaccharides Oligosaccharides Polysaccharides

: - Most complex sugars
Common Name Simple sugars Complex sugars
P & s £ (Branchad or imbrunchad)
Taste Sweet Less sweet Tasteless

Easily soluble in : Sparingly soluble in
; Less soluble in water y
water hot water

Solubility in water

Can’t be hydrolyzed

: : Can be hydrolyzed Can be hydrolyzed
into simpler sugar - :

Hydrolysis

(CH:20)n/ CaH2a0n/ Cr(H20)a. “(H-OWw
General Formula Cu(H20), (for disacchandes) Cx(H:0)y

e On base of number

of carbon atoms On base of On base of structural
c.g. tnoses (3C), monosaccharides complexity & relation
tetroses (4C). released during e.g. starch, glycogen,
Comiteation pentoses (5C) ete. | hydrolysis e.g. cellulose, dextrin,
e Onbascof functional | disaccharides, agar, pectin and
group ¢.g. aldo and trisaccharides etc. chitin.
keto sugars.
No. of sugar units e Onc Two—Ten 10 < 1000 or above
Monosaccharides
CHO CH:0H
Aldo group
Keto group
HCOH C=0
Glyceraldehyde Dihydroxyacctone

In nature monosaccharide with 3 = 7 C atoms arc found.
All carbon atoms except one have hydroxyl group. This exception is carbon of aldehyde or

ketone ornnn

Scanned by CamScanner



== =" My,
\oms Type Formula \ldo Form keto Form NJ

. N\
3C | Trioses [ CiHeO; | Glyceraldehyde | Dihydroxyacetone phumsx-rl,’.‘:-c.\ .
AL T
Ics Ir’dlf()r]ks‘\?l
ntermed.
4C Tetroses | CaHsOs Eryvthrose Erythrulose ph;mtﬁ:ﬁm 3
acleria  Wu
' . Blbos‘c (Aldo)}
5C | Pentoses | CsH10Os | Ribose Ribulose In RNA %
Ribulose ( Keto
Qltotusmt}.m; &
6 C | Hexoses | CeH 1206 | Glucose Fructose Energy souree
Polvmer formus:
Intermediarey o~
7C | Heptose | C;H1307 | Glucoheptose Sedoheptulose photosynthesis
bacteria )
® Most monosaccharide (pentoses & hexoses) form a ring structure in solution
e Furanose is 5 comered ring while pyranose is 6 comered ring,.
o These rings are heterocyclic having oxygen at one comer and carbon at other COMme
E Each pentose and hexose exist in cither @ or f forms depending upon position oﬁ{.
OH groups at CI. If OH group is found downward at C1, it is called a sugar and i/
group is present upward on C1 then it is known as 3 sugar. '
Glucose
® Naturally produced in green plants which take carbon dioxide from air and H>O from soil to syrhs
glucose.
» Synthesis of 10g of glucose requires 717.6 Kcal of solar energy, which in tum is stor:
glucose molecule and becomes available in all organisms when it is oxidized in the k¢
® Our blood contains 0.08% glucose.
. Starch, cellulose, and glycogen yield glucose on complete hydrolysis.
. Free form of glucose is present in figs, grapes, dates.
6
CH,OH
These four molecules
with rings are
o  Stereoisomers.
ol
"
H-%l-
uo—’tl: -
H_'?_
H-%'-
H
Linear
|

Linear and ring structu of glucose
(a)o' 8 g res (b) Isomers /
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Oligosaccharides

v Those oligosaccharides which yield two monosaccharide on hydrolysis are called

disaccharides and those yiclding three are called trisaccharides.
. The covalent bond between two monosaccharides is called glycosidic bond.
e Maltose, sucrose, and lactose all are disaccharides. Their general formula is Cr1aH20)4.
Disaccharide h‘lu'Ct\ilf‘:_)n'l'l','| Components Glycosidic Bond
Maltosc Intermediate, Fruits | Glucose + Glucose 1,4 glycosidic linkage
(Malt Sugar)

Sucrose Sugar Cane (Cane | Glucose + Fructose 1,2 glycosidic linkage
Sugar)

Lactose | Milk (Milk Sugar) | Galactose +Glucose 1.4 glycosidic linkage

H“m
& ‘tl{ M o-Glucose
HO -~ N\\F_—,——oo -

c
s
\m//
[ "" )
L™ W B-Glucose
— e —— HO <~ OSN3 o -
(a-Glucose) c—1 ‘on'
— HON——C~ D OH!
oM c, 7
Il'l /.l,; /,
/

I (T

A /..,\ %Y 3
G |, S
Tt 3l s T

(8-Maltose) N oM Lactose
Reducing & Non-Reducing Sugars
¢ Sugars which give positive result on Benedict or Fehling test are called reducing sugars.

These act as reducing agents. They have free aldehyde or free ketone group. All
monosaccharides, lactose and maltose are reducing sugars. Ketoses must first tautomerize
to aldoses before they act as reducing sugars.
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Polysaccharides

e They are formed by several monosaccharide units linked by glycosidic bongs.
e They act as structural components, food and energy stores,
e Starches, glvcogen, cellulose, dextrin, agar, pectin and chitin all are polysacchy,
Classes of Polysaccharides

Feature

Starch

Glyveogen
(Animal Starch)

C ellulose

Idey

Plants, Green
Algae (Most
. Plants, Green Animal, Fungi, abundant Fung;,
Organism Algae Prokaryotes carbohydrate). Arthropo
Cotton is pure
form of cellulose.
. ’ Most of cells but . : Cell wall iy
Location | Fruits, grains, i halbasl Main constituent | Fungi
ds. tube abundant in liver feell walls S5 _
seeds, tubers. & Missolss, of cell walls. Exoskeleton iy
Arthropods
Main source of : : . -
Main qurhuhv dr:ncq for | Chief storage Main constituent of Protect
) | - S X , on
function einals: torm m animals. | cell wall of plants,
] B-Glucose
Result of | a-Glucose a-Glucose molecules (a- N-acetyl -
hydrolysis | molecules molecules amylase in our gut | glucosamine
cannot digest)
Amylose: Soluble
Solubility | in hot water Insoluble in Highly insoluble tncstible
* | Amylopectin: water In water
Insoluble S
Amylose;
Vabhean Branched (More
Branchin nbranched o
g Amylopectin: than _ Unbranched Unbranche
Branched Amylopectin) g
) Amylose: o —
Glycosidic Am}l X :.1_ he a-1,4 &
linkage viopectiu; a-1.6 A-1.4 f-1.4
a-1,4 & a-1,6 ) e
o s : hanf*
lodine test | Blue colour with Red colour with | No colour change | No colour¢ !
1odine 10dine on iodine test on iodiné 12—
Tests for Carbohvdrates
. Benedict or Fehling test 1o detect reducing & Non-reducing POINT

sugars,

lodine test to detect different types of polysaccharides.

_~
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They are the most abundant organic compounds found in cells and compnsing over 50%
of their total dry weight.

Proteins are polymers of amino acids, the compounds containing C, N, O, and H.

A protein may consist of a single polypeptide or more than one.

Enzymes Catalyse chemical reactions and control whole metabolism of cell.

Hormones Regulate metabolic processes.

Transport proteins | Carrier protein that transports Os (Hb), lipids, metal ions etc.
Antibodics Defend the body against pathopgens.

Clouting proteins Prevent loss of blood after injury.

Mitotic apparatus
Amino Acids

Helps in movement of chromosomes during anaphase of cell division.

. 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

° An amino acid is an organic compound containing an amino group and a carboxyl group,

attached to central carbon called alpha carbon.

A Typical Amino Acid
H| H|O
H-N+CAC-0
Amino Carbonyh Group What are essential & non-
Group ot.carbon essentinl amino acids?
Side Chain

Peptide Bond Formation

. Amino acids link together to form a polypeptide molecule.

* Two amino acids combine together via a peptide bond to form a dipeptide, ¢.g., Alanine
and Glycine form glycylalanine. Similarly tri, tetra and pentapeptides can be formed. This
condensation occurs during translation.

’ Peptide bond
/‘ B - :
W .:\gT 0 eyminesis  [HY. Y ?l'? T 20
?{c‘-\ 4 lj-.’-?-‘-,G\ L —D " ,N-.-(l:—c—N—(!:-‘c\ + HO
'-r\' - "."‘ | H . . S
n ST g, o L
Glycine Aanine Glycylatanine
(a dipeptide)
L

In this figure -OH of carboxyl group of one amino acid combines with H of amino group

of another amino acid releasing water and forming C-N link called peptide bond.
Structure of Proteins

There are four levels of organization of protein molecules.
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Feature Secondary

Primary Tertiary

Information | S¢94¢N¢¢ ol‘a'mmo (form or shape) f:oldn}g and el tog ;'i"" o
acids in protein &g Goillbr forming globular Wdropy, !
molecule. helix shape. Meraey;,

i . r )‘df(\g h

Bonds Peptide bond Hydrogen lonic, Hy d‘rnglc;}_ bonds, %
Disulphide bridges Disulphide (-s-s-) “Vdmp}m

lmcmctiurt
Alpna helix Single chain of
Example Insulin, Hb (a-helix), Hb Hb Moy,
f} pleated sheet
Primary Structure T
. F. Sanger was the first scientist who determined the sequence of amino acids i, apry
molecule. h
. The sequence of amino acids in a protein molecule is determined by (e Orde
nucleotides in the DNA.
® It is shown by all proteins at the time of their synthesis on ribosome surface.

The size of protein molecule depends upon number and type of amino acids COmprising

[lnsuh?% Amino Acids

a chain — 21 amino acids j

f} chain — 30 amino acids l

a chain — 141 x 2 amino acids]
574 Amino Acids

P chain — 146 x 2 amino acit@

e A change in even a single amino acid, results in the failure of that protein, which may
lead to death, ¢.g.. replacement of glutamic acid by valine in Hb molecule resul

formation of HbS, which fails to carry oxygen, the characteristic of sickle cell ant
ultimately Ieading to death,

Can yvou explin, how many genes are required

.'il! one th|\'u'u|u 0 ”h'.‘

Secondary Structure

) a- helix and B- pleated sheets are its examples. theh
g - . . - L
@ a- helix is a very uniform geometric structure with 3.6 amino acids in cach tum of

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

: . ) ) obic
In aqueous environment, the most stable tertiary conformation is that in which h}‘l"?p:c
acids are buried inside while the hydrophilic amino acids are on the surface of molect
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Quaternary diructure
Polypeptide tertiary chains are aggregated an

POINT

dLheld together by hydrophobic interactions.

Which type of bond is alwivs present in all

INPES of proteins?

Classification of Proteins
Feature

Fibrous Protcin Globular Protein
Shape : Fibrils form Spherical or ellipsoidal
Structural organization Secondary Tertiary
Solubility in aqueous media | Insoluble in agqueous media Soluble
Crystal Nature Non-crystalline Crystallized
Elasticity Elastic in nature Inclastic
Role Structural Functional
Stability Stable Unstable
Examples S.ilk f_'lbcrs. myosin, fibrin, Enzymes, :mtihudics..
keratin hormones. hemoglobin.

Why fibrous are more stable than globular
protems while they are at low structural level?

Collagen Bone and cartilage matrix

Elastin Elasticity to tendon and ligaments
Keratin Protective coverings e.g. hair, nails, quills, feathers, horns and beaks
Histone Chromosome

Important Functional Proteins

| Enzymes Control metabolism

| Hormones Regulation of physiological activities
| Antibodies Immunity

| Haemoglobin Transport of Gases

| Fibrinogen Blood Clotting

| Ovalbumin Storage of amino acids in eggs
Casein Storage of amino acids in milk
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® Lipids are a heterogenous group of compounds related to farty acids. .
° They are insoluble in water but seluble in organic solvents like ether, alcohol, Ch]()mfﬁh
and benzenes.,
° Their hydrophobic nature makes them best suited 10 be a structural componey, of cq
membranes.
. Lipids store double the amount of energy as compared to same amount of Carbohydmk_
because of high proportion of C-H bonds and very low propprtlnn of Oxng{l. :
. May act as insulating layer c.g., waxes in cxoskclction o_f insects, and cutin whjc}, 1§
additional protective layer on the cuticle of epidermis of some plant organs. ¢.p, leav,
fruits, sceds.
ACYLGLYCEROLS
. These are esters of glycerol and fatty acids.
& An ester is the compound produced as the result of a chemical reaction of an alcohg| with
acid and a water molecule is released. Such a reaction is called esterification.
. Fatty Acid+ Glycerol —==== Acylglycerol+H,0
!/ C,H,0H+HOOCCH,——C,H,0COCH;+H,0
° Glycerol is a trihydroxy alcohol which contains three carbons, each bearing an OH group,
@

Fatty Acid

When three fatty acids combine with onc glycerol, a triacylglycerol (triglyceride) is
formed. Triacylglyccrols are also called neutral lipids as all three OH groups of glycer]
are occupied by fatty acids.

Three fatty acid chains are bound to glycerol by dehydration synthesis.

Glycerol 3 fatty atiid chains

Trigly
riglyceride, lor necutral fat 3 water

| | | molecules

H H

—
| ! 7 R ‘
H-C-0 —H) C-CH~CH._.CH.-CH,-CH) H-C-O |-

(C-CH~CH...CH~CH~CH,J
(@ A

l H L Il [®
H-C-0 —@@—{&cu.-mlﬁ.cu,-ml—mii :> H-C-0 |- !
—®

C-CH~CH.,...CH,~CH -CH,
l | O

Il
H-?-O C-CH,-CH,.CH~CH,-CH, H-C-O _E-ai,m,um,m.m,
|
H H

A fatty acid is an organic compound containing one carboxylic acid group attached toa hydrocarbo®
Fatty Acids contain even number of carbon atoms (2-30). Each fatty acid is represented as R-COOH
where R is hydrocarbon tail.

Solubility of fatty acids in organic solvents, hydrophobic nature and melting points depend up
number of carbon atoms and number of double bonds.

Fatty acids are cither saturated or unsaturated.

Specific gravity (0.8,

4__—-—"'4
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\ )’

No double bonds between carb

Straight chain | on atoms | Upto six double bonds
Solid at room temperature Ringed /Branched

| Fats Liquid at room temperature
Animals f’)l::?ug,

More useful for living things.

Acetic acid Saturated ) :
- - o v 4 o
Butyric acid Saturated 4 B:::lc,im lgéf: =
Palmitic acid Saturated 16 Palm tree -63 1°C
Oleic acid Mono-unsaturated 18 Olives 4°é
WAXES )

A)

B)

L]
PHOS

Example
* Phophatidylcholine is onc of its €

Waxes are highly hydrophobic compounds.

There arc two types of waxes:

Natural waxes are simple lipids.

These are typically esters of long chain fatty acids and long chain alcohols.

Examples are bee’s wax (found in honeycomb), lanolin (obtained from sheep wool), cutin
(on leaf surface of plants) and suberin (found in cell walls in endodermis of plant roots).
They act as protective coating on the fruits and leaves and thus protect them from water
loss and abrasive damage.

They also provide water barrier for insects, birds and animals such as sheep.

Synthetic waxes arc generally derived from petroleum or polythene.

These consist of mixtures of long chain alkanes, alcohols, aldchydes, ketones and fatty acids.
Paraffin wax which is used to make candles, wax paper, lubricants and sealing materials.

PHOLIPIDS
Composition

f phosphatidic acid by addition of onc of the nitrogenous base.

They are the derivatives 0
aining the phosphate group and nitrogenous

One end of phospholipid molecule (head), cont
compound is polar and hydrophilic.

Other end (tail) containing the fatty acid side chains is non-polar and hydrophobic.

Glycerol + 2 Fatty Acids + Phosphate Group

.1

Phosphatidic Acid
+

Nitrogenous Base

1

Phospholipids

ommonest examples also called lecithin.

24
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Function

® They are frequently associated with biological membranes and form lipid bilayer.

TERPENOIDS/ TERPENES

Composition

o They are made of simple repeating units called isoprenoid units. (I:H3

. This unit condenses in different ways to form many compounds.

Examples Hchc\c #H,

° Some common examples are carotenoids, terpenes, rubber, }I{
steroids etc,

F. Miescher

Nucleic acid in nuclei of pus cells

e
P.A.Levene Basic structure of nucleic acids IR
Erwin Chargaffl Ratio of different bases present in DNA molecule
Maurice Wilkins & Rosalind N :
Franklin X-Ray diffraction analysis of DNA

—-—/
i« Crick | Scale model of DNA

James D. Watson & Francis Crick . : :
= Semiconservative replication of DNA -
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f;d:ri_Ch Griffith Transformation, First evidence of DNA as hereditary
F material
mchod & McCarty DNA as transforming principle

Alfred Hershey & Martha Chase
,‘-—-_—.-‘_—-_

Meselson & Stahl

Marshal Nirenberg, Philip Leder

Confirmative evidence of DNA as hereditary material
Confirmation of semi-conservation replication of DNA

and Har Gobind Khorana Testing of 64 codons
Okazaki . Okazaki fragments during DNA replication
° Nucleic acid was first isolated in 1870 by F. Miescher from nuclei of pus cells (White
blood cells).
o They are called nucleic acid, since they were first isolated from nuclei and are acidic in
nature.
° 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:
1. A S-carbon monosaccharide (a pentose sugar). It is ribose in ribonucleotide and
deoxyribose in deoxyribonucleotide.

CsH100s CsH1004

r X A nitrogen containing i)asé. Nitrogenous bases are of two types, sing!c ringcd pyrimidines
(C, T & U) and double ringed purines (A & G). In a typical nucleotide, nitrogenous base

is attached to position | of pentosc sugar.
NH, PURINES

A PYRIMIDINES
o NM,
I
H—MN
Oms=C
N
|
H
Cytosine

26
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Biological Mq),

UHS Topic-2 ———
'Y B4 Y - : wll |
S i has ability to develop ester linkage ' group of
3. Aphos;:h%n:l?;;: c(‘lllzg(z;)r-bgnl at position 5 of pentose sugar. Phosphoric acjq nr(,f‘-‘
sugar. It 1 arbof )
acidic properties 10 nucleic acid. ‘
Formation of Nucleotide

o Base + Sugar — Nucleoside

i . horic acid — Nucleotide .

. Nuclco:i!d?d*’ Pr,l:;p::: ;hosphoric acid is called nucl;os:dc monophos;.)halc' with,

e ﬁ; :;ycl::::é ncci:;s is called nucleoside diphosphate and with three phosphoric acjgs ia q;
pho: "
nucleoside triphosphate.

Phosphate ogm?" Nucleotide
o 2 nucleotides in DNA or RNA are connected through condensation reaction’
phosphodiester linkage.
Polynucleotides have a free 5° phosphate group at one end and a free 3" hydroxyl groy
the other end. By convention, these sequences are named from 5’ to 3°.

Formation of phosphodiester bond

e
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jmportant Examples of Nucleotides
TP is an imported mononucleotide used as an energy currency by the cell.

Adenine
e

-~ L)

PN

L T J
L T _]
Adenosine monophosphate (AMP)
L B |
Adenosino dpl‘osphalo (ADP)

L N |

|
Adencsine triphosphate (ATP)

. NAD (Nicotinamide Adenine Dinucleotide), NADP and FAD (Flavin Adenine
Dinucleotide) are important dinucleotides and important co-enzyme in several oxidation-
reduction reactions in the cell.

1Yo vou know whoeh vitannm s

s odved m o tormation ol NALY!

DEOXYRIBONUCLEIC ACIDS (DNA)
: DNA is heredity material. It controls the properties and potential activities of a cell.
Nucleotide of DNA

Nucleoside

Nitrogenons 3 Nucleotides
Base tl)vu:::\lll'!]u\\' ; (Nucleoside + Phosphorie Acid)
édmf"‘f d-Adenosine dAMP dADP dATP
C":""“ d-Guanosine dGMP dGDP dGTP
T Osine d-Cytidine dCMP dCDP dCTP
ine d-Thymidine dTMP dTDP dTTP

?el'"": Amounts of Bases in DNA
n 1951, Erwin Chargaff provided data about the ratios of different bases present ina DNA

——olecule,
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m— . . e, . - d SO ure x

: y t adenine and thyminc arc equal in ratio an guanine g,
This data suggested (1 imidines are in 1:1 in any DNA molecy]e, Yo,

L ]
Similarly total urines and total

Man 30.9 29.4 I ?3 o
Sheep 29.3 28.3 30 TR
Wheat 27.3 27.1 22.7 N
Yeast 31.3 32.9 18.7 -

—

NA ' .

Scale “;;::Irz-i[:!’ilkius and Rosalind Franklin described X.-ray diffraction analysjs of

Watson & Crick presented scale model of DNA. Its salient ff:alurcs are given beloy. A
DNA is a dual polymer and made of two polynucleotide chains or strands. '

The two strands are coiled round cach other in antiparallel way to form a double heliy (dunt

cak hydrogen bonds. Adenine and thymine are c(}mf:

The two chains are held together by w '
by two hydrogen bonds while guanine and cytosine are connected by three hydrogen bong

Which elements participate m

formation of hvdrogen bonds i DNAY

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.
Mydrogen bond
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Amount of DNA in Somatic and Germ Cells

Amount of
DNA/Nucleus in

Picogram in Carp

\mount of DNA/Nucleus

Fypeof Cell e : :
h in Picogram in Chicken

Red Blood Cells 23 33
Liver Cells 24 33
Kidney Cells 24 3.3
Spcrm Cells 1.3 1.6

RIBONUCLEIC ACID (RNA)

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.

Nucleotides of RNA

Nitrogenous

Nucleoside Nucleotides

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

Adenine Adenosine AMP ADP ATP
Guanine Guanosine GMP GDP GTP
Cytosine Cytidine CMP cbp CTP
Uracil Uridine UMP upP uTp
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.
e 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 (tRNA)
. It is smallest in size.
L]

Itis 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 cach 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 strongl]

It is the major portion of RNA in the cell.
It is transcribed by the ge
These have the largest size among the RNA.

It acts as a machinery for the synthesis of proteins,

associated with the ribosomal roteins where 40 — 50

nes present on the DNA of several chromosomes,

% of it is present.

Function Takes message from Transfers amino acids Formation d
QNA o nbosomes | 40 rbosomes ribosomes |
Length Single  strand—or Length  of 7590 | Double helix wt
vanable length nucleotides constant length
Percenlge_ 349, 10-20%; -LLI—
s ———110-20% 80% _
DIFFERENCE BETWEEN DNA Anp RNA
Nucleotides Dﬁoxyribonuclcotidcs Rib :
Pentose Supar Deox 'M-_&glﬂudes .
Nitrogenous Bases AGCT J{Lbﬂsi_ ——
Physical Structure | Dogpic stranded .Q\G\C_& -
Location CI::mW%ﬂdcd 4__1,-
mitochondria g Chloroplags Nucleolys, ribosomes, cytoscl
Amount Constant in each ol o spor Mdna. chloroplast .
Role M%n celltocell -~
\Jiﬂi‘ﬂm“is [
KETS - PREP BOOK =
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ENZY

ME - COMPOSITION & CHARACTERISTICS

Enzymes are biological molecules (proteins) which catalyze a biochemical reaction and
remain unchanged after completion of reaction. Enzymes are organic catalyst.
Without enzymes reactions are possible but they would proceed at very low speed.

Composition

Enzymes are globular proteins made of one or more polypeptide chains having tertiary
conformation.

This protein part is made up of hundreds of amino acids. These enzymes have tertiary or
quatcrnary structure.

Most of the amino acids maintain its globular shape while few are involved in catalysis.
Active site is a charge bearing cavity of enzyme having two regions i.e. binding site and
catalytic site. Shape of the active site is designed according to the substrate.

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

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

Cofactor

Non-protein part of enzyme that is required for its proper functioning is called co-factor.
Cofactor acts as bridge between enzyme and substrate. It also acts as source of chemical
energy for catalysis.

Such an inorganic cofactor that is detachable is called activator e.g. metal ions like Fe™, Mg,
Cu™,Zn"" etc.

If a cofactor organic and is loosely attached to the protein pan, it known as coengyme.
Coenzymes arc the derivatives of vitamins. For example, ATP, NAD" and FAD" are
cCOmmon coenzymes.

If a cofactor or non-protein part is covalently bound to the protein part, it is called a
prosthetic group. It is permanently attached to enzyme. For example, cytochrome is
prosthetic group of cytochrome oxidase.

An activated enzyme consisting of polypeptide chain and a cofactor is known as

holoenzyme.
An enzyme with its coenzyme or prosthetic group has been removed is called apoenzyme.

Characteristics

Enzymes are biological molecules (proteins) which catalyze a biochemical reaction and

remain unchanged after completion of reaction.
All enzymes are globular proteins, having specific chemical composition due to their component

amino acids and specific shape. . .
Even small amount of them can tremendously increase the efficacy of a biochemical

reaction.

They are specific for each type of a reaction or group of related reactions.
Their presence does not affect the nature or properties of end products. N
They lower the activation energy of the reactants.
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UHS Topic-2 Suly, |
— o« minor change in pH, temperature and subslmlmi
B They are sensitive to even a Mt c""ah.r.-x

media for their activity.

® They require aqueous ' s
factor for their proper functioning.

. Some may require €0- e bey are manufactured in their actj

. Some enzymes are potentially damaging, if they are manuii active fop,

MECHANISM OF ENZYME ACTION

Mechanism ,

& E+S—=ES Complex=—=EP Complex —Etl _ ,

» The active site of an enzyme is a three-dimensional cavity bearing a specific Charg.-b
which the enzyme reacts with its substrate, L _ 9

. The active site is made of two definite regions i.c. hindmg site & a catalytic site.

0 Binding site helps the enzyme in the recognition and binding of the proper Substry ,
produce an ES complex. :

i Activated catalytic site catalyzes the transformation of the substrate into product ()

. Formation of ES complex activates the catalytic site.

Precursor Activation & Feedback Inhibition

- Increase in concentration of substrate can cause increase in rate of reaction. This actiyy;,
is called precursor activation. .

e Similarly, activity of enzymes in a cell can be regulated by its products. When the activity of,,

enzyme is inhibited by its own product, it is called feedback inhibition or end product inhib;
’ Pr Feedback inhibition product inhibitg,

Initial
substrate Intermediate substances Enzyme
, Enzyme Enzyme Enzyme
1 2 >

Final

product
Prec ;
Models ursor activation

Lock & Key Model
. Emil Fischer (1890) proposed Lock and Key model.

[ As < . . speci i
As one specific kcy can open a specific lock, in the same manner a specific enzyme ¢4
transform a specific substrate into product (s), ‘
B According i
ﬂc‘:iobr'(:-li1 gto :h.ls nl_OdLI_.:un ¢ site 1s a rigid structure and thus there is no modification©
x1bility in the active site before, during or after the enzyme action
® It was proved later on that all the ' .

model. chemical reactions can’t be explained on the basis of 2
Product
W == &
~Na
N\ Taid '
*Iyme enrymesubstrste onsy™
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UHS Topic-2
Induce Fit Model

Biological Molecules

Koshland (1959) proposed Indyce Fit Model.
Itis the modified form of Lock and Key mode]

states that when a substrate combine . )
I::l:f::: “ITR‘lli: C::] N '“u,b“"‘“k combines with an enzyme, it induces changes in the enzyme
structure. This change in the structure allows tnzyme to carry out its catalytic activity more
cffectively. >

Enzymes which follow induce fit

Lapaiaiibis 1echanism are cal y ic enzvmes.
"ACTORS AFFECTING ENZYME ACTION ¢ called regulatory or allosteric enzymes

Enzyme Concentration

gatc of m‘“l'“"" is directly proportional to amount of enzyme present, which in turn
ctermines the number of available active sites for that particular catalytic reaction,

If subst@tc concentration is unlimited and amount of an cnzyme is increased by two-fold
the reaction rate will be doubled.

However, after a centain limitin

a £ concentration, the rate of the reaction will no longer
depend upon this increase,

Substrate Concentration

s The rate of an enzyme-controlled reaction is directly proportional to the substrate
concentration provided that active sites on the cnzyme are available.

B 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.

Temperature

. Heating increases molecular motions. Thus, the molecules of substrate and €nzZyme move
more quickly, so probability of reactions to occur is increased.

. Heat provides activation energy and kinetic energy.

. The rate of an enzyme-controlled reaction increases with an increase in temperature upto
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
c.g., for enzymes of our body 37°C is 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 is lost and
the enzyme is said to be denatured. . _ o

» If temperature is reduced to near or below freezing point, enzymes are inactivated.

pH Value

* Optimal pH is the range of pH at which an enzyme functions most effectively.

Slight Change In pH

Change in the ionization of [Chnngc in the ionization of t.hq
Amino acids at active site. Substrate.

Enzyme Activity Is Retarded Or Blocked
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cak, resulting in the oo
2y

™
<

Sucrasé
Enterokinase

Activation of tryps
arbohydrat€

f hydrogen

Salivary Amylas¢ Digestion of ¢
Catalasc Decomposition 0
Jved In pmleolysm

('hg.mutr}psin Invo
Hydrolysis of fats

pancreatic lipas¢ :
Arginasc Catalysis of arginine Into urca
Action

Factors Affecting Enzyme
'y

et Vs ARV

ce of substrate) with the enzym:

INHIBITORS
rarily o

An inhibitor is a chem
but is not transformed into product/s

ical substance which can react (in pla
and thus blocks the active site tempo

L
permanently.
0 Examples include cyanide,

2 They arc of two types of inhibito
Enzyme Ilnhibitors

| |
[rreversible Inhibitors Reversible Inhibitors
I
| I
Competitive N mpetitive
Inhibitors m;:lfibill);rs

antibiotics, anti-metabolites and some drugs.
rs i.c. reversible and irreversible inhibitors.

Irreversible Inhibitor
plock &

» :1:cy occupy the active sites by forming covalent bonds or they may physically
T; iv cdsucs and they check the reaction rate by occupying the active sites
. ey destroy enzyme by alteri |
W yme by altering the shape so that the substrate cannot bor
s Exampl irreversi 03 e
ples of irreversible non-competitive inhibitors are cyanides and 1005 of hea'? o

'
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—_—
Reversible Inhibitors
» They form weak linkages with the en; "
eir effect can be ne : )
. Their cffi ¢ neutralized, completely or partly by increase in the concentration of the
substrate.
. There are two types of reversible inhibitors j.e, competitive and non-competitive,
Competitive Inhibitors
° (.?Ompcllll\'t‘: mhl.bllOl'S are structurally similar 1o the substrate, hence can bind to the active
site but can’t activate the catalytic site, thus no products are formed.
o Competitive inhibition is usually temporary.
. Lev

el of inhibition depends upon relative concentrations of substrate and inhibitor.
. This type of inhibition can be reversed by increasing concentration of substrate.

Competitive inhibiwor
HH ’

malonic acid

Ne resction
=0 s (5 ey

Exeyme mexinic dekydropenase Prodhet Fomeric ocd oigfg_so
Non-Competitive Inhibitor
s Non- competitive inhibitors bind with the enzyme at the site other than active site. The
other binding site of enzyme is called allosteric site.
* Structure of enzyme is altered so that even if a genuine substrate binds the active site,
catalysis fails to take place.
. Feedback inhibition is an example of reversible non-competitive inhibition.
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@y MICROBIOLOGY

e e S MLFARNINGIOUTCONESIEESEE )

VIRUSES

(a)  Have the knowledge of discovery
(b)  Discuss viral discases (hepatitis, measles

symptoms and cure.

(¢)  Explain the mechanism o

and structure of Viruses.

and mumps, polio, herpes) in humans with Signg

f action of Retroviruses and describe Acquired

Immunodeficiency Syndrome (AIDS). .
(d)  Describe the life cycle of Bacteriophage including:

= Lytic cycle

. Lysogenic cycle
BACTERIA

(¢) Explain the structure
()] Discuss in detail:

2 Gram +ve bacteria

. Gram -ve bacteria

. Nutrition in bacteria

and types of bacteria (cocci, bacilli and spiral).

“ Reproduction in bacteria
() Discuss the control of bacteria by physical and chemical methods.

FUNGI
(h)  Define fungi.

(i) Describe the life cycle of fungus (Rhizopus).
() Discuss useful and harmful fungi to mankind.
(k)  Describe the structure and reproduction in fungi.

The word *Virus™ was generally referred to as a poison associated with discase and death.
The word “virus™ is derived from Latin word venome meaning poisonous fluid.
Viruses can be defined as “non-cellular infectious entities which contain either RNA of
DNA normally encased in proteinaceous coat™

. They reproduce only in living cells, so are always obligate intracellular parasites.
Prions are infectious particles made only of proteins and cause mysterious brain infection
in man and mad cow infection in cow (without RNA and DNA)

. Viroids are small particles of RNA and lack protein coat. The cause diseases in both plant

and animals.

Edward Jenner

DISCOVERY OF VIRUSES

1796

iral discascl_,,./—]!

L R : 2
1™ vaccine against small pox (v

Charles Chamberland 1884 Filterable nature of rabies viruses [
Ivanowski 1892 Filterable nature of TMV j’_/l
W.M.Stanley 1935 Isolation, purification and crystallization _oI'_T}J,\.'/.!
Twort & D'Herelle 1915, 1917 | Discovery of bacteriophages _/

: —
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STRUCTURE OF VIRUSES

. A complete, mature and infectious particle is known as virion.
. Primarily, it can be divided into two parts i.c. core and coat
B The core is inner part of virion which consists of viral genome and various proteins (enzymes).
i Genome is the genetic material which is either DNA or RNA.
Outer Coat
" The C.O'.l.I is the outer covering of viral particle which consists of capsid and envelope.
. Cap.m{ is made up of protein subunits known as capsomeres. The number of capsomeres
is specific to a particular kind of virus.
’ . e . e 1 . " i ' 1 1 .
. 162 capsomeres are present in capsid of herpes virus and 252 in the capsid of adenovirus.
. There are two forms of symmetry in virus capsid i.c. cubical or helical. When the capsomeres

are arranged in 20 triangles, it is called icosahedral (polyhedral or spherical). When the
capsomeres are arranged in a hollow coil that appears rod shaped, it is called helical.

. A few viruses have an additional lipoprotcin envelope around the capsid which is derived
from the cell surface membranc of the host and also contain virally encoded proteins. Non-

enveloped viruses are known as naked viruses.

VIRAL DISEASES
: Source of ST
Discase i Yl Syvmptoms Immunization
I ransmission -
Blisters/
Vascular
Oral sccretions or lcs'mns-m
: i cpithelial
Herpes simplex | physical contact
Herpes ; : _ layers of 7 3
. type 1 virus with sores or by Antiviral drugs/
Simplex , cctodermal :
(DNA objects A ) Avoid contact
(Oral herpes) 2 tissue. Most
enveloped virus) | (Toothbrushes, ) Ivi
HEnSIS) commonly in
o mouth, lips,
and at other
skin sites.
Fever, runny
nv . E nose, cough, . :
R.NA enveloped Coughing & o & Auto-immunity,
Measles virus ot red eyes, red et
’ Sneezing ) Vaccination
(Paramyxovirus) flat rashes on
skin
Fever, muscle
pain,
' . headache, . :
R.NA enveloped Coughing & . Auto-immunity,
h1ump5 vins . p:unful Vv e
: sneezing elling of accination
(Paramyxovirus) swelling o
parotid
glands,
: 4 o vi Damage to Vaccination /
Poliomyelitis Polio virus: Oro-fecal route ;

e —

Enterovirus

motor ncurons

Physiotherapy
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s lo
(RNA non- of spinal cord N
. & leading to
enveloped virus, )
in spherical p.an;) YSIS O
capsid). umps
Smallest known
RLL Acute ey
infection
= . (nausca, v
.. icomavirus omiting, accination/
llcpam‘ls A (RNA non- Oro-fecal route \fmu'ung hygiene .
(Infectious) : . 4
enveloped virus) jaundice,
fever,
anorexia)
Blood, Sexual Acute
contact, Mother to | (vomiting,
new bon yellowish
skin,
Henatiti Hepa-DNA- tiredness, dark | Vaccination/ Alph,
CPANUS R | iruses (DNA urine, interferons/
(Serum) enveloped virus) abdominal Screening of blood
pain) &
chronic (liver
cirrhosis &
liver cancer)
Blood Chronic
(ocassionally
5o Flavivirus tl;i:l:; = No Vaccination/
Hepatitis C RNA . Alpha interferon &
(Infusion) | : shdoniinal | o avisind
enveloped virus) pain, yellow N
skin) with Screcning of blood
cirrhosis &
= liver cancer, =
i - or se
Hepatitis D | Viroid A ig&f‘z‘i B Same as hcpatitisi
Oro-fecal route Acute
X infection
.. A non- Nause: .
Hepatitis E enveloped virus i,on:j'c:g Good hygiene
diarrhea,
Jaundice) B
Blood/ Sexual Opportunistic
RNA enveloped | contact infections, Vaccination NOT
AIDS virus (HIV) Swollen available
lymph nodes 4_:_'//
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e —

RETR()\’IRUSES AND AIDS

RETROVIRUS
Retroviruses are associ £ )
: They are spherical Ojoi:;‘tlin“i::hdlim“m production in animals like fowl, rodents and cats
_ » ameter, en, .
single stranded RNA. enveloped by host plasma membrane, contains
Human immunodeficiency virne
‘ NCY Virus (HIV) which cauces B— :
syndrome (AIDS) is a retrovirys, - which causes acquired immunodeficiency
e  May be mon- specific in their gy I
receplors. action but usually infect those cells containing specific
M Reverse transcriptase is a special

into double stranded viral DN envyme which can convert single stranded RNA genome
al DNA, which not only infect the host cell but also incorporate

into host genome as a provirus th;
: S that can pass on 1o progeny cells e Wav
become cancer cells, progeny cells. In this way normal cells

HUMAN IMMUNODEFICIENCY VIRUS (H1V)

N Itis an RNA enveloped virus.
. HIV is spherical with conical capsid,
. The outer covering is a lipoprotein envelope.
B The viral core commns.two single strands of RNA and enzymes needed for HIV replication,
such as reverse transcriptase.
. Reverse transcriptase is used to convert viral RNA genome into viral DNA genome.
Lo Baayw

»
Y
Trerememtrare
Giyoopromen <~

Docheg
Giycoprome

Mot Ced “at g Vial 53 RMA
Proten

Structure of HIV
Host Specificity
. Primary hosts of HIV are helper T 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

in recipient blood from minor wear and tears, more common in homosexuals).
: Contact with blood and breast feeding.
. Prick of an infected needle or surgical instruments (problem for health care providers).
ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS)
Acquired immunodeficiency syndrome (AIDS) first reported il.l young homosexual males,
having one or more complex symptoms like severe pneumonia, \'ascu.lar cancer, suc.ldcu
weight loss, swollen lymph nodes and immune deficiency of decreased immune functions.
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Life Cycle/ Infectious Cycle

- —

DNA into the y o G :
cell genome Cell M
\ y, Nudleus L*
[ / | ntograton '\ :
\ 4 , ?,-
\ Transcription /
N\ AAAAAN / :
N ___L_ ~ !
VddRNAbMS-———* Cytoplasm .
the pucleus /. AAAAA——
Transtation ~— 1
Varua‘ptoioln
]
A4
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— Microbiology

L Adsorption/ Attachment (gp120-CD4) j

¥

Euslon of Viral Envelope with Caell Mombnna

v

@ﬂry of Virion into Host Cell by Endocytmls)

v
LUncoaung )
, T

Release of Viral RNA & Enzymes Into choplum‘
. _J
Reverse Tronscription 1
L (Viral RNA = RNA-cDNA Hybrid =+ dsDNA)

¥

[ Disintegration of Viral RNA by RNAases ]

4

4

Integration by Integrase
(integrated DNA/Provirus)
Transcription by Host Cell RNA Polymerase
(Proviral DNA = Proviral RNA — mRNA + Viral Genomic RNA)

4

Translation by Host Ribosomes
(mRNA - Several Large Proteins)

4

Cleavage by Viral Proteases J

(Large Proteins - Virion Structural Proteins

¥

meﬁon&wdmmﬂuﬂ

.

( Budding & Lysls J

Symptoms of AIDS

An HIV infection can be divided into 3 stages:

@ Asymptomatic Carrier :

* Fever, chills, aches (continued pain), swollen lymph glands and itchy rashes.
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UHS Topic-3

and there are no symptoms for 9 months or l“"gcr \

. These symptoms disappear . of antibody becomes M-
The staﬁd;ll:d HIV blood test for the presence of antibody S POSitiy, G, |
stage. !

(i)  AIDS Related Complex (ARC) in that persist for months, Qy

. olle dands in neck, armpit or groin Bt i e Mler |
Swollen lymph glands in .ough. flu, persistent diarrhoca, 1oss of mepy, |
include night sweats, pgrs:stcnt cough, i ‘in‘n ory, ingy &
to think clearly, loss of judgment and depression. &

(iii)  Full Blown AIDS ) e ee A -

. [tis the final stage. In it there is severe weight loss and W "-'f'k"‘iz'" d“f-, 10 persisten iz
and usually one of the several opportunistic infections 1.€. tnrt'fm 15 é"_"l‘fCﬂlna (cin
lesion on skin), fungal infcctioq. viral infection, gastrointestinal discase, rusp],:"
discase, nervous system and cye discascs). b

Treatment of AIDS o Itis ure but ; '
Antirctroviral lhcr;npy(ARl)ncdunc for treatment. It 1s not a cure but 1t contro|g "'ier,J |

increases life span of infected people. \

Control Measures Against HIV Transmission

e
o Use of sterile needles, syringes & surgical instruments.
. Avoid prohibited sexual contacts.
. Screening of blood and blood products before transfusion.
LIFE CYCLE OF BACTERIOPHAGE
So far the best studied phage virus is that which infect E. coli, and is called T phage (1,
type), and among them T2 and Ts phages mainly used in phage studics. T
STRUCTURE OF T4
g T4 resembles a radpole, with a head and a tail.
. Its head is an clongated pyramidal, hexagonal, icosahedral, prism shaped strucy
containing double stranded DNA and to which straight tail is attached. 1
. Phage Tail is hollow and more complex than head, consisting of an inner proteinacey

Avoid sharing syringes, toothbrushes, towel and blades.

core, enclosed in a contractile sheath, made of another protein, to one end of which the
is neck or collar and to the other end plate. Six tail fibers are attached with the end’ b
plate. Tail fibers are involved in the binding of the phage to the bacterial cell,

Phage volume is 171000 of its host i.c., E. coli.

Bacteriophage replicates only inside the bacterial cell.

(1) Attachment/ Adsorption
First step is the attachment (adsorption) to the host cell at i
> . i s receptor site on the cell walle
bacterium. During attachment, weak chemical union betw: ir s ol
@) Darrteatin cen virion and receptor site takes pl
The tail releases the enzyme lysozyme to dissolve a porti : }
: _ i ; J202yme 10 dist a portion of bacterial cell wall. The
sheath contracts and tail core is forced into the cell through cell wal‘i andc:cll membrané
3) Injection
It is injection of viral DNA into bacterial cell, The i . g
: : , . rote . o phaf
head and tail structure of virus remains outside the cgnoluns SORC RS ook
(4)  Replication Process '
Two types of cycles are usually seen i.e. lytic and lysogeni
. e SO )cn
Lytic Cycle FHEAeeycle.
(1)  Viral DNA takes control of the host’s biosynthetic machinery
(2)  Itinduces the host cell to synthesize necessary viral compon roteins)
starts multiplying. poncnts (DNA & ¥ ‘
3)  About 25 minutes after initial infection, approximately 200 new bacteriophages are form®
4)  Bacterial cell bursts i.c. it undergoes lysis. s
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5) Newly formed phages are released 10 infect the bacteria and
CF e phage which causes lysis of host cell is called lytic/ v

another cycle begins.

6) o i irulent phage.

: ysogenic Cyele

. . t . aq al-: ’

) viral DNA, instead of taking over the control of host’s machinery, becomes incorporated

into the bacterial chromosome. Phage in this
process is called lysogeny.

() Bacterium continues to live and reproduce normally. Viral DN
"~ chromosome passes o each daughter cell in all sy
3 Somadies ‘iiml DN'{.\ gets detached from the
] This process is called induction.

) Induction invol\'gs cuhc'r a spontancous or environmentally induced. This results in the
initiation of a typical Iytic cycle, which ends in the lysis of the bacteria.

Laading Plaing
DNA /ﬁ\
Tall contraction

dormant state is called prophage and this

A being the part of bactenal
ceessive generations.
host’s chromosome and Ivtic cycle starts.
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Lytic Cycle *

Feature

Virus Lytic or virulent phage

Resistant

| Bacterium Non-resistant e et oo —
| Relationship Master — Slave rclali%_____,ﬂﬂ-" : ."_“L;l_f_t'!annn
| Effects nfectionscycle | Nowinfectiouseycle ™
rerated B
Viral DNA Takes Control Integrated
| : | Remains intact —~

| Bacterial DNA | Destroyed —

STRUCTURE & TYPES OF BACTERIA
All bacterial cells invariably have a cell membrane, cytoplasi, ribosomes and chromatin

The majority have cell wall, which gives shape t0 .llfc f_mt"t‘f"ﬂ' cell.
. Specific structures like capsule, slime, flagella, pili, fimbriae and granules are ny ¢

in all bacteria.

SIZE OF BACTERIA
Range 0.1-600 pm
Mycoplasma (Smallest) 100-200 nm -
Escherichia coli —
1.l-1.5 Hm (“-'ilhh) 2.0-6.0 Nenetl

i . 2.0-6.0 pm (length)
Spirochete - . 500 um in lengeth -

Staphylococci & Streptococci 0.75-1.25 ym Tn diamete
Epulopiscium fishelsoni 600 pm % 80 Ll ]
SHAPES OF BACTERIA = —_pm et
- Bacteria may be Coccei (Spherical or oval in sh: . g 5
(Curved/ spring shaped). shape), Bacilli (Rod shaped) and |

o Some have characteristic Shaﬁi others are Eleomorihic (variable ShaEC) —

- |
Coccus Spherical No ——/’/J
’-|

iplococcus Two cocci T e
Dip Single plane of division —~

cus il i ~ S TICI
Streptococ Cocci in chain Single plane m‘d!l:'l{,ﬂ//
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Irregular arrangement

[StaphylocOseE

Random planes

1czmd Group of four T —

o Groupof elshi wo planes of division

T Rodshinsi T;hrcc plancs of division

Di lobacillus Two bacilli I\'u :

D il Chain of basilh anglc plane of division
Single plane of division

Coccobacilli Rod shaped with spherical ends | No
Spirals Spirally coiled . No
Vibrio Comma shaped No
Spirillum Thick, rigid spiral No
w(c Thin, flexible spiral No
SPHERES (COCCI) RODS (BACILLI) SPIRALS
1. -~
(Vibrio cholerae)
(Staphylococaus Sarcina W fpes
ventricull botulinum) (Treponema paltidum)

Some Important Examples

leisseria meningitidis

Staphylococcus aureus. N

Cocci Diplococcus pneumoniae,
Bacilli Escherichia coli, Bacillus subtilis. Pseudomonas
Spirals Vibrio cholera, Hyphomic robium, Treponemd pallidum, Spirrilum minus
FLAGELLA & PILI
Thin Thick
 Long ~ | Short
Rigid. Non-helical, Hollow

| Flexible, Helical
Originate from basal bodies, attached with
ahlslma membrane & pass out through cell
vall,

I

—

 Made of flagellin protein
tin all except cocci. Cocci rarcly have

agella,

Made of pilin rotein

HCIl’ inlo . . A Involved in attachment W »
————— comotion/ motility/ chemotaxis. other bacterium for conluuuon (Scx/F pili)
e =

from basal bodics, attached with

Originate
mbrane & pass oul through cell

plasma m¢
wall.

True pili present in Gram negative bactenia

ith host or with
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Classification on Basc of Flagella

No flagella

—

Atrichous Single flagellum at one end

Monotrichous Sin;lc Tanclla at both ends ——
Amphitrichous Tuft of Nagella at one pole N
Lophotrichous Bacterium equally surrounded by m
Peritrichous —

c

CELL ENVELOPE

Complexes of layers external to the cell membrane are collectively called cell enveloy

L]

and commonly include capsule, slime and cell wall.
. Capsule and slime form glycocalyx.
Capsule

® A thick, gummy structure giving sticky character to colonies of cncapsulated bactenia,
* Itis madc up of polysaccharide units or proteins or both.
e Itis tightly bound to the cell.

Slime
® Loose soluble shicld of macromolecules outside capsule is called slime capsule.

e Itcan be removed from cell easily.
¢ Slime provides greater pathogenicity to bacteria,

It protects them from phagocytosis.

Cell Wall

A nigid structure between extracellular substances and cytoplasmic membrane.

Cell wall is only absent in Mycoplasma.

It is composed of a macromolecule called peptidoglycan consisting of long glycan cbs?
cross linked with peptide fragments, )

Sugar, rf'ichoic acid, lipoproteins and lipopolysaccharides are also present which &
linked with peptidoglycans. '

Teichoic acid fibers protrude outside the peptidoglycan. i
Cell wall of archaeobacteria does not contain peptidoglycan; rather contain pe
glycoproteins and polysaccharides. |

It determines the shape of bacteria.

It protects the cell from osmotic lysis. -
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" It provides identity to different bacteria, de
ositive and Gram ne

Gram
Characteristics

ative bacteria.

Gram-Positive

Primary dye (Crystal v

1olet &

pending upon their staining characteristics i.c.,

Gram-Nceative

Stain ot o ]
Giram’'s iodine) Secondary dye (Saframin)

Staining character Purple Pik

Number of major layers | | S -

-

Peptidoglycan 50% of dry weight 10% of dry weight
Lipids 1-4% 11-12% j
Additional substances Tc_ichoic acid and lipoteichoic Lipupol_v-sacclmridcs.

acid lipoproteins —
Overall thickness Thick 20-80 nm Thin 8-11 nm —
Outer membrane No Yes

Periplasmic space

Present in some

Present in all

Permeability More permeable Less permeable
Resistance Less More
e Periplasmic space lies between peptidoglycan layer of cell wall and cytoplasmic

membrane. It is the sitc having certain enzymes.

CELL MEMBRANE

It is thin, flexible structure beneath the cell wall, surrounding cytoplasm.

It is very delicate in nature and any damage to it results in death of the organism.

Bacterial membrane differs from cukaryotic membrane in lacking sterols such as cholesterol.

Itis involved in transport of proteins, nutrients, sugars and electrons or other metabolites.

® @ @ o o

The plasma membrane of bacteria also contains engymes for respiratory metabolism i.ec.
sitc for cellular respiration.

CYTOPLASMIC MATRIX

A gel like substance present between the plasma membrane and the nucleoid.

L ]

. Plasma membrane and everything present within it is called protoplast.

. Cytoplasmic matrix lack membrane bounded organclles & cytoskeleton however
chromatin/ nuclear body, ribosomes, mesosomes, granules and nucleoid are present in it.

NUCLEOID

¢ Bacteria like other prokaryotic cells lack definite membrane bounded nucleus and chromosomes.

. Nucleoid is a single, circular, double stranded DNA molecule, aggregates as an irregular
shaped dense arca in the centre of bacterial cell.

. It is visible in the light microscope after staining with Feulgen dye.

o Other names for nucleoid are nuclear body, chromatin body and nuclear area.

g Extremely long molecule of DNA that is tightly folded to fit inside the cell component is
chromatin body.

® Bacteria have a single chromosome, thus they are haploid.

. Escherichia coli closed circle chromosome measures approximately 1,4000 um.
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PLASMID o \
® Circular, double stranded DNA molecules, self-replicating but n

ol CSScmial fo
bacterial growth and metabolism

Contains genes of drug resistance, heavy metal resistance, disease, and insecy resiy
H H 1 \ . 11y ever et O 1 NQ

Plasmids are important vectors in modern genetic engineering techniques, Ney

RIBOSOMES

* They are composed of RNA and proteins.

* May be loosely attached to the cell membrane or plasma membrane,
® Smaller than cukaryotic ribosome.
MESOSOMES

I'E.

<
[ ]

|
Formed by invaginartion of cell membrane in to the cytoplasm, |
Involved in DNA replication, cell division, export of exo-cellular enzymes ang also copy, |
respiratory enzymes. -
STORAGE BODIES AND GRANULES
®  Store extra nutrients like

® Also store
SPORES

glycogen, sulphur, fat and phosphate.
waste material like alcohol, lactic acid, and acetic acid.

®  Thescare metabolically dormant bodies, resistant to adverse physical environmentg| conditions g,y
as light, high temperature, desiceation, pH and chemical agents.

® They may be exospore (external to vegetative cell) or endospore (inside vegetative )
inside cell wall).

. Endospore are more resistant structures and can survive for years,

. They germinate 10 form vegetative cell under favorable conditions.

® They normally develop at end stage of growth of bacteria.

CYSTS

. They are dormant, thick walled desi

e They develop during differentiation
conditions.

Develop at early stage of differentiation.

ccation resistant form but not heat resist

ant structures
of vegetative cells which can ge

rminate under suitabk

Inside (Endospore) Outside ]
Resistant to light, temperature, desiccation, o . |
pH and chemical agents Desiccation resistant -
(s : Develops during differentiation of bacteria |

Develops at end stage of bacterial growth cell. o

NUTRITION IN BACTERIA
NUTRITION OF BACTERIA
Bacteria
Autotrophic [~ —* Heterotrophic
1 I
ot Chemosvnthetic Parasiti Saprotrophi¢
Photosynthetic svnthetic rasitic —
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Heterotrophic Bacteria

Those bacteria which cannot synthesize their organic compounds from simple inorganic
substances are called heterotraphic bacteria,

Saprophytic Bacteria

.lS'aprnph_rm' bacteria get their food from dead organic matter present in soil in the form of
umus.

Humus is I[.IL' material resulting from partial decay of plants and animals.

Sapmtruphlc‘ bacteria h:l_vc an extensive engyme system that break down the complex
substances of humus to simple compounds.

Examples are Pseudomonas, Azotobacter.

Parasitic Bacteria

Those bactena which are fully dependent upon their host for nutrition arc parasitic bacteria.
These are also called as pathogenic bacteria as they cause disease in their host.

Examples are Myeobacterium wberculosis, Streptococcus pnetmoniae .

Autotrophic Bacteria

Those bacteria which can synthesize their organic compounds from simple inorganic
substances are called autotrophic bacteria.

Photosynthetic Bacteria

Photosynthetic bacteria carry out photosynthesis.

T'hey 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.

They use H2S instead of water and thats why release sulphur instead of oxygen.

CO,+2H S—12—-—(CH,0) +H,0+2S

Chlorophyl]
Examples of photosynthetic bacteria are green sulphur bacteria, purple sulphur bacteria,
purple non- sulphur bacteria etc.
Chemosynthetic Bacteria
Chemosynthetic bacteria oxidize inorganic compounds like ammonia, nitrates, nitrites,
sulphur or ferrous ions and trap the energy thus released for their synthetic reactions.
Examples are nitrifying bactena,

GROWTH & REPRODUCTION IN BACTERIA
REPRODUCTION
Ascxual Reproduction

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

e Parent Cell Enlargement — Chromosome Duplication/ DNA Replication & Distribution
— Cell Membrane Invagination — Inward Growth of Cell Wall — Division of Cell into

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

D

§ ONA Replication

@EEDE) ot

#Sqwmhmdnn

(SR
‘ Cell separation
Each dauglter cell

@e@») i,
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Sexual Reproduction . .
on because there is no formation of gameteg a

Bacteria lack traditional sexual rcproducli
zygote. Instead it involves genetic recom
transduction and transformation.

bination. It occurs in three ways; conjugy; ;‘r:i

Conjugation _ o

» Some bacteria transfer genetic material from a donor bacterium to a recipient hﬂclcrium
during a process called conjugation. . ) . .

. During conjugation, bacteria use specialized sex pili to transfer genetic material,

. Bacterial plasmids arc exchanged during conjugation. .

. Conjugation produces new genetic combinations that may allow the resulting bacteri, o

survive under great varicty of conditions.
Fplaamid Conjugetion plius  Chromosome

‘ O™ syntheslzet o
(3 o)o ) Tt
R complete plasmid.
GROWTH

» Bacterial growth refers commonly to increase in number of bacterial cells
® Four distinct phases are recognized in bacterial growth curve. |
(1) Lag Phase
® It is the phase of no growth.
® Bacteria prepare themselves for division,
(2) Log Phase
It is the phase of rapid growth.
Bactenia divide at exponential rate.
2 Number of cells double with each doubling time.
(3)  Stationary Phase

- ?;Ftcnal dc::lth rate ishcqual to bacterial rate of reproduction and multiplication.
® I1$ occurs due to exhaustion of nutrients or acey i i i

$ imula s.
(4)  Death/ Decline Phase onjulioXicimenmbol e
s Bacteria start dying. Here the death rate is more than reproductive rate
® Some bacteria may survive by forming resistant SPOrCs or cysts
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CONTROL OF BACTERIA
Bacterial control is required to prevent diseases and food spoilage.
PHYSICAL METHODS
. The process in which physical agents are used to control bacteria/microorganisms is known
as sterilization process.
. It involves killing of all microbes.
» In physical methods, stcam, dry heat, gas, filtration and radiations arc used to control
bacteria.
(1) Use of Heat
. Both dry heat and moist heat are effective.
. Moist heat causes coagulation of proteins and kills the microbes.
. Dry heat causes oxidation of chemical constituents of microbes and kills them.
(2)  Use of Radiations
300 nm are effective in killing of microorganisms.

Certain electromagnetic radiations below
Gamma rays are in general used for the sterilization process.

(3)  Membrane Filters

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

CHEMICAL METHODS

(1) Disinfection

: Itinvolves killing of microbes by use of chemical agents.

: It involves killing of most but not all lifc forms.
The important chemicals used for disinfection arc oxidizing and reducing agents. For
example halogens, phenols, hydrogen peroxide, potassium permanganate, alcohol and

) formaldchyde etc.

S Antisepsis
Procedure to eliminate or reduce the possibility of infection is called antisepsis.
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. Chemical substances used on living tissues that inhibit the growth "r'm
called antiseptics. oy

(R)) Chemotherapeutic Agents o . | defense and

» Chemotherapeutic agents and antibiotics work w_nh natural defense an Sl('!p-[]].c oy
bacteria and other microbes. These are sulfonamides, lelmcy.rclm.c and penicillip, (f

They destroy or inhibit the growth of microorganisms in living tissues,

(4)  Vaccination e

. Vaccination is an important method to control bacterial discases in humans,

. Pasteur used attenuated cultures of bacteria as vaccine.

ANTIBIOTICS ' ' . _
Antibiotics are the chemotherapeutic chemical substances which are used in treatmey,
infectious diseascs. |

Synthesis

Antibiotics are synthesized and secreted by certain bacteria, actinomycetes (Spore formip,
Gram positive bacteria that grow to form long tubules called filaments)

and fung;
®  Some antibiotics are also synthesized in laboratory. However, their origin are living cej),
Mode of Action

N Microbicidal effect is one that kills the microbes immediately.

° Microbistatic effect inhibits the reproductive capacities of the cells and maintaing 1,
microbial population at constant size

. Damage by antibiotics can result in malfunctioning of cell wall, cell membrane, cytoplasm
enzymes or nucleic acids.
Misuse of Antibiotics
B Widespread problem is drug resistance against microorganisms. This results in an increased
resistance against disease treatments,
. Misused antibiotics can interact with the human metabolism and in severe cases can cause
death of human beings.
Penicillin Allergic reactions |
Streptomycin Effects auditory nerve causing deafness.
Tetracycline Permanent discoloration of tecth in young children.
STRUCTURE OF FUNGI
=

Fungi are cukaryotes, non-motile absorptive heterotrophs.
® The body of the fungus is called mycelium,

thread like filaments called hyphae. ,
L Hyphae may be septate or non-septate. Septare hyphae are divided by cross-walls call®

septa into individual cells containing one or more nuclei. 1
Scpta of many septate hyphae have a pore through which cytoplasm flows from cell 10 “'_
Non-septate hyphae lack septa and are not divided into individual cells; instead ﬁlb‘-"";;
in the form of an elongated multinucleated large cell. Such hyphae are called coent)”

i ‘ B " Thot*
hyphae, in which the cytoplasm moves cflectively, distributing the materials through
These are always multinucleate.

consists of long, slender, branched tubul

i e cnlfa
® Hyphae may be packed together and organized to form complex reproductive stru
such as mushroom, puff balls, morels etc.
® Yeast are non-hyphal and unicellular fungi. -
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Chitin in their cell wall is more resistant 10 dec

— ccay than are ce . WP, _
up plant cell wall. cellulose and lignin which make
All fungal nuclei are haploid except for transient diploid zygote that forms during sexual

reproduction.
All parts of the fungus growing through the substrate are metabolically active. Extensive

spreading system of hyphac provides enormous surface area for absorption.

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

nuclear envelope does not break; instead the mitotic spindles form within the nucleus and

nuclear membrane constricts between the two clusters of daughter chromosomes.
REPRODUCTION IN FUNGI

Fungi can reproduce asexually as well as sexually.

ASEXUAL REPRODUCTION
Asexual reproduction takes place by spores, conidia, fragmentation and budding.

(1)  Spore Formation
Spores are common mean of reproduction in fungi.
Spores are produced inside the reproductive structures called sporangia, which are cut 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 great

distances.

. Spores may also be dispersed by insccts and many other small animals and by rain splashes.

(2) Conidia Formation

. Conidia are non-motile, asexual spores which are cut off at the end of modified hyphae
called conidiophores, and not inside the sporangia, usually in chains or clusters.

s They may be produced in large number, can survive for weeks and cause rapid colonization
of new food.

(3)  Fragmentation

. Fragmentation is simple breaking of mycelium of some hyphal fungi, cach broken

fragment giving rise to a new mycelium.
(9 Budding

* Unicellular yeasts reproduce by budding.

* Itis an asymmetric division in which tiny outgrowth or bud is produced which may separate
and grow.

’ Yeast may divide by simple, relatively equal cell division.
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SEXUAL REPRODUCTION

Budding in yeast

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

nuclei and meiosis are common to all.

During sexual reproduction in fungi, hyphae of two genetically
mating types come together, their cytoplasm fuse followed by nucl
Karyogamy is the fusion of nuclei while plasmogamy is the fusion of cytopl
In Basidiomycetes and Ascomycetes, karyogamy doces not take place immediately aﬂﬁ_
plasmogamy; instead the two genetic types of haploid nuclei from two individuals ™
coexist and divide in the same hyphae for most of the life of the fungus. Such hypt*
having 2 different genetic types are called dikaryotic or heterokaryotic hyphae- b e
Different groups of fungi produce different types of haploid sexual Spores: suc
basidiospores and ascospores, subsequent upon meiosis in Zygote. o
These spores may be produced by their characteristic structure/ fruiting bodies

basidia/ basidiocarp and asci/ ascocarp
' %
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Microbiology
Fungi Life Cycle

OOGQ
QYQ
Spores

Germination

Asexua) Mitosis

chrm]uclion

Myeclium (Im)
Plsmogamy:
Germination:
A multi-cellular

mycelium is formed.

<
Haploid cells from
two diffirent mycellia
fuse 10 form a
heterokaryotic cell
with two or more

nuclei. @

Heterokaryotie
stage
Karyogamy:
The nuclei fuse to

form a diploid (2n)

Sexual
Reproduction

eggg Spores

Meiosis:

Haploid (1) spores
are formed.

=

Zygote

zygote,
LIFE CYCLE OF RHIZOPUS
Rhizopus
. It is an example of zygomycete (conjugating fungi).
° It is a saprotroph, commonly grows on bread so called as black bread mold.
. Its hyphae are aseptate and multinucleate.
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Life Cycle -
' asexual and sexual repr

oduction.

wod in s ria and se) .
3 prUdllLL(l in sporang ¢Xual rtm“duc[

)
e
"

It shows both
Asexual reproduction
through zygospore.

is through spore

rangium
haploid nuclel  (heterokaryotic) o

1
- Mating Sexual )
type r:pmductlon Zygosporang,
s \ KARYOGAMY yotic
Mating Sporangium 5 /

type

0 ﬁ” G
Mycella“%y . 0. :
Dlsper:alm: ..Sl';bres ey nuclel

germination o S '.'

’ L ) @ s
y — 8% [[] Haplold (n)
[[] Heterokaryetic
[] Diploid (2n)

Mycelium

~ USEFULLNESS AND HARMFULLNESS OF FUNGI
Fungi are important both ecologically and economically.

ECOLOGICAL IMPORTANCE

Fungi are impprtant group of decomposers and symbionts.

Blcy r[;;a.y an important role in recycling of inorganic nutrients in the ecosystem.

1 ’.:.'f’v’f; , izal fungi 'ml’"“f lh; gml:“h of plants, with which 95% of vascular plants are associs
rens growing on rocks, break rocks, settin > : . a O

of ecological succession. g stage for other organisms during the "

Lichens being sensitive to pollution are &ood bio indjicators of air quality

Some fungi are also used for bioremediation

COMMERCIAL IMPORTANCE
ECOLOGICAL GAINS DUE TO FUNG]
Role in Food Industry

About 200 species of mushrooms are edible e.g. Agaricus sp
‘ yoi

Morels (Morchella esculenta) and { .

arc edible fungi. Yand tuflles (underground fiiting bodies of some asco™
Poisonous mushrooms are called ¥
O a0 ¢d toadstools e.g. death cap/death angel (Amanita) and

Reindeer moss (lichen) is used as food for reindemee J
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Edible

Pyfushrooms __— “dible
 —
Truflles ———- = :
"Ef;;ln romyces cerevisiae | Fermentation to get bread and liquor. —
}’rniﬂ' Tlinm I-:lavnur. aroma and characteristic colour to some cheese.
. Fermentation of soya bean to get soya sauce and soya paste.
Aspergillus Production of citric acid.
—— Drug Industry

olei S e e . . . o shu
i penicillin is first antibiotic, which was discovered by A. Fleming in Penicillium notatum

[ ]
(fungus).
. Antibiotic

Pcnicillin

[ovastatin L.owers blood cholesterol

Cyelosporine Prevent transplant rejection/ Immunosuppressive drug
Griscofulvin Inhibit fungal growth/ Antifungal
—" . - .

Ergoting Relieve headache (Migrain)

e
Role in Rescarch
Yeast were the first eukaryotes to be used by genetic engineers.

First functional artificial chromosome was made in Saccharomyces cervisiae.
o Pink bread mold Newurospora (Pink bread mold) has been used in genetic research.
ECOLOGICAL LOSSES DUE TO FUNGI

Plant Diseascs

Fungal Discase Affected Plant

Powdery mildews Grapes, rosc, wheat
 Ergot Rye
' Red rot Sugarcane
Wilt Potato
Root rot Cotton
| Scab Apple
| Brown rot Peaches, Plums, Apricot & Cherrics
Human Diseases

*  Ringworm and athlete’s foot are superficial fungal infections.
. Histoplasmosis is caused by inhaling spores of a fungus, which is common in soil

contaminated with bird’s feces.

*  Candidasis or candidosis is oral or vaginal thrush caused by Candida albicans.

: Aspergillus fumigarus causes aspergillosés in persons with defective immune system (e.g. AIDS).
Some strains of Aspergillus produce carcinogenic mycotoxins, called aflatoxins.

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

::-50% of world's fruit is lost each year duc to fungal attack.
2 ood-rotting fungi destroy living trees and structural timber.

’ﬂ_clfet/she(f fungi cause lot of damage to stored cut lumber as well as stands of timber
. Ofliving trees.

Pink venc . .
Nﬁl Rhodotorula grows on shower curtains and other moist surfaces.
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s ) KINGDOM Ammm‘é
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*
: . s, Pseudococelomates, Rad;
(@)  Define the following terms: Coelomates, Acoclomaltes cs, Raduu&’ b

[ : G |

' ical i . of following phyla: \

(b)  Describe the medical importance of fc > i]

(i)  Playhelminthes (Taenia solium, Fasciola hepatica |
. . Lo Epterobius vermicularis, Ancylostomg

(i)  Aschelminthes (Ascaris fumbricoides, Ente duod%

(i)  Annclida (Hirudo medicinalis) |

(iv)  Arthropoda (mosquito, lice, Tse-tse fly, common housefly)

(v)  Mollusca (snail) ‘

Kingdom Animalia . _

s The name animalia is derived from Latin word anima meaning breath or soul.

a All the animals are multicellular heterotrophs and usually acquire food by ingestioy
followed by digestion.

COMPLEXITY IN KINGDOM ANIMALIA

. Simplest of the animals belong to subkingdom Parazoa. These animals lack tissues
organized into organs and have indeterminate shape and are asymmetrical. Phylum
porifera is included in parazoa.
They have cellular grade of organization.

The subkingdom Eumetazoa includes animals of other phyla which have symmelry
organization.
In cumetazoa, similar cells are grouped together into a highly coordinated unit called

tissue. The tissues are assembled into larger functional units called organs. Different
organs operate together as organ system.
P Pmlocﬂhkneum 5 y

|
Parfma l
E oa
i § - -
““1’“‘ Bilateria
Cnidaria I
Acoslomates  Pseudocbelomates 3
! ! Coelomates
Platyheiminthes  Ascheiminthes
(Nematoda)
P"Ohf:ﬂum

%
Y
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gHS T2 icd Kingdom Animalia
/;,_[;;of Symmetry

fication

Clss ta .
Grade l:l;'dl::c animals in grade radiata are diploblastic.
I's

' It contains nni.n_lals with rad.inl §ym.mctr)f.
’ This is @ condition or organization in wlpch parts of the body are arranged around a central
*  gxis in such a way that any planc passing through the central axis divides the animal in
palves that arc almost m:-m)r images of cach other.
Radial symmetry is considered an adaptation for a sessile life.
Cnidarian (coelenterates) are placed in this group.
The cylindrical body of a sea anemone can be cut in two cqual halves vertically in any plane.
:;r’de Bilateria o
The animal can be divided into two equal parts by an imaginary line only in one plane.
They have clearly defined right & 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
larval 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.
o  They may be acoelomate, pscudococlomate and coelomate.

/

No Symmetry Radial symmetry Bilateral symmetry
(e.g. Porifera) (e.g. Cnidana) (e.g. Arthropoda)
e Ssification on Base of Body Organization
. iploblastjc 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.

' Thm is jelly like mesenchyme or mesoglea which in most cases is non-cellular, o
Ploblastic animals show lesser degree of specialization and they do not form specialized

l}',lchlm IS no special transport system in these animals. Most substances are distributed
ithin thei e
. n their body by the process of diffusion. .

€T¢ 1S no central nervous system in these animals. A ncuron net is present.

m
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Triploblastic Organization

Acoelomates

Pseudocoelomates

grovasculdr CAvily ot coeleyy,, N\ |
)

body called 845 My N
Moy., I
U\a of,

aury of food and water and also for the r,
c ’ - . -

a5 sac like digestive system. n
‘ 4
d sexually. . |
lum Cnidaria.

There is only one cavity in the
only mouth which serves for the
along with water. This is know?t
They reproduce both asexually an |
Diploblastic animals are placed In phy

hy

fy. \

: : ymmelry.
These animals have bilateral symmctr. E_— -
g - ls is made from three layers ectoderm, mesoderm y, g
The body of these animais 15 T n

. . . €
g § oblastic animals gre . . 04
After embryonic development these layers in most tripl 1als are g, i
cr embryon .d bv the structures formed fr¢ i,
te layers of cells but are rcprescnud by the struc rom they, o
am c n 'c \ . o " . 5 . - . d
s"I‘?hpc cells of these animals show greater degree of specialization. These hay,
organs and organ systems. L -
The systems such as integumentary and nervous system ‘_-l"' clop from ectodery,
Mesoderm gives rise to muscular, skeletal and TCP““]“C“"_L‘ Sysiems.
Endoderm forms the lining of digestive tract and glands of digestive system sy
Triploblastic animals may be acoelomate, pseudocoelomate or coelomate,

t

Spc('iuk
"Iq

This group includes phylum platyhelminthes.

There is no body cavity or coelom.

Mesoderm forms a loose, cellular tissue mesenchyma or parenchyma which fills p, e
between the ectoderm and endoderm. It forms a packing around the internal orgap ('-,f[j.
animals to support and protect them. '
The gut is sac-fype and there is no special transport system.

Only excretory system is developed for the transport of excretory products. This sy
consists of flame cells, excretory ducts and excretory pores.

Nervous system is well developed.

This group includes phylum aschelminthes.

The space between the body wall and the digestive tube is called pseudocoelom (false bt
cavity). |
Pseudocoelom is not homologous to true coelom because it is not lined by coclo
epithelium.

It has no relation with the reproductive and excretory organs.

It develops from the blastocoel of the embryo and is bound externally by the muscles 3
internally by the cuticle of intestine.

Coelomates

Coelom is cavity present between the body wall and the alimentary canal and is irel"

mesoderm. ‘
: e . L»

The mesoderm splits into outer parictal layer which underlines the body wa! m’ﬂ

visceral layer which covers the alimentary canal and the cavity between them & e

coelom. It is filled with fluid called coelomic fluid

This group includes animals from annelids o chordates.

In coclo_malcs. gut attains more complexity and neuro-sensory system is well d¢ |

along with excretory system, circulatory system, respiratory and ,-epmducli\'c syste

Coelomates are further divided into two groups proterostomes and deuterostom®_~

vkt
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Series Proterostomia

Series Deuterostomia
Cleavage is radial and indeterminate.

is spiral and determinate.
sives rise to mouth.
gives Mt

|
=
\

Blastopore forms anus.

Co,_-]o ml

Stn (,rc n ' T " e ~ . ‘
B/I'J,,P/: formed by splitting of mesoderm | Coclom s developed from  archenteron

—

(Enterocoelous). ‘

(S‘chizocnclous).
Mcsudcnn

is derived from cells on anterior lip | Mesoderm is derived from wall of developing

—

gut (archenteron). ‘

incl

of blastopore: .
i udes phylum annelida, mollusca and | It

includes  phylum  echinodermata, |
hemichordate and chordata. 1

ﬂhﬂﬂﬁﬂdﬁ-k

Common Name Flatworms

Symmetry Bilateral

Organization Triploblastic Acoelomate

Body Unsegmented, dorsoventrally com.pr.csscd

Mode of Life Mostly endoparasites, Few Free Living .

e Taenia solium (Tapeworm), Fasciola hcpau'.cu (Liver fluke).
Eamples Schistosoma (Blood fluke), Dugesia ( Planaria)

Digestive System

Branching Sac-Like, Poorly Developed in Parasites, Absent in Tape

worm

-—__—
| Excretory System

Protonephridia, Flame Cells

Centralized

ﬂﬂ'."_‘llﬁ System

Absent

&SM_V System

&Eﬁlﬂo%’ System

Absent

—2comotion Cilia in free living forms _
&MM Asexual (Fission), Sexual (Hermaphrodite)
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Parasitic Adaptations in Platyhclminthes

_El’idcrmis Abscnt, Resistant ('ut_i_c_lbc_ Presemt
Adhesive Organs m[ﬁ?:.hl l_ua:: o e N
_lfiuscular System l)c_x_:cm:ruuri~ N _:“-x \
Nervous System Degencrated e NN
Digestive System Sitﬁ?li_ﬁ:l i\-‘.“\
Reproductive System | Complicated, Large number of ova \
Life Cycle Two hosts \\
Important Parasites of Platyhelminthes Y .

Common

Scientific Name

Name

Primary Host | Secondary Host

Human (Small

Tape Worm Taenia solium . Pig or Cattle Sucker Hig

Intestine) B Hooks (g e

) . ) Sheep, Human X RS At
Liver Fluke Fasciola hepatica (Bile Duct) Snail Sucker

Blood Fluke Schistosoma Human (Blood) Snail | Sucker

3. PHYLUM ASCHELMINTHES

Common Name Nematode, Round Worm

Symmetry Bilateral -

Organization Triploblastic, Pscudococlomate

Body Unségmcn;cd

Mode of Life Mostly Endoparasites

Examples Ascmfi.s' !:n:fbri("uidc.s (Giant Roundworm), Rhabditis, Enterobiw

vermicularis (Pinworm), Ancylostoma duodenale (Hookworm)

Digestive System Tube-Like, Tube Within Tube -
Excretory System 2 Longitudinal Excretory Canals, Protonephridia, N@
Nervous System Centralized, Pharyngeal Nerve Rin g, 4 Longitudinawf‘i
Respiratory System Absent -
Circulatory System Absent -
Locomotion 4 Bands of Longitudinal Muscles R
Reproduction Sexual (Unisexual) I
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important Parasites of Aschelminthes

Common
Name

Scientific Name Host & Location Discase

Giant Round | Ascaris :’Uma‘ﬂ (Small Bloody sputum, cough, fever,
o ntes q . . .
Worm lumbricoides estine, Blood, abdominal discomfort, intestinal
p— Heart, Lungs) ulcer
. . L f
- Enterobius Human (Large Itching of anus, inflammation o
in Worm . ) : ‘
Pin ——— Intestine) mucous membrane, insomnia,
loss of appetite
. Ancylostoma Human (Small Anemia, physical and mental
duodenale Intestine) retardation

Common Name Segmented Worms
Symmetry Bilateral
Organization Triploblastic, Coclomate
Body Metamerical Segmentation
Mode of Life Worms, Free Living, Ectoparasites
Neries, Stvlaria, Lumbricus terrestris, Pheretima posthuma
Examples : g
(Earthworm), Hirudo medicinalis (Leech)
Digestive System Tube-Like
Excretory System Metancphridia
Nervous System Centralized, Brain, Double Ventral Longitudinal Nerve Cord
Respiratory System Absent
Circulatory System Closed Blood Circulatory System
Locomotion Circular & Longitudinal Muscles, Hydrostatic Skeleton, Setac
Reproduction Sexual (Hermaphrodite, Unisexual)
Importance of Leech
. They have chitinous jaws for making a puncturc in the skin of the host.
e They have an anticoagulant secretion which is passed into the wound that allow smooth
flow of blood.
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Joint Footed Animals

Common Name

Symmetry Bilateral \

Organization Triploblastic. Haemocoel \
Body Segmented x
Mode of Life Variable I
Examples Largest group insects \

Digestive System

Excretory System

Tube-Like s

Malpighian Tubules

Nervous System

Centralized

Respiratory System

Gills. Book Lungs, Tracheal System (Spiracles) x

Open with Haemolymph \

Circulatory System
Locomotion

Legs, Wings x

Reproduction

Sexual (Unisexual), Metamorphosis e

Examples

Economic Importance of Insects

Transmits Plasmodium that causes malaria in man,

Sign_ii'lcancv

‘Female Anopheles
Tse-tse Fly

Transmits Trypanosoma that causes sleeping sickness

Common Housefly Transmits Cholera, Typhoid, Hepatitis etc. T
Insect larvae Damage fruits and crops T~
Honey bee Source of Honey & Wax T
Silk Worm Source of Silk - ey
Insects Predator of other harmful insects T
Insect Larvae Source of food for fish T

| Characters
Common Name

Details

Soft-Bodied Animals, Shelled Animals

Symmetry Bilateral
Organization Triploblastic, Coclomate -
Body 3 Segments, Mantle EEp—
Mode of Life Free Living =
Eiemples Giant squid, Helix aspersa (Garden snail), Limax (the slug), Mytifus (m5
mussel), Ostrea (oyster), Loligo (squid), Sepia (cuttlefish), Octopus
Digestive System Tube-Like e
Excretory System Paired Nephridia -

Nervous System

Centralized, 3 Pairs of Interconnected Ganglia ~ —

Respiratory System Gills =
Circulatory System Open Circulatory System except for Ccphalopodﬁw
Locomotion Ventral Muscular Foot
Reproduction Sexual (Unisexual), Trochophore Larva j/
Importance of Snail
* Body is asymmetrical covered by single pi
L Mantle cavitv is converted inta I?:nncg Rl -/ﬂ
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Describe the anatomy of digestive system and specify the digestion in:
Oral cavity (Role of saliva and enzymes)

(b) pharynx (Swallowing)

(c) Oesophagus (Peristalsis, anti-peristalsis)

(d) Stomach (Chemical and mechanical digestion)

(e) Small intestine (Duodenum, Jejunum, lleum)

(n  Large intestine (Caccum, Colon, Rectum)

(¢)  Discuss disorders related to nutrition (Obesity, Anorexia Nervosa).

. Process by which large, complex non-diffusible substances are converted into small,
simple and diffusible forms is called digestion.

o 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) is called intracellular digestion e.g.

digestion in amoeba.

» Digestion that occurs outside the cell (in digestive cavity) is called extracellular digestion
e.g. digestion in stomach.

. Digestive system of a man consists of structures extending from mouth to anus (tube like)

o The main parts in the direction of passage of food are:
Oral cavity — Oesophagus — Stomach — Small Intestine (Duodenum — Jejunum — lleum)
— Large Intestine (Caccum — Ascending Colon — Transverse Colon — Descending Colon —
Sigmoid Colon — Rectum)

, Alimentary canal means the part of gut from oral cavity to anus. It is also called as

Sastrointestinal tract (GIT) or digestive tract.

Digestive system means alimentary canal plus associated glands.

Associated plands are salivary glands, liver and pancreas.

Digestion oceurs at three main sites:

), v v . . . . .
kl_irh_ Chemical Digestion Mechanical Digestion

Amylase Teeth :
Gastric Juice Grinding

o Pancreatic & Intestinal Juice | Emulsification

Kers =
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HUMAN DIGESTIVE SYSTEM =~ X\

/\
Herd Palste et i, 2‘
Ry Parolid Salivary Glang
Tongue . .
Up = Pharynx
Subd-Lingual Gland — Sub-Mazxlilary Salivary Glang
Larynx Trachea
Esophagus
Liver
[} ‘.
Gall Bladder ‘.‘ Cardiac Sphincter
5 Fundus
Hepatic Duct
Cyslic Duct -
Common Bile Duct st .
Duodenum il & ey, Pyloric Sphincter
ol in Sl S
o, v ENITN D TN
Pancreatic Duct LIRS '-'S‘j R v Pancteas
~Tr ANl T MR- L
.',:,'.
Transverse Colen
Jejunum n
Ascending Colon
Descending Cok?
lieum
Sigmold Coo"
lleocecsl Sphinc )S-)/
Cesecum Reclum
Appendix

Anus . %
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Oral Cavity
It is 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
o Lubrication
o Digestion
structures Associated with Oral Cavity
Oral cavity is bounded by:

N Palate
° Tongue
. Teeth
@ ChCCk,S
Nasal cavly
Entrance to
Hard palate eustachan lube
Soft pay'ate
wla
Oral cawnty -
Tooth Palatire tons
Lip
Tangue - = Pharynx
Tooth -
Gmgwa - Lingual tonsi!
Roat of tongue
-8 Epeglottis
e
‘L\. - ™ \ Escphagus
\ \ FAS
SR 3 Tnchea
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.
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Grinding or Mastication

. Food is ground by means of molar teeth.
This grinding is useful because;
(@) Oesophagus allows relatively small picces to pass through.
(b)  Small picces have much more surface for enzymes to attack.
Lubrication & Digestion . - aliva i
These are main functions of oral cavity accomplished by saliva. Saliva is scereteq by three
pairs of salivary glands:
Salivary Glands
° Three pairs of salivary glands are: .
Glands Location Secretions

Opening of Dyeq

: Posterior p;
: In Hont OF | euinc aik asiclies SIENOr pant of g
Parotid glands (Largest) pell Saliva with amylase cavity | |
-y S Lt - ' . ¢ lase Q . . e
Submandibular/  Sumaxillary Behind jaws Saliva with amylase & Floor of oral cayiyy
ands Mmucus .
Below . . . , ; . :
ingu: 5 Saliva with mucus only | Floor of oral caviy
Sublingual glands (Smallest) tonge y
Saliva
. Fresh saliva is alkaline with pH nearly 8, quickly loses carbon dioxide and gets to pH ¢,
- It has three major components:

Water and Mucus (GP) Moisten and lubricate food
Sodium bicarbonate . Stabilizes pH and is slightly antiseptic
Salivary Amylase/ Ptyalin_| Starch/ Glycogen — Maltose

End Result Bolus

> End result of digestion in mouth is small oval lump called bolus.
B . It is softened, partly digested slimy food mass.

\natomy of Oral Cavity Physiology of Oral Cavity

Teeth Mastication/ Mechanical digestion of food 3
Lips Communication, Hold food in position
Jaws Mastication/ Mechanical digestion of food B
Tngne h:ianipula}ion_ of food, hold food, Cleansing of tecth, Taste.
Communication, Swallowing, mucus and serous —
Soft Palate Prevents entry of food in nasal cavity
Salivary Glands Chemical digestion of food mainly L:arb()hydratcs j
Hard Palate Palatine bones, helps in grinding ] N
PHARYNX
o The pharynx is a cavity behind the mouth,
. It is common passage for digestive system and respiratory system
» It is lined by mucus. o
SWALLOWING
« Transfer of bolus from buccal cavity 1o pharynx and then to oesophagus is call®
swallowing [ deglutition.
® Beginning of swallowing is voluntary action ang then it becomes involuntar: T

swallowing procedure is regulated by nerves in the medulla obloneata and pons. -
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rsﬂ-allowing

ts 0 .
5;“" Tongue MOVEs u

(il
(iif)

(v)
v

PERISTALSIS
ment of digestive tract d

———

p\\-ard- a & i

he mouth cavity.

ckoft
ushed up by tongue which closes nasal cavity

Soft palate isp
Tonguc
closing the op¢€
The larynX (cant
The glottis is pa

forces the epiglottis (flap of cartil :
’ - . . bt agLI) ]nln. n] - . .
ning of w . o : ore or less h . »
ila;;: box :"t‘:ljlz:lp:h(glmm)’ Epiglottis diverts the b(?ll;:i(:g:n 'E P‘”‘“K;‘“ o
' ¢ top of windpipe) $ toward ocsophagus
o moves u . . % i
rily closed by the contraction of ring of mu:’:‘l::d under the back of tongue.

Swallowing

ue to alternate contractions and
ve tracl.

Peristalsis 1s characteristic move
s preceded by the

relaxations of smooth muscles by w
It consists of the wave of contraction

hich food is pushed along the digesti

of circular and longitudinal muscle

food down along the canal.

wave of relaxation thus squeezing the
Relaxation of circular muscles in front of food is followed by a wave of strong contraction
of circular muscles behind food. )

along the ocsophagus

s of food, from the buccal cavity,

hole alimentary canal.

Peristalsis starts just behind the mas
hich food is passed from intestine

to the stomach and then along the W

Antiperistalsis are reverse peristaltic movements due 10 W
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:
.24 hours after the previous meal.
hen liquids

H
unger pangs usually begin 12 o
phagus, especially ¥

Gravite ace:
o ity assist the movement of material through the 0¢s0
swallowed.
70
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Digestive Sy,

2

peristalsis

AN

Area of
Contraction

UHS Topic-5a

Area of
Relaxation

Introduction

Stomach is an elastic muscular bag.
Stomach is situated below the diaphragm on left side of abdominal cavity.

® It is typically J-shaped when empty.
ANATOMY OF STOMACH
Parts

First part of stomach where oesophagus empties its contents into stomach is called cardiac

region.
. At the junc.tion be.twcen ch)phagus and the stomach, there is a special ring of muscis
call.cd cardiac sphincter. 1t is also called as lower oesophageal sphincter (LES). When %
sphincter muscles contract, the entrance to the stomach closes and prevents backwxd
l.r:ur.'cmc:m of food. It opens when a wave of peristalsis coming down the esophagus reach?
Point where stomach joins duodenum is called pyloric sphincter. Stomach empties in® &

duodenum through the relaxed pyloric sphincter.

Layers
N Stomach wall is composed of three principal layers i.e.
() Outer layer of connective tissue called serosa or adventitia
Middle layer of smooth muscles called muscularis auemc‘: alongwith submucosa- This™ >

(i)
layer has innermost oblique muscles, middle circular and outer lo ngitudinal muscles

(iii)  Inner layer (mucosa) of connective tissue with many glands
, B
Scanned by CamScanner




Gastric Glands

while endocrine secrete gastrin hormone.

Mucous cells Mucus

e Thick secretion " e

e Covers inside of stomach
e Protects stomach wall

Stomach has both exocrine and endocrine glands. Exocrine glands secrete gastric juice

Parietal/Oxyntic cells HCl

e Maintains pH from 2-3

e Provide acidic medium for enzymes
e Softens food & kills microorganisms
e Converts inactive pepsinogen into pepsin

o Inactivates salivary amylase

e Low pH denatures many proteins

Zymogen/ Chief/

Principal cells Pepsinogen

Hydrolyzes proteins into peptones and polypeptides.

G celly Endocrine cells | Gastrin

Stimulates gastric juice production, secretion &

stomach motility

\_

PWSi"OSCH—%ﬁ Pepsin

. -
% Polypeptides & Peptones
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UHS Topic-5a

The structure of gastric pits and gastric glands

e

Gastric plt -
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o

‘
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——

wAG B ESTS

TSI T

Lol

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 regulate gastric secretions are gastrin and secretin.

If more protein 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

°
&
.
)

we e

.'J..

Food Storage

It stores food from meals for some time, making discontinuous feeding possible.
Digestion of Food

It partly digests protein food.

Stomach shows both chemical and mechanical di gestion. Mechanical digestion is cam
out by middle muscular layer and is called churning, While chemical digestion is carm
out by pastric glands.

Muscular walls thoroughly mix up the food with gastric juice. :
End result of digestion in stomach is formation of semi-solid mass called chyme (semi "
Absorption ]
Some absorption also occurs at stomach.
Defense/ Immunity
Mucous membrane and HCl act as barriers against germs.

POINT

/
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c-5a Digestive System

ngest par of alimentary canal,

: 0

' It 1‘2‘::; three pan's of sr‘nall intestine i.c. duoc.icnum.jcjunum and ileum.,
: sodenum is first & the 't:hluncsl part of small intestine and is about 20-25 cm long.
' jejunum iS scc.ond part u: ith length of about 2.4 m (2/5™ of small intestinc)
' peum S u":.[hlrd and the longest pan.wuh.lcnglh of 3.6 m (3/5" of small intestine).
' gall intestine has role to complete digestion and absorb digested products.
.Dl;ODENUhl . Tl - .,

puodenum receiv es secretions from liver and pancreas.
' puodenum also has its own sccretions.
' |racts both as exocrine and endocrine gland.
*  Exocrine function of duodenum is secretion of intestinal juice and endocrine function is
' Lelease of secretin and small amount of gastrin hormone.

Secretin is hormone produccd. by the action of acidic food on intemal mucosa of

" juodenum. It inhibits production of gastric secretions and promotes production of
secretions of liver and pancreas.

, Chyme after neutralization by secretions from liver, pancreas and duodenum is called chyle

(liquid)-

Pancreas
Pancreas is also a large dual gland.

Pancreatic juice is produced by exocrine part of pancreas, which is poured in duodenum

by pancrcatic 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 enzyme (Fats — Fatty acids + Glycerol)

Trypsin Protein digesting enzyme (Proteins — Polypeptides + Peptones)
Chymotrypsin Protein digesting enzyme (Proteins — Polypeptides + Peptones)
Sodium bicarbonate | Neutralizes chyme, provides alkaline medium

' Trypsin is secreted as inactive trypsinogen, which is activated by enterokinase, an enzyme
secreted by the lining of duodenum.
Chymotrypsin is secreted as inactive chymotrypsinogen, which is activated by trypsin.

POINT

or
E“C is produced in liver, stored in gall
B"‘ddﬂ acts in small intestine.
th'mlc s transported from liver to gall bladder
" to small intestine through bile duct. 7—0
POINT

8' .
ile is green, watery fluid containing

v Slsand o engyme.

pigme. €0lour of bile is due to bile

€nts produced d ¢
h"""Oglobin_ ue to breakdown of

| M
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. t
] e orts it into small globules.
. Bile salts emulsify fats i.c. cony erts {t Etg - fsolublc lipase. X
. These small globules are casily dl.ngtL d}
. Accumulation of bile pigments 1n bloo PQ 7'0
causes jaundice. . - TONDER
L Cholesterol  secreted by  liver o(;uci‘ What 15 didierence by ———
precipitate in the gall bladder to pr l-l-lsc cliyle?
gall stones, which may block the reled
of bile.
Liver
Galibladder Cystic duct
Common
hepatic duct
Bile duct
Accetsory
1‘ pancreatic duct Pancreatic ducy
AT =~
Minor duodenal O
RZ — 2 Tall
‘ all of pancreas
of pancress
Major duodenal g
papilla
Duodenum Head of pancreas
JEJUNUM AND ILEUM
Jejunum and ileum are involved in complete digestion of
Enzymes of Intestinal Linin i Sesiotiobiond.
Amino peptidase Polypeptides Dipeptides
Eir.\'psln Dipeptides Amino acids
gt Fats Fatty acids & glycerol
ﬂallase Maltose Glucose -
ctase Lactose
Absorption of Food Glucose & galactose
. Internal surface of ileum has many folds, whi s due 0¥
. « Which exhibit pearance U
presence of numerous finger-like outgrowths called w‘llil RIS
s Each villus has outer covering of cpithelial cells, blood capillaries and lacteals.
e Epithelial cells of villi have countless, clo
a8

sel k inde ses, mifrm |
The total area of absorption becomes jnere . cYlindrical proces 1 #

ncredib infoldings, V!
microvilli. tbly large due to the info
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A large proportion of fatty acids and glyce
’ recombine into fats. These fas alongwi

lipoproteins are  hydrolysed by blood
plasma enzyme and enter body cells,
where they may be used in respiration or
stored as fat in the liver, muscles or under
the skin.

End Result

*  After absorption, the intestinal contents are pushed along
peristaltic activity.

_ : Vith proteins enger ; of villi, where they
in form of lipoproteins droplets (d'y"”"icrom) lhn::n INto the lacteals ang are transported

blood stream via thoracic lymph dycr. The il

ymph vessels, These pass into

U TR ST V|L,.|l| | Wl

il gy '

the alimentary canal by normal

' Attheend ofileurn, there is an ileocolic/ileocecal sphincter that transfers residues to large intestine.

' Largeintestine is last part of alimentary canal.

' ltisdivided into caecum, colon and rectum.
Clecum

Caecum is a blind sac that projects from the large intestine between ilel'xm and colon. .
Finger-like appendix arises from the blind end of caecum. Inflammation of appendix is

Colog Qlled appendicitis,
L]
Colon is longest part of large intestine. It
* further ~divided into ascending, What I

poin/d

_”'I'\il \'

. h'ansvexsc.descendingand sigmoid colon. oroduced in large i

;f'he [Material that pass from small
'N¢ Lo large intestine contain a large '
Mt Or“'alcf l'“tcnlunr' calte and IIﬂf“DMPd mﬂtmal.
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UHS Topic-5a Syat,
— A ]

- Large intestine is involved in absorption of water and salts while undm
a

rejected as feces.
bacteria, plant fibers, sloughed off
muc

ntains a large number of

' The fecal matter o
cells, mucus, cholesterol, bile pigments and watcr.

. Less absorption leads to diarrhoea and then dehydration. If this condition is uncheg
leads to dehydration and even death. Excessive absorption of water leads to consrip,, :

@ Large intestine also harbors a large population of useful bacteria (mutualistic re‘aliun;:
synthesize some vitamins especially vitamin K., which are absorbed in blood. -

Rectum

o It is the last part of large intestine where feces are temporarily stored and rejected lrog
anus at intervals. 7-@

s Anus is surrounded by two sphincters. The PN 4
internal anal sphmclcr.:s ol’sn'moth mus.clcs N henestRial partin buny
and outer anal sphincter 1S of striped Hettive system?
muscles.

® Defecation reflex is involved in emptying of rectum from feces. It is generated whe

rectum is filled with feces. It is consciously controlled in individuals other than infants

Transverse
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M ¢ term employed when 4 Person has abnormal ;
o Overeating fatty food amount of fat on the body,

e Hormonal imbalance

number and Size to form one large globyle in g middle of cel)

Jchanism | Group of these fat cells form adipose tissye

e There is fat stored in adipose tissue :

SSuc in the ghd s
under the skin. omen around the kidneys and

An obese person is more likely to suffer from high blood pressure hean discase
Effects diabetes mellitus and stomach disorder than a person who has "0"“.::l bodh “:asc.
SOREXIA NERVOSA — Y weight.
?ﬁon This term is employed to the loss of appetite due (o fear of becoming obese
Defin Itis common in human females between the age of 12 -21 years :
‘Causes Neurotic disorder
B * Lossofappetite due 1o fear of becoming obese,
Effects * Weight loss to dangerous level.

L

* Breakdown of essential proteins of body.
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ore) GAS EXCHANGE

(8)  Understand the anatomy of respiratory system (Nostrils, Trachea and Lungs), f"“Ction.
ey

cartilage, cilia and goblet cells. ) oo

(b)  Explain the mechanism of breathing (Inspiration and Expiration).
()  Know how blood carries oxygen and carbon dioxide between lungs and body lissye,
gments c.g. (Haemoglobin, Myoglﬂbin)_ 4

(d)  Discuss structure and role of respiratory pi g
()  Discuss the respiratory disorders with causes and symptoms (T uberculosis, Emphhtma

and Lung Cancer).

Human respiratory system includes:
1. Air Passage Way
2. Lungs

AIR PASSAGE WAY
- It is passage way by which air enters or leaves the lungs.
] It consists of following components in sequence:

Nostrils — Nasal Cavities — Pharynx — Larynx — Trachea — Bronchi — Terming|
Bronchioles — Respiratory Bronchioles — Alveolar Ducts — Alveolar Sacs

Components Anatomy I’hysiology
Bone & cartilage * ::;lnu:?:sn OF larger
Nostrils (2) * Hair e Moistenin
e Mucous membrane “ng
e Warming
) » “E,:;;camywbdmded into 3 passage | Filtration
Nasal Cavities (2) e Ciliated epithelium e Moistening
® Mucous membrane *_ Warming
e  Muscular passage e Channelizes air to
Firymx;; Jirost e Mucous membrane larynx
e Cartilaginous box
; e Glottis i
Voice box o ® Air passage way
ok * Epiglottis * Voice production
+ o Vocal cords —
. e (-shaped cartilage rings e Air passage way
Tmctza/ Windp "'1’: (”) e Ciliated epithelium o Filtrz":?on
(ven to oesophagus e Mucous cells/ Goblet cells e Moistening
. C-s_haped cartilage rings  Air passage way
Primary Bronchi (2) e Ciliated epithelium e Filtration
e Mucous cells e Moistening _—
] e Irregular cartilage plates e Air passage Way
Secondary & Tertiary [, cijiated epithelium e Filtration
Bronchi e Mucous cells | MQM
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Diameter of | mm or less
No cartilage

Ciliated epithelium
Mucous cells

® Air passage way
e Filtration
e Moistening

No cartilage '
No Ciliated epithelium gm‘fus exchange with
gﬁP““I:,)gs Mucous cells 00
,onch'/’* Single luy'crcd_ surrounded by Gaseous exchange with
ucts & blood capillaries blood

X T
31\ 2 W\
= = S
3 G
g |

=3

%
...'...ﬂ

e Lined by surfactant

What 1s role ol tho m trachen’”

iolottis is cartilaginous lid having a muscularly controlled, hinge-like action.
Epig ds are two thin edged stretched fibrous bands. These are larger in male so male

Vocal cord: _
have low pitched voice.
air passage way prevents collapse.

Caﬂnage in - - - . -
Bronchioles are made up of mainly circular smooth muscles. Change in diameter is
[}

possible through bronchioles.
Air sac is the functional unit of lungs.

T

Cilinted

—q: ¥ p : ’ Smoath Elastic
Cartilage  epithelium with

omponents 0
{ I muscles fibers

goblet cells

Trachea v v v v
Bronchi v v v v
Terminal Bronchiole x v v v
Respiratory Bronchiole x x v v
Alveolar Duct x x v v
Alveolar Sac x x v v

They are closed sacs that are connected to the outside by the way of trachea and nostrils or mouth.
The right and left lungs are slightly unequal in size.
g are spongy because of presence of millions of alveoli.
& are placed in the chest cavity.
ﬂ;"’“)’ is boundgd by ribs and intercostal muscles on the sides.
i rof the chest is called diaphragm. Diaphragm is a sheet of skeletal muscles.
are covered by a double layered thin membranous sac called pleura.

I - |
”Kl’- 11N ||i”k‘h NS I‘\ ANYNSIRE it and (el TS

E‘".c:l.t
' iXtum A
v F of | :

1:"“8 a layé‘r’zl"’?tems secreted by alveolar epithelium )
Q’l.,,‘tz:‘“ature inl‘anrlsmc surface of the fluid within the alveoli to reduce surface tension
_ “*Bon. » Fespiratorv distress svndrome is common due to its deficiency
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_Lower Respiratory Tract  Upper Respieatory Tract

Artcﬁoca:q | J
Transports (
d enated
blood from
the heart Pulmonary
3 Venule
v Carries Oxygen
< towards the heart
e

Oxygen and Carbo -
are exchanged hers - °
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' 3if “ith f

It has hﬂl'
[tis

.

) y eXercise,

ejof B"':ll'lill 4
A8

 is a process by which fresh gir
yore carbon dioxide is pumped
y voluntary and involuntary ¢q
mechanical process consistin
8 : :
- al breathing rate is 15.2 :

1 puring rest. norm g § 15-20 breathy

g
Out of lungg,
ntrol,

Inspiration

containj 'gen |
4ning oxygen is Pumped into the 1,

g oftwo phases, in

stmfulion & expiration,
min in humaps and it can increase 1o

. Expiration
; alatio -
\nother name Ip"“::\" o — Exhalation
. =— assive expansi — -
Basic ‘Mechanism e 1‘ - 20 01 'ungs Passive contraction of lungs
Active Process involving muscle Passive process involving elastic
L — i i Removal of air low in 0: and
Dcfniion Taking in of air into the lungs high in CO; from lungs outside
body
o Contracts Relaxes
Diaphragm Moves down - Moves up
Becomes less dome-like Become more dome-like
Rib muscles Contract _ Relax
Moves upward, forward & Moves downward, inward &
Rib cage outward backward
Overall Change in Increases Decreases
Volume
Changes in Pressure | Decreases Increases
Air moves Into lungs Out of lungs
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UHS Topic-5b N
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inciples of diffusion.
e follows principles of diftusi
s ngs oo . ce in partial pressure of gases,

. This exchange occurs due to differen
c O3
Alrways
Alveoll of lungs
".\60' Oz =
Iy R e
-Ca
l.t:l:moo | 2 Tlnmfaeo Plllary
’ Pulmona . —
rculatio Oxygen transpory
© co, transport
Systemic
circulation
ﬁ“coa". A t) Oxygen exchange

e CIRANSTORTOFOXVGEN .. o

® Most of the oxygen is transported through haemoglobin,
. A small proportion is transported through plasma in dissolved form.

» Haemoglobin acts as an efficient OXygen carrier
At Lungs .
» Haemoglobin readily combines with Oxygen to form bright red oxyhaemoglobin.

¢ Maximum capacity of haemoglobin to ca ’ loodd!
level. At this blood willbe 100% saurated, 5 SO 20mV/100m!of®

] Under normal conditions, blood of alveol; . ted.
. At 115 mmHg oxygen tension there & ]l 902 lulngs 1s not completely ox)f;cn:c s
saturated. ' :oml of 0,/100m| of blood,
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croblc THSY® . unstable and splits .
AtA 5 m:mog,l.obm is unstable and splits into the normal purple red hacmoglobin and oxygen
: 'n‘lh" condition of low oxygen COHCC_nlmllon and low pressure.
'Carbonic unh_ydrasc enzyme present in RBC facilitates this activity.
’ HbO: __Cartonic Aspin?_y Hb+0),
' og_ha(magfobiﬂ is uns}nblc at pressure below 60 mmHg.
’ Every 100m! of blood gives Sml Oz to aerobic tissue.
¢ g Affecting O: Holding Capacity of Hb
Fact0 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.

Temperature
Rise in temperature causes a decrease in oxygen carrying capacity of blood.

For example, in increased muscular activity.

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.

..l..a-.!,..

Carbon dioxide is more soluble than oxygen.
CO; produced in Cell — Dissolved in Tissue Fluid — Passes to Plasma of Blood

€02 is much more important than oxygen as a regulator of normal alveolar ventilation
(breathing).

Ways of Transport of COz
20% Carboxyhemoglobin/ Carbaminohaemoglobin

5% Plasma Proteins

70% Bicarbonate ions combined with sodium in plasma.

5% Dissolved in Plasma

Small Amount | By corpuscles combined with potassium

*  Carboxyhaemoglobin/Carbaminohacmoglobin is formed when carbon dioxide combines
with amino group of haemoglobin.

Tflll!port as Bicarbonate lons
At Aerobic Tissue

(] CO)+H10 Carbonic Anhydrase > H2COJ
H:C0, — H* + HCOy

ngs
HCOy + H* — H,CO;
H,CO, —Cotmic e, 03 1 14,0

]
AtLy

S'Plci:ly of Blood for CO:
v erial blood contains about 50ml of CO2/100ml of blood.

en A
s blood contains 54ml of CO2/100m! of blood.
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Each 100ml of blood takes 4m! of carbon dioxide as it passes through lhm

4ml of CO: as it passes through lungs.

W hat happens 1o Hb when CO binds

with 1!

¥ Eota —~ al Y
(a) External respiration in the |
(pulmona ry gas exchange

Oxygen Is loaded Into the blood

ASTODlobh
APsiit
formed) /

Oy

Bicar-

HCO,™+ H* = H,CO, - CO,+ H,0
bonate

'-'-t__'}-ﬁ.

Carbonic
acid

Water

Plasma
iy

CO, ¢ H,0 ~ H,CO, = H"+ HCO,~
Water Carbonic  Blcar-
acid

Bhy,

With which parts ofHb, H, ).

CO combine?

Features
Location

Two respiratory pigments are important in humans Lc.
Hemoglobin increases oxygen carrying capacity
» Myoglobin is also called muscle hemoglobin.

COMPARISON OF HEMOGLOBIN AND MYOGLOBIN

Haemoglobin

Blood

haemoglobin and myoglobin.
of blood to about 75 times.

Myoglobin
Muscles

Oxygen Transfer

It transfers oxygen from lungs to
tissues through blood.

——
It transfers oxygen from
haemoglobin to acrobic

respiring muscle cells.

jron

LL'SS __/

Oxygen Storage It cannot store oxygen. It can store oxygen. ___—
. consists of four polypeptide It consists of one pOl}'P"Ffﬁdc

Structure chains each associated with an chain associated with an
iron containing hacm group. containing haem structure._—

Capacity for Oxygen More =

Affinity with Oxygen Less

O: molecules Bound 4

e
—
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Infectious disorder of

‘ Lung malignamn
s¢ respiratory system Breakdown of alveoli tumor of pgtt‘cmially
pise “AMycobacterium unlimited growth
/ m'b erculosis (air-bom
droplets) Smoking Smoking (90%)
{alnutrition
e ::mr g Other pollutants
conditions
® Smoke chemicals —
Weaken walls of alveoli
* Imritants — Smokers
cough — Bursting of Malignant tumor
weak alveoli — | Local expansion by
Contagious disease Absorptive area — l invasion and
ebogenesis Lung damage Gaseous cxchange — systemic by
Cough & fever Breathlessness & metastasis
exhaustion Occlusion of
e Inflammation of respiratory passage
bronchioles —
| Obstruction — 1 airway
resistance
| . uitting smoking, Chemotherapy &
Treatment Medicine gronchidi lator, imibiolics radiolhcrupyp
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) TRANSPORTATION

()  Describe the structure of Heart (exteral and internal structure), difference i, hm\
ang

right chamber of heart, SA node and AV node. |
G and Blood pressure (systolic and diastolic),

()  Describe the Cardiac Cycle, EC : ysto
(iiff)  Explain structure of blood vessels (Arteries, Veins, Capillaries) and arteriy) disorg,
(atherosclerosis). =
(iv)  Describe Blood and its composition; plasma and blood cells (red blood cells, whit
cells and platelets) . € blogg
(v) Discuss the following circulatory disorders wn.h smptoms and causes: Thmmbog'
Embolism, Myocardial infarction, C erebral Infarction. sis,
(vi)  Understand compaonents of lymphatic System: Lymph, Lymph Vessels, Lymph \ oy
Introduction

:

Pericardium

The human heart is located in the chest cavity between lungs slightly left of the Stermy
The heart contracts automatically with rhythmicity, under the control of the ﬁumm:;
nervous system. s

The heart is enclosed in a double 70
membranous sac — the pericardial
cavity, which contains the pericardial
fluid.

Pericardium protects the heart,
prevents it from over extension.
Pericardial fluid reduces friction during contraction.

Heart Walls

The wall of the heart is composed of three layers: Epicardium, Myocardium and Endocardium

Epicardium is a thin serous membrane.

Myocardium of heart is made up of special type of muscles, the cardiac muscles. T

arrangement and mechanism of contraction is essentially same as skeletal muscles exe

‘tjm‘at they are branched cells. Successive cells are separated by junctions called infe
iscs.

Endocardium consists of simple squamous epithelium over a layer of connective tissi

Heart Chambers
walld

There are four chambers of heart: two upper thin walled atria and two lower thick
ventricles.

Right alriur:x‘l mcciV?S blood from supcrior and inferior vena cava and the coronary s
The left atrium receives the four pulmonary veins. -
Atria pump blood to ventricles. Atria open into the ventricles through atriover™™
apertures. "
Right ventricle pumps deoxygenated blood to lungs through pulmonary arterics *

ventricle pumps blood to all organs except lungs through aorta. 4//,4
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Transportation
ol

Wg‘f .. concerned with deoxygenated blood and left side with oxygenated blood.
f pight side tion of deoxyg?natcd and oxygenated blood is maintained by formation of
f Compl_cfc § trial and interventricular). - |

o o (mt:“‘ ted from cach other by interatrial septum and ventricles by interventricular

Amia
i g!t':“ of left ventricle
¢

v yaves 4 Right AV valve (3 flaps) _valvc IS present between right atrium and right ventricle.
o r,,:‘-usp‘d valve/ Left AV valve/ Mitral valve (2 flaps) is present between lefi atrium and

is thicker (3 times) than that of right ventricle.

Vot ventriclC: ttached with fibrous cords called chordae tendinae, to the papillary

. flaps arc @ g :
e n:fhich are extensions of the wall of the ventricles. Papillary muscles contract when
' sl tract and prevent the valves from opening into the atria by pulling on the

tricles con
b tendinac attached to the valve cusps.

chord2e valves are present at base of aorta and pulmonary trunk. Each valve consists of

SMHunar

' e pockets like semilunar cusps.
poinT/0

Why gap Junctions are preseet in hean

muscles? .
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UHS Topic-5¢ -
Heart :
Blood Circulation Through He ump and is responsible for m

¢ Heart functions as a double p |

circulation.
Pulmonary Circulation
rgenated Blood ) . . :
Soa lz\e’cn;tn cavae (Deoxygenated Blood) — Right Atnum = Right Ventricle -, Puly
Trunk — Right & Left Pu es — Lungs Org,
Oxygenated Blood .
* Lungs — Pulmonary Veins (Oxygenated Blood) — Left Atrium — Lefy vunficlg
Systemic /Aortic C irculation ™
Systemic Circulation
. At the base of aorta, fi
heart,
Three branches arise from arch of aorta that supply blood to head, shoulder and
The aorta descends down in the chest cavity. It gives "_‘3“)’ branches to the chegt y
“ In abdominal region, it supplies to different parts of alimentary canal, kidneys gy ]‘L
abdomen. . . i
furcates into iliac arteries which supply blood (g |,

At the end of abdomen, aorta bi
Superior vena cava collects blood from head, shoulder and arms, while inferjo, ag

cava from all other parts.

|monary Arterl

rst pair of arteries, the coronary arteries arise and supply bl%d
ko

Hepet ela 74 R} Mesenteic arteies

Hepatic portal vein -
Nliac vela mu
artery

Trunk and legs

THE CARDIAC CYCLE

' It is the s ; -
: % ;m h;c :c!:ft:j: o‘f ;vcnts.w.IuCh take place during the completion of oné h
e Relaxed period ;;! ree distinct stages i.c. atrial systole, ventricular systole

of heart chambers is called diastole and contraction is called
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COXygenate :
AV valves blood Em ‘:_S ed : Ventricley relaxed
jastole open nght atrium by Jeoxygenated blood
Relaxation SL valves vena cavy f}mm nght ventricle
( closed . Oxygcnalcd . rough right atrium _ 04
lood entery left oxygenated blood reconds
atrium by cnters left ventricle
o — ulmonary veins through left atrium,
1 A"hl AV \'lll\'cs q“‘ Mu‘t&‘lcs of :ltria —‘——-\;
Systole SL valves closed “l’:;l;f:l and pump :’c‘c’“!ﬂclg? are relaxed and 0.1
i , 0 ventr eive blood fj . .1 sec
‘r‘"’t AV valves —rciincles | PRIV o atria.
| close (LUBB * Both ventricles
sound) contract
| SL \'al:*f!.: * Left ventricle pumps
| open at the : Oxygenated blood via
cular S At
) .ﬂ:'{: beginning du?ii al;i_relaxed aorta to all parts of 0.3 secs
e SL valves 8 this phase bod approx.
close at the * Right ventricle
end of systole pumps deoxygenated
(DUBB blood to lungs via
sound) pulmonary artcries
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UHS Topic-5¢

MECHANISM OF HEART EXCITATION AND CONTRACTION

Tran.
Dom
t,

Heartbeat starts when the sino-n}:n'al l_wldt' gglzgm;]ﬁ:fc::]g:lcglaf:}c‘rmeqd Of righ, .

ical 1 y the ﬂlnﬂ m . nato n
sends out electrical impulses to ' ) % o
The sino-atrial node consists of small number of diffusely orienteq ca ragy ™

possessing few myofibrils and few nerve endings from the autonomic pery,

has been developed from sinus venosus.

Impulses from the SA node travel to the musculature of the atrium and g lrioye,

node (AV).

i imately e i ductance from the §.
Th delay of approximately 0.15 seconds in con ! A
nogtr.c ;‘::r::niftinyg atriglpsystolc to be completed before ventricular systole begin
From AV node, AV bundle of muscle fibers propagate the regulatory jp,

ous 5)'5!:2’};
ey,

node

excitable fibers in the interventricular septum to the myocardium of the ventrigjo, - ¥
Pacemaker is responsible for initiating the impulses, which trigger the heartbey Rate
ANS — SA Node — Atrial Musculature + AV Node (Internodal fibers)

AV Node — Bundle of His — Ri
Ventricular Musculature

ocation

Upper end of right atrium

ght & Left Bundle Branches — Purkinje Fibery

L Junction of right atrium and right.

|

ventricle _

Structure

Diffusely oriented cardiac fibers

e Few myofibrils

* Few nerve endings from autonomic

Nervous system

* Diffusely oriented Cmu:?

¢ Few myofibrils

® Few nerve endings from
autonomic nervous system

Function

* [Initiates heart-beat by generati
clectrical impulses

* It sends impulses to the atrial
muscles and causes them to
contract.

ng

———

It acts as relay and transfers the
impulses to wall of ventricles

Direction

of impulse

S.A node —»Wall of atria—» d
0f 0.15 sec —» AV node

clay

AV node —» Bundle of His —»
Bundle branches—» Purkinje fibers—
Wall of Ventricles

e
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JOGRA
Uﬁcfnocf\f:zm ¢ impulses pass through hean, th

£ . . * CSC also spmnd v
LY ys the €57 o placed on opposite sides of the heart d into surrounding ¢;
[ eodes 18 dun e recorded. #nd electrical potentials generaied oy \

hese € ording is called electrocardiogram which is taken b

ﬂ;,islps o diagnose the abnormalities in the rhythmicity and
’ “ < .

¢ [pan E 'rescﬂts atrial contraction.

Y ECG machine.
conduction system of the heart,

. p n-ai:o :;"" represents ventricular contraction,
:2) g_?ﬂ‘: e represents ventricular relaxation,
) §complen
U i
K oo
o d
1k A
E P
S
Ly,
0 02 04 06 08
T (v)

o “lItis the measure of force with which blood pushes up per unit area against the walls of
blood vessels™.

It is measured in mmHg.

It is the force that keeps blood flowing from the heart to all the capillary networks in the
body.

The blood pressure is generated by the contraction of ventricles. This is called systolic
pressure.

When the ventricles relax, the atrial pressure is lowest and is called diastolic pressure.
Blood pressure consistently decreases in the following pathway:

Aorta — Anteries — Capillaries — Veins — Vena cava

The normal systolic blood pressure is 120 mm Hg which is during ventricular systole.

]
' The normal diastolic blood pressure is 75-85 mm Hg which is during diastole of the heart.

[ ]
Blood vessels are involved in the transportation of circulatory fluid (blood). They are three
2¢s of blood vessels j.e. Arteries, Veins and Capillaries
Arteries | , Capillarics

They collect blood

They transport blood X : S
away from heart to from various parts of | They link arteries with

_‘iﬂ_rious parts of body :);dw;'r Zt;dh‘t:r::spon it | veins

All carry oxygenated A CatEy
blood except - deoxygenated blood They have mixed blood

pulmo . except pulmonary
Nﬂm}y SIELES veins D
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Sl T
e Three layers . Three layers ] "\K
* Qulcr. Connc-ctwc Outer: Connective
tissue + Elastic T |i
fibers : O
Structure e Middle: Circular * I;'::gg:z n%:i‘;lar Only ong el |
les + . uscles + | endothejy,,, ik |
smooth musc Thin elastic :
:Elasuc fibers i hrin |
e Inner: . .
Endothelium e Inncr: Endothelium ‘
Elasticity Elastic Less elastic m
e Pulsatile Non-pulsatile Nonpulsage
No valves exceptat | Semilunar Valves are \
Valves the base of aorta & present to prevent the | No valyes
pulmonary trunk backflow of blood
Blood Pressure | High blood pressure | Low blood pressure Falling pressure
Rate of Blood | Rapid blood flow Increases from smaller BIOW
Flow 400-500 mm/sec to larger veins Imm/sec e
Exchange of No exchange of No exchange of T
Material matcrials matcrials Exchange Of materiy
Bore & Have smaller bore Have larger bore and Larger bm
Thickness and thick walls thin walls cell in thickness
Some Other Features T
’ Arteries
. Contraction of circular smooth muscles of arteries and arterioles is under contro| of|

nervous system and endocrine system.

When stimulated the muscles contract, constricting the arterioles (vasoconstriction)
thus reducing the flow of blood in them and vice versa.

Veins

U In veins, muscle contraction also assists (squash blood vessels) in blood flow e
towards heart alongwith valves.

® Portal veins carry blood to any organ other than the heart. For example, hepatic poria
carries blood from intestine to liver.

Capillaries
w In liver, every cell is in direct contact with capillary. |
s The diameter of a capillary can be altered by nervous stimulation, which tends ¥

them and by chemicals, such as histamine, which dilate them.

. The change in diameter is brought about by change in shape of cells. .
e  The pre-capillary sphincters also regulate the amount of blood flowing in capills™

involves diffusion, active transport and endocytosis.

® Exchange of materials between blood and cells occurs through with cxu'acc"“mj
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croma and arteriosclerosis.

It is actually coexisting ath
Atheroma is the deposition of hard yellow plaque of lipoid material in the inner most
layer of arteries which may be due to the high level of cholesterol in the blood.
. Arteriosclerosis is a degenerative arterial change associated with advancing age and it is
associated with some sort of athcroma.

1 thickening of the middle layers of arteries and is
v Atherosclerosis causes narrowing and hardening of arterics and increases the risk of

trombus formation which can be fatal if occurs in brain and heart.
' Atherosclerosis is a major condition leading to heart attack.

' Theweight of blood in our body is about 1712 of our body.

' The normal pH of blood is 7.4.
Itis made up of two main components aizigé plasma and cells or

cell like bodies.

I
Plasma Blood Cel
(55%) (45|%)
| I | r | |
Water Dissolved RBCs WBCs Pltelets
0% Substances
10%

Z

/

3-
af -
|
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PLASMA N
Inorganic or Mineral Ions

. Inorganic ions and salts make up 0.9% of the plasma by weight, More

amount is sodium chloride. than 21 dy
Plasma Proteins ) - ~\
. Most of the plasma proteins are synthesized in liver. Some of the
(immunoglobulins) are produced by lymphocytes and released in Plasmg o, Flm,{\‘
response to antigen. . mﬁk
. Thrombin acts as a catalyst in blood clotting process.
. Fibrinogen takes part in blood clotting process. o
. Immunoglobulins play important role in body’s defense against disease,
Organic Nutrients o . .
“ Organic nutrients include glucose, fats, phospholipids, amino acids and lactic -
. Some of them enter blood from intestine (absorption).
. Lactic acid is produced in muscles as a result of glycolysis and is transporteq by b
liver. X

Others

Cholesterol is cither metabolized or used as precursor of steroid hormones,

Nitrogenous wastes are produced as a result of cellular metabolism. Thege Produc
carricd from the liver where they are produced, to the organs from where they .

are
1.¢. kidneys. Urea and small amounts of uric acid are present in plasma, .
e Hormones and gases are also found in plasma.
Types of Blood Cells
Name Erythrocytes Leucocytes Thrombocyts
Colour Red Colourless Colourless
* Liver & spleen (embryonic
life)
Formation * Red bone marrow of el bon'c e & Red bone marm#
sternum, ribs, vertebrae lymphatic tissue
(adult life) —
Size 8um U
. ! Larger than RBC Smaller thn ==
ape Blconca.vcf Polymorphic Plate like _~
Number per | 5-5.5 million (male)
mm?® of blood | 44.5 million (female) 7000-8000 ZSOﬂ/
. No nuclets
Elastic cell membrane, no membra
Structure nucleus, 95% Hb, 5% Nucleus bounded
enzymes, salts, proteins W
en
Life span : =)
Function | Trunspor oz g Variabl —
gascs Immunity ‘
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Neutrophil

Erythrocyte

plood Cells |
These arc most numerous of the cells in the blood.
These cells when formed, have nucleus, but itis

or blood.
1ls once mature do not divide.

L}

white Blood Cells
There are five
can be distingu
of the nucleus and density 0

different types of WBCs which

ished on the basis of the shape
f granules in the

+  Theycanbe grouped into two main types, gra

+  Monocytes stay in
macrophages.

v Lymphocytes have li
need for these cells.

' Monocytes and neutroph

. other foreign cells, including cancer €
Macrophages and meutrophils typically
accumulate and contribute to the white su

fe spans of months 0

ells.
dicinap

Eosinophil

Enlist organelics prescei

blood for 10-20 hours then ente
r even years; but this depends on the body’s

ils travel through capillaries and feed on

rocess and their dead bodies
bstance called pus, ¢

i

Basophil

Platelets

lost before they enter the circulatory fluid

point/0

it RBCs

nulocytes and agranulocytes.

r tissues and become tissue

bacterial invaders or

en at infection sites.

Main Categories of WBC
Feature Granulocytes Agranulocytes
Formatiq | Bone Marrow & Lymphoid
b Red Bone Marrow lissue (Lymph nodes, spleen,
.N'de tonsils, adenoids, thymus)
us BT
In divided/ .
‘Cm\ - con'{pletely ivide Spherical to lobed
lasm pherical
h"m;,] Granular Agranular
" Neutrophils, Eosinophils, Monocytes, Lymphocytes (B
Basophils _&_’D,/--——

’/

Q6
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;;hcatcgorics of WBCs

Basophils

Eosinophils

Featurc Neutrophils ; Twice to Sli
Size in relation | .. Twice Twice thrice larsh“
of RBC g Round to Ro“:
Nucleus 2-5 lobed Bilobed Bilobe lobed fillin d‘c:l?:h
: 62% 2% =i e g
Yoage _ Release sy
!nacnvatc ; heparin to Destroy
Destruction | inflammation prevent large Immupe
Funct of small producing blood clots | particles by response by
SRCHN particles by | substances & | g pistamine | phagocyto- | Producing
phagocytosis attack to cause sis antibodjes
parasites inflammation
Platelets T
® These are not cells but are fragments of large cells called megakaryocytes.
. Platelets help in conversion of fibrinogen, a soluble plasma protein, into soluble fom,

fibrin. The fibrin threads enmesh RBCs and other platelets in the area of damaged tisgy,

ultimately forming a blood clot.
o The clot serves as temporary seal to prevent bleeding until the damaged tissue can be

repaired.

Aher division, some cells @

remain stom cela.
Muttipotent hematopoletic
cell (hemocytoblast)

depending on the signals recelved.
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NCTIONS
FU Main

OF BLOOD

tenance of Osmotic Balance

1. plasma proteins maintain colloid osmotic pressure of blood.

jons in

helps In

he body.

homeostasis.

Defense/ Immunity

Blood helps in body defenses against disease. Neutro

759 role is played by albumins, 25%,

Tnn,pormlion ‘
Blood helps to transport nutrients, water, salts and waste products.
Hormones are transported by blood from the eng
Gases (O: and CQ) are transported by blood.

Homeostasis

Blood acts as a buffer to maintain the acjd

Blood helps in maintaining the body tem

Blood helps the body in maintaining the internal
histamine and also by maintaining the amounts of chemicals.

destroy invading microorganisms e.g. bacteria.
Blood provides immunity by the lymphocytes.

e  Blood produces interferons and antitoxins which are

nucleic acids and toxins of invading organisms.
5.  Blood Clotting

0 It helps in blood clotting process and seals the
wounds that stop entry of pathogens into the body.

6. Exchan

¢ Walls of capillaries help in exchange of materials
between blood and body tissue through blood

capillari

ge of Materials

es via interstitial fluid.

by globulins and almost none by fibrinogen.
ocrine tissues to the target cells.

-base balance i.e. concentration of H* and OH"
perature, concentration of water and salts, thus

environment, by producing heparin,
phils and monocytes engulf and

proteins and protect our body from

roint/0

Name one coagulant & one

anticoagulant agent?

Disorders Definition Cause/Risk Factors Eflects
Thrombus is a solid * l'rn‘lauon or infection of Blockage of
lining of blood vessels.
mass or plug of blood d rate of blood artery.
clot in a blood vessel »! Reduced rateio ' Cerebral
Thrombois and can completely or LowCusilolongiperiods infarction or
partially block blood . nactivity myocardial
vessel * Pncumonia and infarction.
~——— ' tuberculosis, emphysema
Blockage of
When thrombus is e Hypertension artery.
Emboljs ?;i‘:fgc‘.i ‘°.°"‘f' e Athcrosclerosis Cerebral
systcrzni:?s‘:;f]u :tory ¢ High blood cholesterol mfarcuor.a cl!r
embol s e Thrombus myocardia
S~——_ us infarction.

M
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UHS Topic-S¢c \.
Thrombus, embolus, Chest b
atheroma. * Shonneg

Necrosis or damageo | - oy food (cholesterol breath

the portion of heart . * Painin, l
Myocal:dial muscles, a condition rich) _ and Upp::m
Infarction | 0wn as myocardial Obesity Sweatin i

infarction Hypertension A "h)flhiu

< 'd ay
Smoking ventriculy 5 &

Blockage or narrowing 1&;-0::;:5 cmbolus,

of arteries supplying athc .

- blood and oxygen to Fatty food (cholesterol gyl&ptoms depen
Cerebrd the brain can cause rich) n the part of by,
Infarction | .. o< and damage, a Obesity . affected.

condition called Hypertension
cerebral infarction Smoking |
3
INTRODUCTION

This system is res

the body to the blood.

It comprises of lymph capillaries, lymph vessels, lymphoid masses,

COMPONENTS OF LYMPHATIC SYSTEM

Lymph
Lymph is the fluid which flows in the system.
The lymph vessels empty in veins; so lymph is a fluid in transit between interstitial fiad

ponsible for the transport and returning of material from the tissus

lymph nodes, and lyrst

and the blood.
® The intercellular spaces in the walls of lymph vessels arc larger than those of &

capillaries of blood vascular system.
In an average person, about three litres more fluid leaves the blood capillaries that is %

absorbed by them cach day.
s After a fatty meal, the fat globules may make up 1% of the lymph.
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pﬂ

)
N

Nod
| Phhg,ssts of
odes are pre

ranches of lymph capillaries inside villi of intestine
o5 ATC blind ended structures. '

s thoracic duct.
arry lymph towards lymph nodes are called afferent lymph vessels

P ph yessel i
h away from lymph nodes arc called efferent lymph

I
Lrgest fscls which €

v
ymph L ssels which carry lymp

e tissue where lymphocytes are present are called lymph nodes

sent in neck region, axilla and groin of humans

connectiv
ter a lymph node, which is drained by single efferent

hn
LymP fferent lymph vessels en

h chSCI.
filter for lymph as do spleen for blood.

: E
wo :
0 . oction of floW of lymph 1s:
ph Vesscls — Larger Lymph Vessels — Thoracic Duct

1
Lymph Capillarics —» Smaller Lym
_, Subclavian Vein
The flow of lymph is maintained by:

Activity of skeletal muscles
Movement of viscera

Breathing movements
Semilunar valves that prevent backward flow

CTIONS OF LYMPHATIC SYSTEM
Return of excess extracellular fluid and proteins t0 the blood.

Absorption of large fat globules by lacteals of villi.
Play important role in the defense systcm of the body. Lymphocytes and macrophages
present inside lymph nodes kill bacteria and viruses.
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(i)

(iii)
(iv)

Kidney transplant and Dialysis-periton¢

Homeostasis

Control & Coordination

TOPIC-5d >> HOM EOSTASIS

05 MCQs

eostasis, internal and ¢ external stimuli, receptors, Cm\tm
iy

Understand the terms hom

coordination system, effectors an
‘be the structure of kidney and 1
Itration, reabsorption an
Explain the terms osmorcgulation and thermoregulation.

Explain types of kidney problems (Kidney stones and Renal failure) and cureg (L“hom
al and hemodialysis).

d negative feedback.
s functions, structure of nephron wijy, .

Descn
d formation of urine.

blood vessels, ultrafi

The protection of internal environment from the harms of fluctuations iy ety

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 fluctyay

in external environments are watcr, solutes and temperature.

The coordination makes possible the integration of functions essential to organismi
behaviour.

Coordination is must for any organism to survive. In the unicellular organisnt
coordination exists between various cellular processes. In multicellular organiss
although there is division of labour among cells, yet every cell can respond to changs®
its immediate vicinity.

Control and coordinating systems in living organisms are either nervous syses ¥
hormones or both.

External environment may show changes within broad range.
oot

ting but it
g E p

Intracellular and extracellular internal environments also keep fluctua
range. Here, in addition to solute and water various essential metabolites horme?
are kept in required range. This control is brought about by control systef™"

aclll

Living control system has three components i.e. receptor, control center and ¢

A

Scanned by CamScanner



3

;
A\
i

i

==)

% Too little.
Stimulus

Any change in internal or external environment is called stimulus.
Change in temperature of atmosphere and light are examples of external stimuli.
Change in solute or water concentration in blood are examples of internal stimuli.

Receptors
. These are the structures which detect change in external or internal environment.
B The receptors may be cells (e.g. rod and cone cells of eye), neuron endings (¢.g. Pacinian

corpuscles) and organs (e.g. nose, ear).
. Receptors are also classified on base of type of stimuli e.g. chemoreceptors, mechanoreceptors,

thermoreceptors ctc.
Control Centre
o It integrates data from receptor with data stored as sct point.
f the activities of humans is brain.

° Control centre of most 0

Effectors

. These are the structures which respond to stimulus.

4 Effectors are either muscles or glands. Muscles show response by contraction while glands
through secretions.

Feedback Mechanism

* Feedback mechanism is a type of interaction in which a controlling mechanism is itself

controlled by the products of reactions it is controlling.
. For proper body functions, two opposing systems are needed, if there are accelerators, there

must be inhibitors.

* Negative feedback is an inverse response to change in environment c.g. increase in body

temperature will stimulate that system which lowers body temperature.

* Positive feedback involves a change insome variab_lc that tr_iggcrs mechanisms that amplify
rather than reverse the change €.8. labour contractions during child birth. ’
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KIDNEYS

STRUCTURE AND EUNCTIONS OF KIDNEY IN HOME(
EXCRETORY & URINARY SYSTEM

tay

Excretory system of humans includes both liver and kidneys. .

Liver is involved in production of nitrogenous wastes (¢.g. urea) while kidneyy il

from blood and remove it outside the body ir; l'nnﬂl -of ur:.ne.. - e,
inary system in humans is specialized for formation of urine and its remoyy) o, .

l‘;':dl;arym{:t‘e“nl\n;y system inglcucdcs kidneys and associated tubules like urctcr:_ L“lﬁ:

bladder and urethra. _ &y

Following filtration of blood and further processing through tubular system,

. . X em, yur
collected in the central cavity of the kidney called renal pelvis. Pelvis is proxima| cmnc

Iy
end of ureter.

g
Urine leaves the kidney through a duct ureter.
Ureters of both kidneys drain into urinary bladder through uretral orifice. Urinary by, &
stores urine before its removal, .
Urine leaves the body during urination/ micturition, from the bladder through a tyh, callg
the urethra.
Urethra empties near vagina in females or through penis in males.
Sphincter muscles (Urethral sphincter) near the junction of urethra and urinary bladder
control the urine in bladder. This is an example of dual sphincter.

Acrta

Introduction

Humans have two kidneys placed in abdomi g ‘

and attached with dorsal};bgominal wal?.ommal cavity, on both sides of vertebral ol
Right kidney is slightly lower in position than left kidne
A pair of kidneys consists of millions of functional
Kidneys are not only the major excretory organs of

Kidneys account for just less than 7 % of the body
supplied with each cardiac output.

y due to longer right lobe of 1V
units called nephrons or urinary tubul¢s
humans but also act as an osmorcsu"’o:"
weight, while they receive 20% of bl
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l o .
f oﬂ’h; :ﬁ cys ;u-c.bcaﬂ sh.apcd with inner concave e —
" le portion of kidneys by which all vessels en

Mi

outer
|m

- W =

genal pYT®
’ ducts.

fuctions
Kidneys are involved in filtration of wastes from blood, formation of urine and its removal

{ olflsidc the body through tubular system.
Kidneys act as osmoregulatory organs and maintain solute and water level in blood and

body.
Kidneys also help to regulate blood volume and blood pressure.

Kidneys also release a stimulus (erythropoietin) for production of RBCs.

- NEPHRONS
'+ Basic structural and functional unit of a kidney is called nephron.

: These are also called as urinary tubules.
Each nephron is composed of renal corpuscle and renal tubule.

d juxtamedullary.
he border of cortex and medulla, with tubular

lled juxtamedullary nephrons.

lled cortical nephrons.
roduction of concentrated urine.

POINT

: Nephrons are of two types i.c. cortical an

Those nephrons that are present along 1
.?::m looping deep in inner medulla are ca
y nephrons arranged along the cortex are ca
xtamedullary nephrons play important role in p

POINT

il\\'.-. xiﬂ the s.i.i" AL ,_'..".i:l'lh‘n-' )

SIS STty lower thano

il "N u\ .'.l' .

AOIchH

bbbl

L ——————
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amino acids — waler
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— '"‘eo‘t&q‘
Structure & Functioning \
secretion

reabsorption

calcum ions =

‘—v-_’
concentrabon

water ¢— ?_"W
sodium —p waler
water @—— sodium
unne

ro/t

Which organ in human body receives

maximum blood supply?

Component Anatomical Features Physiological Features

Bowman’s capsule : g:ﬂ ;'::f:fd Pressure Filtration

® Cluster of blood capillaries
inside Bowman's capsule
® Porous walls

Glomerulus : Pressure Filtration
e High blood pressure
e Receives blood from
afferent anterioles. s
* Nctwork of capillaries
around tubular part
. e Receives blood from _
Peritubular efferent arterioles Selective Reabsorption
network

e Vasa recta is additional

loop in Juxtamedullary /
nephrons ﬂ
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| le
! Loop of Hen .

| Wuled

v ] :
i On of aldog
Ons . rone
2 ecft‘hon( .
part— Changeable permeaniir——1-—__ SCIeCtive secregior
[~ llecting tubules geable permeabiliry for R .
| Collecting water Cabsomption of Waler under o
Jechanism of Urine Formation ——————_| ADj action of

Urine formation involvcs f0"0Wing Steps: \

Pressure Filtration/ Ultraﬁl(ration

,  Blood passing through glomerylys i filtered ingq Bowmap’®
Glomerulus walls are porous and ion of bloog
filtration pressure, p

Selective Reabsorption

It occurs at the tubular part of nephrons,
Most of the useful constity

- . s -

% reabsorbed - Y
and water are 80% reabsorbed. ’ While sodium chloride
3 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.

CO.\'CENTRATION OF URINE
]

In restricted supply of water, the conservation of water is the principal function of the body.
1s is done by concentration of filtrate by counter current and hormonal mechanisms.
Less H,0r Hyperosmotic Body Fluid — More ADH — More Reabsorption of HyO — Less
, mount of concentrated urine. )
In the sufficieny Or excess supply of water, reabsorption of water from the filtrate is reduced,
“ecifically due to inhibition of release of ADH in the presence of hypoosmotic body fluids.
reduction in reabsq tion causes large volume of diluted urine. _
More H,0 Hypoosmotliz Body Fluids E, Less ADH — Less Reabsorption of H:0 — More
v\t of diluted urine . :
AMmaljap kidney including humans is adapted to conserve water by over 99.5% reabsorption
F‘nor:fglomemlar filtrate,
. Dlor C°"¢entratinn

Slructum Adaptation
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ronment of Medulla
kidney is gradually concentrated from cortjcy

2, Hypertonic Environn
The interstitial fluid of

inner medulla is highly concentrated due to presence of urea and counter cﬁu""yml
3 Counter Current Mull.ipllcr " s ciellow cm'hu!ﬁ P:.‘
. Counter current multiplier causes gradual osmotic outflow of water fro Py

A . e ” . ‘ ing loop of ch]c' o , ﬁ]
Sdney as it passes downward in the descending loop of | scendip -
h:;:"::ﬁm:' oStﬂow of water from its filtrate, instead actively transports BN lai Uflrmhf‘k

interstitium to sustain its high concentration. i lt;f"
4. Hormonal Control o o . o
. The active uptake of sodium in the ascending limb or thick loop

. of Henle is p
action of aldosterone, the hormone secreted from udn:nnll cortex, mn%dbn(
. ADH released from posterior pituitary lobe acts to actively transpor water frop
collecting tubules back to kidney. fil "
Nt/0

What 15 literal meaning o ADHY

PO

Why the colour of urme s vellow?

. The mechanism of regulation, generally between organism and its environmen of
and the gain and loss of water is osmoregulation. » O Solyy

. Water is solvent of the solutes in the cell. Each cell has been adapted to defined quae:
of water in relation to salts in it to perform its functions. iy

Water Relations to Cells

1. Hypotonic Environment

. Diluted solutions compared to the cell concentration is designated as hypotonic environmen

. The hypotonic environment osmotically causes entry of water into the cell and renders e

cell solutions diluted which is needed to be regulated.

The plant cells become turgid while animal cells may be ruptured.

Hypertonic Environment

The more concentrated external environment is termed as hypertonic environment.

The hypertonic environment renders cell solutions concentrated and shrinks the cell oz
loss of water which is needed to be regulated.

Isotonic Environment

Env:rqnmcnl that resembles to internal solution is called isotonic environment.

There is no need of osmoregulation in such case. Such animals are called osmoconforme®

...h.l.

.Qs,,,
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Maintenance of inlt.tmfll lemperature Within g 1)
\nimals are classified into three
. ;nd otherm and heterotherm,

imals that generate their own peq
¢ ;:::::ﬁsmarccndolhcnns €.2. humans, p; , _Pl’Dduction % by prod
Animals which produce metabolic peq

Animals which are capable of varying degrees of en

ly do not regulate their body tem crat oy o
Smml ‘ ) ) pcrature within a narrow rap
¢.g. bats, humming bird etc. e are heterotherms

r“,.l,,(,m;ulatory Adaptations in Animals

“Adaptation _
g * Changes in sub-dermal fatty layer insulation
: * Peclage

Sructural Adaptations * Sweat glands

® Lungs modification for panting

* Regulation of blood flow to skin ( Vasodilation, \’asm:omtrictim).
Physiological * Activation of muscles for thermogenesis
Aduptations * Plumage fluffing
| * _Activation of sweat glands for cvaporative cooling
\'-Bc_ha\iouml ® Change in habitat
Asptations ® Change in body posture
THER.HOREGULATION IN MAMMALS/ HUMANS
Regulatory Strategies

' Mammals including humans maintain their body temperature within a narrow range of
zbout 36-38°C (36.1-37.8°C).
Humans are endotherm.
Hypothalamus s thermoregulatory centre in humans.
' & in Cold Temperature
nf‘ Rle of heat production is increased by increased muscle contraction by movements or

: Yering so called shivering thermogenesis. _—
:}{:mmcs trigger the heat production as do thyroid hormones and are termed as
' g themogenesis,

. V“O:onm Is have brown fat, which is specialized for rapid heat zrolduc}t‘max:.loss
% ' 50 he: :
. Y ilatj €tion occurs at skin which reduces rate of blood flow and a
on

%og : ans are located.
& occm at tnink whars manet af the vital oroans Scanned by Camscanner
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. Sweat glands are inhibited.

UHS Topic-5d _ N

o of fur in others maintains body hegyp
. Erection of hair in humans and raising : udm;t
i ing insulation. ' . . | "
and increasing insu a layer of fat beneath skin acting as insulating e
. Humans mostly m‘i on hales and seals inhabit much colder water and hay, ) “;'[,:1!&'
marine mammals like W : o ' h};
of insulating fat called blubber just under the skin

Strategies in Warm Temperature

- 1 i h i
ilation occurs at skin whic i st !
. Vasodl-lal. . either through evaporation, radiation, conduction or COnvegy,

. Heat dissipation occurs thro R

. s l' g. In some m;
ca 1 h promote cvaporative coo in i
t glands are activated whic ' g
B irapo:tivc cooling occurs in the respiratory tract (panting in dogs) or throyp} %

urine (as in bats).

nereases rate of blood flow and more hegy 1,

5, lhi:
Va w

KIDNEY PROBLEMS AND CURE

KIDNEY STONES o 8

* Stone formation in kidney and urinary bladder, results in obstruction “’)lurt'
increases susceptibility to infection and thus eventually leads to kidney 8"

-
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Homeosta;la
%’ idney stones a“
of S1° types of kidney

- ot Ly

[\Pﬂ [)in‘ r

Higher level of 0X

alates ip, blood.
Increased use of

YMattoes and

green leafy vegetables,
/0

ohate 159 Hypercalcemia (high leve) of

Ca® in the blood)
o | lypcrpumlh_vmi(limn
- * Increased yric acid level iy blood
. rd ) . . .
Unc acid 10% * High proteip Intake in fooq

ipsy is used for non-surgical removay of smaller kidne
Lithotr1psy 13 al shock wave lithotripsy (ESWL) is the o
Erff‘fc"rp or e'm:.ll invasive surgery, in w
This 1S a mint ding ultrasounds or X- rays on them withoyt giving any cut,

down by tb?‘m:?:ccs :gu-c flushed through ureter and then through urethra out of the body.
Smaller stone

su ' . ; » . l
Dirc = *

Y stones,

ne opted for small kidney stones.
hich kidney, pelvie Or urcteric stones are broken

Ultrasound Smaller pieces that
shockwaves

then can easlly pass
through the uretets

Failure of a1 the kidn
cfﬁhropooietin) and m

%Phrons are destro .
l Other waste Materials, bone weakening and anemia.
Utey

y lon. T .
- g

= lhcmp.\v
. sits. Certain chemo .
Acute enal failure cqn occur due to blood clot or cholesterol : L::)Ocainc can also cause kidney
>  tibiotics ang toxins such as alcohol, heavy metals an
failyp ;

h'hln_
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. Most common causes of chronic renal failure are diabetes and hypcncﬂSion. e hﬂ‘

include long-term daily use of anti-inflammatory drugs and other analgesi. medj: tay,

b

Cure Ty
It is either dialysis or kidney transplantation.

Dialysis

. The process of artificially removing nitrogenous wastes is called dialysis,

o The waste materials .g. urea from the blood, either by pass kidneys through -
kidney (dialysis machine) or filtering it within the abdomen. “‘Uﬁm

. Dialysis is of two types i.c. peritoneal dialysis and hemodialysis.

1. Peritoneal Dialysis

. Peritoneal dialysis uscs the peritoneum (inner lining of abdomen) to filter the bloog
in peritoneal blood vessels. Presey

. Peritoneal cavity is filled with dialyzing solution. Waste materials having high m%
in blood are filtered through peritoneum into the peritoneal cavity containing iy, -
solution, which is removed afterwards. oy

Hemodialysis means cleaning the blood,
» Waste material in blood s filtered
dialyzer also called artificial kidney,
It is made of two spaces separated b

by passing it through a machine which conts™"’

ot na Y @ thin membrane. Blood flows inside the ment™
n one direction and dialyzing fluiq outside the membrane in another direction-
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.-—“'l;l g T jc-5d Homeostasis
/ Blood thinner —
adenan Dialyser fuid wirh | D
Blood pump 1 waite drala
! i
—_— —
} o e Dialyser (artiticial kidney) l
t
|
t =~ (¢
g rom 358 N — :
‘Miﬂ) \ l -— —
AN ' Blood back to arm
. — (venoas side)
Babble trap

POIN'JO

iicrentinte between

{8) MNiciuranen 10 Eecsnon

AWHVRIANEY TR LTS causes Ancmin
{C) EXcretion

ACmehrblood pressure?

Renal Transplant

*  Itisconsidered permanent treatment. Since dialysis can only be done on temporary basis.

' Mostly opted in severe renal failure, called uremia or end-stage renal disease.

" Only a matched kidney (blood/HLAs and tissue matching) can be transplanted in an

individual. So it needs donor-recipient matching.
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)  Describe Nervous System and its types. o

{i)  Explain Central Nervous System mcludtqg forebfmn. mid bn}m. hind braip, and e
(iii)  Explain Peripheral Nervous System and its types (Autonomic and Sy"lpﬂlheugfm“lh.zu
(iv)  Describe neurons (Associative, M.olor and Sensory Neurons), ;

(v)  Describe nerve impulse and how it propagates. .

(i)  Understand the concept of synapse and passage of nerve impulse, role of pe

% i s . urotry
(vii)  Discuss the nervous disorders (Parkinson’s discase, Epilepsy and Alzheimeps d;]:m‘“tn
(viif) Understand the Biological Clock and Circadian Rhythms. ey
The Nervous System
Central Nervous System Peripheral Nervous System
(CNS) (receives and processes (PNS) (transmits signals between
information; initiates action) the CNS and the rest of the body)
. ! { N
Brain Special Cord Motor Neurons Sensory Neurons
(Receives and processes (Conducts signals to (Carry signals from || (Carry signals to the
sensory information; and from the brain: the CNS that control || CNS from sensory
initiates response; stores controls reflex the activities of organs)
memories; generates activities) muscles and glands)
thoughts and emotions)
| |
Somatic Nervous Autonomic Nervous System
System (Controls involuntary
(Conducts voluntary responses by influencing
movements by organs, glands, and smooth
activating skeletal muscles)
muscles)
________..—-—“
| -l
Sympathetic Division Parasympathetic
(Prepares the body for _ Divisles
stressful or energetic (Dominates during &7
activity; “fight or of “rest and ruminati
flight™) .aidm """“’) '
vities
_—
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Brain : ed T
‘Si_@lizcd Neurons | - v
”‘Gﬂglia | _\I\\
SenseOrgans | ——— |7 o
| en

Nerves HRM
_BL[‘L?'_i““ of Stimulus %*x
Phylum c sction]

nidaria
“Example Hydra lntyhclmt;lthes 1o Chordata
anaria
The central nervous system consists of brain

Both brain and spinal cord are hollow. The qp;na(ll :2131: -

cavities (ventricles). s central canal and brain has many

Both are protected in three ways,

0 Cranium, which is part of skull, protects the POINT_[D

brain and neural arches of vertebrae of vertebral g

column protect the spinal cord. ames of 3 layers of

@ The brain and spinql cord are also protected by meninges and thei x;:qu"n :
three layers of meninges. ——

i) CSF bathes the neurons of brain and spinal cord and cu

Its composition is similar to blood plasma. It is found
and between meninges,

Write n

'shions. against the bumps and jolts.
In cavities of brain and spinal cord

Parts Sub-Parts Anatomical Features Physiological Features
Thalamus Relay centre Relay between sensory input from cyes, ears,
skin etc to limbic system & cerebrum.
Hypothalamus e Hormone production
¢ Major coordinating center
e Controls body temperature, hunger,
Limbic system menstrual cycle, water balance, sleep-wake
(Arc between cycle. .
thalamus & Amygdala (cluster of ¢  Sensation of pleasure, punishment, sexual
cerebrum) neurons) arousal
o  Fecling of fear & rage
Hippocampus e Long-term memory
Forebraia e Lcaming
e largest pant e Receives sensory information
e Two halves o Processes it
(cercbral e Stores in form of memory
hemispheres) «  Direct voluntary movement i
e Corpus callosum o Responsible for thinking, Infcllgence.
Cercbrum . reasoning, judgment.
(band of axons) h —
e  Outer cerchral . Sm‘ﬂ_")"_“;‘:-r:’:“ e
i 1ato
cuncxl ﬂ:nn =8 o :{S.sg‘; cerebral hemisphere controls left
convolutions .
\ it side orwymdwccmﬂ
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UH 10p°C e Relay center connm
With

~Tidbrain ' forebrain
(reduced in Rmcu'lar e Screening input informatiop,
b ) formation o Contains auditory relay Statiop,
e Influence transition between
bons wakefulness teep &
v

» Controls rate & pattern of b"talhin
Controls autonomic functions ey

e Breathing
e Heartrate
Hindbrain Moaale e Blood pressure
e Swallowing
2™ largest part o Coordinates voluntary movement,
Cercbellum 2 cerebellar hemispheres | ¢ Guides smooth & accurate motions
(best developed | conqected by vermis. e Maintains body position
in birds) o Lcaming & memory storage for behayi
Spinal Cord o Oval shaped hollow |  Centre for many mﬂcxM
cylinder e Pathway for conduction of im

: pulses y
e  Runs throughout from different parts of body and bfli: and

vertebral column
e Inner butterfly
shaped gray matter
e Central canal
e Outer white matter

« Gray matter consists of cell bodies and non-myelinated nerve fibers or tracts.
White matter is made up of myelinated nerve fibers or tracts,

N, N/
L

e
P

L})

Central canal
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. It consists of sensory necurons 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, bounded by connective tissue.

Classification of Nerves

Functional Classification

*  They may be sensory, motor or mixed nerves depending upon the direction of impulse they

conduct.
. Mixed nerves contain both sensory and motor neurons.
Regional Classification
. Nerves which arise or lead to brain are called cercbral or cranial nerves. There are 12 pairs

of cranial nerves in humans. Some of these are sensory, some motor and some are mixed.

All these supply to only head except for vagus nerve which extends cven upto abdo- men.
*  Nerves that arise or lead to spinal cord are called spinal nerves. Man are 31 pairs of spinal nerves
g B cervical, 12 thoracic, § lumbar, 5 sacral and 1 coccygeal) and all are mixed nerves.

sifi

= :4‘;::? noclt’x:’ol:‘: form somatic nervous system, \\{hiCh controls voluntary movements, which
are under conscious control of the body, involving s“l?lhmmct!r:' !
The motor neurons from autonomic nervous system which control involuntary responses

Amt are divided into the sympathetic and pamsympalhﬂlc nervous system.
u
Onomic Nervous System by influcncing Organs, glands and smooth muscles.

It controls involuntary responses o
It is classified into sympathetic and parasympathetic divisions

\‘
|« < P — 116
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YSte,
Q)
Sympathetic Pams\-m

R Bottom porti
. - U ' - 3
Origin Middle portion of spinal cord + cranial ncn':q‘:i,; )| Corg
: 2Us
Thoracic region I.umbuW\"E‘_}g{ |
Position of panglia Near spinal cord Ncar cm
Length of pre-ganglionic Short Long \
fibers
Length of post-ganglionic Long Short ]
fibers -
S Works in emergency, fear an p -
Functions fight situations romotes relaxed sty
* Retards heartheg,
* Accclerates heartbeat e Constriction of pupils
Aditiia e Dilates pupils * Promotes digestion of
e Inhibits digestion of food food
* Rise in blood pressure * Lowering of bloog
pressure = |

roin/0

How do vou relate neurotransmitter

What is difference in length of pre

and post-ganglionic fibers in
divisions of ANS? with (h\ iNH‘n‘\ Ul' \\\.'

® It is the basic structural and functional unit of

nervous system.

® Neurons can generate and conduct nerve impulses
which travel across synapses and pass from Why neurons are excitable?
receptors to effectors, bringing about nervous
coordination.
» Neuroglia ce in hi i
g‘ a cclls‘mostly present in higher animals, playing important role in nutrition of
neurons and their protection by myelin sheath
e They constitute nearly half of the nervous system
e Neurons once matured do not divi g '
ide any further, How ibit limited regenersie
g ! . However, the od regene
capabilities, only if neura] cel| body is intact, ey extibit el
Structure of Neuron
A typical neuron consists of: 70
(1) Cell body POINT/ &
(2) Dendrites ivide
O s Why neurons are unable to divie
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godY . called soma, is the chief ny ———"Vstem

ol a triti
" e 1S ary for growth and maintenance oflonal Part of the ¢ely
' e leus and other ¢ Ncuron. + and synthesi
ins nuc other cellular organelles like E 1ZCS materialg
s IKC |,

jpcontdi®e. = . :
' Cmmddtd B lez'oaprlél h::).u fri R, ribosomes, G.A, mitochondri
Nissl's BT anil o f p of nbosomes which are present i . ' el
o ppicis intact§ on can regencrate its axonal and depdy ‘soclation with R E R
(] ntal com S
g _ g ponents,
Axof The processes carrying 1mpulscs away from cell body a
' ellular organelles like mitochondria, microtubules 3; : ‘;c called axons,
necurofibrils, R.E.R.
 RLER. and G A are

' resent throughout the axoplasm of the neuron

Most of the axons are surrounded by protective sheath .
' peuronal nutrition, protection and proper propagation z‘i:.‘;::f:ull:g:lm sheath, important for
drites : '
?" These arc processes that carry impulses towards the cell bod
osc arc usually thin fibres devoid of Schwann cells and lhl);S n i
' hey unlike axon give a spiny look. on-myelinated.
ylyelin Sheath
’ urrounded by a layer, of fatty substance, called myelin sheath.

leurons are s
, lractsas insulator and gives white appcarance.

. ltis secreted by Schwann cells in peripheral nervous system.

Types of Neurons _
""" There are threc main types of neurons:
| Sensory Neurons
s Sensory neurons CaTy Scnsory information from receptors to associative neurons present in CNS.
., The dendrite endings of some sensory neurons also acts as receptors.
+  They usually have single long dendrite called Dendron. It is structurally and functionally
similar to axon.
L Associative Neurons
v Associative (intermediate/ relay) neurons are present in CNS and connect sensory and
motor neurons. ‘ ]
terpretation of information coming from receptors.

They are involved in processing and in
ns to effectors.

L Motor Neurons
' Motor neurons carry the information from relay r}cuftl:j

118
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finition ) — '
De Nerve impulse is a wave of clectrochemical changes, which travels along . b
neurons involving movement of ions across the membrane and chemical reactiong &t o

tential i
Membrane Poten 1 measure of the capacity to do electric work.

Electrical potential is t .
. The c!cctn!’:d potential that exists across a cell membrane is called membrane potentia)

A) Resting Membrane Potential . ‘
® Potential differcnce across the membrane when neuron is in non-conducting state js called res:
membrane potential (RMP). Festing
Neuron in this state is in polanzed form. _ o
A typical neuron at rest is more positive clectrically outside than inside the cell membran,
Its value for a typical neuron is -70 mV,

L
B)  Active Membrane Potential/ Action Potential
Potential difference across the membrane when neuron is in conducting state is calleg active

membrane potential (AMP).
It is in form of nerve impulse. During this state, inner membrane surface becomes more Positiye

than outside,
] Its value is +50 mV.
Ions Involved

o Sodium and potassium ions are most important in nerve cell and surrounding fluid,
Sodium ions are tenfold higher in concentration outside than inside the membrane surface.
Potassium ions are twenty times more concentrated inside than outside.
The large negative organic ions (such as proteins, organic acids ctc.) are much more inside the
membrane than outside. This makes the inside of neuron brz 1
i membrane more negative.
" % 7;2; m?nbranc is }n:rtua.lly impermeable to all ions except K* so some K* leak out of the cell
of these P :

| e e outsidt:)osnwc ions from neuron by diffusion accounts for more negative charpes

a 3:: fhe gcu;;ns }llfxv_e very active sodium and potassium pumps located in their cell membranes.
ven by the splitting of ATP, these pumps transport 3 Na+ out and 2 K+ into the cell, against

their concentration gradient.
o Cell membran i potassi : .

the conmac:numiinhasgrﬁ:f == ium gates which when open allow movement of jons along
Initiation of Nerve Impulse

® Under normal conditions, a nerve impulse ic init; _ ‘ "
stimulus) applied at one end of newrony. T 1ed bY an appropriate stimulus (treshe

. ﬁd .”.;'";.‘”" intensity of stimulus that s roquired to nitiate a erve impulse is called threshold stimsb
results in a rem.arkablc localized _dmngc in the resting membrane potential. It disappears for3

only a portion of neuron is in active state.
Conduction of Nerve Impulse (RMP — AMP)

* The passage of nerve impulse is associated with ; : - 0
i . . ed with increase in permeability of Na+ ions me"
inwards upsetting the potential momentarily, making the inside more positive than outside-
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Whﬁmﬁﬂﬂ of Neuron (AMP — RMP)

g Topic-5¢ 2

Nervousg S
ystem
This increased permeabIiity 1S due to opening of sogjyyy, -
jons rush into the neuron by diffusion, Some K" move oyt s When these £ales open, sodium
The inner side of the cell membrane has exeesg of positive jons ¢

During active membrane potential, the neuron conducts the impulse in 1y
These changes occur along the length of neuron t P cinthe form
Soon after the passage of impulse, the resting

of a small number of ions especially K * moving out. This nerop
impulse.

It is the restoration of resting membrane potential, after the wave of ¢ izati

) epolarization has
Results from closure of Na+ gates ang opening of K+ gates, without flux of K+
repolanization
Na'/ K" pump restore the ori
The whole process of depol

ions, causing
ginal ionic gradient and thus the resting potential.

anzation and repolarization takes about 2- 3 millisecond

Outside of axon Plasma membrane of axon
r++++++++++++0++++++++4-+++

O Atthe start, the membrane is completely polarized,

Plu!vodopoladuumsptuds
- --++++++4+4++++++-&+++++
. R
+* + P S e e e e e e n e, e .- —
Na*

© When an action potential Is initiated, a region of the membrane
depolarizes. As a result, the adjacent regions become depolarized.

© When the adjacent reglon is depolarized to Its threshold, an
action potential starts there.

----- Na* v i
the outward flow of K* lons. The
© Repolarization m“'%m.nmw
dopolarlxlﬂm w forward,
K.

- an @n we e wm em e Je -
-
- =

O L
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Speed of Nerve Impulse

® Normal speed in humans is 100 m/s but can
reach upto 120 nv/s.

. The nerve impulse is conducted from r?ode to
node in jumping manner, This kind of jumping
nerve impulse is called saltatory impulse.

. Cytoplasmic gaps between consecutive neurons are called synapse. .
@

A single neuron may form synapses with many incoming fibres of differen; ne
° A single nerve impulse does not necessarily get across the synapse. It may tak two 0;

How cin yvou di!‘l'crcutiulc bety
" » 3 + I'I\:L'r
PUMPs & gates in Netronn

impulses arriving in rapid succession or perhaps simultancously from two of more ¢ &
to start an impulse in the next neuron. bery

Neurotransmitters

. The action potential cannot jump from one neuron to the next in line, rather the Message
transmitted across synapse in the form of chemical messenger called neurolmnsmincé :

. Neurotransmitters are chemicals, which are released at the axon ending of the ncurorL; "
synapse.

B Acetylcholine is neurotransmitter for synapse outside CNS while adrenalin, NOr-epinephrin,
serotonin and dopamine in CNS.

Mechanism of Synaptic Transmission

® When an impulse reaches a synaptic knob, synaptic vesicles within fuse with the pre.
synaptic membrane.

Thesc vesicles cause release of neurotransmitter molecules into the synaptic cleft,

Neurotransmitter molecules bind to the receptors on post-synaptic membrane, causing
changes in its permeability to certain jons.
Change in permeability causes initiation of nerve impulse in post-

synaptic neuron.
Azon terminal

"
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parkinson’s Discase

It
charact

mors, dimin
;:wcr and rigidity.

disorder,

crized by involuntary
diminished motor

Itis a convulsive disorder of
narves charmactenzed by ¢

transient symptoms of molor,
sensory, psychic or autonomic
nature,  frequently associatad
with changes in CONSCIOUSNESS.

Alzheimer's Discase

I ls characterized by
decline in brain function.

Late age discase (50's or 60’s)

& Progressive

Before 30 years of age
Organic disease afier 30 years

Late ga ge
_progressive

discase &

Cell death in brain arca that

produces dopamine that may
be due to head trauma

No known cause. Emotional
disturbance, alcohol etc are
aggravating factors

Genetic predisposition,
High levels of aluminium

et | L-dopa, Use of GDNF

EEG for diagnosis,
Anti-convulsive drugs for

Non-curable

thernpy
BIOLOGICAL CLOCK & CIRCADIAN RHYTHMS
In living things, the behaviour activities occur at regular intervals which are called

iorhythms or biological rhythms.
:'l[:)cr::}ﬂmis are in one’s genes, but the environment influences the rhythms to some extent.

Basic period of clock is innate.

Biorhythms showing periodicity of about 24 hours are called circadian or diurnal rhythms.
Biorh;lhms showing periodicity of 365 days or | year are called circannual rhythms.

Mechanism o
¢+ The organisms come across cnvironmental changes that are cyclical in nature such as days,

tides and seasons etc. . o '
' Many organisms maintain internal rhythm or clock to predict onset of the periodic changes
and to keep them prepared for these changes.

» Biorhythms may be the result of the following: _ ‘ —
W mm);tnay be d;Yrcct response to various changes in the external (exogenous) stimuli

[}
]
Tipes
[]
]

‘ Y1 ' 1 ur
W There may be an internal (endogenous) rhythm that pmgrf:ss;:b ; e (;rf {;:zzi:‘oi :?2; I((l)ay
in synchronicity with the exogenous temporal period, particularly a 2
0 Period,

inati nd 2.
The synchronization mechanism may be a combination of bothorla
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ToRcsts) - REPRODUCTION

Explain the structure and function of rcproduct'fvc system in male,
()  Explain the structure and function of reproductive system in female,

(i)  Describe menstrual cycle with its stages. - |

(iv)  Explain the stages of gametogenesis (S;.vcmmt(.)gcncsm un.d Pogcflcsm),

(v)  Discuss the following Sexually Transmitted Discases (STD's) with their ¢
symptoms and cure: Gonorrhea, Syphilis, AIDS.

MALE REPRODUCTIVE SYSTEM

&y

Gonads

® Male gonads consist of a pair of testes, which lie outside the body, in sac-like SCTolyy

o Each testis consists of a highly complex duct system called seminiferous tubules, iy whe
repeated division by the cells of the germinal epithelium produces Spermatogons

. Seminiferous tubules also contain sertoli cells/ nurse cells, which provide liquid meg;
protection and nourishment to sperms while they are in the tubules. These cells g)s, scw‘;
inhibin hormone which serves to control the spermatogenesis at normal rate,

. Interstitial cells/ leydig cells arc present between the seminiferous tubules ang et
testosterone essential for production of sperms and development of male secondary seyay
characteristics during puberty.

. Both germinal epithelial cells and sertoli cells are under the control of FSH while interstiig
cells are under the control of ICSH.

External Genitilia .

s Penis is copulatory organ and external genitalia, which is used to transfer sperm into femle
reproductive tract.

Duct System

e Seminiferous tubules are the sites for spermatogenesis.

° Epididymis is the proximal highly convoluted portion of vas deferens where maturationd!
sperms is completed, they become motile and are stored.

Vas deferens (sperm duct) is the main duct of male reproductive tract.

N Part of vas deferens that receives secretions from seminal vesicles is called ejaculatory
Urethra in male is also called as urinogenital duct because it transfers both urine and &%
outside the body.

Glands -

© Testes are endocrine glands which are paired and produce male sex hormon
important of which is testosterone.

[

: . - alands.
Seminal vesicles, prostate and bulbourethral/ Cowper's glands are exocrine glands

POINT

|

s

What is function o \t| od!
0 _L’\

vesicles and Prostale &
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 sprmatogenesis

Spermatogonia increase in size and differentiate into primary spermatocytes which
undergo meiotic division to form secondary spermatocytes and spermatids.

Eventually spermatids differentiate into 7’@
POINT
mamm smm‘ls. - - - -
The sperms are then transferred to the main What ts average duration of sperm
duct of the male reproductive tract, the vas production in man?

deferens, which forms highly convoluted
cpididymis.
The sperms then pass through the urinogenital duct and are discharged out.
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FEMALE REPRODUCTIVE SYSTEM,

Gonads
e Female gonads are ovaries which lie within the body cavity of the fema)e and
several ligaments. helg by

o 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 is called ovulation.

® Main duct of female reproductive tract is oviduct that is also called as uterine tube
\ fallopian tube. 0

. Fertilization of ovum occurs in preximal part of oviduct.

Oviduct leads to uterus. It is about the size and shape of an inverted pear, Uterus hyg

in implantation/ conception, placentation and development. Innermost layer of mqu? :

endometrium, middle myometrium and outermost is perimetrium. 4
B Uterus opens into the vagina through cervix. Vagina is the part of birth canal.

Qogenesis

® Oogenesis starts before birth when oogonia divide mitotically to produce primary oocytes

. These primary oocytes are enclosed in groups of follicle cells.

o Primary oocytes undergo through meiosis I but are arrested at prophase 1.

. At puberty, primary oocyte completes meiosis I and give rise to haploid secondary 0o
alongwith 1" polar body.

¢ Secondary oocyte undergoes through meiosis I1 but arrested in Metaphase I1. Iti$ reess®

in this stage from ovary and does not proceed further until fertilized.

"
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T o oCCUTS, then sccondzfry oocyte divides to form ovum and 2™ polar body
if fert ! 4l only on€ ovum is usually discharged from the ovary at one time, uu,

' In hum:l;wn is called ovulation.

(] phcnom

egg is a cyclic activity as compared to male.

In female, production of
Oestrous cycle is reproductive cycle in all mammalian female except humans. In human
female, it 18 called menstrual cycle.
Menstrual Cycle
Occurrence All mammals except human Human female
Release of Oestrogen At low level At higher level
Preparation of Uterus Partial for conception Fully for conccpti_on
| ztf;:ﬂuuﬁon doEt ot Resorption of endometrium mﬁcmugr ﬂa:i)dlschargc
Egg is conscrved ‘Eggis released
Ovulation Req.ui res physical stimulus of Under hormonal control
mating

ction of the whole reproductive

' Menstrual cycle involves changes in the structurc and fun
cycle is called

system.
' - -
I* ovulation and menstruation occur at
dis called menopause.

menarche, Its complete stop or €0

puberty. Start of menstrual

" ltiscom : . el |
pleted in approximately 28 days. _ . , ,
' Theeventsofthe mg:suual cycleinvolve the ovarics (ovanan cycle) and the uterus (uterine
cycle). _
y itui nadotrophins.
,  Events of menstrual cycle are regulated by pituitary 80
Menstrual cycle can be divided into four phascs:
< 1{ which stimulates the development of

Ph
m"“ lf‘ Events of Menstrual Cycle teases F cvelopme
Ituitary gland on the onset of puberty releas Collicles continues to grow with its pnmary
f these known as follicle atresia.

several primary follicles. Only ©¢ © e OrOCESS
wc while the rest breakdown by 2 degenerative P =
= PREP BOOK

Scanned by CamScanner




el e—— — __“cu%

Ovary under influence of FSH produces estrogen. \

(ii) s s
(iliy  Estrogen, on one hand, stimulates the endometrium and vascularizes it. On the mh“ha,&i
it inhibits sccretion of FSH. uitary eland 1
(i)  Decrease of FSH and increase of estrogen, causcs the pitullary g 0 secrete [y “hig
induces ovulation.
(v)  The follicle cells, after rclease of egg. are ]C’
modified to form a special structurc P N .
called corpus luteum. This yellowish .
glandular  structure starts  sccreting What is average HIC ot sperm ang
progesteronc, which de'\'cIOPS afier release?
endometrium and makes it receptive for
implantation and placentation. tarts degenerating. Th
(vi)  If fertilization does not occur, the corpus lutecum § g 4 8- 171¢ prog
secretion diminishes and its supporting cffect on the spongy ¢n ometrium js reduceg
which suffers a breakdown. This causes the discharge of blood and cell debris known g
menstruation. This stage usually lasts for 3-7 days.
)8 .o
5500 L ®®
€ Developing : Corpus Degenerate
= ; Maturing . . .. P
& iz Follicle  "pojicle Ovulation  \ieum  Corpus Luteum
| |
37°C l] —l“r l
Body Temperature | | J
36°C 5
Luteinizing Hormone
[Estrogea _/L/g | |Progesterone
g Follicle-Stimulating| \| /TR 11 5
E Hommone » |
J* ‘ ' \
= Nt
Follicular Phase ¥ Luteal Phase
cnstrualio v
=t
.'E % is;
8 -
ﬁ i
1
1130sl7lolnlis 5|27
151171191211 23 425
274768 2102 458 5 %R 0
Day of Menstrual Cycle %
e _

—
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ol ditferentaite benwveen Name the stages at which oo o
v - . N ". k-'\ 1“

(s
(i) Fetus (b} Embryo (€) Zygotc

arrested duringe mesoses

] | . . \ . »
Name some disenses How many eges are prodoced by a

\\ hat are vlcers
temale i her hiie!

that cun cause Ulcers.

SEXUALLY TRANSMITTED DISEASES

Feature Gonorrhea Syphilis Genital
Herpes
Causative Gram positive . : )
Agent bacterid Spirochaete Virus Virus
Ouis Neisseria Treponema | Herpes simplex HIV
gonorrhoeae pallidum type 11
Damage to Infection of
. itilia,
Mucous membrane | reproductive gentt D :
Main parts | of urinogenital tract, | Organs, €yes, m‘r’:::;l & inu:lr‘:: of
Affected eye infection to bones, joints, | oz "
baby CNS, heart, gt ge o
’ ql;in to eyes & CNS
T in infants.
Trs;::;';fs:{ N Sexual contact Sexual contact | Sexual contact Sexual contact
0
Treatment Antibiotics Antibiotics Anti-viral Anti-viral

e between HSA

{ un you ditlers

ype L& HSV Type [
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r ) SUPPORT AND MOVEMEy,

(1)  Human skeleton: ‘

(i) Define and explain terminologies: Bone, Cartilage, Tendon, and Ligamen,

(if)
(iif)

(2)  Muscular system:

Describe Axial & Appendicular Skeleton. o
Describe Joints and their types (fibrous, cartilaginous, synovial, pivot and m“'"'smge,

()  Compare the types of muscles (smooth, cardiac and skeletal).

(i)  Explain structure and function of skeletal muscle.

(iiiy  Explain the concept and working of sarcomere, ultrastructure of myofilaments, din
filament model. 8

(iv)  Understand the sources of energy for muscle contraction.

(v)  Describe Muscle Fatigue, Tetany, and Cramp with their causes.

BONE

B It is the most rigid form of connective tissue and forms endoskeleton of humans,

° The collagen fibers of bones are hardened by calcium phosphate deposition,

Types of Bone
Feature

I Compact Bone

Spongy Bone

Nature Dense and strong Light and highl
. Y porous
Blood supply Less More =
Contains bone marrow and
Function Attachment site for muscles | involved in blood cell
Example Out rtion of | s
uter portion o - i
Lxample po ong bones Inner portion of long bones
e Osteoblasts: Bone forming cells
@ Osteocytes: Mature bone cells
® Osteoclasts: Bone dissolving cells

Bone Development:

‘@
(forms bone
i)

==

bone tawe)

Bone replaces cartilage in carly development,

Osteoclasts invade and dissolve the cartila
Matrix is hardened by calcium phosph

entrapped within it (now

called Osteocytes).

g¢ — Osteoblasts then replace it with
ate deposition — Osteoblasts are

(unceoms I resorpon, B9
e akziown of bone mestd
bone ~*
gradually

.
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TIU‘GE r connective tissue than bone. —

(AR s fonf:)cbl cod supply and gets nutrients by diffusion,
' “'h:‘b' ells of cartilage are called chondrocytes,
: U\;ll';:cn matrix is secreted by chondrocytes,
co
oo Cartilag
0 Cartilage

ﬂpd ﬂ)"“"c dant type in human body

l !ost 3bun .
: :.:nund at the movable joints
' glastic Cartiln.gc
Lo ypatrix containing bur.ldlcs of collngcn_ fibres
' forms external car/ pinnac and the epiglottis
' ﬁbmcartilage o
i Annulus fibrosus of vertebral disc is an example.
] | S— Bone ‘ Cartilage
LQ‘.“/ : ature cells arc osteocytes Mature cells are chondrocytes
e henin Material Inorganic salts No
Y 7 :
[Bond SupplY_ :
Haling___ ! .
TENDON & LIGAMENT

Feature | i . Ligament
\ature Inclastic connective tissue Elastic connective tissue
"Fanction Attaches muscle to bone Holds bones at joints

HUMAN AXIAL & APPENDICULAR SKELETON
out 350 bones in infant and 206 in adult.

»  Human skeleton is mainly bony. There arc ab
two parts: axial skeleton (80 bones) and

v Human skeleton is generally divided into
appendicular skeleton (126 bones).

' Axial skeleton provides basic framework of body and consists of skull, vertebrae and ribs.
v Appendicular skeleton is associated with 7-0
extremitics and consists of pectoral girdle with POINT
. forelimbs and pelvic girdle with hind limbs. PONDER
N Primary function of skull is protection of brain.
| Vertebral column provides protection to spinal
cord. It has four curvatures.

@ “ajorpart | Subparts |
Axial Skelcton l
i e Paired (2): Parictal & Tempora ’ .
hul Cronim @ e Unpaired (4): Frontal, Occipital, Sphenoid, ..Ethmmd_
| A e Paired (6): Maxilla, Zygomatic, Nasal, Lacrimal,
| Face (14 Palatine, Inferior Concha.
; % " e Unpaired (2): Mandible, Vomet —
| \"l“"ﬂn Cervical 7 vertebrae, neck region, first tWO atlas -
.h. 130
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Support and Mov,

UHS Topic-5g¢

Nent
. \
(33 vertebrae) Thoracic 12 vertebrac %
Lumbar | § vertebrac _ N
, 9 vertebrac, anterior 5 join o form sacmm
Pelvic 4 join to form coccyX (tail bone). J
o 12 pairs articulate with thoracic vertebrae
posteriorly.
e 7 pairs connect anteriorly with sternum diregy,
Rib cage and True ribs) .
stermum (Chest | 12 pairs of ribs a (3 pairs connect with sternum through costal
bone) cartilages (False ribs).
o 2 pairs arc of floating ribs (since they don't altach
to the stermum).

Pectoral Girdles (4)

o —
e Scapula (Shoulder blade) .

Clavicle (Collar bone/ Beauty bone) connects scapula with stemum

Fore limb (30x2)

| Humerus (Upper arm) g
1 Radius and 1 ulna (Forearm)
8 carpals (Wrist)

5 metacarpals (Palm)

14 phalanges (Fingers/ Digits)

Pelvic Girdle (2)

2 coxal (hip) bones
Each having ilium, ischium and pubis

Hind limb (30x2)

1 Femur (Upper leg)

| tibia and 1 fibula (Lower leg)
7 tarsals (Heel)

5 Meta-tarsals (Solc)

14 Phalanges (Digits/ Toes)
| Patella (Knee cap)

Joint

.l\pl‘

Joints of Axial Skeleton

Formation
Shoulder Joint | Ball & Socket Joint | Head of humerus & glenoid cavity of scapula
Elbow Joint | Hinge Joint Distal end of humerus and proximal ends ofulna
Wrist Joint Multistage Joint Distal ends of radius & ulna and carpals
Hip Joint Ball & Socket Joint | Head of femur & acetabulum of hipbone —
Knee Joint Hinge Joint Distal end of femur and proximal ends of tbia____—
Ankle Joint Multistage Joint Distal ends of tibia & fibula & tarsals l’)
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Support an

——ERO and Movement

\.— Publs
| Carpais
»_— Metacarpals
Phalanges

J
Loy Ischium

\,
\ ) H Tarsals

) Metatarsals
-‘:'l,l} Yi‘*,“/, Phalanges

Do = _JOINTS. S ey

., Joints are formed where bones meet.

v They not only hold our skeleton together but also give it mobility.
(ASSIFICATION OF JOINTS ’
(O Base of Amount of Movement

(Il Immovable Joints 7@
v These joints do not allow any movement. PNT 1
' Fibrous joints are immovable joints,
Sutures (Joints of skull) are examples.
W Slightly Moveable Joints

These joints allow slight movements.

A Cartilaginous joints of vertebral column are examples.
Freely Movable Joints

¥movial joints are examples
Vial joir xamples of freely
0 Moveable joints,

Calculate total number of bones in
human Adul

B
il ue-ofs‘r“clllre Do vou Know the common names of
' rous Joints following bones?
Esc 'Oil > * - " . * n 1l
C fibreg imtl)t? ht.ld.logt‘:lhcr by short (a) Clavicle (b) Coccyx () Scapuia
e tdded in connective tissue, (d) Carpals  (¢) Tarsals (1) Patella
' S Joints g

dles re immovable,
**fibrous joints are joints between skull bones and joints between teeth and jaws.

N~
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Support and Mov,
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2)

Cartilaginous Joints l
' ement.

These allow little or no movem .

Hyaline cartilage forms joint between growing bones.

Fibrous cartilage found between vertebrae at the point where coxal bones meg i "

the pelvis.

Synovial Joints

These joints contain a cavity filled wi
moving joint. .
The joint is surrounded by a layer of connective tissue called fibrous capsule zp4 »
layer of synovial membrane.

Some parts of the capsule may be modified to form distinct ligament, holding the bone;
together.

Synovial joints are further classified into following categories.

Hinge Joint

These joints allow movements in two directions.

Pair of muscles are arranged in the same plane as that of joints. One end of muscle (origin)
is fixed to immovable bone and other (insertion) to movable bone across the joint.

Elbow and knee joints are examples.

Ball & Socket Joint

These joints allow movements in several directions.

Such joints have at least two pairs of muscles present perpendicular to each other,

They provide maximum flexibility.

Hip joint and shoulder joint are examples.
Pivot Joint

These joints allow rotation within limits,
Superior radioulnar joint and neck joint are examples.

SQN

of

th fluid and are adapted to reduce frictjo bety,
ty

animal kingdom.

Cardiac muscles and skeletal muscles are found only in vertebrates
Most abundant type of muscles in human body are skeletal musclcs'
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smooth

Cardiac Skeletal
. . I T A
Unstriped (non-striated) (;Tl:igl:h(llr stripes Regular stripes
ated) (Striated)
ac Spindle Branched Splindlc or
¢ cylindrica)
el shap -
(. ber of nuclei | One per cell One per cell, Many per cel]
::“d of Slow Intermediate Slow to rapig
i ction
mnlf'c Vary Never fatigye Can be fatigyed
Fatis? Spontaneous, stretch, |
Contraction nervous system, Spontaneous Nervous system
caused DY hormones
— Controls movement of
Function substances through Pumps blood Moves the skeleton
hollow organs
Control Autonomic (involuntary) Involuntary Voluntary
P Blood vessels, GIT, Heant Associated with
Location. other hollow organs ' skeleton
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STRUCTURE OF SKELE'

The muscles that are attached to the skeleton and are associated v
bones are called skeletal muscles. With 1h, Mo,
° The entire muscle is covered by a layer of connective tissue called ep; ‘
. Structural scheme of a skeletal muscle is given below: p'mm“m
Skeletal muscles =» Muscle bundles < Muscle fibers <> M ofib
(smallest contractile unit of muscle fiber) = Myofilaments (.-\._uny& M"'" e X o
Fascice  Endomysium Yosin). e
bet
Epimysium ween muscle Fibers NUCleI
(Fascia) , ‘ - “'e"
Skeletal »"‘ Bty
muscle Muscle Fibers Sarcoplasmic
; retic
Tendon Transverse 74 C Ulum
Tutm | ‘ ‘V
] = A Sar
/ MyOﬁbr“s e I :‘;‘. _ 4 -\‘ ngma
" "\_-_‘;__i 4 membrany
"q ,M.."“ " Mitochondrion
(a)
L Sarcomere —t
Mauscle Bundle
® Muscles bundles are also called as muscle fasciculi.
. These are bounded by a connective tissue called perimysium.
® Muscle bundles are further composed of muscle fibers or cells.

Muscle Fibers e
Each muscle fiber is a long cylindrical cell with multiple oval nuclei just beneath s

Skeletal muscle fibers are huge cells.
i it
s, but it

@
o Their diameter is 10-100 pm. ‘
. Sarcoplasm of the muscle fiber is similar to the cytoplasm of other cells, 0o

binding M
usually large amount of stored glycogen and unique oxygen
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' .y N al run . |
e ymyofbeilis L2 pm In paralle] fagh;
o . On and exte .
w E’d:j;:onhcsc ﬁbpls are enclosed by the Sarcolemmp extend entire length of o)
: B“: myoﬁbn'ls coqs:st o:' mlcr contractile unige Ca"c(i —
' 0 : |
' M’Oﬁbnl wl and light bangs, OS¢ give cell a5y, le itc cos
' in“"mﬂcc. . N
cture of Myofilaments

i \[yofilament is made up of thick and thin filamen,
' rpick rnamen.t o
Il Thick filament is about 16nm in diameter anq j
fach myosin molecule has a tail terminating in
Myosin tail consists ol: two long polypeptide ch
The heads are sometimes called cross bridg
myofilaments together during contraction,
Each myosin filament is surrounded by six actin filament
i Thin Filaments .
,  Thin filaments are 7-8 nm thick and are composed of chiefly actin molecules,
'y Theactin molecules are arranged in two chains which twist
double strand of pearls.
v Twisting around the actin chains are two strands of another protein, tropomyosin. 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 polypepfidc
complexes, one binds to actin, another bind to tropomyosin while third binds with calcium
ions,
buding Pattern o
Each dark band is called A band, because it is anisotropic i.c. it can polarize visible light.
The light band called [ band is isotropic or non-polarizing.
Each A band has a lighter strip in its mid-section called H zone.
TT:c H zone is bisected by dark line called M line.
¢ Ibands have mid line called Z line. o 'O ,
Asarcomere is the region of a myofibril between two successive Z linc and is the smallest

S composed of myosip,
two globular heads,
Ins coiled round each other,

es because they link the thick and thin

s on cach end.

around each other like a twisted

I.Tlh:rn l-?;‘ilc unit of muscle fiber.
% TSystem & Triad llow elongated
| v R W elonga
$arcolemma of muscle fiber cell penetrates deep into the c-el:]‘?sfocrg;tl;gugus with the
tbe, the transverse tubule or T tubule, the lumen of whic
v SXtrace]lyla, fluid. ively called T system.
3 ;ﬂu thousands of T tubules of each muscle cell are collective )\-l a4
v SXends apg encircles the myofibril at the level of Z-line of . of sarcoplasmic reticulum
f T°t.ub“'° and the terminal portion of the adjacent cbn}']C'OP‘- '
A at regular interval along the length of the BIDEKS
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INITIATION OF MUSCLE CONTRACTION

Muscle contraction is initiated by nerve impulse arriving at the neuromuscular junctigy
All the fibers innervated by a single motor neuron are a “motor unit” and contryg
simultaneously,

Nerve impulse from sarcolemma penetrates into the muscle fiber through T tubule.
Then it is carried through the T-tubule to the adjacent SR.

The calcium gates of SR open releasing calcium in cytosol.

Calcium ions bind with the troponin PO IN'I7©
molecules of thin filaments. This has the effect DOMDEE
of displacing the tropomyosin and SN L N the neurotransmitter releasd
the binding sites for the myosin. at NMJ for muscular contraction’
Once the myosin head has become attached to
the actin filament, ATP is hydrolyzed and the bridges goes to its cycle and result in el
contraction. 1
Rigor Mortis is stiffening of the body after death. Since ATP is required to break the ™
between actin and myosin, which get deficient after death, thus the bridges can't beb?
and the body gets stiff,

4
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SLIDING FILAMENT MODEL
H. Huxley and A.F. Huxley suggested this model of muscle contraction. Its salient features

are given below,

When muscle fiber contracts, the thin and thick filaments undergo shifting.
Thin filaments slide past the thick filaments.

Actin and myosin filaments overlap to greater degree.

The I-band reduces in length.

Z-lines get closer.

H zone disappears.

Length of A band remains unchanged.

Actin filaments come close to each other.

poinNT/0

[How many steps requiie cnergy during

' |
¢ eontraciion and relaanons

misad
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filaments -

. Myosin head (low-
.,{:m configuration)
% = Thick

99 filament
Myosin.
Thin filament moves Acti
toward center of sarcomere. " binding Uity
SRR et DD
Myosin head (low- By Yy Myosin heag (o,
energy configuration) === energy Configurai
E — —
=]
(3
@D+
2 e
ALL OR NONE RESPONSE
. All the fibrils of a muscle fiber will contract collectively in a particular contraction.
® However, the degree of contraction depends u5on the number of participating fibers.
POINT
How can vou differentiate between
perimysium and endomysium?
ENERGY FOR THE MUSCLE CONTRACTION
e Energy for muscle contraction comes from ATP.
2 Supply of ATP is maintained by the aerobic breakdown of glucose in muscle cell, which

comes from stored glycogen in the cell.

& thn more energy is required due to high metabolism, it is provided by another €0
storing substance called creatine phosphate.

i : . : e aged @
® Sometimes during oxygen deficiency or very high metabolic activity such as prolong g

?trcnuou.s muscular activity), ATP requirement is met by anaerobic breakdown of ﬂ[”“;._d
into lactic acid. Lactic acid accumulation causes muscle fatigue. At rest, 1/3 of laﬂ;’; o
is broken acrobically and its energy is used to change the remaining 4/5 1act *

glucose, -
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&NDER STESS Fyp co:\'nmo.\a‘

J/ Creatine phosphye

Anaerobic
Breakdown

"‘s TO 1 =

Glycogen

Acrobic
Glucose ——>

Breakdown Glucose

Detachment of
cross Bridges
.cT OF EXERCISE ON MUSCLES

fFr [ncrease in size of the muscle.

' |ncrease in its strength,

. More efficient and fatigue resistant.

: Capillaries surrounding muscle fibers and
mitochondria in it increases

Synthesize more myoglobin
MUSCLE FATIGUE, TETANY & CR \MP
Definition

How creatine phosphate and ATP

correlate dunng muscle contraction?

Disorder

Effects

|
Mascle Fatigue

State of physiological
inability to contract.

Relative deficit of ATP,
Accumulation of lactic
acid, lonic imbalance

Contracture formation

Drop in muscle pH
Muscle ache

Muscle Tetany

Characterized by
muscle twitches and
convulsions.

Low calcium in blood

Increased excitability of
ncurons

Loss of sensations
Progresses to spasm of
larynx, respiratory
paralysis and ultimately
death.

Muscle Cramp

Tetanic contraction of
entire muscle.

Hypoglycemia,
Dehydration,
Electrolyte deplction,
Irritability of spinal
cord and nerves.

Lasts for few second to
hours, commonly at
night or after exercise.
Muscles become taut or
painful.

Tetaq us

Acute infectious
discase caused by
anacrobic bactenum.

Clostridium tetani

Persistent painful muscle

spasm.

Begins with stiffness of

jaws and neck muscles,
to lock jaw

and spasm of trunk and

limb muscles.

Fatal due to respiratory

failure.

Mortality rate is 40% in

developing countries.
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TOPIC-5h

g ) HORMONAL COFRQ

l'

Describe hormones and their composition. N
Discuss the effect of hypothalamus on the pituitary gland.

Describe the knowledge of pituitary gland and its hoqnones.

Anterior lobe: Somatotrophin, Thyroid Stimulating Hormone, Adren ocon;
Hormone, Gonadotrophins (Follicle Stimulating Hormone (FSH), Ly COtpo:

. inizing Ho &0?4
(LH), Luteotropic Hormone (LTH), Prolactin). Mgy,
Posterior lobe: Vasopressin, Oxytocin,

Explain the hormones of thyroid and parathyroid: T3, T4 (Thyroxin), Calcitonin, Paragh,
Discuss the adrenal gland in detail: Morg
Adrenal cortex (cortisol, corticosterone, aldosterone, androgens).

Adrenal medulla (adrenaline and nor adrenaline).

Explain hormones of Islets of Langerhans i.e. Insulin, Glucagon.

Describe the hormones of alimentary canal (Gastrin, Secretin).
Discuss the hormones of ovaries and testes

(oestrogen, progesterone, testosterone ,
Explain the disorders of endocrine gland i.

¢. diabetes mellitus, diabetes insipidus), Roiter
dwarfism, gigantism. '
These are tissues, specialized for secretions. Glandular cells are secretory or neurosecretory
cells that have abundant Golgi bodies.
Hormones released from neurosecreto
neuropeptide.

ry cells are called as neurosecretions e.g. ADH s
Glands can be divided into two mai

. n categories i.e. exocrine and endocrine glands,
Endocrine system of human consis

‘ ts of about 20 endocrine olands,

Feature Exocrine Glands Endocrine Glands
Another Name Ducted pglands Ductless glands
Secretions Enzymes, mucus etc Hormones
Transportation Through ducts Through blood —
Examples Sweat glands, Salivary glands Adrenal glands, Pititary

— I gland =)

Hormones are organic compounds of varying structural complexity.
They are poured directly and ar,

¢ transported to blood { ive target tissues. T
hormones affect the target cells, Pe podils sespeciiveitay
They do not initiate new biochem
enzymatic and other chemical react
They may cither stimulate or inhib;

rate of
Hormones may also control some long-term changes, such as rate of growth.
metabolic activity and sexual maturity, '

fcal reactions but produce their effects by regulati®f
10ns alrcady present,

ta function,
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Hormon
. :f;;f;g: ;a:ﬂ‘g;r:ans Insulin, Glucagon >
lff)‘/@; ides . ADH, Oxytocin
P s and perivatives | Thyroid, Adrenal Medulla T3, T4, Epinephrine, Nor-
epinephrine

L~ Gonads, Adrenal Cortex Oestrogen, Testosterone,
V ' Cortisone.
1Y POTHALAMUS & ITS HORMONES

art of forebrain. It has neurosecretory cells which produce and secrete a varicty of

ftisap

d honnoncs.
(1is 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

perves to the posterior lobe of pituitary to be stored in nerve endings. They are relcased from
terior pituitary after receiving nerve impulses from the hypothalamus.
cluster of neurons in 70
mus produce and secrete a POINT/
pattery of releasing and inhibiting
hormones, which are carried by the
blood to the anterior pituitary. These

regulate the secretion of many tropic
hormones and

hormones, growth
prolactin manufactured by the anterior pituitary cells.
cerebri is an ovoid structure about 0.5gm in the

v Inman, the pituitary gland or hypophysis R
adult and is connected to brain through a short stalk (the infundibulum).
median and posterior. . .
because in addition to producing

Another
hypothala

. It has three lobes viz, anterior, -
+  The anterior lobe is often referred to as the master gland, :
primary hormones it produces the tropic hormones which control the secretion of hormones
in many of the other endocrine glands.
Anterior Lobe
mone (STH)

L. Somatotrophin Hor
It is also called as growth hormone: wth

: Hypothalamus —» SRF = Anterior pituitary = STH - Gro
Somatotrophin releasing factor
(SRF) is secreted from POIN17O

. hypothalamus throughout life.
When growth has mostly
ceased after adolescence, the
hormone continues to promote

protein synthesis throughout
\_‘i‘c bOdy' 4‘// 142
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If produced in excess during carly life, lcads to gigantism or if |ge, in life
Cay

abnormal development of hands, feet, jaws etc (known as acromegaly), g
If there is under sccretion, dwarfism results, as well as other Symptoms assoq
lack of thyroid and adrenal hormone. = Wiy

Thyroid Stimulating Hormone (TSH)
Thyroxine in Blood —» Hypothalamus — TRF — Anterior Pituitary — 1TSH ™
Gland — Thyroxine oy
Release of thyrotrophin releasing factor from the hypothalamus is controlled by g,
of thyroxine in the blood. ©levy
Irf the presence of low levels of thyroxine, there is increasing production of TSy
vice versa.
It is secreted throughout life but particularly reaches high levels during the periods Of g
growth and development.
It acts directly on the cells of thyroid gland, increasing both their numbers mdmﬂ&'yacﬁ'.ixy
Adrenocorticotrophic Hormone (ACTH) '
Steroid in Blood — Hypothalamus — CRF — Anterior Pituitary — ACTH - Adreny
Cortex — Corticosteroid
Release of corticotrophin relcasing factor from the hypothalamus is controlled by sterg
levels in the blood and by direct nervous stimulation of the hypothalamus as a result of
stress e.g. cold, heat, pain, fright, infections.
Excess and deficiency results in disturbance of normal adrenal functions
Gonadotrophic Hormone (GH)
These are follicle stimulating hormone ( FSH), luteinizing hormone (LH, also called ICSH
in male) and prolactin (sometimes inappropriately called luteotrophic hormone, LTH).
FSH and LH/ICSH share a common hypothalamic releasing factor.
Prolactin is continuously produced from the pituitary and is inhibited by prolactn
inhibiting factor (PIH) from the hypothalamus.
Prolactin stimulates milk production and acts with LH.
FSH in females stimulates follicle development and secretion of oestrogens from the
ovaries; in males it stimulates development of the germinal epithelium of testes and sper™
production.
LH works with FSH to stimulate estrogen secretion and rupture of mature follicles ¥
release egg or ovum. ,
i fo . . . bcuntﬂ
It also causes the lutenisation of mature follicles and acts synergistically with pro
maintain corpus lutcum (and hence the progcesterone it secretes).
ICSH in the male stimulates the interstitial cells of the testes to secrete testosteronc:

roiNt/0

__A
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hypothalamus

pr e
d
bod stream
™
nh
' - dre o
' ” hormona (ADH0

atnay tubules

Median Lobe

Median lobe secretes MSH.

Its inhibition of secretion is controlled by hypothalamus.
External light govermns its secretion.
More secretion in  pregnancy
stimulates melanocytes in skin to an vou correlate MSH and cortical
produce brown pigment, melanin, e ones leaels in Addison's discase?
‘;’hiCh darkens the skin. -
Xcess MSH is secreted in Addison : :
discase. Onc of the symptoms of which is darkening of skin.

Posterior Lobe

L]

ssin
Antidiuretic Hormone (ADHY/ V'““t':]:;d pressure, blood volume and osmotic pressure

Its secretion is caused by decrease in in hypothalamus
eptors in ypo 8
of the blood which is detected by DSﬂ\Of:Cypglhnlnmic neurosecretory cells.

Exte stimuli also influence s oA
l“‘:ftr:-:: T::chau-;c increased water reabsorption in istal parts cphron.
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A lack of this hormone produces df'ﬂbdt.f insipidus, characterized by Produy %q
quantitics of dilute urine and great thirst. . ion oy b,‘

Oxytocin _ _ ix d :
Its relcase is stimulated by distension of cervix, decreasce In progesterone leve] »
|

neural stimuli during parturition and suckl?ng. . S
Primary action is on smooth muscles, particularly in the uterus during chij dbing
causes milk ejection from mammary glands. “d,&

Introduction

Thyroid gland is located below the larynx (voice box).
These are two in number.

Hormones

Thyroxine (Tetra-iodothyronine/ T4)
Tri-iodothyronine (T3)
Calcitonin

Control

T3I&TS

Negative physiological control by anterior pituitary (master gland) via tropic hormape
TSH (Thyroid stimulating hormone)

Calcitonin

Circulating calcium levels in blood

Functions
TI& TS

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 in bringing about growth,
They act directly on brain cells causing them to differentiate.

Calcitonin

It regulates blood calcium level. High Ca*? jon concentrations in the blood casss
stimulation of the synthesis and release of calcitonin.

Abnormalities of T3 & T4
Overproduction

Excess thymxinc.Produccs a condition called Graves’ disease which is characterized 2y
ext.vphthalmfc goiter and increase in the basal metabolic rate.
This can lead to cardiac failure if prolonged.

Itis caused by production of an abnormal body protein which continuously stimul3*
thyroid to excessive secretion,

Under-secretion

: : peer 1 il
If congenitally deficient, the lack of thyroxine causes crefimism, where individus! fu ol

develop normally. They are small, have coarse scanty hair, thick yellowish scaly'* 0
arc mentally retarded. They also fail 10 develop sexually. "
Deficiency later in life, perhaps due to iodine deficiency, produces swelling Pf_“:w,i
(goiter) and may lead to deposition of excess fat as a result of which weight 157

_—a
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§I%=" . dema. Myxoed — O
oo s known as myxoedema, yX ema is chamcl . -
M/:cﬂ/m“ body and mental processes are retarded, enzed by puffiness of
pand 37 of Calcitonin ‘
1es iciency leads to disturbance of calcium

. or del
freess O skeleton, muscle, blood etc.

metabolism with its associated

“ A
J/’T""ﬁ

Introd

. ul:u:;n, the glands are found embedded in the posterior part of the lateral lobes of the
thyroid.
These are four in number.

“ﬂl‘mone
These produce a hormone called Parathormone.

Contro)

' Low levels of blood Ca
parathormone production.
High levels of Ca'? ions suppres

Abnormalitjes i blood Ca*? ions which in tum leads to muscular tetany,

. Under-activity causes 8 drop n ive demineralization of the bones similar o rickets,

Over-activity would lead to & pro B oo
as well as to the formation 0

*2 jons stimulate the parathyroid directly to increase the

. S its n‘:lcaSC.

e ———
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Introduction
° A pair of adrenal gland is present, one on top of each kidney.
° These are also called as glands of emergency or supra-renal glands,
— Mgrl:nnﬂ Capsule
ADRENAL MEDULLA
- Inner portion of adrenal gland is called adrenal medulla.
Hormones
@ The medulla produces the hormones adrenal ne (epinephrine) and noradrenaline (nor-
epincphrine).
Control
® Both adrenaline and nor-adr znaline are secreted in stress situations.
® They are influenced by sym)jathetic nervous 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,
- Adrenaline 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.
s In rats whose adrenal medulla has been removed surgically, the ability to withstand 29

stress situation — such as cold - is markedly diminished.

ADRENAL CORTEX
Outer portion of adrenal gland is called adrenal cortex.

L
Hormones _ . _
s The adrenal cortex secretes corticosteroids such as cortisol, co

androgenic hormones. _
Cortisol is the glucocorticoid.

Corticosterone 1s both a glucocorticoid and a mineralocorticoid.

Aldosterone is the principal mineralo-corticoid.

and
rticosterone, aldosterone

__,.#f'/l‘f
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rol , 'nal cortex are secreted under i v
(™ mones of adre influence of ACTH from adrenal cortex.

ons «x is activ imes speci
The drenal cortex 1s active at all times but especially so following shock or stress situation or

] . fectiONs.

mrﬁ.non . .

.1 hrines about an increase in blood glucose | ; : .

Cortisol bnngs abO=E : lood glucose level mainly by its production
cotein and antagonizing the action of insulin, A Hom
Corticosterone increases blood glucose levels and regulate mineral jon balance
Aldosteronc Conserves the level of Na™ in the body by preventing their loss from the kidney
tubules.

\bnonnalitics )
i‘udcr-secrction of Corticosteroids

, The destruction _of l.he adrenal cortex, such as occurs in Addison’s disease, will lead to
general metabolic disturbance, in particular weakness of muscle action and loss of salts.
Stress situations, such as cold, which would normally be overcome, lcad to collapse
and death.

overproduction of Corticosteroids

. The reverse of this is found in Cushing’s disease where too much cortical hormone is
produced. Symptoms are an excessive protein breakdown resulting muscular and bone
weakness. The high blood sugar disturbs the metabolism as in diabetes.

Overproduction of Androgens

. Androgens cause development of the secondary male characteristics.

. Very small amounts of androgens are
secreted in both male and female by
adrenal glands.

. A tumor on the inner part of the adrenal
cortex in a female can caus¢ €XCEsS

androgens to be produced and thus the
cs. Such cases are very rarc.

development of certain male characteristi

’ o
func®

POINY

\Why both Addison’s and Cushing discasces

effect muscles?

Introduction .
* Pancreas is a dual gland that acts both as exocrine and c:docnnc glands.

. Endocrine portion of pancreas contains Islets of Langerhans.

Hormones ' y: = .

*  The Islets contain large number of P cells associated with insulin production.

¥ The smaller number of a cells secrete glucagon.

. i and ACTH and also respond
’ This is under control of the pituitary trophic hormanes, STH pon

directly to the level of blood glucose:

F““cﬂ(jns
se levels,
) In general, insulin depresses blood gluco

@) Increasing glycogen synthesis

in a variety of ways which include:

(ii s} ilization of glucose . .+ ds. which in tum reduce glucose |

mf) 's'lf,,’:f,‘f't"ci E;::\:gil;s‘:)? glucose into pm“‘l'.‘s:r";inlép;d;x;. s iae
B . Ave in the v

(%) Inhibits the hydrolysis of E1YCOBTT ——— >

e
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N Glucagon is essentially antagonistic to insulin and causes an increage in bN
levels. It does this mainly by . _

()  Promoting breakdown of glycogen to glucose in the liver and muscles,

(i)  Increasing the rate of breakdown of fats.

Abnormalities of Insulin

Under-secretion

® Failure to produce insulin lcads to a condition called
diabetes mellitus. The symptoms of this are:

()  High level of blood sugar.

(i)  Sugar in the urine.

(ilf) A disturbance of the body’s osmotic equilibrium.

(iv)  Derangement of the nervous system.

(v)  Toxic metabolites from fat (which need ‘glucose energy’ for their oy

accumulate and arc only lost from the kidney with valuable metal cations, dation)
(vi)  The body becomes dehydrated.
Overproduction
]

If excess insulin is produced, the utilization of sugar is too i

. ey - great and its ey :
blood (hypoglycemia) which upsets nerve and muscle functioning. o flls i e
Abnormalities of Glucagon
. Glucagon abnormalities seem rare as endocrine disorders.
Tumors on the B cells will cause excess gluca [

gon secretions and :

glucose levels. This in turn damages the « cells consequently high o

Feell (léﬂ!ttl Exocrine pancreas
pancreatic (acinar cell

and duct cell)

Gastrin

It is the hormone produced by mucosa of the
It stimulates the secretion of

A gastric juice
° It is produced under the influen . _
Secretin ce of protein food in the stomach after it is partially digested

pyloric region of the stomach.
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INES OF OVARIES & TESTES
OVARIES

. tved in production and secretion of female sex hormones mai
l;urﬂ"’“ s are i olv P nly oestrogens

DESTRO . E§Con"°| — .
' Wd“mo‘uogcns are secreted by ripening follicles whose development has been initiated by FSH
' fw:n the pituitary.

|y many Species produced by interstitial cells of the ovary.

]
ns :
mcmaring about the development of the secondary sexual characters in the female.

Cause thickening of uterine wall.

Ata point during the oestrous or menstrual cycle, exert a positive feedback which results
' pasharp nise in LH output by the pituitary.

,  Theyalso aid in healing and repair of uterine wall after menstruation. ;

,  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 carly
stages of development.

Abnormalities

«  Deficiency of the sex hormones, for one reason or another, leads in the young of failure to
mature sexually and sterility in the adult.
PROGESTERONE

Production & Control

*  Produced by the ruptured follicle in response to LH from the pituitary
Functions

*  [tinhibits further FSH secretion from the pituitary, thus preventing any more follicles from

ripening.
It also affects uterus, causing further thickening and vascularization of its wall and other
areas of the female body, preparing it for maintaining the state of pregnancy.
It suppresses ovulation that is why it is a major constituent of birth control pill.
TESTES

Hormones

*  The testes consist of many coiled seminiferous tubules where the spermatozoa develop.

Between the tubules, regions of interstitial cells produce gonadal hormones called
A e e ment, the sex organs in the foctus produce them and their
Fun l;;icelr Ei;ﬁ;t:‘ll\i :3:;1‘;‘::? Egl l(lln(tig‘,lﬂl)lb:nrziythmfom the level of testosterone, remains constant.
. ct!o[:smc foctus, it initiates the development of the sex organs.

puberty, it brings abou ent of the male
?c::mm&mcsﬁwpiorzmMmM\n PN
The castrated male fails to develop Stﬁ:"::gz How castration will affect
sexual characteristics and his body ten SN s
towards the form of the immature female. ale
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FEEDBACK MECHANISM
It is a type of interaction in which a controlling mechanism i itself
products of reactions it is controlling.

Stress Cold iy

Hypothalamu i

+

Thyroid gland

- lT,,T.
Actions

Point/0

YOUL () Ot Fisis
Herentiate hetw Cen positive

Lan

M NELHiIve |

u-‘.‘l”‘ns\ 3 ||‘.L'L||-HH~III '
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IMMUNITY

fne immune system and describe its components:
pe

(! ) Antigen. _
Antibody (structure of antibody).

Lymphocytes (B and T cells).

be cell mediated response and humoral immune response.
@ piscuss the types of immunity:
P () Active immunity.
(i) Passive immunity.

n Explain vaccination,

,  The capacity to recognize the intrusion of any material foreign to the body and to 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. 1* defense line is provided by physical and
chemical barriers, 2™ defense line by phagocytes and 3™ defense line by immune system.
1" & 2* defense lines are non-specific while 3™ defense line is specific.

Skin, mucous membrane and blood clot are physical barriers.

HCl and lysozyme are examples of chemical barriers.

Phagocytes and lymphocytes are example of cellular/ biological barriers.

*  Immune system forms 3" defense line of our body.

*  ltis derived from mesoderm. s

' Ithas two main components i.c. lymphocytes and antibodics.

*  Anfigen or immunogen is a foreign substance, often a protein which stimulates !he
formation of antibodies. The term ANTIGEN comes from ANTIbody GENerating

Iy MPsubstanccs.

'MPHOCYTES

*  Lymphocytes are examples of agranulocytes and belong to;VBCs.

' There are two major types of lymphocytes 1.5 T il lym[;‘ ch;;s thymus glands. Th

*  Tlymphocytes have been given name due to their relabonshb w:molgn?callg comy L
has role in maturation of T lymphocyles and make them l‘m;nmb Eic dc):’c;)mpctcm. .
cells originate from stem cells in bone marrow. Aftct c:;s{n 'l"rly0 hocylc: mc?t:h:, c
newly forming T cells migrate 10 thymus gland for processine ™ -

divided into following categoncs: , ;

Helper T lymphocytes recognize

) chemical substances (cytokines)- I;v"d :n controlling immune response.

(i) -:‘l;sﬂmorri"lym;m"; g lilt:volw:d in direct k:i“i"g "i's::::"y‘“g of antigens. For
< ymp lysosomes and perox .

:.“_T-fi“““ﬂion. they usually depend upon ¥ 152
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"““hlt)
; . f the antigen ION
(iv) Memory T lymphocytes keep information/ memory 0 g Protect h‘,dy fo Ny
attack by same antigen. L e .
. B lymphocytes have been given name due to lhur.l ldl;(;‘::; ti:: f:;:n: ‘Il'ur.\a of F, i
which is a lymphoid tissue in birds around cloaca. l; tion;) -.-;mi’:‘ ¢ are Prodyggy
released in mature form from bone marrow. After stimula yantigen, they are acti\::i
and start dividing and form: - e e e
()  Plasma cells clone which synthesize and secrete nnubudfn:b‘ in pl:lsma.
: M ' B cells which keep information/ memory of antigen encountered.
(il) Memory B ce memory T-cells
cell-mediated
T-lymphocytes —L—b-‘vl_‘m Immunity
tymphocyte  potper T-cells suppressor T-cells
Pmm\k IgM
IgD
humoral
B-lymphocytes S > plasma cells — :‘G Immunity
memory B-cells gt
IgA
ANTIBODIES : ‘
® Antibodies/ Immunoglobulins are globular proteins, manufactured by la.lymphocm
then secreted into the lymph and blood where they circulate fi reely,
These are Y shaped molecules.
Each antibody consists of four polypeptide
chains; two heavy chains and two light chains. B veinge - ;
» Each chain has a constant region and variable  [ETRIGRTTTY CONStNt region
region. of antibody?
® In constant region, the amino acid sequence is
constant within a particular immunoglobulin class.
]

they act as antigen binding site

Variable segment consists of different amino acid Sequence in every antibody. Therefor,

s. Each antibody has two antigen binding sites.

, S
What do vou know about differet
- n 0 ]
types of antibodies

hat kind
It a dog bites a person, Wiat 25

. arelermy
-
of immunization will be p||
to prevent Rabies
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«_There are two basic types of immunity: inbom or innate immunity and acquired or adaptive immunity,
INNATE IMMUNITY :
: The ability of the innate immunity to kill microorganisms is not specific.

A First and second lines of defense are part of innate immunity, . ‘ :
.CQUIRED IMMUNITY

Highly specific protection is provided by innate immunity, but it takes several days for this
, ystemto become fully functional. _
There are two types of acquired immune responses i.c. cell-mediated response and
A antibody-mediated or humoral immune response. - :
“cells recognize antigen and then combat microorganisms and also responsible for
rejection of foreign transplanted tissue if it is not properly matched. This is called celf
X mediated response. e L
B-cells recognize antigen and form plasma cell clone. These plast(ln cells synthesize and
liberate antibodies into the blood plasma and tissue fluid. Hc_n: ar}nbodlcs attach to l!lc surfaces
of bacteria and speed up their phagocytosis. Somc‘npubodics behave & antitoxins for
feutralization of toxins produces by microorganisms. This is called humoral immune response.
—_—
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colls Pat bind andgen
O e
Effecter Teytotaxte ot
W omm
O\ Hoal calle routinaly
TYPES OF ACQUIRED IMMUNITY

« There are two types of acquired immunity:
(a) Active Immunity

(b) Passive Immunity

]

The method of passive immunization is used to combat active infections of tetams.
infectious hepatitis, rabies, snakebite venom ete,

& These are further divided into natural and artificial immunity,

Feature Active Immunity Passive Immunif -

Production of Immunity | Produced because of entry of Produced because of eary®
antigen. antibodies. _c_a/

Source of Antibodies Boc.ly is stimulated to produce | Antibodies are introdu

antibodies, from other source. ___—1
:::mnce Entering Antigen Antiserum ———
ponse Delayed immune response | Immediate immun resp-
Results Prolonged results Shortacting _—"
| Memory cell production v B o]
Role Preventive Preventive & Curstive_—
—a”®
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ctive llﬂmu“ ty infecti .

*”'ﬂl:m 4 person 1S exposed to an infection (antigen) becomes ill and in most

-

. . : cases survives,
Vs .nmunity developed against that discase is called matural active

e e ymmunity (Vaccination) .
Active o .
[l e use of vaccines, \tzhtch smfmlam thf producucfn of antibodies in the body, and making
| gesonimmune against t.he discases or infection, is called artificial active immunity. The
is called vaccination,
This active immunity has been achieved by artificially introducing; antigens in the body.
:&atl"‘ passive Immunity
‘. Ifthe source of antibodies is natural, then type of immunity will be called as natural passive
immunity.
,  For example, antibodies from a mother can
cross the placenta and enter her fetus, In this POINJQ
way they provide protection for the baby until PN
its own immune system is fully functional. Name at least three discases that
. This immunity may also be provided by provide auto mmune I‘\..’\]‘t‘llxc m
colostrum, the first secretion of the mammary GRS
glands. The baby absorbs the antibodies
through its gut.
Artificial Passive Immunity
*  Antibodies which have been formed in one individual are extracted and then injected into
the blood of another individual.
In the case of snakebite venom, passive immunity is produced by antitoxins, so the serum
is called antivenom serum.
Similarly, specific antibodies used for combating tetanus and diphtheria are cultured and
injected into humans.
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ety  BIOENERGETICS

* Describe photosynthetic pigments (chlomphy_ll and carotenoids).

(2)  Understand the concept of absorption and action spectra. _

(3)  Discuss light dependent stage (cyclic and non-cyclic phosphorylation),

(4)  Discuss light independent stage (Calvin cycle).

(5)  Describe the respiration at cellular level including;

)] Glycolysis (with preparatory and oxidative phase), Krebs cycle (with reference "
production of NADH, FADH and ATP), Electron Transport Chain with its carriers,

(i)  Anaerobic Respiration and its types (alcoholic and lactic acid fermentation).

Photosynthetic pigments are the substances that absorb

isible light ( 380-750 ny

wavelength).

* All the wavelengths that are absorbed by the pigments are disappeared.

CHLOROPHYLLS '

. They arc main photosynthetic pigments of plants.

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

= Chlorophyll a, b, ¢ and d are found in cukaryotic photosynthetic plants and algac,

® Bacteriochlorophylls are found in photosynthetic bacteria.

e

They mainly absorb violet-blue and orange-red wavelengths. Green, yellow and indige

wavelengths are least absorbed by chlorophylls and transmitted or reflected.

Structure

o A chlorophyll molecule has two parts i.c. hydrophili : bi
T oy ydrophilic head and a hydropho

‘ on, w is ¢ st o s
» Hydrophobic hydrocarbon tail is long, “"chorinéu;]}: ;; Jmtl::.‘l'll:g “;l}!:tnlmf;gp p
molecule is embedded in the hydrophobic core of thylakoid mcml.uruﬁ : ia this tail )
Chlorophyll a and b ¢ by this tail.
. Of all the chlorophylls, chlorophyll a js the mos
photosynthetic pigment. g St abundant and the
It takes pant directly in the light dependent reactions,
Differences between chlorophyil a and "l'lﬂl'ﬂph\ll b
Features Chlorophyll a '

most importar

Chlorophy
Molecular CesHnOsNMg CHnG mhyll b
formula - sHmON Mg
;’ :lonucl:ional -CHj (methyl group) -CHO (carbony] ——
All photosynthetic organisms except | In ass«ycinmomphv" =
Occurrence photosynthetic bacteria . all green f"‘mls\nndw il
Differ slightly in their red absorbing R e
Forms peaks e.g. 670,680,690,700 nm such different forme
r | fEEses —-‘ﬁ__h___
Colour Blue - green Yellow- green
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C‘\RUTENOIDS-ACCESSOR\' PIGMENTS

" (Carotenoids are yellow and red to orange pigments.

,  They absorb strongly the blue-violet range.

,  Carotenoids and chlorophyll b are called
accessory pigments, since they absorb light and
transfer the encrgy to chlorophyll a, which then
initiate the light reaction,

Carotenoids — Chlorophyll b — Chlorophyll a

Functions

«  They broaden the spectrum of light that provides energy for photosynthesis.
«  Some of these may protect chlorophyll by absorbing and dissipating intense light.
@ Similarly, carotenoids may protect human eye.

ABSORPTION & ACTIONSPECTRA

¢ Light is form of encrgy called electromagnetic energy or radiations. It behaves as waves

as 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.

Only about 1% of the light falling on the leaf surface is absorbed, the rest is reflected or

transmitted.

Absorption Spectrum . ‘

’ Graph showing relative absorption of different wavelengths of light by different

photosynthetic pigments is called absorption spectrum. ' .

Absorption spectrum of chlorophylls indicates that. absorption is maximum in blue and

red parts of the spectrum, two absorption peaks being at around 430 nm and 670 nm

respectively, |

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

.nion Spectrum ; -
Graph showing relative cffectiveness of different w.avclenglhs of light in driving
Photosynthesis is called action spectrum of photosynthesis.
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btained by German biologist T.w g,
ge .ma

Comparison 0

The first action spectrum was 0
orked on Spirogyra. _ . o o h‘
X;:i; qpcctfum can be obtained by |llum1:}at1ng plant with lighy Ofdim:rc hﬁ
and then estimating relative CO2 consumption Or OXygen release d“l’ing . 2: Wh%‘
OSyn

f Absorption & Action Spectra .
hotosynthesis corresponds to absorption spectry, , oy
"oph

the valley are obtained for absorption of lighy , Wel] T
8 for o
\)

Action spectrum of p i
same two peaks and |
consumption. .
However, the action spectrum of photosynthesis does not paralle] the abso:-pﬁ
of chlorophyll exactly. ' on
Photosynthesis in the most absorbed range is more than the absorption itself
Likewise, photosynthesis in 500-600 nm (including green light) is more than lh
of green light by chlorophylls. This difference occurs because of the accesso ;:a:'sm‘
i
Sy

Py,

carotenoids.
When equal intensities of light are given, there is more photosynthesis ip red thy ;
In by

part of spectrum.

Feature

Action Spectrum
Broader
Narrow and not deep

Absorption Spectrum

Narrow
Valley Broader and deep

poinT/V

Most efiective colour in photosynthesis is red but in detion
luc?

spectrum, why the highest peak is formed at violet-h
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NTHESIS

b uerall equation of photosynthesis is:
+12 Ligh
' 6C02 | HZO thmﬁCQlilzoﬁ -+ 602 + 6“10
es¢ reactions of photpsynthcsis consist of tw _
' Iihght-indcpcndcnt reactions. O Parts i.e. light-dependeny reactions and
H.0

»
S“Ch‘ types of reactions, which require light and constitute that phase of photosynthetic
Nfacuon during which light energy is absorbed by chlorophyll and other photosynthetic
. Pigment molecules and converted into chemical energy are called light reactions,
As a result of this encrgy conversion, reducing and assimilating powers in the form of
NADPH; (NADPH + H*) and ATP are formed. Both temporarily store energy and carry

tlongwith H to the light independent reactions.
Otosystems
L]

. Photosynthetic pigments are organized into clusters called photosystems,
Photosystem is for efficient absorption and utilization of solar energy in the thylakoid
Membranes,
0 Each photosystem consists of two parts: _
Antenna complex has many chlorophyll a, b and carotenoids, which channelize energy to
( Teaction centre. e
)] Reaction centre is constituted by chlorophyl! a along with primary electron acceptor and

associated electron carriers of elec.tron "‘"’l’“"t system. Electron transport syster plays
«~_ Tole in generation of ATP by chemiosmosis.
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Types of Photosystem

There are two photosystems; photosystem I and photosystem I1. Thése are named %0
of their discovery.
PS 1 have chlorophyll a molecule in reaction centre which absorbs maximum |
also called as Pxo.

PS 11 has a form of chlorophyll a molecule in reaction centre which absorbs mayip
light of 680 nm, also called as Peso.

I (efs

ght of ),

NON-CYCLIC PHOTOPHOSPHORYLATION
Introduction

Itis 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

(i)

(i)
(1ii)
(iv)

Important steps of non-cyclic photophosphorylation are;
Photoexcitation of electrons

Photolysis of water
Electron transport and formation of
Formation of NADPH,

The oxygen produced during photolysis is the main source of replenishment of atmosphen
oxygen.

Plastoquinone (Pq), Cytochromes and Ferred

while Plastocyanin (Pc) is copper containing

Onc photon excites one electron.

ATP through chemiosmosis

oxin (Fd) are iron containing electron cam<”
electron carrier.

Passage of Electrons

PSIl — PEA - Pq— Cyt. Com

plcx — P — - +
End Products of Light Reaction ¢ = PS1— PEA — Fd— NADP

NADPH/ NADPH
o= . POINT70

Molecular oxygen

J
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cyCLIC PHOTOPHOSPHORYLATION
It occurs at that time when chloroplast run low on 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 cyclic electron
flow until ATP supply meets the demand.

Itis less common type.

il ! (Fd)
Pq NADP*
| L
Cyechans
\ .
\\ Wpe
t“" X
- X -X-X -3

Comparison of Cveclic and Non-Cyclic Phos horylation

“lectrons are reused.
_____Elcctrons are not reused. ;lic:\vrcmlveq only PS |
It involves both PS 1 and 1l tis -;hc;n cit:cuit ’
____ Itis long pathway. It occurs when ATP are less and NADPH are
It is normal process. LLL L v AT
It generates only A
It generates both ATI" and NADPH. H:0 does not split
H20 splits Oxygen is not released.
[ Oxygen is relcased. m—
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C HEMIOSMOSIS

lic and non-cyclic photophosphof)’lﬂli‘m- the mechanism for A7y
i MM,
membrans to couple redox reactions to ATP prog ;
ase of Energy — Pumping of Proto:c o

to potential energy stored in form 0’[ {IH‘) -

ATP synthase — Formati .
tion
AT

In both cy¢
chemiosmosts.
[t is the process that uses
Flow of Electrons through ETC — Rele

thylakoid membranc — Transformation in

{H* down the gradient through

— Movement 0

Thytakold interfor space

Those reactions which
. . do not require li .
?}f ch gfl;tn;:‘rov;‘dod that assimilatory po\:gh::'mctly and can occur in the presence or absence
NADPHy, ATP and reducing power
reaction z'is P;Ofulcol;:ll during the light P0|NT7O

. allable are nAMDED
reactions and constitute light f:g:d dark Does Rubisco myolve in ;
;’::;'; Orphotosymhcsis_ pendent Vo ve 1 respuitian

PH; provides energi

: gized clectro
synthesis of sugar b : nand H* whi ]
: y reducing CO ile ATP provid ;
These reactions take place in itronia of chloropl provides chemical energy {o the
roplast,

®
® The cyclic series of reacti
reduced, resulting i ey by reepicl
mmm;cg, the synthesis of sugay ve enzymes, by which the carbon is fixed 2
. It is divided int thr::' e Coele 70
0 steps: .
(i)  Carbon fixation e bt
(i)  Reduction
(il)  Regeneration of CO; acceptor.
—
«ad
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isation (ixation refers to the initial inco_rporation of COz into organic material.
00" carbon “n is dependent on ribulose bisphosphate carboxylase (Rubisco).
Co;.ﬁxﬂf's most abundant protein in chloroplast and on earth.
Rumcco(l): molecules are required to synthesize one molecule of carbohydrate, a triose.
T!lfic “oduct is highly unstable 6-carbon compound that immediately breaks into two
;l;s‘cci:lles of 3-carbon compound.

Reduction reduction phase involves utilization of products of light reaction.

. ;hc:lsuction of three molecules of CO; requires 6 A'!'P and 6 NADPH:2 molecules.
' G3P (product of Calvin cycle) is also obtained during this phase.

;m,nmﬂon 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.

,  Forregeneration of 3 molecules of RuBP, 3 ATP molecules are consumed.
3C0, + 6NADPHH" +9ATP — (CH,0), + 6NADP* +9ADP +9F, +3H,0
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Comparison of Light and Dark Reactions
Light Reactions Dark Rcacn,,m

Occur in grana of chloroplast.

Light is required.

Oz, ATP and NADPH; are the end products.

Water is used CO:; 1s used

Respiration is the universal process by which organisms breakdown complex

Occur in stroma of chlorg last
Light 1s not required, '
In Calvin cycle, ATP ; ) |

containing carbon in a way that allows the cells to harvest a maximum of usab;:} o
. External respiration involves exchange of respiratory gases between the mg;m,-;nn“h').
environment. il
e Cellular respiration is the process by which energy is made availabje to cells i 4 ;.
step breakdown of C-chain molecules in the cell. "l
. Cellular respiration is an oxidation process.
a The most common fuel used by the cell to provide energy by cellular respiration i elucose
AEROBIC & ANAEROBIC RESPIRATION - ‘
E The way glucose is metabolized depends on the availability of oxygen,
. First step of cellular respiration (Glycolysis that splits glucose molecule into two

molecules of pyruvic acid) is common in aerobic and anaerobic respiration,
INAD INADH,

CeH1200—— 2C3H,04+ Energy

s The next step in cellular respiration varies depending on the type of cell and prevailing
conditions, ‘

. Cell processes pyruvic acid in three major ways:

(i) Alcoholic fermentation

(ii) Lactic acid fermentation
(iii Acrobic respiration

Involvement of Oxygen _ 1 Occurs in presence of 0s Occurs in absence of 0; |
Reactants Glucose & 0, Glucose =
Glucose Breakdown ln‘volvcs complete breakdown Involves incomplete

of glucose breakdown of glucose |
End Products CO:, H20 and encrgy Lactic acid or Ethyl alcohol

Tow: & CO; —]
ATP Formed otal: 40 ATP Totl: 4 ATP

Net: 36 or 38 ATP Net: 2 ATP —

/

Encrgy of Glucose Released | 98%

2(!’_;’ 4_______,_.-—-'

| Location in Eukaryotic Cell [ Mitochondriz
ANAEROBIC RESPIRATION
(i) Alcoholic Fermentation

° It occurs in primitive cells and in some cukaryotic cells such as yeast.

Cytoplasm St
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py" sNADH:

| 0N — 2(CHsOH)+2CO,
L] " ‘ & .

( id Fermentation

curs in muscle cells of humans and other animals during extreme physical activities

froccurs L
1 gchas sprnting.

uvic acid is metabolized in lactic acid.
' P INADH: 4

lﬁ%kcn into ethyl alcohol and CO;
- " ‘wn

3(CsHi03) — 2(C3He0s)
With Oxygen Without Oxygen

AEROBIC RESPIRATION
Acrobic respiration may be subdivided into four stages:

ﬁ‘: Glycolysis
:i‘! Pyruvic acid oxidation
u“) Krebs cycle or citric acid cycle.
G\ ) , Respiratory chain.

LYCoLysis
Glycolysis is the breakdown of glucose upto the formation of pyruvic acid.
ltoccurs in cytoplasm. ‘ _
h lH,kcs p‘acc ‘n thc absc“cc (Anambf(') orin the pm.cc 0f-02 (Af’:obic CondlﬁonS).
Enzymes, ATP, and Coenzyme NAD (nicotinamide adenine dinucleotide) are essential for
glycolysis.

of Glycolysis -
There are two phases of glycolysis i.c. preparatory phu.c and oxidative phase,
Preparatory phase involves the conversion of glucose into one molecule of G3P and ope
molecule of DHAP. It utilizes two molcculc-:: of ATP. - ‘ :

Oxidative or pay off phase involves conversion of G3P into pyruvate alongwith formation
~— 0f4 ATD and 2 NADH molecules.

Phlses
[}
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tion of ATP during glycolysis is 2ATP.

~

End Products
. Tomll C:’Unj::il:m of ATP during glycolysis is 4ATP molecules,
Total p . e 1
: Net production of energy during glycolysis is 2ATP molecules,
\What is the role of following in (il_\cul'\ Sige
(a) Decarboxyiase (b) GlucoRinase (¢) l'lm.\ph..;‘r-{,\.m,\mdw
= e
Glixose 6-phorphase
23 Remrungrowent, fflcw g 1@
by 8 sovemd ATP phoephony besa i
&phonphate F
. E
43 The miscubn sulocle b wid o
;;M“--ﬁ F
c&‘-*-‘- B %
rhenpbane toier >
T s NAD' —
e mdedes of BAO. o0 v pur o ®
Ay phaphae bt H™+ |[NADH | \P A
i i
13 — ¢ N
o hr) N — ‘aaa
by s A £ thghae @ -~
ATF mlecuies and kesves tew 3100 @
)-Phosphogtycerase 3
0OrG) (raG)
I 21 |
B9 Rewonsl of water yickds tos PE7 i
m—teraien, 2-Phosphoglycerate
frereateriunl QrG) o
e ..d ® b—vw
Phowphoenal Pyruvate Photpboenol Fyrwvate
: (PEP) (ren)
Pyruvate Pyruvans
:'YRUVIC x;lClD OXIDATION
. ;1“3 is als? called as link reaction. oxidized iot0
yruvic acid does not enter Krebs cycle directly. It is decarboxylated 80d
acetic acid (2C), e

Scanned by CamScanner



1-0 > T e ee
;Hs ad on entering the mitochondrion unites with Cotnzyme-A (COA) to fi N
B r
A“ﬂ( ctive acetate). 0 lorm acety]
CLE
g!Bs C‘ glso ¢4 called citric acid cycle or Tricar boxylic acid (TCA) cycle.
It ‘snﬂ'“ of,.,.cﬂonl IS as:
|t NAD e LYV
2
| e T
}-o when a 2C unit from
My acetyl-CoA reacts
with 2 4C molecule
Aceryl-Co A 2C) (Oxalocetate) 10
Krebs cycle HO CoA-SH ——

™e g,mgauum
| o malate produces a

#ir! NADH, and the

acle retumit 1o it

| marting “’l" Oulmccuu.- aC)

.\L’\DH Citrate (
Isoci ;

Malots ( e ) Oxidative
decarboxylation
produces NADH

HO NAD wilh.thc relase of
CO;,
a-Ketoglutarate (5C)
D+
CO;
Succinate (4C) '
N A second oxidative

decarboxylation
a second NADH with the
release of a second CO,

e ——

One Krebs cycle yields 1 ATP, SNADH and IFADH:.
POINT

(o bt 1 et )
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— ANSPORT CHAIN Aed in a series of oxidation-rcduﬂim\

are transpo o
A system where delcctcr:;:li oxygen is called electron .tmrtspo: SYStem or peg '"fnq
ultimately, ‘thTI:?n the presence of 0215 called a.udt;r}ve P "’P’;’fﬂa ﬁanp‘% i

! - m o
f){xnn!::;?daﬁw plmsphoo'larian, 3 ATPs are formed from one NADH gy " N
are formed from on¢ FADH:.

Sequence of electron flow 1s

ADP+Pi FADH

"
NAD

2¢

as follows:

FAD

w ADP+Pi

3

ADP +R

"' ”l\.l[[ 1M d
a4 ¥ I' » ’ . >
} A 1ICTCNCE i\l..t‘a.L(Il number ot I\'LP-).PILMU\'\'L[ hy
JCTODIC resn ——
sepAration of .':JIHL'H‘\'; in \..".IL..i' Volos & I\T\IL irvotes

OXIDATIVE PHOSPHORYLATION

Synthesis of ATP i

Oxidative phos h:‘ l]hﬁ:‘prts.cncC of oxygen is called oxidative phosphorylation.
: . osphorylation is coupled with . i g mem

mitochondrion. respiratory chain in the inner

As compared to photosynthesis, her
of: mitochondrion folded into
mitochondrion’s intermembrane spa

© Pumping of protons (H') is across the inner M

Cristae, between matrix of mitochondnio?
ce,
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(1)  Describe Recombinant DNA Technology nnd‘ its ap!)licalion (e.p. Ingu);
(2)  Describe the principle -uml steps of Polymerase Chain Reaction (PCR) n p,%qkr
(3)  Understand the ﬁ)lluwmg-tcr.ms: . . )
DNA Analysis (Finger Printing, Gene Sequencing).
(4)  Explain Gene therapy with reference to how genetic diseageg (i.e. cysy
combined immunodeficiency syndrome, hypchholcstcm]cm,a) & ;\‘h -
therapy. ¢ Ueagyy . 0%
Describe the detail of Transgenic Organisms (Bacteria, Plants ang
Culture, Cloning and their applications.

RECOMBINANT DNA TE( HNOLOGY

M
%

6

Recombinant DNA
o Recombinant DNA contains DNA from two different sources.

. It is also called as chimeric DNA.
" Recombinant DNA technology is popularly known as genetic engineering

Requirements of Recombinant DNA Technology
Four requirements of recombinant DNA technology are:

() Gene of interest which is to be cloned,

(i)  Molecular scissors to cut out gene of interest.
(iii)  Molecular carrier or vector

(iv)  Expression system

Gene of Interest

. Genes can be isolated from the chromosomes by cutting on flanking sites of the gene &
special enzymes known as restriction endonucleases.

* If genes are small, these can also be synthesized in laboratory.

. Gene can be synthesized in the lab from mRNA using reverse transcriptase. Such DV

molecule produced from mRNA is called complementary DNA (cDNA).

Molecular Scissors: Restriction Endonucleases i
. These are the natural enzymes of bacteria, which they use for their own protecti®™
viruses, o
° Tl .« e . { hﬂrm 10 ha--'
1€ restriction enzyme cuts down the viral DNA but does no
chromosome. Thus, they restrict viral growth.
. First restriction enzyme was isolated by Hamilton O. Smith in 1970. r
: :’Ul’).n‘:lstriction cnzymes are discovered, 20 are commonlli’o l:;:: ged s}ﬂ@cﬂ':;
alindromic sequences a or six nuc & specif
q re sequences of four he DNA a!

the reverse order produced by restriction enzymes, which cut ~
o EcoR1 is a commonly used restriction enzyme. tecules md“““w:"
° The single stranded but complementary ends of the two DNA mo : A
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endonuclease does Can you differentiate between

{on -
o hacterial DNA? endonucledseand exonuclease?

X N,[]'l\:

Wi

)

’i‘au-um
enzyme 2

! l“’
,E 5
(®)

Molecular Carrier: Vector

Vectors are the means by which recombinant DNA is introduced into a host cell.

Plasmids are natural extra chromosomal circular DNA molecules which carry genes for
antibiotic resistance and fertility. These 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.

DNA ligase is the enzyme which seals 7@
the foreign piecce of DNA into the PN -
Vector,

Pression of the Recombinant DNA
Bacterial cells take up recombinant
Plasmig if they are treated with calcium
(‘hloride to make them more permcablc.

@mbda phage (DNA of bacterial viruses) can a

Iso be used as a vectar.
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g
A clone can be a large number of molecules or cells or organisms ummldm\l%
ticy)

original specimen. N
Bacterial cells afier taking recombinant DNA are cloned. Each clope conty; u
interest which will express itself and make a product. 08 pene "

From this bacterial clone, the cloned gene can be isolated for further analysis
or

product can be ated. Protej,

Polymerase chain reaction (PCR) was developed by Kary B. Mullis in 1983,

PCR takes its name from DNA polymerase, the enzyme that carries out DNA replication
process in cell.

PCR is done in automatic PCR machine or thermocycler.

PCR can create millions of copics of a single gene or any specific piece of DNA quickly
inatesttube,
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lication process; it only continues or extends the process.

DNA polymerase used is temperature-insensitive (thermostable
, m; pacterium Thermus aquaticus. This enzyme is g
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) enzyme extracted from
S0 known as Tag polymerase.

POINHO

pot/0

N
\ 4 '

POINﬂO

ltisa _

Basie Mecha

o

nism

process by which entirc genome of an individual can be analyzed.

Different steps involved in DNA analysis are as follows:

¢ genome is treafed with restriction enzymes, which results in a unj
different sized fragments. These fragments vary in length and restriction

que collection of

- . . i Cl'lzy]nc
according to this length, which is different in different individuals, This p SCparates

rocess of existing

in different lengths is called restriction fragment length polymorphism (RFLPs),

Fragments of genome can be scparated according to their lengths throy

gel electrophoresis.

It results in formation of a number of bands that are so close together thay the

Smear,

gh a process calleg

Y 2ppear asg g
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Use of probes for genetic ma
film.

rkers pmduccs a distinctive pattern that can be

Importance of DNA Analysis
. It can be used to solve disputes of patemnity,
@ Itis important in forensic laboratories as evidence to solve crimes.

. PCR amplification and DNA analysis can be used to diagnose viral infections, gene
disorders and cancer.

. These can also be used to determine evolutionary history.

It is a technique to find sequence of nucleotides in a gene.
Main Principles of Method

. Generation of different sized DNA fragments of all starting from the same point and end
at different points.

s Separation of these different pieces of DNA on agarose gel.

. Reading of sequence from the gel.

Methods to Generate Pieces of DNA

For generation of different sized DNA fragment, two methods are generally used.

1) Sanger's method in which dideoxyribonucleoside triphosphates are used to termini
DNA synthesis at different sites,

2)  Maxam-Gilbert method in which DNA threads arc chemically cut into picces of differ
sizes,

Separation and Reading of Gene Sequence th
DNA sequence is now completely automated, robotic devices mix the reagents s
load, run and read the order of nucleotide bases from the gel.

SANGER'S METHOD

e It is also called as enzymatic or dideoxy method,
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Biotechnology

3
' .”{our > ‘q 0C
)y pele 1a0€ ofa gd .
sm;l.tccwf (positioned near lhc.'bonom of the gel) reads and records the colour of
A ot label on each band as it passes through a laser beam,

b forescen

\ computer then reads and stores this nucleotide sequence,
v A C G T
— Deduced | Fragment Size
Sequence
G ...T_ G 19
S T 2|
A
. G 22
G T 23
A SE— i T 24
— A 25
e G 26
.i T A 27
— T 29
Lj 31
Significance

Using this automation of DNA sequencing, genomes of many organisms have been
sequenced e.g. plant chloroplast, animal mitochondria, bacteria, yeast, a nematode worm,
Drosophila, model plamt Arabidopsis, mousc and human. Researchers have also deduced
the complete DNA sequence of a variety of human pathogens.

: Gene therapy is the inscrtion of genetic material into human cells for the treatment of a
disorder.

*  There are two main methods for gene therapy i.c. Ex-vivo & In-vivo,

= Gene therapy for cancer patients makes cancer cells more vulnerable to chemotherapy and

apy.
normal cells more resistant to chemothen . ‘
During coronary artery angioplasty, a balloon catheter is sometimes used to open up a
closed artery. .
It will be possible to usc In-v

f;g\i?j-h emophilia, patients could get regular doscs of cells that contain normal clotting

fact nes or such cells could be placed in organoids, artificial organs that can be
or genes s

: % bdominal cavity. . : :
!Ir":)p:xnr::ega::k::z:n's discase, dopamine-producing cells could be grafted dircetly into the

brain.

ivo therapy to cure hemophilia, diabetes, Parkinson's disease
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Discase

Immune |
deficiency, ' Mod:
ADA Deficiency | life Ex-vivo rctc‘r.f.:l:.vfiiBd Sy
SCID threatening nus "‘lnm
infections Sley t’tl'q
Familial = | Lack of R8P0 | Pl heart | 1 | Modifieg -
Hypercholes | on liver ccllls for | aitacks retrovinyg u"“ccu.
cholestero :
terolemia S Liposore—— _\J
umerous it
infections of vesi ISCOPIC Epithyy
Cystic Tm_ls-mcmb_ranc respiratory In-vivo " Cles el
Fibrosis | carrier of Cl tract, thick (lipoproteing ¢ Mdct
mucus plug coated with celly
gene)
Plasmid ——
containing
Heart Blockage of Necrosis of i gene for Endothut: |
Attack coronary artery myocardium In-vivo vascular ccl!:)mﬂ
endothelial
growth factor

POIHT7O

pont/0

e

Organisms that have any foreign gene inserted in them are called transgenic organisms
TRANSGENIC BACTERIA

Bacteria having foreign gene are called transgenic bacteria.
Methods of Production & Propagation

* Recombinant DNA technology is used to produce bacteria that reproduce in large Va8
called bioreactors,

Significance

These are used to get various biotechnology product for human use.
Biotechnology is used to convert frost-plus to frost-minus bacteria.
These are used to produce insect toxins in plant cells.

Bacteria can be used in industries as biofilters,

They are also used in biosynthesis of different chemicals e.g. phenylalanine,

needed to make aspartame (the dipeptide sweetner) better known as Nutraswect
These bacteria are used in bioleaching,

- Bacteria are also used in cleaning up beaches after oil spills.
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M .CGENlC Plu‘\NTb .
[ﬂﬂ. sh qving any forcign gene are called transgenic plants,
Pli:} ¢ production & Propagation

)Itthod; of Gene through Current
W A foreigh gene isolated from any type of organism is placed in the tissue culture medium

is tissue culture contains protoplasts. High voltage electric )
. membrane so that DNA enters. pulses are used to create pores in the

on of Gene through Bacterium

l’“ru Tas ed t md b' .
A plasmid Is us 0 produce recom inant 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 is introduced into plant cells.
tion through Particle Gun

[nse
This method was developed by John C. Sanford and Theodore M. Klein of Comell University
in 1987.

Many plants including com 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 comn and cotton plants are both pest and herbicide resistant.

+ A weed called mouse-cared cress has been engineered to produce a biodegradable plastic
(polyhydroxy butyrate) in cell granules.

¢+ Plants arc being engincered to produce human hormones, clotting factors and antibodies in their
seeds. One type of antibody made by com can deliver radioisotopes to tumor cells.
Antibody produced by soybean can be used as treatment fqr gt;mtnl herpes. Plant made
antibodies are inexpensive and have little chances of contamination.

[} lmpmvcmems are going in impmving quality of l'ood.
TRANSGENIC ANIMALS . 2 ani
Animals containing foreign DNA in their cells are called transgenic animals.
Meth & Propagation . . .
; od-; of I'rm.lm:ti.mlnls ha\-:bccn developed by inserting genes into the cggs of animals
. | ranrzgm:nc a;l?:ansgcnic animals, W0 methods are used i.¢c. microinjection (by hand) and
norder to g . ing gene into cgg-
. vortex mixingh':;‘ S\‘;dc' ;}; T:;:,Cig in an agitator with DNA and silicon-carbide needles.
!lr'lh\c,?:::;l:‘sct:\nkc tiny holes through which the DNA can cnler.
Significance sl transgenic farm animals to produce pharmaccuticals.
c

. Gene pharming i th on 10 MOV quality and quantity of food obtained from animals.

= Genetic engincenng ‘svghh‘f( fora biotechnology product than milk because;

Urine is a p,.»eferabff v L while only females produce milk.

L]
(1)  All animals in ber d unn i|e female do not produce milk until maturity.

; an at birth while 1k
g)) {“'u cnsh'.:r 10 c:t‘:‘cl: proteins from urine than from milk.
t is casl

178
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CLONING OF TRANSGENIC ANIMALS AND TIS APP

Name three human orgians W hat 1s role of .m:nfn,m;im,

which show regeneration™ 11 in surverny”?

Cloning is form of asexual reproduction and is most pre

copies of animals.

Cloning of an adult vertebrate requires that all genes of an adult cells be tumeq oy, again g

development is to proceed normally. It had long been thought that it is impossible

In 1997, scientists at Roslin Institute in Scotland produced a cloned sheep calleg Dolly

Since then calves and goats have been cloned. '

Different steps involved are:

» 2nnuclei from cumulus cells (those that cling to an egg after ovulation process occurs)
were taken and introduced in enucleated egg.

» A specially prepared chemical bath was used to stimulate the cggs to divide and begin
development.

ferable method for getting id’“ﬁta!

Tissue culture is the growth of a tissue in an artificial liquid culture medium, also called
micropropagation.

German botanist Gontlieb Haberlandt in 1902 said that, plant cells are totipotent.
Comell botanist F. C. Steward in 1958 first time grew a complete carrot plant from a tiny
picce of phloem.

Tissue culture techniques are used to produce millions of identical scedlings 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

U)
(i)

(iii)

Different steps involved are:

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.

Protoplasts regenerate a new cell wall and begin to divide due to presence of auxins and
cytokinins in liquid medium,

Clumps of cells are manipulated to produce somatic embryos. These somatic embryos
(sometimes called artificial sceds) are encapsulated in a protective hydrated gel. Somatic

embryos of tomato, celery, asparagus, lilies, begonias and African violets can be produced
in millions in large tanks called bioreactors.
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gﬂs 10 i evelops from cach somatic embryo. Plants generated from somatic embryo

IMﬂ;.mrc P“ml pecause of mutations that arise during the production process. These are
icWik A

oo “machmal variations.

Rl echnique in which mature anthers are cultured in a medium containing vitamins and
s
' grO\"'Lh rcgul alors.
(uis useful in plants that express recessive alleles.
(1S

'

cedure .
§ pifferent steps involved are:
'

) Haploid tube cells within pollen grain divide, producing pro-embryos consisting of as many
U a5 20-40 cells.

i) pollen grains rupture releasing haploid embryos.

i) Haploid plant can be generated or chemical agents are added that encourages chromosomal
doubling

v) After chromosomal doubling, resulting plants are diploid but homozygous for all their
alleles.

CELL SUSPENSION CULTURE

+  This technique is used to get biotechnology products within culture medium.

* It will no longer be necessary to farm plants for the purpose of acquiring the chemicals
they produce.

Cell suspension cultures of Cinchona ledgeriana produce quinine and Digitalis lanata
produce digitoxin.
Procedure

(i)

Different steps involved are: ' o .
Rapidly growing cultures are cut into small pieces and shaken in a liquid nutrient medium
so that single cell or small clumps of cells break off and form a suspension.

@) These cells produce the same chemicals as the entire plant.
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)
(4)

orcsy,  ECOSYSTEM
2 icas

Describe the significance of human activity on ecosystem such g Popy
cri

0

Deforestation, Ozone Depletion, Greenhouse Effect, Acid rain, E“‘mphicatjoﬂ
Pesticides.

Describe Nitrogen cycle (ammonification, nitrification, assimilation, depletion),

Define and explain Energy Flow, Trophic Levels (producers, consumers, dccomposm)_
Productivity, Food chain, Food web.

SUCCESSION & I'TS STAGES

Succession is a change in community structure and its non-living environment over period of
time.

Succession is a sequence of events in community structure of ecosystem over period of time,
It is also called as community relay.

Succession begins by a few hardy invaders called pioneers.

Diverse and relatively stable community at the end of succession is called climax
community.

All the communities during succession are called as seral communities.

Types of Succession

Succession on dry land takes two major forms, primary succession and secondary succession
Feature P

rimary Succession Secondary Succession
Such a succession where an A new ccosystem develops
ccosystem is forged from after an existing ecosystem 15
Definition bare rock, sand or clear disturbed as in case of forced
glacial pool where there is no fire or an abandoned farm
traces of previous life. field. ol
Duration As it is from scratch, so often puc to pmwou;w:l: o
requires thousands of g h?ppcns e
ycars. dly. —
Primary Succession i
: ll:nmary successlon starting in a pond is called hydrosere.
nmary succession on a dry soil or habitat is called xerosere.
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&Tk"i,—f Ecosystem

s growing in xeric conditions are called xerophytes, which are able to withstand
PE‘]‘MS «d periods of droughts.

gucculent plants like cacti have water stored in large parenchyma tissue.

of Xerosere

Crustose means crust on the substratum.

Crustose lichen can live in extreme conditions.

Crustose lichen They absorb water during dry season.

stage

They are quiescent or dormant, normally desiccated during dry
season. e.g. Bacidia and Lecanora.

Lichens are just like crumpled leaves attached at one point.

Produces shade to the crustose lichens as a result of which their
growth is reduced or decreased.

Foliage lichen stage

Area becomes rough with more fissure and depressions develop.
Examples are Dermatocarpon, Permellia

Examples of mosses are Polytrichum, Tortula etc.

They compete with lichens for water and penetrate deeper into the
soil add more humus to the soil.

Moss stage

Small seedlings establish due to more availability of moisture,
Herbaceous stage

humus, soil for anchorage.

e Shrubby plants start growing and shadowing herbaceous plants
Shrub stage i )
which die and add more humus to the soil.

e Woody plants develop due to improved soil.
. mcydomhmcmddﬁsstngeinmm&simmnainsmniallymif
nothing changes in the environment to upset the balance

Climax forests
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POPUL:\TION

DEFORESTATION

ulations and things that affect them

Population of Pakistan 5 million in 1947. It has now increased 1o aroung "
oput L ]‘
4

Demography 15 the study of human pop
was 32

million in year 2000. 1
About 20 years ago, human popu

every 35 years.

qtion was increasing at rate 0f 2% and d

Clearance of vast arcas of forest for procuring lumber, planting subsistenc, e
estation. i

grazing cattle is called defor . ‘ o |
The destruction of forests leaves the soil barren and it is called deforestation i,

desertification.

Reforestation is replantation of plants in the arcas where they were present earlier

In reforestation coniferous species are important which often require bare soil to establiy
Aforestation is establishment of new forests where no forests existed previously,
Forests are called as environmental buffers becausc they break speed of wind, raip -

floods.
About half of the rain, which falls, in tropical forests comes from transpiration of the

plants
Biodiversity is total number of different species within an ecosystem and the resuliin

complexity of interactions among them.

ATMOSPHERIC POLLUTION

The befouling of the air by anything that may be harmful to living organisms is air pollution.
These harmful substances are called pollutants.

Air Pollutant Sources Harmful Effects
e Acrosol spray foams e Thinning of ozone layer
Chlorofluorocarbons |e Air conditioning system e Greenhouse effect
o Refrigerants e Global warming -

e Power station e Acidrains

Sulphiurgipxias e Fossil fuel e Breathing disorders
e Lung cancer -
Combustion of leaded pet e Lead poisoning
Lead compounds o petrolor | | o damage
e Forestdecline __—
o Global warming
Oxides of nitrogen Buming of fossil fuels e Greenhouse effect
e Acidrain
e Headache & cough_—
* Incomplete buming of
Carbon monoxide carbonate & carbon . Hca.ducht‘ ¢
compounds e Brain damag
Cigarette smoke e Death /

)-/ﬂ
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- CAYER DEPLETION
01 b

oot i pure form ozone is bluish, explosive and highly poisonous gas. Ozone molecule is made
R o 0f3 Oxygcn atoms (03)-

er
0108¢ loﬁnc is layer of atmosphere extending from 10-50 km above carth.
'y filters and protects us from UV rays.

' e Depletion
o Decline in thickness of ozone layer is called ozone depletion.
Ozone depletion is caused by increasing
chlorofluorocarbons (CFCs), which contains
chlorine, fluorine and carbon.

,  These are produced from air conditioners and

refnigerators.
, A single chlorine atom can react with

ultraviolet rays and destroys as many as one
million ozone molecules.

+  Thelevel of ozone in the ozone layer over the Antarctica has fallen drastically and has led
to a hole.

Effects of Ozone Depletion

More ultraviolet rays from the sun are able to reach earth.

This entry of UV rays is affecting all life on carth by increasing temperature.
They cause skin cancers and cataract in human.

They can also affect crops, plants, trees and even marine plankton and distort weather
patterns.

rot/0

Why ozone laver depleted in

\ntractica”’

gREENHOUSE EFFECT

reenhouse : temperature for protection of pl

» developed in arca of low temp plant growth.

. Emm?mc sun penctrate the glass of the greenhouse and are absorbed by the plants

and soil and then reradiate as longer wave infra-red radiation (heat). The glass does not

1 these rays 10 €5Cape outside and so the heat remains within the greenhouse.
permi
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Greenhouse Effect
L ]

The carbon dioxide of the atmosphere behaves like glass sheet of greenhouse, |t absor

the sun energy but does not allow it to escape outside, as a result of which temperature
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
effect or global warming.

Natural
Greenhouse Effect

heat rays is called green ho

Human Enhanced
Greenhouse Effect
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5¢$ . >
(0 s of grecaho effect are:
(% Hyer urbanization
’ pcrurcsmlion
¢ [pdustrialization

ts s
Eff:‘ lobal warming may lead to:
Rapid melting of icc caps and glaciers.
Bringing floods and changing the path of major air and ocean currents
Drastic effects on global weather conditions. .

L}
ACIDRAIN
s through which acids fall on carth either dissolved in rain or as microscopic dry particles

i called acid rain.
pH range of acid rain is 5.0 - 5.5.
Causes

This is due to the overloading of nitrogen and sulphur cycle.

Sulph}lr le.‘fldC and nitrogen dioxide emitted in the air during the burning of fossil fuels
combined with water vapours in the atmosphere and form acids.

) For example

Nitrogen Dioxide Xaer Yapoury,  Nitric Acid + Nitrous Acid
Sulphur Dioxide Water Vapours Gy 11nhurous Acid + Sulphuric Acid

-------

armful effects of acid rains are:

and forests.

Some of the important h
such as calcium and potassium.

Damage to life in lakes. farms

. -
i Washing out essential nutrients of srml uch!
B Killing of decomposers an.d ::il:nmoorngmutﬁenm R

Plants poisoninlg‘.
and insect attack. «ctone Cancer
e Erosion of ‘Taj Mahal' duc o S

186
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It is natural process of excessive enrichment of water with nutrients by whic, large
livi i in the water. g

of living organic matter grows in the . o

Human activitics have speeded up this natural process of (::;tropl?.l;mmn by adding p;

and organic nutrients in larger quantities than nature would provide, as excreta, pho. eraly

i d phosphates from fertilizers. Phage,

from washing powder and nitrates an .
; : , cveloping unpleasant ¢
It oceurs in fresh water and in sea water, both developing unp olor and spmg);

Procedure

Different steps involved are:
Different chemical wastes travel to water
Vast quantities of algae feed and reprod

reservoirs.
uce on these nutrients causing the water 1o g

green with algal bloom. . i _
The dead algae are decomposed by aerobic bacteria, which deplete the water ¢

content causing death of aquatic ani

mals through oxygen depletion. X¥gen
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m
Assimilation \

Utilization of nitrogen inside the plant body/cells for synthesis of Nitrogen conty;,

organic compounds is called assimilation. inin

- Nitrate is the form through which most nitrogen moves from the soil into the roots
Once nitrate is within the plant cell, it is reduced back to ammonium '
nitrification. This assimilation process requires encrgy.

. The ammonium ions thus formed are transferred to carbon-conlaining COMpoungs
produce amino acids and other nitrogenous organic compounds needed by the plants o

Denitrification '

in C()nlm‘ o

° Certain soil bacteria break down nitrates in absence of oxygen, releasing nitrogen back i
the atmosphere and using oxygen for their own respiration. This process is knovmmo
denitrification. =

. Soil nitrates are lost from soil erosion, fire and water percolating down through the sojj.

Remedies of Nitrogen Depletion in Soil
Soil nitrogen resources are strengthened by the addition of nitrogen fertilizers by the man
himself.

w —— —— 3 3k ~ I

—— T

' Atmospheric Nitrogenmz) . T o i

Denitrifyin
Bacteria |8

N ETF T e W=/
.A;'?lmilation e 9
0 TN 5 8

Nitrogensfixing : ‘
bacterialivingin e
' S

legumeliroot nodules -

Decom!:cse;' rs
(aerobic anaerobic
bacteria and fungi)

Nitrifying
Ammonification NG+ " Nitrification bacteria

Kaedd .. = Ammonlur(r;m:) : @»m

Nitrogen-fixing 3 ‘ R
soil bacteria Nitrifying bacteria

. Energy in the form of radiant heat and light from the sun flows through an ecosystem
passing through different trophic levels (links) and radiates again back into outer space.
® About 1% of the total energy from the sun is trapped by the p roducers in an e
The remaining 99% of solar energy is used to evaporate water, heat up soil and is then lost

to outer space.
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‘ fﬂs 10 — f encrgy fixed by plants is gross primary production.
J n']f wm

ot of €nergy left afer plants have met their respiratory needs is net primary
\
me

. which shows upas plant biomass. (Gross primary production minus respiratory
'mi“‘;,‘: 'Prl'm‘"'J' Production/ Plant Biomass.

os y is wransferred from one trophic level to the next, from producer to primary
As cnc:gr §0-90% of the original energy is lost in form of heat as byproduct of respiration
COSS::‘Y 10-20% is available to next trophic level.

3:.“;hon food chain of two or three \inks_sx_spports a community more cfficiently than a long
‘Ch;ﬁ“ of five links where much qf the original energy from the producers would never reach
gose organisms at higher trophic levels.

DecompOSErs are able to obtain energy by converting plants and animal tissues and waste
g0 inorganic mineral ions.

- tertiary consumers
10 keal

@l $econdary consumers

PRODUCTIVITY

Productivity can be indicated by consumption of COz and evolution of O: during

photosynthesis. 7@
Primary productivity is amount of energy fixed by POINT
W hiy short Lovind

plants per unit area and unit time.
; Its unit is Kcal/M*/YR. :
Productivity of aquatic ecosystem is basically
determined by the light and nutrients.
' Light intensity and quality vary with lhf. water
depth, so the primary productivity also vanes with light. The amount of nutrients alsg changes

tavarable than

with scason.

In temperate grassland, rate of primary production is about 700-1500 &/m? annuall
In sub humid tropical grassland, it is more than 4000 g/m*annualy, y.
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FOOD CHAIN . . \
Linear arrangement of organisms on basis of feeding ""miOHShip i -

All animals depend on plants for their food. r%d%
All food chains start with producers (plants or algac).

Simple food chain:
Grass =  Caterpillar > Bluebird Eagle

Combination of many food chains s called food web
Food webs consist of 3-§ trophic leyels .
Different trophic levels in food

T1: Producer P

T2: Primary Consumer/ Herbivores

T3: Secondary Consumers/ Camivores

T4: Tertiary Consumers/ Camivores

The

vari :
ariety of pathways in a food web helps to maintain the stability of the ccosyste
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>> EVOLUTION

F

i k.

are the theory of Darwin and Lamarc |

(2) lg(i)sll'S::c:-iScnccsrif evolution from Paleontology, Comparative anatom
biology and Biogeography. o ooty

(3)  Explain Hardy-Weinberg Theorem and factors affecting gene / alle]e r“’qllcncy

DARWIN AND LAMARCK'S THEORY OF EVOI | FTON

LAMARCK'’S THEORY ) ) _
. Jean Baptiste Lamarck (1744-1829) published his theory of evolution jp 1809, ey

Darwin was bomn.

° Two important points of Lamarck’s theory are; use and disuse of organs angd inhm.%
of acquired characters.
Use & Disuse of Organs

. Lamarck argued that those parts of the body used extensively to cope with the eny;
become larger and stronger e.g. blacksmith developing a bigger biceps in the g

works the hammer. Similarly, giraffe stretching its neck to new lengths in pursuit of leaye
10 eat,

= Those parts that are not used deteriorate e.g. loss of legs in snakes due to their habitat of
burrows and bushes.

Inheritance of Acquired Characters

s According to Lamarck, inheritance of acquired characters means that the modifications an

orgamsm acquires during its lifetime can be passed along to its offspring ¢.g. the long neck
of giraffe, Lamarck reasoned, evolved

gradually as the cumulative product of a great

many generations of ancestors stretching
higher and higher,

Demerits of Lamarck’s Theory ~an you gi
It has been now

ve example of any tral

known that acquired evolving in humans”
characters cannot be inherited.

DARWIN’S THEQRY OF NATURAL

: SELECTION

# Darwin observed and collected thousands of specimens of diverse faunas and floras of
South America.

s His main observations were about fauna and florg of Galapagos Islands where he collected
13 types of finches,

= According to Darwin, new

1 NEW species would arise from an ancestral form by the grndl;:’
accumula.uon of adaptations 1o different environments, separated from original habitat i
geographical barriers. Over many gencrations, the two populations could becom
dissimilar enough to be desi :

" In 1844 Darwin wrote a long essay on t

The origin of species was published in | g5
Descent with Modification

o Darwin believed in perceived unity in life i e all organisms related through descent frodt
some common ancestor that lived in (he remote past,

9.
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u 445 v r:ﬁng  Darwin, history of life is like a tree, with multiple branching and re
Ace?

) . -branching
4 common trunk all the way to the tips of the living twigs, symbolic of the current
' fr_t:f:ﬁiw of Organisms.

fisaec“““ & Adaptation
"'mﬂmrwiﬂ suggested that populations of mc.hvxdunl species become better adapted to their
' |ocal environments through natural selection.

parwin's theory of natural selection was based on the following observations:
' gverproduction

production of more individuals that the environment can support.
2 struggle for Existence
(@

siuggle for existence among individuals of a population, with only a fraction of offsprings
surviving each generation,
() Survival of the Fittest

It means survival in the struggle for existence is not random but depends in part on the
heredity constitution of the surviving individuals. Those organisms whose inherited

characteristics fit them best to their environment are likely to leave more offsprings than
the less fit individuals,

(v) Evolution

This unequal ability of individuals to survive and reproduce will lead 10 a gradual change

in a population, with favourable characteristics accumulating over the generations thus
leading to the evolution of new species.

BIOGEOGRAPHY

POINT_[O

Itis the geographical distribution of species.

It was first evidence that suggested idea of evolution to
Darwin,

According to Darwin, islands have many specics of plams. and .
animals that are endemic but closely related to species of the nearest mainland or
neighboring island. ' . . .

: live only in America. The evolutionary view of
Armadillos (armored mammals) , . ‘ '
biogeography predicts that contemporary armadillos are modlﬁ;ai descendants of carlier species
that gm o continents and fossil records also confirm existence of such ancestors.

occupied these
l:ALAEONTOLO(.;Y ¢ fossil forms is a strong evidence in favour of evolution.

':'hc suc-:::!essmlf ‘:1 ol record in a complete serics showing the cvolution of an organism.
MPEOVICES SN ' s of organisms that lived in ancj :
Fossils are cither the actua
times.

* Most fossils are found in sedimcma\?' rott‘::-
o The oldest known fossils ar of prokaryotes.
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UHS Topic-2 . cerant classes of vcm
gical appearance Of t1° h sh"“hb,

COMPARATIVE

The chronolo olutionary arrangement:

fossils may be pn:scntcd as evO g e o

Fishes — Amphibians —* Reptiles
(ATOMY . | .
AN laritics between SPEciCs grouped in t.hc same taxonomie —
ari Descent with modification. -

heory of the ‘ . |
rts that evolution 18 & remodeling process in whig,

ity become modified as they take on pey funcﬁ::

Anatomical simi
another support to the t
Comparative anatomy suppo
structures that functioned in one capac

Homologous Structures . _ .
4 functionally different but structurally similar gy, cally

Such organs, which are

homologous organs. '
Similarity in characteristics resulting from common ancestry is known as homology y4
such anatomical signs of evolution are called homologous structures.

For examples, same skelctal elements make up the forelimbs of human, cats, whales, by,

and all other mammals although they have different functions.

The basic similarity of these forelimbs is the consequence of the descent of all functions.
The flower parts of a flowering plant are homologous. They are considered to have evolved
from leaves, to form sepals, petals, stamens and carpels.

They are considered to be evolved by divergent evolution.

Analogous Structures

Such organs, which are functionally alike but structurally different, are called analogous

organs.
They are considered to be evolved by convergent evolution.

For example, wings of birds and insects are examples of convergent evolution.

Vestigial Structures

Such organs, which are historical remnants of structures that had important functions in
ancestors but are no longer essential presently are called vestigial organs.

These are oldest homologous structures.

F;)r ‘:;‘:'mple' skeleton of v«:'halcs and some snakes retain vestiges of the pelvis and leg bones
of walking ancestors, vermiform appendix in camivores, ear muscles in man etc.

MOLECULAR BIOLOGY

;:7::::1{ z:;:)ogc;cmml Structures and functions of organisms at molecular level is called
;5:"0:: tzl:jaz:::anf:j hips among specics are reflected in their DNA and proteins, in theif
i products. If two species have genes and proteins with sequences ©

ers : match closely, the sequences must have been copied from a common ancestor
Mt.)lccular Plolo.gy provides strong evidence in sy f evolution as the basis for the
unity and diversity of life. pport of evolution ‘
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EvVolution
\
k.‘nni":common genetic code brings evidence that al)

' umans and bacteria have some Common protej

life is related,

ns,
Cytochrome ¢, & respiratory protein, is found ip all aerobic species.
b

PN

Do vou know about
(1) Humuim:

ous and analovous Oreans
(b) Divergent and

Lonvergent evolution

¥ IWo scientists Hardy and Weinberg who presented it separately
v So, shufiling of alleles due 10 me

10s1s and random fertilization has no effect on the overal]
genetic structure of a population,
Hardy-Weinberg Equation

P2pq+gl=]
This equation is in fact
This equation is used f

binomial expansion i.e. (p+q)=p?+2pq+q?
or calculating the frequencies of allel
at equilibrium.

In a population where only two alleles occur for a gene, ‘p’
allele and *q’ of other allele

» P represents frequency of one
Examples
Consider an imaginary wild flower population.
p=0.8
q=0.2
Thus

+q=1

* The combined ‘:'rcqczlcncics of all possible alleles must account for 100% of the genes for
that locus in the population.

If there are only two alleles and we know the
be calculated.

frequency of one, the frequency of other can
If

ptq=1
Then 1-p=q
(\)’;h tes ::;u?b'i:n‘c’ to form a zygote, then probability of genotype becomes p? for gene
en game

pair (suppose AA). -

In the wild flower population;
P=0.8 & p? =0.64
q=0.2 & q*=0.04

(Frequency for homozygous dominant AA),
2pq=2x08x0.2=0.32

: )
requency for homozygous recessive aa
((f’rc:ucncy for heterozygous Aa),
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Now 7if we add all these frequencies, it 'will be equal to 1. Consider equation,
[ ] oV ) e qu - q‘ - l
([;64 + 0.32 + 004 = |
\ ECTING GENE FREQUENCY
y RS AFFECTING GENE FR
FACI (;,g;m; factors can alter gene frequency and out f)f }hcsc ﬁvc. affect Proprg
homozygotes and heterozygotes enough to produce significant deviatjon from o pg:rof

claimed by Hardy-Weinberg principle. fon

Mutation

v It is ultimate source of all changes.

® Single mutation alone does not change allele frequency much.

Migration

B It is a very potent agent of change.

. Migration locally acts to prevent evolutionary changes by preventing populations thay
exchange members from diverging from one another.

B Emigration and immigration of members of a population cause disturbance in the £ene poo),

Genetic Drift

’ It is change in frequency of alleles at a locus that occurs by chance.

s In small populations, such fluctuations may lead to loss of particular alleles,

Non-random Mating

. Inbreeding is its most common form.

B Individuals with certain genotypes sometimes mate with one another more commonly than
expected on a random basis. This is called non-random mating.

@ It does not alter allele frequency but lessens the proportion of heterozygote individuals,

Selection

& Some individuals leave behind more progeny than others, and the rate at which they do so
is affected by their inherited characteristics. This is called selection.

. Sclection can be natural or artificial,

. In natural selection, environment plays role, thus affecting the proportions of gene in a
population.

e In artificial selection, the breeders (humans) select for the desired characters,

POINT7O
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’ sxplain the terms: Gene, locus, -

- allele, dominant, recessive, co-dominant, linkage, F| and
0 F"’ phenotype, genotype, homozygous, heterozygous, mut

het ation, epistasis, multiple allele,
Rh factor, dominance rclfuiuns. polygcmg inheritance,
Explain law of segregation and lau.' of independent ass
() solve problems related to monohybrid, dihybrid crosses and testcross.
Discuss gene linkage and sex linkage in human (haemophilia and colour blindness).
A Discuss hypothesis about DNA Replication, Meselson and Stahl experiment and
3 mechanism of replication.,
) Explain mcchaqism of gene expression: Transcription and Translation,
(;) Describe Genetic code and its properties.
(7 Explain sex chromosomes and discuss different systems of sex determination (X0-XX,
XY-XX, ZZ-ZW).
)  Know cell cycle and its phases.
(9  Describe events of mitosis and meiosis along with their significance.
(10) Discuss meiotic errors (Down's syndrome, Klinefelter's syndrome, Tumer’s syndrome).

ortment through Punnet square,

Gene

. Itis the basic unit of biological information,

Genes are actually parts of DNA comprising its basic sequence.
L]

Itis 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

Genes form pairs on pairs of homologous chromosomes.
. One member of a

gene pair is located on one homologue and the other member on the other
homologue.

Partners of a gene pair are called alleles.
L ]

Each allele of a gene pair occupies the same gene locus on its respective homologue,
L ]

Both alleles on one locus may be identical or different from each other.
ominant

Such an allele that masks the effect of other allele in a pair is called dominant allele and
such trait is dominant.

For example, in pea plant, round (R) is dominant over wrinkled (r).
Recessive

Such an allele that is masked by another allele in a gene pair is called recessive allele and
it i pcessive trail, ) . .

» ;‘:;'he::r::;;: ailtllesc‘:;lant. green (y) is recessive while yellow (Y) is dominant.

Phenotype lled phenotype

. . ce of a trait is called phen . . .

'E'Sf?ﬁ::fﬁﬁ“ﬂfm and wrinkled are phenotypes of sced shape as the shape is a trait.

Genotype

. Genotype is the genetic complement i.c. the genes in an individual for a particular trajy_
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UHS Toglc-lO = %
. For example, genotype of AB blood group is I°I". nm“

HomozyBO™, i allcles of a gene pair in an organism are same, the organisr ; by
b

e When both all
An individual with homozygous genotype is called homozygote or tnye breeg;

that gene pair.
n
For example, RR is genotype of homozygous round seeded pea plan, R

Heterozygous . . |
If both alleles of a gene pair are different from each other, the organism is h"ﬂbz)m

for that gene pair. .
. An individual with heterozygous genotype is called heterozygote or hybrig,

For example, Rr is genotype of heterozygous round seeded pea plant.

Selection of Pea Plant

Mendel selected pea plant (Pisum sativum) as experimental material due o f°"°m'ng
reasons:

¢ It is easy to cultivate.

. Its flowers were hermaphrodite. It was normally self-fertilizing but could be Cross
fertilized.

» It has short generation time.

B It has many sharply distinct traits.

Character Contrasting traits

Seed shape Round/wrinkled C

Seed color Yellow/green 29

Pod shape Full/constricted AT

Pod color Green/yellow ~ gV
Flower color Violetwhite @ @

Flower position Axial/terminal % %,

Stem length Tall/dwarf

LAW OF SEGREGATION

Introduction »

. Aworﬂhgtolawofscsmsaﬁm'mmmm\g.nduforachni:inmiﬂd'“"‘m‘;'
m@lc(m)ﬁvmmomﬁﬂnﬁm&mdmmwmm“ﬁdu
alleles. Alleles unite again at random fertilization of gametes when zygote is formed.

—

«00
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ropl€ —e
Lms { segregation Was developed through monohybrid cross (varying in one trait).
lﬁ;" 1 Genotypic Expression
L 'p C ]
|

/ Q) 'l
[E Yellow

Each homozygous
Green parentinthe P

‘L \L generation produces
only one kind of
Gametes Y ® gamete,
eyl
E ) The heterozygous Fy
| offspring produces:
¥ \ two Kinds of gamete..

Gametes y D

2 Yo < ~ Self-pollination of the

5 ;‘.Yellow—-:Y_e_l-l'o'M_f‘ F, offspring produces

'. W) @ \ F2 offspring with a 3:1

|- ratio ot yellow to green
Yellow

seeds.

Genotype Phenotype
Phenotypes Genotypes  ratio

ratio
= S 7 s
\ Yellow \ Yy, 2 l 3 $
Green 1 | PP 1

Results

: Yellow is dominant over green.

Phenotype ratio of F2 generation is 5
Genotype ratio of F2 generation 18 1:2:1,
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TEST CROSS N
Definition

It is a mating in which an individual showing a dominant phenotype 8 don,
individual showing its recessive phenotype. Osseq vig .

Significance
This cross finds out the homozygous or heterozygous nature of the

gcnO'ype of ]
henotypes. dﬂm;,h
Detallsp g |
= If round is crossed with wrinkled seeded plant and all offspring are round seeq
then round of P1 will be homozygous. Pmduﬁn&
. If round is crossed with wrinkled seeded plant and offspring are obtained in 1. th
of P1 will be heterozygous. m

LAW OF INDEPENDENT ASSORTMENT

g

Introduction

. Law of independent assortment is stated that “when two contrasting pairs of try
followed in the same cross, their alleles assort independently into gametes, ™ S

o The distribution of alleles of one trait into gametes has no influence on the distribution of

alleles of the other trait.

. Law of independent assortment was developed b studying dihybrid e i
two traits), B (aninga
Phenotypic & Genotypic expression

r: [5ena]

YRR | x
yellow,
round

!

<.

C g —

. T

yellow,
round
Probability & Product Rule
. Probability is the chance of an event to occur e.g. in F2 offspring of a monohybrid cros:
the independent chance for a seed to be round is 3/4.
. “When two independent events are occurring simultaneously like in dihybrid cross, tht

ratio of each joint phenotypic combination can be obtained by multiplying the probabilitie:
of individual phenotypes. It is called product rule.”

S
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TP
Exvent No.2

A

| Shape Seed Colour

“1 . e en
o ot Probability Independent Probabilin
(e

Both Exents at g Lime
Seed Shape & Colour
Joint Probabilin

T | Yellow = 3/4 Round Yellow = 3/4 x 3/4 = 9/16
S~T4-:}‘-}if’-_ﬂ I Green = 1/4 Round Green =3/4 x 1/4 = 3/16
MLW Yellow = 3/4 Wrinkled Ycllow = 1/4 x 3/4 = 3/16
gg}lmf_jﬁ'_ Green = 1/4 Wrinkled Green = 1/4 x 1/4 = 1/16
}‘%Wv of Independent Assortment

Genes are located on chromosomes at specific loci. Independent assortment of genes
. depends upon independent assortment of their chromosomes,

, Al the genes present on a homologous pair of chromosomes are linked to cach other in the
form of a linkage group. These cannot assort independently,

,  Those traits assort independently whose alleles are riding non-homologous chromosomes

Itis a physiological effect of an allele over its partner allele on the same gene locus.

There are four types of dominance relations:
Complete

LT Incomplete _ Over
t —— (
Feature I)umiu;mu- R Co-dominance Dominance
| . ‘ nealce Both alleles are Onc allele boosts
‘Alleles in completely . d Both alleles are i
\llclcrozygotc masks effect of | S PreSSC expressed fully effect of other
; other. partially. * | allele.
| Phenotype of Resembles with Intermediate Distinct from Exccgds in
Heterozygote one homozygote between both both quantity from
.- homozygotes homozygotes. homozygote.
- Different
Capital letter for . : .
Expression of dominant and D:ffmr}t D'm:m.“ SAECSRID for
8 -8 an
Alleles small letter for ¢xpression .8 expression e.g dominant and
‘ R1 and R2 Mand N recessive e.g.
- recessive. wt and w.
Phenotype & :
genotype Ratios Different Same Same Same
Need of Test v % x 5
 Cross
E All seven traits | oower colourin | AB and MN Eye colour of
ﬂ‘p‘“ | ;t{udl;dlby 4 O'clock plant | blood groups Drosaophila
ende

MULTIPLE ALLELES
All such altered alternative forms of a gene, whose number is more than two are called
multiple alleles.

00 alleles.

Some genes may have as many as 3 _ .
Any n%o of these multiple alleles cnn_bc present in “\C_ genome of a diploid organism, but
a haploid organism or a gamete have Just one of them in its genome,
Gene mutations may produce many different alleles of a gene.

Scanned by CamScanner



ABO BLOOD GROUP SYSTEM

ABO blood group is first discovered

Phenotypes & Genotypes

multiple allelic blood group systen,

. This blood group system is encoded by a single polymorphic gene | oy, Chrom%m‘
9
A

i A Pandi.
has three multiple alleles 1%, _ : .
;\:;Tc!c I* specifies production of antigen A, allele IV specifi

I J i tigcn.

allele 1 does not spcmfy any an . ‘
. (&

A]IE'CS ] IIIld l dre codomman! f0| CﬂCh Olhcr Whl]c complcl l)' dommam v 1

N
in mAn

¢s production of Wiige,
B

A IMIA, 1M A Anti-B antibog,
B i Ll B Anti-A antibog
AB ALY A&B No Antibog |
- Anti-A anyj
0 ii No Anm
. Serum containing antibodies is called antiserum.
Blood Transfusion
Blood Group  Donated To Reccives From
A A, AB A O
B B, AB B,O
AB AB A, B, AB,O
9) A,B,AB,O o)
Rh BLOOD GROUP SYSTEM

w Positive or negative sign of blood grou

group system antigen called Rh factor.

. Rh blood group system is def;
. Rh blood group system is en

linked loci.
» Alleles of gene D occupy one locus called 1o
occupy the other locus. The D locus is of prim
° Gene D has two alleles, D

Rh positive

p refers to the presence or absence of another blood

ned on the basis of Rh factor present on the surface of RBCs.
coded by three genes C, D and E which occupy two tightly

Rh negative

Rh positive

Rh positive

Rh positive
Rh negative

Rh negative

Rh positive
Rh negative

interaction is called epistasis.

When an effect caused by a gene or
caused by another gene or gene

Rh negative
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lﬂ_ig‘l' g of ABO blood type antigens by I* or I” gene on chromosome 9 depends
7 e
resen

ce of another gene H on chromosome 19. This is called Bombay phenotype.
o gponthel POLYGENIC INHERITANCE

g u;i;ﬂmi‘s which are encoded by alleles of two or more different gene pairs found at
' gifferent loci, all influencing the same trait in an additive way are called polygenic traits
their genes are polygencs.
These are also called as continuously varying traits or quantitative traits.

]
‘ "'m;ch polygene has a small positive or negative cffect on character.
polygenes supplement each other and sum of positive or negative effects of all individual
polygenes produce quantitative phenotypes of a continuously varying trait.
,  These traits produce a smooth bell-shaped curve.
framples
,  Kemel colour of wheat grain is determined by 3 gene pairs.
»  Human skin colour is determined by 3-6 gene pairs.
«  Human height and intelligence are also polygenic traits.
GENE LINKAGH
»  Phenomenon of staying together of all the genes of a chromosome is called gene linkage.
*  Gene linkage is a physical relationship between genes.
+ A chromosome carries its linked genes en bloc in form of linkage group.

The number of linkage groups corresponds to the number of homologous pairs of
chromosomes. Man has 23 linkage groups.

Gene linkage minimizes the chances of genetic recombination and variation among

offsprings.

Examples

*  Genes for colour blindness, hacmophilia, gout etc form one linkage group on human X
chromosome.

. Gene for sickle cell anaemia, leukemia and albinism etc form linkage group on human

chromosome 11.
SENX C HROMOSONES AND SEN DETERNMINATION

SEX CHROMOSOMES
. Chromosomes which are different in male and female and have genes for determination of
sex chromosomes.
. s:; T:r:mc;l::)mcs other than sex chromosomes arc called autosomes. Autosomes do not
carry any scx determining gene.
Huma Example ) .
s n:““,mms have 46 chromosomes in form of 23 pairs.
. 22 pairs arc of sutosomes and one pair is of sex chromosomes.
p

Scanned by CamScanner



Ulio 10pIC-27 - ON
i i sexes but 23™ sex ch
. Autosome pairs are common In both the mmUS()mc N
different in male and female. :

e A female has two similar X chromosomes in her 23: pair but a man hyg Xa, N
alongwith a much shorter Y chromosome in his 23 palr.. 0%%

E The 23" pair in man is heteromorphic. She is XX but he is XY,

. SRY is the male determining gene. It is located at the tip of short any of y

. C
It is male sex switches and expressed during 6" week of pregnancy, he e
PATTERNS OF SEX DETERMINATION
E les Grasshopper, Human, Drosophila Birds, Butterflie
e Protenor bug Moths \
Male - ‘ . _ :
Heterogametic Heterogametic W
emae Homogametic Homogametic Heteropamege
ofimetic
A Spem Sperm »
Sex Ratio 1:1 1:1 T i

= _____ |
. A trait whose gene is present on X chromosome is called X:

-linked trait. X-linked traits ane
commonly referred as sex-linked traits.

* X-linked recessive traits are common in male while
in female.

X-linked traits follow zig zag path while Y-linked traits are transmitted in straight way,
Genes located on Y chromaosomes are called Y-linked genes and their traits are called Y-linked traiss.

Such traits whose genes are located on both X & Y chromosomes are called X & Y linked
or pseudoautosomal traits such genes are called X-

X-linked dominant traits are common

and-Y linked genes.
HAEMOPHILIA
s Itis a rare X-linked recessive trait,
@ Haemophiliac's blood fails to clot properly afier an injury, because it has either reduction
or malfunction or complete absence of blood clotting factors.
@ It is a serious heredity discase because a hacmophiliac may blced to death even from minot
cuts.
Types of Haemophilia
A 80% VIII X-linked recessive
B 20% IX X-linked recessive
C Less than 1% | XI Autosomal recessive .
. Haemophilia A and B arc non-allelic recessive sex-linked but haemophilia C 1s an
autosomal recessive trait (Autosome 4), "
. Haemophilia A and B have more chances in male as compared to female while haemophilia
C has equal chances in both male and female,
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mﬂm A

wrdc; oman €an suffer from hacmophilia A only when she is homozygous for the recessive
\)

| all;l;-n with just one recessive allele will display the trait,

jaemophilia A zig zag from matemal grandfather through a carrier daughter to a grandson.
ln:\c\'cf passes direct from father to son.

Gene for normal is H and gene for haemophilia A is h.

Normal

Female | XHxh Normal but Carrier
x‘;xh Haemophilic
XUy Normal

Male XY Haemophilic

poINT/O

COLOUR BLINDNESS

+  ltisahereditary disease in which a person cannot differentiate between different colours,

*  Normal trichromatic colour vision is based on three different kinds of cone cells in the retina,
cach sensitive to one of the three primary colours colours, red, green or blue,

v 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 is
present on autosome 7.

Types of Colour Blindness _
. Mutations in opsin genes cause three types of colour blindness:
(i)

Dichromacy
L ]

A dichromat can perceive two primary colours but is unable to perceive one whose opsins
are missing due to mutation.

It is further categorized into three following types:

i i Green, Blue
Protanopia Red bhm'lncss
Deuteranopia | Green blindness | Red, Blue
Tritanopia Blue blindness | Red, Green

(i) moml‘hl:.:ndﬂmmdmdmbmwimnhuvdpcmq)ﬁonoﬁhcrdaﬁvcslmdsonhcsc
C peopic

colours. . i ins.

™ MMvcwxﬁﬁmmfmmmmwmmVC|y.

. They are protanomal

(iid) Monochl'omlcym ive only one colour. Monochromacy is true colour-blindness.
° A monochromat __P -
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> Blue cone monochromacy is an X-linked recessive
trait in which red and green cone cells are absent.

v It is a common heredity disease. '

. Like any sex-linked recessive traits, it also zigzags
from matemal grandfather through a carrier daughter

Can color blindmn

maemophihg be sutosa

to a grandson.
. It never passes direct from father to son.
0 This type of colour blindness is more common in men
than women, because chances for a male to be Gy T e
affected by it are much more than a female. H'.“‘ “‘” " ot angd
OTHERS
» Testicular feminization syndrome is a rare X-

linked recessive trait in which person has X & Y chromosomes yet tfm genes on their .
chromosome develops them physically into female.

. A sex-limited trait is limited to only onc sex due to anatomical differences e.g. bearg
growth in human male and milk yield in cows,
. Sex influenced traits occur in both males and females, but they are more common in one

sex ¢.g. pattern baldness. These are influenced by hormonal differences.
TRAITS AND EXAMPLES

X-linked recessive Hemophilia, colorblindness, testicular feminization syndrome

X-linked dominant Hypophosphatemic or vitamin D resistant rickets
Y- linked trait Maleness

Pscudoautosomal trait | Bobbing in insects

Sex limited trait Milk yield in cow, beard in man
Sex influenced trait Baldness

Scmfconservalive replication model was presented by Watson & Crick.
Semi-conservative replication was confirmed by Meselson and Stahl.

In Semi conservative replication, the sequence of the original duplex is conserved after
one round of replication, the duplex itself is not.

e According to conservative model, parental double helix would remain intact and generate
DNA copies consisting of entirely new molecules.

. According to dispersive model, parental DNA would become completely dispersed and
cach strand of all daughter molecules would be a mixture of old and new DNA,

Maodel Prlmary Stractur Secondary Structure
Conservative Model Conserved Conserved
Dispersive Model Lost Lost
Semi-conservative Model | Conserved Lost
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i b) Conservative model ¢) Dlaperaive model
u""”m“

MESELSON-STAHL EXPERIMENT

The three hypothesis of DNA replication were evaluated by Mathew Meselson and
Franklin Stahl.

They grew bacteria in a medium containing heavy isotopes of nitrogen N'%, which became
incorporated into the bases of the bacterial DNA.
Step |

Growth of Bacteria in Artificial Medium

*  They grew bacteria in a medium containing heavy isotope of nitrogen, N'*, which became
incorporated into the bases of the bacterial DNA. After several generations, the DNA of

these bacteria was denser than that of bacteria grown in a medium containing the lighter
isotope of nitrogen, N'4.

Then they transferred the bacteria from the N'* medium to the N' medium and collected
the DNA at various intervals.
Step 11

Ultracentrifugation

They dissolved the DNA in Cesium Chloride and then spun it at a very high speed in an
ultracentrifuge. DNA strands of different densities got scparated.

Each DNA floats or sinks in the gradient until it reaches the position where jts -
exactly matches the density of cesium there.

Because N'* strands arc denscr than N'* strands, they migrate farther down the tubes to a

denser region of the cesium chloride gradient.

Observations

E w;‘h:l:)NA collected immediately after the transfer was all dense.

* After the bacteria completed thelr s FRNC F BEA replication i the N meiy, g,
density of their DNA had decreased to a value intermediate between NIDNA g NH-D'N:
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After the second round of replication, two density classes of DNA were ohmed‘\ls

intermediate and one equal to that of N'“.DNA.

Interpretations
Meselson and Stahl interpreted their results as follows:

After the first round of replication, each daughter DNA duplex was a hybrid Possessiy
one of the heavy strand of parent molecule and one light strand. 8
e When this hybrid duplex replicated, it contributed one heavy strand to form another hybrig
duplex and one light strand to form a light duplex.

Conclusion
This experiment clearly confirms the prediction of Watson-Crick model that DNA

replicates in a semi-conservative manner.
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== THE REPLICATION PROCESS

The DNA replication begins at one or more sites on the DNA molecule, where there is
' pecific sequence of nucleotides.

The DNA polymerase 111 and othc.r enzymes begin a complex process that catalyzes the
' yddition of nucleotides to the growing complementary strands of DNA.
o/ Proteins Involved

m

ET Helicase | _

U ft opens the double helix of DNA by breaking hydrogen bonds.
i) SSBPs

) Single stranded binding proteins prevent recoiling of DNA.

) Primase -

,  Primase constructs an RNA primer, a sequence of about 10 RNA nucleotides
complementary to the parent DNA template

(iv) DNA Polymerases

»  DNA polymerases catalyze addition of nucleotides to the complementary growing strands
of DNA,

They are of three types 1, Il and 11l in bacteria.

The true E.coli replicating enzyme is DNA polymerase 111 which is 10 times larger.
This enzyme is a dimer and catalyzes replication of one DNA strand.
Rate of replication is 1000 nucleotides /sec.

It can add nucleotides only to a chain of nucleotides that is already paired with the parent strands.
DNA polymerase cannot initiate synthesis on its own.

It can add nucleotides to the 3' end of a DNA strand so replication always proceeds from
§5' <> 3" direction on a growing DNA strand.
(v) DNA Ligase

. It connects DNA fragments together.

Mechanism

Following steps arc involved during DNA replication: B

Helicase opens double helix of DNA and SSBPs prevent recoiling.

()  Primase adds primer complementary to DNA strand. L

(i) DNA polymerase 111 recognizes primer and constructs new strand in 5* — 3",

(iv)  Leading strand, which clongates tm\-fards‘lhe replication fork, is built up simply by adding
nucleotides continuously to its growing 3" end. o . .

Lagging strand, which clongates away from replication fork, is synthesized

discontinuously as a series of short segments that are later connected. .

These segments called Okazaki fragments arc 100-200 nucleotides long in cukaryotes and

1000-2000 nucleotides long in prokaryotes. Each scgment is synthesized in §* — 3°,

(i)

- lication fork and moving away f‘mm it.
¢ t\’n"}ﬁg;“lﬂf ;L:l;ﬁ\rciﬁs:: reaches the 5' end of the lagging strand, DNA ligase connects these

Okazaki fragments. : tructed and D
; ound, new RNA primers arc cons NA polymerase 111 th
. The D!:t}: is f;unhcg &"Sﬁﬁ::;‘oﬁdﬁ (towards the replication fork) to construct another fmgmc:?_
jumps ahead 1000-2

POINT
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Dimeric replicative  "sliding clamp" SSBP
Newly synthesized DNA polymerpse
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MECHANISM OF GENE EXPRESSTON
Central dogma is the basic mechanism of reading and expressing genes in living organisms
The genetic information resides in DNA and flows down into RNA, which s then
converted into proteins,

The first step of central dogma is the transfer of information
occurs when an mRNA copy of gene is produced. The p
mRNA synthesized is complementary transcript of the copi
The second step of central dogma is the transfer of info
which occurs when the information contained inthe m
of polypeptides by ribosomes. The process is calle
nucleotides in mRNA is translated into amino acid s

THE CENTRAL DOGMA

_“_

from DNA to RNA, which
rocess is called transcription,
ed gene.

rmation from RNA to proteins,
RNA is used to direct the synthesis
d translation because sequence of
equence of polypeptide.

Transcription is the process by which an RNA copy of the DNA sequence encoding the
gene is produced with the help of an enzyme, RNA polymerase.
Role of RNA Polymerase

e RNA polymerase enzyme synthesizes RNA from 5 to 3’ .

There is only one type of RNA in prokaryotes which is responsible for the synthesis of all
three types of RNAs,

In eukaryotes, RNA polymerase I synthesizes rRNA, RNA polymerase I mRNA and RNA
polymerase III synthesizes tRNA.
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Mecha?

i

(i)

(iv)

gin:::r‘;‘plion starts from promoter on DNA template strand.
r

The binding of RNA polymerase to the promotor is the first step in gene transcription.
c
Promotor is located upstream of gene.

Two binding sites in prokaryotes and eukaryotes are:

TTGACA -35

-75
TATAAT -10

-25

Initiation

One of the subunit of RNA polymerase sigma factor, is responsible for correct initiation of
transcription process.
Once the transcription has started, the sigma factor is released and the rema

ining part of
the enzyme (core enzyme) moves on the template strand and completes the transcription
of the gene.

Elongation

The DNA strands open up at the place where enzyme is attached to the template strand
forming transcription bubble.

RNA polymerase transcribes only one strand of DNA, which is called template or
antisense strand.

Other strand is called coding strand or sense strand or opposite strand.

The transcription bubble moves down the DNA, leaving the growing strand protruding
from the bubble.

Termination

The stop sequences at the end 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 in this region forms a GC hairpin followed by four or more U ribonucleotides.
The hairpin causes RNA polymerase to stop synthesis.

In bacteria, newly synthesized mRNA is directly released into the cytoplasm.

POSt-Tnnscrlpuonal Modification

In eukaryotes, mRNA has to travel a large distance from inside the

nucleus g ribo
outside in moﬁ:;sf:;k is protected from action of nucleaseg and phosphg o
] " v > . ®i'e
g}m | GTP is linked 5'to 5 with first nucleotide, Wwhile poly ;p m:a‘sl:i:g adt}ltlon
of the RNA. 03" end
¥XeTA - PREP BOOK T
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Can vou answer following?

(DY Why we use terms “antisense & sense™

(2 How 7-methvl GTP s hinked 37 10 877

RNA capping and polyadenylation

coding noncoding
sequence sequence
s ,
? A AARAR, 5 250
I ) l
5'aap

| I
T potpAtal

protein

& Genetic code is a combination of three nucleotides, w

As there are three nucleotides in a codon S0 it is also
Triplet code present on mRNA is called codon w
Codons

8 There are total 64 codons for 20 amino acids,

. Marshal Nirenberg, Philip Leader and Har Gobind Kh
making artificial mRNAs and triplet codons and using the
acyl tRNA complexes in cell free system.

® Out of 64 codons, 3 codons UAA, UAG and
known as nonsense codon or stop codon.

s Every gene starts with initiation codon AUG, whic
This is called start codon.

Genetic Code - Universal or Non-Universal

. The genetic code is universal. It is same in almost all the organisms,

hich specify a particular amino acid.
called as triplet code.
hile on tRNA is called anticodon,

orana tested all 64 codons by
m to synthesize protein or amino-

UGA do not code for any amino acid and so

h encodes the amino acid methionine,

@ For example AGA specifies arginine in bacteria, in humans and all other organisms.
. Because of universality of codon, the gene can be transferred from one organism to another.
. The study of genetic code of mitochondrial DNA however shows that genetic code is not
that universal.
® Following are few examples:
UGA Stop codon Tryptopl?an
AUA Isoleucine Methionine
AGA, AGG | Arginine Stop codon
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M
ucu UAU UuGU |
ﬁ phery’  llice| uac|resine | ucc| Ysteine
o2 UCA| senne UAA UGA| stop
GUA| jeucine  ||UCGC uaGg| 5P
ﬁ—' ccu gﬁg histidine CGU
cuC | leucine g((:;ﬁ proline ,cec_c_@ arginine
s CCG cag| gutamine ||cGG
--——"
T ACU AAU AGU
F"mc“ soleucine || ACC AAc| 2sParagine | |7~ | serine
AUA ACA threonine 2GA
—— - ACG AA‘ < UG\ lysine AGG arginine
TN EEE =
GUC GCC : GGC
GUC|  aline alanine : ~~a | Glycine
GUG G GAG | acid GGG

It is the process by which amino acids are arranged in form of polypeptide chain according
to the sequence of nucleotides in mRNA.

Formation of Aminoacyl-tRNA

)

Particular tRNA molecules become attached to specific amino acids through the action of
activating enzymes called aminoacyl-tRNA synthetasc.
For 20 different amino acids, there are 20 different tRNA and enzymes.
Initiation . . g3 ¥
In 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 small ribosomal sub_unn. This is done by initiation factm_'.
Initiation factor position the tRNA on the nbosor.nal SL.lrfacc at the P site (peptidyl site)
where peptide bond will form. Nearby two other sites will fom,
A site (for aminoacyl site) where successive arrgmoacyi-tRNA will bind.
E site (for exit site) where empty tRNA will exit the nbosonl);_:. ds
This initiation complex, guided by another initiation factor, binds to AUG on the mRNA.
Elongation/ Translocation . _
Largg ribosomal subunit binds \;‘mh sm:l}.::;uw: ::I}\biﬁc
: inds another amt . .

:;\_;11 clongation ;‘a::?;sb:‘l‘;‘; h now lic adjacent to cach other undergo a chemical reaction,

e two amm‘h tirge ribosomal subunit, which relcases the initial methionine from ijts
f;t:xlf Cddtzmcﬁcd it by a peptide bond to the sccond amino acid.
Th I;m me NOW mMoves (translocate) three more nucleotides along the mRNA molecule
5" s 3" direction, guided by another clongation factor.

Scanned by CamScanner



® This movement translocate the initial tRNA to the E site and cjects j; fm
and repositions the growing polypeptide. nb%m‘
s Same process is repeated again and again,
(3) Termination
. Elongation continues in this fashion until a chain-terminating non-sense codon ;
(c.g. UAA). s

» Nonsense codons do not bind to tRNA but they are recognized by
release the newly made polypeptide from the ribosomes.

mleasc fwom "hl

(1) lenglnmmmmmm

W wAc | of the ranstationsi spparatus come |
- Stopcodon logether with an mRNA,and atANA | € During slongation

carrying the first amino acid
Mbm-unno:n(mé:“’ smina acids are brought to

§rowing polypeptide chain.

. prolein relesse factor, and the
Stop codon relensing a completed polypeptide.
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Agy change in heredity material/ DNA is called mutation,

 Changes iD the DNA occur either due to mistake in replication or damage to the genetic
1 pessage causing mutations.

 The mutations in somatic cells do not pass on to offspring and so have little evolutionary
' consequence than germ line changes.

. The mutation in germ line cell is passed to subsequent generations thus providin
material from which natural selection produces evolutio P g raw

change.

Mutations can broadly be classified as: = -
Chromosomal Aberration
) Point Mutation
ti) Chromosomal Aberration

Chromosomal aberrations are mega-changes which involve:
,  Presence of an extra chromosome
,  Loss of chromosome

o Deletions, insertions, inversion etc in the parts of chromosome.

Such chromosomal aberrations lead to syndromes like Down's syndrome, Klinefelter's
syndrome etc.

i) Point Mutations
Such alterations that involve one or few base pairs in the coding sequence are called point
mutations.

Some point mutations occur due to spontaneous pairing errors that occur during DNA replication.
*  Some point mutations result from damage to DNA caused by mutagens, usually radiations

or chemicals.
10 bases
e
@ insertion GAGACAT TAC
GAGACAT TAC CTCTGTAATG
A ——
@ substitution 9 bises
R e Y
9 bases a GAGAAT TAC
T T A »  CTCTTAATG
GAGACT TAC S GAGAATTAC db 2Ll )
c
(@) Deletion . 8 bases
N e ™ o
" GAGA-TTAC ____;r_&
Examples
Sickle Cell Anemll“ anemis, a point mutation leads to change of amino acid
In sickle cell i

Wnscqumlly al[m
° oxygen,

nal end in hemoglobin B chain, This

——
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Phenylketonuria \

In phenylketonuria, phenylalanine is not degraded because of defectiy,
phenylalanine hydroxylase. Phenylalanine coqscgucntly accumulates in gy Cells jo, 5
to mental retardation, as brain fails to develop in infancy. Cadip

Sequence of changes which involves period of growth, replication of DNA folly,

e ed by
cell division.

“ It comprises two phases i.c. interphase and mitotic phase. Mitotic phase s Phase
apparent cell division. of

. In human cells, average cell cycle is about 24 hours while in yeast is of only 9 Minggeg

INTERPHASE '

g It is period of non-apparent division.

It is period between two consecutive divisions.
It was misleadingly called as resting phase,
Itis period of great biochemical activity,

It is further divided into Gl-phase, S phase and G2-phase. In humans, mitos;s takes 39

minutes, Gl 9 hours, § phase 10 hours and G2 4.5 hours,
G1 Phase

Itis period of extensive metabolic activity,
In it cell normally Brows in size, specific enzymes are synthesized and DNA base units are

» It is pre-mitotic phase during which cell is prepared for division.
“ Energy storage for chromosome movement, mitosis specific proteins, RNA and
microtubule subunits for spindle fibers are synthesized.

. Centrioles are duplicated but remain in same centrosome,
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’ll i the type of cell division, which ensures the s

ame number of chromosomes ;
1 gaughter cells as that in the parent cells, 068 In the
jt takes place in haploid as well as diploid cells.

Mitosis is @ continuous process but conventionally it can be dj
okinesis.

' m\'OKlNESlS

pivision of nucleus is called karyokinesis.

It can further be divided into four phases,

prophase : s ;

,  The chromatin material is condensed by folding.

|, Chromosomes appear as thin threads (0.25-50 um in length) at the beginning of prophase,

', Chromosomes become more and more thick ultimately each chromosome is visible having

| two sister chromatids, attached at centromere.

v Towards the end of prophase, nuclear envelope disappears, nucleoli disappear, and nuclear
material is released in the cytoplasm.

Cytoplasm becomes more viscous.

Two pairs of centrioles scparate and migrate to opposite sides of the nucleus.

Mitotic apparatus starts to establish.

Three sets of microtubules originate from each pair of centrioles,
()  One set of astral microtubules that radiate outward and form aster.
@@  Kinetochore microtubules which are attached to chromosome at kinctochore.
(iid)

Polar microtubules do not interact the chromosomes but instead interdigitate with polar
microtubules from the opposite pole.

Kinetochore and polar fibers collectively form spindle.
Metaphase

vided into karyokinesis and

The kinetochore fibers of spindle attach to the kinetochore region of chromosome.
L

These fibers align chromosomes at the equator forming equatorial plate or metaphase plate.
Bipolarity is established.

Each kinetochore gets two fibers, one from each pole.
Anaphase
1

i iti { mitosis.
It is the most critical phase 0 =
It ensures equal distribution of chromatids in daughter cells.

i i les, at the sam
tract towards their respe.ctwe po
Tlfe kin;tt:‘::znggf:s cioclr‘t force and sister chromatids are separated from
microtubu '

¢ time polar

Centromere.
: Half sister chromatids travel towards cach pole.
si
Ttloph::l;mmowmcs reach at their respective poles.

decondense due to unfolding, ultimately disappear ag chromatin,
* The chromosomes & izes.

. Mitotic apparatus glmclcoli mPP“’il

. "“"’"c'?l?i‘:f?ﬂmd at two poles of cc%.

[ Two nu

K
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CYTOKINESIS
In Animal Cell

Late telophase — Astral microtubules — Activation of actin & myosin — Contractile ﬁng
—+ Cleavage furrow — Two daughter cells

In Plant Cell

Golgi complex — Vesicles — Phragmoplast — Two daughter cells

Centriole Absent Present
Mitotic Spindl )
apparatus ey Centriole, asters, spindles
Change in cells No
shape Yes
Cytokinesis Inward to outward Outward to inward
ghmgint;_plast : Furrowing, cleavage of cell membrane
amete formation, Asexual reproduction, healing,
Functions vegetative propagation, regeneration, cloning, replacement of wom
tissue culturing, growth out and old RBCs, development, growth
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Importance of Meiosis

* Meiosis maintains chromosome number constant generation after generation

* Crossing over and random assortment of chromosomes arec two s

meiosis.

* Both these phenomenon cause variations and modificat

basis for evolution
MITOSIS AND MEIOSIS

Definition

Chromosome number is same

in daughter cells as in parent
cell

gnificant happenings of

ions in the genome which is the

Chromosomes number is
reduced to half

Constancy of chromosome

iy Cell to cell Generation to generation

Pairing No Yes

Crossing over No Yes

Variations No Yes

Evolution No Yes

Cells involved Both d.iploid and haploid / Only diploid /
Somatic cells Reproductive cells

Reproduction Asexual Sexual

Divisions Single Two (1 & I1)

Interphase Long Short

G Yes No

Daughter cells 2 4

Replication of chromosome Yes No

Role in plants Gamete formation, tion
propagation SEREE

Role in animals

Asexual reproduction

\J

—— —

development, growth

Gamete formation ) ‘
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Chromosomes fail to segregate during anaphase and telophase and do not finj
Jistribution of chromosome among all

the daughter nuclei.

[t results either increase or decrease in the
pumber of chromosome causing serious
physical, social and mental disorders.

ON
’

sh with equal

Can vou explam. why the chance of Down

syndrome s increased with maternal aee

,  ltmay be inautosome or in sex chromosome.

Mony wpuncTion

N\

7o

Maripas |

DBOO OOB®O

. n n n n ™ n
emnity pf Chomrmgasrnr b gameuy
Chromosome 21st autosome Sex chromosome Sex chromosomes
i Additional Additional Missing
Chromosome No. 2n+1 2n+1, 2n+2, 2n+3 201
37 47 48 49 45
Gamete 24 21 2
Gamete involved | Ova Sperm E
Teen age mother = 1/1000
Chances 40 years = 1/100 1/1500 1/61000
45 years = 3/100
Abortions 1/40 0 1/18
, Phenotypically male with
Flat, broad face, squinteyes | o, { breasts tendency to Otten do not marvive .
Affected with skin folded inthe inner | oo ey small testes, no | A00red mostly, if survived have
Individualy comet, pmu-ud@ng tonguc, sperm at cjaculation, under “n:;-u‘ short stature,
mental retardation, defective | 4 1ooment of secondary sex wobbad = no ovaries, complete
development of CNS characters. absences of gorm cells,
XXY 44 putosome+)
@:;’::"- 45 autosome+XY 44 nutosome+ dutosome+ X
Trisomy 21
I:ovm Trisomy 13
atau -
Trisomy |18
| Edward Monosomy (X0)
Turpey Trisomy (XXX)
Metafemale Trisomy (XXY)
Jacobs
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