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Preface

Biological Research is in the midst of a revolutionary change due to the integration of powerful
. technologies alongwith new concepts and methods derived from inclusion of Physical Sciences,

Mathematics, Computational Science and Engineering.

We are living in the 21" century where the role of science and technology cannot be denied.
* Biology as subject is playing a pivotal role to explain the complex nature of life. Now, there is a

need for every individual to know the worth of scientific saturations, and in this regard it's

Biology which is going to help every individual of a society in today's world.

It is essential that we learn the Morphology and Physiology of all living things. How to live in

harmony with the other residents of earth. Thus study and teaching of Biological Science at each

and every level of education has become inevitable.

The text for class X1 has been developed in accordance with the demand of national curriculum

2006. which is based on attainment of standard benchmarks and leaming outcomes.

The special features of this book are:

e Eachchapter begins with the briefintroduction of topic.

e The headings and sub-headings of each topic is written in different colours which help the
students to differentiate between topics and sub topics.

e  For the first time new informative pattern is introduced e.g., tit bits, data/ information,
tables or boxes, critical thinking, activities etc.

e The exercise of each chapter is written according to the pattern of paper as prescribed by
educational board that is section 1 is comprising of objective questions which inciude
MCQs and completion of blank spaces. Section 2 includes short questions and section 3
includes long questions.

e SLOsofeach chapterare given in the beginning of the chapter while summary is given at
the end of each chapter in order fo assist students recall their knowledge about said chapter.

e Biological names of organisms are written in italics letter.

At the end of this book:
e Commonly used Greek and Latin words and their meanings are given at the end for the

convenience of students and teachers. -
e  Glossary has been provided to understand the biological terms.
e Indexisalsogiven forthe convenience of students to locate different topics.

Your kind guidance will be appreciated:
e  Despite our earnest efforts there can be certain errors and omissions in this book as human

limitations, suggestions and positive criticism, therefore, from our colleagues, {eachers
and students will definitely inculcate a new spirit in us for further improvemen? of the

. ‘textbook.
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Students Learning Outcomes

On completion of this unitstudents will be able to:

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

Describe the terms of resolution and magnification with reference to
microscopy.

E)fplain the use of graticule and micrometer and define the units used in
micrometry.

Describe the locations, chemical compositions and significance of the primary
and secondary cell walls and of middle lamella.

Explain the chemical composition of plasma membrane.

Rationalize the authenticity of the fluid mosaic model of plasma membrane.
Relate the lipid foundation and the variety of proteins of the membrane
structure with their roles,

Identify the roleof glycolipids and glycoproteins as the cell surface markers.
Explain the role of plasma membrane in regulating cell's interactions with its
environment.

Describe the chemical nature and metabolic roles of cytoplasm.

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

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

State the structure and functions of the peroxysomes and glyoxysomes in
animal and planicells.

Describe the formation, structure and functions of the lysosomes.

Interpret the sorage diseases with reference to the malfunctioning of
lysosomes.

Explain the external and internal structure of mitochondrion and interlink it
with its function

Explain the extenal and internal structure of chloroplast and interlink it with
its function.

Describe the structure, composition and functions of centriole.

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

Describe the chemical composition and structure of nuclear envelope. |
Compare the chemical composition of nucleoplasm with that of cytoplasm.
Explain that nicleoli are the areas where ribosomes are assembled.
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Describe the structure, chemical composition and function of chromosomes.
List the structures missing in prokaryotic cells.

Describe the composition of cell wall in a prokaryotic cell.

Differentiate between the patterns of cell division in prokaryotic and
eukaryotic cells.

e Relate the structure of bacteria as a model prokaryotic cell.

Introduction

As we know that the cell is the structural and functional unit of living
organisms. The branch of biology which deals with the study of different aspects of
cell is called cell biology or cytology. As most of the cells are microscopic,
therefore, to study cell at organelles level and molecular level, different techniques
are used. In this chapter we will study about these techniques and detailed structure
and function of cell organelles.

After the discovery of the cell in seventeenth century, a lot of informations
have been collected by different researchers. These informations have been
summarized in the form of cell theory.

The main points of cell theory are given below.

1. All organisms are composed of one or many cells and their products e.g. hair,
nails, scales and horns ete.

2 Cell is the structural and functional unit of life.

3. All cells come from parent (pre- existing ) cells.

4

Cell contains the hereditary informations, [4# «dult human contains
moaore than 37 trillion cells.

which are transferred from parental cells to
daughter cells.
5. Most of the diseases are caused by malfunctioning of cells.
1.1 Techniques Used in Cell Biology

To study the cell, many techniques are used to examine various components
of the cells and their functions in detail. These techniques are cell fractionation and
centrifugation, differential staining, micro-dissection, tissue culture,
chromatography, electrophoresis etc.

1.1.1 Cell Fractionation and Centrifugation
It is a procedure to separate cell components into-parts and fractions without
altering their shape and function. .
For this purpose firstly the cell is |4 centrifuge machine can be
homogenized (grind) in a suitable medium with descri’%d as a machine with
o S ) TN _ . |\a rapidly rotating container
correct p‘H, ionic composition and temperature. This |, - app';:'és centrifugal force
process is called homogenization which is usually |mitscontents. ;

»{3m




- Mioro tast tube

Rotor o edium

Times Speed reguintor xg

sediment (Pellet)
Fig. |l Ulire Centrifiige Machine

done by a food mixer. The homogenate is poured in
a test tube. The tube is then kept in a centrifuge
machine and centrifuged for a fixed time at a

- . ) Ultra centrifuge is a type o
specific speed. The faster the rotation of the |centrifuge optimized for

centrifuge make the smaller particles well |spinning arotor at very high
sedimented. A series of increasing speeds can be $Peed

used for the separation of smaller components. After
each speed a pellet is formed at the bottom of the test tube. Then supernatant (fluid

above the pellet) is taken into another empty test tube and recentrifuged. Thus a
series of different cell organelles are obtained in different test tubes. This is known
as differential centrifugation. The detailed structure and function of these isolated
cell organelles are studied under microscope.
1.1.2 Differential Staining

As most of the biological structures are transparent and colorless, therefore,
cannot be seen clearly. Thus we stain these structures to observe them in detail.
When only one stain is used, it is called single staining ¢.g., Borax carmine. When
two stains are used, this is called double staining or differential staining. One stain
for nucleus e.g., Hacmatoxylin and other that will stain cytoplasmee.g., Eosin.

1.1.3 Microscopic Dissection or Micro Dissection

It is a technique in which a microscope is
used to assist in dissection. Laser or fine glass |Zissues that take up stains
needles are used under a microscope to remove a  are called chromatic. The

srtion of selected cell ¢ , tc. Large _[(érm chromosonies refers
portion of selected cell or chromosome etc. Large their ability to absorb violet

TV screens or monitors arc used to view images. stain.
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1.1.4 Tissue Culture m
The term tissue culture was introduced by an |Micro dissection is a useful

American pathologist Montrose Thomas Burrows.  |method of collecting selected

: . : ; ; cells for DNA/RNA or protein
It is a modern technique in which cells froma |/ hocic and 10 isolate

tissue of mul}icellular organism are grown i Vitro. | cellular structures.
The cells for tissue culture may be isolated from donor _— —
organism “primary cells” oran immortalized cell line. [ Tit bits
The cells are bathed in a culture medium which |4 complete plant can be
contains essential nutrients and energy sources (grown from small pieces o
needed for tissue survival. The tissue culture is also \plant tissue in a culture
called cell culture. This technique is used for both (medium.. e

10 vitre
Fig. 1.2 Progeditre of Tissue Culture
I.1.5 Chromatography Paper Chromatography
It is a procedure used to separate different |7his type of chromatography
chemical compounds (Pigments) from a mixture. is used to separate coloured

There are different techniques are used for \chemicals or substances and
chromatography. However paper chromatography is |primarily used as a teaching
simple, easy and widely used. The paper fool.
chromatography involves two phasesi.e.,

1.  Mobile Phase which consists of the solvent and dissolved sample (pigment

mixed in water). | y

2. Stationary phase which consists of filter paper.
Mechanism:- The mixture of mobile phase is passed through the stationary phase,
as a result the molecules of mixture begin to separate as dots at different places on
stationary phase (filter paper) according to affinity of molecule for the stationary
phase. Now this filter paper is called chromatogram.

This procedure is usually performed to separate the mixture of protein and
photosynthesis pigments.

J
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1.1.6 Electrophoresis

It is a procedure to separate molecules (DNA, RNA, protein) according to
their size, shape, molecular weight and surface charge. It is called gel
electrophoresis because medium (Agrose or polyacrylamide gel) 1s used to separate
the fragments under the influence of electric field.

A viscous slab of gel is formed between two glass or plastic plates. The
samples are loaded in the slots of gel by micropipette. The two ends of slabs are
suspended in salt solution and connected by electrodes to a power source
(electricity). As a result the molecules present in the gel migrate through the electric
field towards opposite terminal i.e., from negative to positive terminal. The smaller
molecules will move faster than larger molecules.

Negative pole

Electric supply

Agarose
unit

Geltank

Positive pole

Fig. 1.4 Gel Electrophoresis
Applications:- This procedure is used in forensic science to identify criminal
cases (murder, rape, parentage). It is also used to diagnose infectious diseases,
genetical disorders and cancer. Moreover this procedure is also used to determine
the genetic similarities and evolutionary relationship among different organisms.

wi6pe
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1.1.7 Spectrophotometery SHRSeE

This technique is used to measure
the amount of light that passes through
the sample, the amount of light absorbed
at each wave length is plotted in a graph
called absorption spectrum. The
mstrument used for this purpose is
called spectrophotometer and the
procedure is called spectrophotometery.
For example it can be used to determine
the wavelengths of light that take part in
photosynthesis.

Fig: 1.5: Spectrophotometer
1.1.8 Microscopy

Microscopy is the procedure of using
microscopes to view samples and objects that
cannot be seen with naked eye. Of all the techniques | Magnifving glass, telescope,
used in biology microscopy is probably the most [slide projector efc are some
important. The cells of living organisms mostly magnifying instruments.

range in size from 1-100 pm.

Resolution and Magnification in Microscopy

The microscope has two abilities. i.e., resolution and magnification. The
ability of a microscope to view two close objects by separating them from each
other is called resolution power. The resolution of a compound microscope is
about 200 nm times while resolution power of electron microscope is 0.5 nm.
Magnification power is the ability of microscope to view an object by enlarging it
from its real size. The magnification power of compound microscope is about 1500
times while electron microscope is about 1 million times. It depends on resolution

power.

o 0 O A Resolution
ti < o
Magnification Distance between
Two objects

1.1.9 Graticule and Micrometer

The measurements of microscopic objects is called micrometery. This can
be done by using specially designed scales on glass. One of the scales is placed in
the eye piece called graticule (glass scale) or ocular micrometer. It iIsused asa

ruler.
vl 7pe
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The stage micrometer is a glass slide on which a series of vertical lines ar¢
present (100 divisions). Its total length is Imm. ST
lmm = 100 divisions a
100 divisions = 1000 micrometers
| division  =0.01mm (10um)

{.2 Cellwalland plasma membrane : :
Structureof Cel T
The plasma membrane is

The cell consists of following parts.
outer living membrane of

1.2.1 Cellwall .

Cell wall is the outer most nonliving all the cells. Many Ce”;*
covering present in Plants, Algae, Fungi and have rigid or semi rigi
Prokaryotes. It is secreted by the protoplasm of the dead covering outside the|
cell. Its thickness and composition varies in |cell membrane called cell
different groups of organisms. Here we will discuss  (wall-
the detail of plants cell wall.

Structure and composition of cell wall

The plant cell wall consists of three layers i.e primary cell wall, middle
lamella and secondary cell wall.

Primary cell wall is a true wall formed in developing cells. Some plant cells
possess only primary cell wall such as leaves, storage cells and young growing cells.
Primary cell wall is composed of cellulose, hemicellulose and pectin, The outer
part of primary cell wall of plant epidermis is usually impregnated with cutin and
wax, forming a permeability barrier known as plant cuticle. The cellulose
microfibrils are arranged in criss cross manner. The microfibrils are held together
by hydrogen bond to provide high tensile strength.

|80
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Fig. 1,7 Plant Cell Walls

Middle lamella

. It x:s .the first layer that is deposited at the time
of cell division between two adjacent cells. It is
formed of sticky gel like magnesium and calcium
salts of proteins which help to stick the

neighbouring cells together.
Secondary cell wall is thick layer formed

between the primary cell wall and plasma
membrane. The secondary cell wall is formed when
the cell is fully grown. It is composed of cellulose,
hemicellulose and lignin which is used to
strengthen the wall. In the secondary cell wall the
microfibrils also show criss cross arrangement.

Cells with secandmyoell walls are rigid.

1.2.2 Plasma Membrane
It is outer most living boundary of animal

cells while in plant cell, it is always present afler the |7

cell wall. There are many other membranes bounded

organellcs, lxke mntmhondna; Golgi bodws. -

lil“‘l”‘.‘
amelin

Ccllulosc Fibrﬂs

Cellulose, the main
constituent of cell wall, is
used in the manufacturing

of paper; colton

sellotape, ropes eic.

Cell wall provides
mechanical strength shape.
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Fluid mosaic model: »
This model of plasma membrane was developed by Jonathan Singer ang

Garth Nicolson in 1972. According to this model plasma membrane is fluid mosaijc
of protein, floating within bilayer of phospholipid and cholcstf:rol._ The
phospholipid molecule contains a hydrophilic head and two hydrophobic tails. The
hydrophobic tails face each other while hydrophilic heads are directed towards
water which is present outside and inside the cell. '

The cholesterol molecules are embedded in the interior of the membrane
which makes the membrane less permeable for water soluble substances. It also
provides stability to plasma membrane. :

There are two kinds of membrane proteins, extrinsic or surface protein and
intrinsic or embedded proteins (either wholly or partially embedded in bilayer).

Some amount of carbohydrates are also present in plasma membrane. These
may either attach with protein as glycoproteins or attached with lipids as
glycolipids.

' Hydrophilic heall
Carbohydrie ~

*— Hydrophobic il chiiti X
of J : Glycoprotein

P VMBM‘QW s

>

Extempl membrine
surlbice

miembrane
surtice

| § tE. Prtein
ML = (“holesterol

Cytoskeleton
fi ﬂuncms

Fig. 1.8 Fluid Mosaic Model of Plasma Membrane

The role of glycoproteins and glycolipids:
 They provide receptor sites for hormones, nerve impulses, recognition of
antigens and also responsible for endocytosis. Therefore, these are called as cell

: w2000
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, granules of animg]
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geln “a 8

solution (Such as starch particles in plant form ©
cells). The colloidal solution may be in the :
(viscous) parts,
Cytoplasmic Organelles: podies ok ,
These are highly organized cellular b as fa LRy
which perform specific functions. SU° ‘dics
endoplasmic reticulum, ribosome, Golg! bo.
Mictochondria, plastid, centrioles, lysosomes Efe

Functions: Store House: Fyital
The cytoplasm serves as store hous€ 0
materials, chemicals e.g., glycogen in liver cells: N
Site for metabolic activities: i : "
It is the site of certain metabolic pathway
e.g., glycolysis.
Maintain the cell shape: o
The cytoskeleton present in the C)""P"“‘l o‘
not only maintains the shape of the cell but ais
helps in the movement of organelles.
1.3.1 Endoplasmic Reticulum (ER) ules in contact and
Endo lal;xm'c reticulum is a network of channels °’$‘£'Zu eukaryotic cells. |
extending bgween nuclear membrane and cell membrane
The components of endoplasmic reticulumare: ; instack
Cilltrl::: Thescarelcﬁ)gﬂatwned and unbranched units arranged in |
res.
Vesicles: These are oval membrane bounded structi )
Tebmlee Theoe ure irogular ofien branched tubes bounded by membIane
A J
Tubules be free or connected with cisternac. SR . . 'V
Enn:l?plasm'ic reticulum divides the intracellular s;:m—ren )mto two distinet
partm i ol (inside) and extra luminal (cytopiasiii). B
com ents, 1.€., hlﬂllnl]( ) Rough ER and Smooth ER. I Il
1

Tvpes: Thercare two types of endoplasmic reticulum,
Meodification of Endoplas 1
mic Reticulum: Lo
as sarcoplasmic reticulum |-

In skeletal and cardiac muscle cells SER is know.'n !
(SR). These store calcium ions in their lumen. If many ribosomes are attachedonthe

small parallel cisternae of RER, then it is called ergastoplasm. In nerve cells the

ergastoplasm is known as NissI's body.
22
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3 \ .inp synthesis as
Protem synthesis: Rough ER helps in protein 5.
attached with their o ler surface.

Lapid Synthesis: Cholesterol and phospholipid ar
ER.

.o surfac
Cellular Metsbolisry: The membranes of ER in(.:rcﬂﬁ‘-' 31\":;:5.
metabolic activities Iso contains some enzymes hike, $3°
phosphatase, NAD ¢ phosphatase etc.
vil)  Formation of Nucldir membrane: Fragmented ¢
nuclear membrane and E.R elements arrange aro ,
form nuclear membrane during cell division. ifochondria

wsized by stnooth
H ¢ synlhunzul by s

e arca for
gl}xcosc 6

vi)

|
|
Jements of disintegrated
osomes to
und the chrom /

vili)  Formation of Organdles: All membranous organelles SO
and chloroplast are f; rmed by ER.
1X) Detoxification: Sm
pollutants, steroids
1.3.2 Ribosomes (Engi

{
Sficati drugs,
th ER are concerned with detoxificatio of drug

dother toxins. _ (‘

of cell or factory for protein synthesis) | 1953.
These are granular structures first observed by George Pal’“,ie A el as
Ribosomes are non membranous organelle, present both in prokaryotic as W

. . = d
cukaryotic cells (except matnmalian RBC). It is one of smallest cell organelle an
also called organelle with inan organelle.

b ]
50 known as ribonucleoprotein particle of the ‘i‘:f
0s and rRNAs. In prokaryotic ribosomes the am%unand
il is 40%. In eukaryotic ribosomes, protein is 60%

bunits of ribosomes are synthesized in nicleolus of
cytoplasm via nuclear pores. Thus nucleolus is the
bosomes are the factory of proteins,
Sdinniiss o YOS A complete eukaryotic
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tubuyl Mast of the (i“.gi“l‘[’m‘utus i$ formed of flattened sacs or cisternae but some
ules and vesicles may also participate in the formation of € iolgi complex. The
i Of cisternae ranges between 3-7 in most of animals but in lower organisms

May have up to 30 flattened sacs. These flattened sacs are arranged in a concentric
fashion, the convex face or sac lies closer to the nuclear membrane and called ag

Cls{iolgi or forming face. The farthest concave sacs are named as trans Golgi or
Mmaturing face,

Fll_nc(ion; Golgi bodies perform number of functions €.g., Cell sccrct;on: Itis the
main function of the Golgi complex. The secretions are P“’ccssed:(;' wRnvEted
into finish products and are packed inside the membrane then exported. '
S‘:""BC of proteins: Proteins synthesized by the ribosomes are passed to the
endoplasmic reticulum and stored in the Golgi apparatus. :

Cell wall formation: Golgi bodies are also involved in the formation of new cel]
wall by the plants, ' ool
Formation of Lysosomes: An important function of Golgi apparatus is the
formation of primary lysosomes.
Formation of acrosome during spermiogenesis s

bodies.

Formation of vitelline membrane of egg is also secreted by Golg!

1.3.4_Lysosomes -
Lysosomes (Gk. lyso: splitting, soma: body) are sac-like single membrane

bounded organelles which break macromolecule in the cell.s. i o
Discovery: These were first reported by Belgian biologist Christian

1949, .
Occurrence: These are found in almost all eukaryotic cells f;};zell);sr:sammnhomes ;:
RBCs. In plants central vacuole functions as lysosome, lhe;; ok g
less in number in plants. All fungi contain many lysosomes. 1he peri
of bacteria may function as lysosome. ' o
Chemical Composition: Lysosomes contain m =
phosphatases and all types of hydrolytic emzymes, like carbohydrases, lipases,

nucleases and proteases.

Shape: They are roughly spherical in shape. . B o
Size: Vary in;v size from 0.1-0.8um in diameter. In phagocytic WBC itis largestin

silizem(O.S-Zqu). J | hic cellular organelles

: These are known as polymorp Hular |

because:funng function exist in different morphological and ghysnologxcalstaws.

Primary Lysosome: Enzymes are synthesized by ribosomes of rough
»26e
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mate
jysosome. In unicellular
while inmulticellular org,

e: Lysosome containing undigested
remo tll%‘m"’l‘“‘“‘m%!!lledresn:hml
d outside of cell by exocytosis

45 e"!h‘ﬂleeellas llpofusmn granules.
nell ___mchasmxtochonmmwmoh

NIM) are digmd by
or dead cell organelles are
starvation. This




Extra cellular digestion: by releasing t‘h/.yfnct;s.bc.g.,
Lysosomes also help in extra cellular d1£€ ?"‘_'"l“', pwanted parts © one.

the lysosomes of osteoclast (Bone eating cells) diss©

Extracellular digestion also take place in fung!:

Autolysis: _
Some time all lysosomes of cell burst to disso
wBCs, P

the cell complctcly, Thus
vel telets an epithelial cells
; bry© such as tail of

also called suicidal bags because old cells lTike ans of em
are removed by autolysis. Italso destroys unwanted © |
human embryo and tail of tadpole. |
Crinophagy: : jysosome. This |
ted by 1Y |
The excess hormones of endocrine gland maY i |
process is known as crinophagy.
Exocytosis or cell excretion:
Sometimes enzymes of primary lysosomes S diseas
wp-sIOrage sedase
Glycog*” pe rreated by

are released from the cell. This occurs during |G =, 4y
replacement of cartilage by bone during t(gking small meals of
development. Similarly the matrix of bone may be carbohydrate in LSA ORG

broken down during remodeling of bon
GSD.

occur in response to injury. )
Storage Diseases (Diseases dueto faulty lysosomes)

Several congenital diseases (by birth but not hereditary ) tl‘a;’:;e:zrfs:gir;
occur due to accumulation of substances within cell. Such ?‘slgsisomal e
glycolipids. These are caused by mutation in the g€nes o 5 3;ow. '
About 20 such diseases are known €.g., WO of these are given DEIOT
Glycogenesis type Il disease ( G-Storage disease) —_— .

It is caused due to the absence of D-glycosidase- If‘ t.hls d‘i‘::i:;;"&:‘;:
muscle cells are appeared to be filled with glycogen within me

organelle.
Tay-Sachs disease: . .
Tay-sach disease is arare disorder passed from parent 10 child. It is caused by
| osaminidase) that helps in the breakdown of
gliosides, built up to toxic

the absencz of an enzyme (Beta hex
fatty substances. These substances in
level mainly in babies and young children

Symptoms .
Child loses muscle control eventually this leads to mental retardation,

blindness, paralysis and even death.

brain called gan
and affect the function of the neurons.

w2852
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1.3.5 :;:.i:oiho::ria (GK.mitos: thread, chondrion: granules)
itochondria (Singular m , $
_mall thread or gmmlg eith ar mitochondrion, Power house of the cell) 100k like
| *7 Altman (1890) eau:lrl:g::" g::l 5 ‘clmbd«ltissclfrcplicating organclle.
The term T:i;qchondﬂawvﬁvmby g B““l u(‘mwc and called them bioblast.
T e y mil l N : : v
; ;ﬁr ﬂumbcf‘sa?reetz're:fw’m th ais 0.2-1pm while length is one pm to 4. 1pm.
sctivity of the cell. o many thousand per cell, depending upon physiolog:csl
(hondriome:- All the mitochondri ;
cell are collectively called e S pot e mitochondria is also called
animal oel hﬂ‘llemorqmimommpm. Y e Power house of the cell or
cture:- It is double mem Yirins’ sthitic ATPmillincell:
f.::r:' memhranelxsasmool& hile the i structure. The | ACenwum:z:n.
< folded. If outer merr b ile the inner membrane |* Cell furnace or s10rdge
is folded. If outer membrane of mitoch Soiiecllh - batertes.
. moved then it is called > of mitochondria is
e st. The folds of |* Mo;:d lbu_sy ;;nd active
MUIalG ait DRSO R or, eincell.
; mwch . "S"cxml autonomous cell
: | organelie. _J
- F1 particles. Tit bits
fﬁ called |F1 particles or oxysomes are
or cellular |knob ike structurcs located

Y " mitochondric




Function of Mitochondria:

he R s .
and ATP pio?:lr:c\:dc site of acrobic respiration. Most of the oxidative metabolism
101 occurs in mitochondria. Therefore n]i(uch()ﬂdl'iu are called

POwerhouses of the cell
(-‘A!" .‘OQ+6O +P s
! 3 I‘V\DPH GCO. + 6H:() + ATP ILis believed that

Mitochondri  fde
fOn‘naﬁon) in OOcdrla also help in vitellogenesis (Yolk | . hondria have
1.3.6 Pl e endosymbiotic origin from
. it purple sulphur bacteria or

The plastid (Gk. Plastos: : varvotic cell. The
( lastos: formed, molded)isa I:;;))a X (:';‘""0 of mitochondria

major double m, :
cells. Plastids :rmebl;‘ne organelle found in plant | s nn 4 are similar to
sto 2 € sites of manufacture and |, .otaryotic cell.
rage of important chemical < ;
the cell. Th nical compounds used by _
: - ey Often contain pigments used in pho[osynthcﬂs and many types of
' gm?ts that can change or determine the cell colour for different purposes.
plasti d:::f‘;hsslﬁed into chloroplasts, chromoplasts and leucoplasts. All types of
| rmed froma : ids.
Chl'omopl : precursor molecule proplastids
These are pigmented i i ;
, : plastids located in ¢ plants inherit plastids
eolpurml (‘fthe"ﬁ‘m green) parts of plants like petals %Zsmpone parent e.g.,
covering. These plastids also help in cross [angiosperms inherit plasti
pollination. These also contain chlorophyll but in [from female gamete while
~very less amount. many gymnosperms inherit
L“Npll sts: : wlastid rom male pollen.
- These are colourless plastids present in colourless parts of plants like roots,
woody stems etc. They are triangular in shape. They help in storage of food. e.g.,
llm?'loplast which stores starch, Elaioplast which stores lipids and proteinoplast
which stores protein.
Chloroplast:

These are green plastids, present in green parts of plants like leaves,
herbaceous stems, unripened fruits coverings etc.

They are double membrane structures. The outer membrane is smooth and
more permeable while the inner membrane is less permeable. The inner membrane
contains disc like structure called thylakoid and group of thylakoid stacked together
is called granum (plural Grana). There are many grana in a chloroplast and many
chloroplasts in a cell (up to 40). The fluid which surrounds grana is called stroma.
The stroma contains enzymes required for the synthesis of carbohydrates during
dark reactions of photosynthesis. The most abundant and important enzyme is

sedoe




Rubiseo (sbouni ﬂfohlompm' Stroma also contains small amount of DNA,

A and 70s ribosome. Presence |
Nuautonomousmllenfan‘f ke }“M'Mﬂm indicate that it is

The grana m OOMM




2 . he inner face of the plasma membrane. These are

_ W“or mesh like network. Actin filament
Besides the actin




-

Function

' The name peroxisome was applied because this organelle is specifically
nvolved in the formation and decomposition of hydrogen peroxide (H.0, ) in the

cell.
HO, &= HO+4%O0,
1.3.9 Glyoxisomes

These are cell organel]es, mostly found in lipid rich seeds and seedling cells
of plants. These contain enzymes like glycolic acid oxidase and catalase. Some
other enzymes are also Present which are involved in the conversion of lipids into
carbohydrate by a process called glyoxylate cycle.

1.3.10 Centrioles

Centrioles are non-membranous organelles, two in number, located near the
outer surface of nucleus. The diameter of centriole is 10nm. They are found in
animal cells of some microorganisms and lower plants while absent in higher
plants. Centrioles were discovered by Beneden in 1883 and Boveri in 1895.
Structure:

The cytoplasm which surrounds centrioles is called “centrosphere”.
Centrioles and centrosphere are collectively called centrosome. In cross section
each centriole consists of a cylindrical array of nine microtubules. However, each of
the nine microtubules is further composed of triplet tubules. Both centrioles are
placed atright angle to each other.

Fu | 1 '._!_’ig, 1.17 Centriole

They help in cell division. They are self
replicating units and replicate Just before the cell |
division. Each pair migrate towards opposite side of |
the nucleus. The spindle fibers are formed between |s

e




k- e et .‘
l - - Fig. .18 Ultra Structure of Cilia and Flagella

mpnr(;ml role in the loca‘ion- -
of

these
two ;
¢ Pairs of centri
Wing during ¢ |“f“f"9't'$- They play an !
L3.11 Cini cll division and ammgcmcmufnncmlulmlc& |
Gilia (L, o ugella |
a il b
Outgrowths of ;::ﬁlum‘ eye lash) and Flagella (L flagella means whip) are hajy
surface of some membrane and elongated appcndagcs. Ihc:y are present gp -
“8.0 contain ci]i:?v= 1Is. They help in the movemen ell. Some stationary the
ciliahelp in the m (such as epithelial lining in respiratory system). The station, &
o ella a:: eﬁl"v‘mt of materials over the surface of the cell.
cilia. However, ot} € to twenty times longer tha0 =~
s cilia and flagella have same . l
Basal bodies of cilig o

internal struc

cylinders. Th,?re They are membrane bounded

matrix contai membrane encloses a matrix. The flagella are typeg 4

axonemes clons ?xoncmes or axial ﬁlameﬂts. Thc &'ﬁttriolc's. ) }.; ‘

microtubules, ;;‘;;;of nine pairs (doublets) of Tit bits

two central tubules ;h"earmnged in a circle around [oerm centrioles gm |

other duri mOVemes lchrotubules slide over each {m;;h;mn aﬂa;@w

microtubules has two maﬂd flagella. Each ‘g’w oindseiy fm i

Mmjmtowards ST the dynein arms [erlllizalion.
the neighbouring doublets and '

|

tofthe €

Do you know?

~—-

Ouler doublet
Mictotubules

i




spokes which extend towards the centre. Dynein have ability of hydrolysis of ATP

and release energy for ciliary or flagellary movements. The flagella and cilia
originate from the busal body (also called Kinetosome) which is modified form of

;"“‘t’i"'c' Basal body controls the growth of cilin and flagella. Microtubules in the
asal body form 9 + 0(9triplets) pattern. Basal body ex hibits cartwheel structure.
Mechanism of movement: :

Movement of these structures is due to the sliding of double fibrils into
groups one after the other. (suggested by Bradford, 1955).
Effective stroke: |

During effective ; i t
sl ve stroke five out of nine double fibrils contract as a resul
Recovery stroke;

During recove i don ; th
ciliumstraight. ery stroke four out of nine double fibrils contract and make the

1.3.12 Nwe“‘ (Greek. karyon=central commander)
~ Nucleus is a double membrane bounded cell organelle of eukaryotic cell. It
et Robert Brown in 1831 in orchid cell. Nucleus contols all
_contains genetic information of the cell. Nucleus 1s
> arises from division of pre-existing nucleus.
‘but sometime may be two to many,
Dpalina. It is absent in some eukaryotic
ot p@?mdmamre RBCs of

Y :

i e 1, -
Vi 2 8 11
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regulate RNA, ionic exchange (1e., pnucleocytoplasmic traffic) betw%
is also known as nuclear enyejg.

nucleoplasm and cytoplasm. Nuclear membrane 1s al: uCi
Nucleoplasm: Nucleoplasm is ground substance of nucleus, which is also

as nuclear matrix or karyoplasm. ‘

Chemical composition of nucleoplasm: It is a transparent complex colloid‘l

form of solution or fluid contains water, protein and enzymes like ATPase, DNA anq
l long

RNA polymerases, endonucleases, It also contains nucleotides and minera
(Ca”,Mg")etc.
Nucleolus: Nucleoplasm also contains one or more nucleoli, which is nop.
membrane bound and spherical structure so that the content of nucleus is
continuous with the rest of the nucleoplasm. Nucleolus usually attached o
Chrpmgnn at specific site called nuclear organizer region (NOR). It is visible only
during interphase while disappear during cell division.
It contains 85% proteins, 10% RNAs and 5% DNA.
;l'he ml::;: function of nucleolus is to form sub units of ribosomes which move to
C’::gmunby nuclear pore thus known as ribosome factory of the cell. -
Chromatin ﬁ:::sw network of nucleoprotein fibres, embedded in nucleoplasm.
during cell divisj;,::nmm genetic information and condensed to form chromosomes

_ Chemically chromatin consists of large] i iste :
protein) and non histone (acidic protein), DN m l’; ufe":::gn ‘:?R:‘litone (basic

Sister Chirormatids

k“Ow{;

_. Fig. 1.19  Nucleus and Chromosome
-Clmm(ﬁrqekh};ll:lmmas':colog&ma:body) |

| Ch' 'omosome is hi y condensed form of the chro :
cell division, I - : omatin, seen only du
.mmm wﬁmwlym'b“”dmmﬂmmfnsthusdﬂrklymng
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Chromosomes can be best studied at metaphasc stage because size of

chromosomes is the shortest during metaphase.
Karyog‘l’e e
¢ number of chromosomes is definite for each

human, 0820;1 body cell contains 46 chromosomes, Mucor (Fungs)
20, Frog 26, Chimpanzee 48, Fruit Fly 08, Ascaris (
chromosome can be identified by its size and shape.
Structure of Chromosome

_ At metaphase stage, each chromosome
consists of two identical (sister) cylindrical structures
called chromatids. Both sister chromatids are Whith human cells do nof
connected together by a common centromere. Around [possess mucleus and which
the centromere is a disc of protein called kinetochore ¢/ multinucleated?
where spindle fibers get attached during cell ' .
division. Each chromatid is consist of a single long thread ¢f DNA associated with
histone and non-histone proteins, RNA is also present ir] it . Chromosomes are
covered by thin proteinaceous sheath called pellicle. They are the vehicle of
heredlm)’mﬁ!ﬂﬂ.al(sencs)ﬁ'ompammcelltodaughtercell}

1.4 BacteriaasaModel Prokaryotic Cell |
Bacteria despite their simplicity, contain a well developed cell structure
esponsible for unique biological structure. The cell wall is
while in eukaryotes it is either composed of

vall is cell membrane which lacks sterol such
contains réspiratory enzymes. In many
s secreted by cell. Flagella are present in
posed of flagellin protein ein. Many of gram
ent known as pili. These pili are

the cell wall. They help in
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« Cell fractionation technique is used to separate cell organelles for detailed study.

« Staining isatechnique used in microscopy to enhance contrast in microscopic image.

« The use of microscope to assist in dissection is called microscopic dissection.

« Tissue culture is the growth of tissue or cells separate from the organism.

« Chromatography is a technique which is used to separate different chemical
compounds from a mixture.

» Electrophoresis is a procedure used to separate fragment ofa charge bearing molecules
according to their size, shape and molecular weight.

» The spectrophotometer is an instrument that measures the amount of light passed
through a sample.

o The measurement of an object by means of an eye piece graticule is called
micrometery.

« Cell wall is present in plants, fungi, algae, and in prokaryotic cell.

« Plasmamembrane is composed of 60-80% protein and 20-40% lipids. .

s+ Glycoproteins and glycolipids actas cell surface markers.

« The liquid portion of cytoplasm s called cytosol.

+ The ribosome is known as the protein factory of cell.

« Inmuscle cell smooth endoplasmic reticulum is called sarcoplasmic reticulum.

+ Golgibodies are concerned with cell secretion.

+ Lysosome contains about forty different types of digestive enzymes.

« Peroxisomes and glyoxisomes are collectively called microbodies.

« The membrane that encloses the vacuole s called tonoplast.

« Mitochondria are the sites of cellular respiration, the metabolic process that use

oxygen to generate energy hence called power houses of cell.

The disc like structures in chloroplast is known as thylakoid which are site of light
reactions of photosynthesis.

+ Centriole is non membranous cell organelle found inanimal cells.

« The cytoskeleton consists of micro filaments.

+ Cilia and flagella have similar structure and function but cilia are much smaller in size

than flagella.
« Pili or fimbriae are the structure in bacteria which help in conjugation and attachment

with host.

e



-,‘ <y \xr »
24

‘\65" -

At Mﬁlﬁple Choice Qucsﬂ‘““,f




ﬁ 11 !
|
i
|
2. -
|
r
13. K

pmicles to pnss thraugh but

hich is




Section I1: Short Questions.
Differentiate between Cilia and Flagella.
What is differential staining?
What is paper chromatography?
Define Spectrophotometry.
Why mitochondria is called power house of cell?
How mitochondria are similar with bacteria?
Draw labeled diagram of chloroplast .
Which organelle is called the factory of protein synthesis and why?
Write down any three differences between prokaryotic cell and eukaryotic cell.
Write the functions of lysosome.

Section I11: Extensive Questions.
Describe the process of Electrophoresis.
Write a detailed note on chromatography.
Explain the structure of plant cell wall.
Explain the fluid mosaic model of plasma membrane. Write down some important
functions of plasma membrane.
Explain the structure of ribosome and Golgi complex.
Describe the structure of mitochondria and its role in cellular respiration.
Define cytoskeleton and describe its components in detail.
Explain the mechanism of movement of cilia and flagella.
Illustrate the structure of nucleus.
Describe the role of chloroplast in photosynthesis.



