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- - and know that it is the

duction: ly classes d
Intro ;l\fe e studying cell from our Filrlyliving organisms. As a student of
nal unit 0 must know about the

ic structural and functi_o ; .« study We
tt:?flg:g; we must study cell in detail. Fcli: tilz:s as ml){: e eopic  structure. it
techniques of its studies becaus€ ods should un derstand clearly

i ic né
isolation, magnification and other basiC

before this study. OGY
SED IN CELL BIO. L )
- goE sctqurI?e'ﬁIEi?sgrganelleS and functions following procedure are.

required. .
(i) Cell fractionation — Centrifugat

(ii) Differential staining

(i)  Microdissection

(iv) Chromatography

(v) Electrophoresis

(vij  Spectrophotometry

(vii)  Tissue culture

(viiij Microscopy

N Measurement of cell and their organelles size.
i) - Cell fractionation
? Isolation of cellular components to determine their structure and
. chemical composition is called cell fractionation. It is a combination of
various procedures to separate cell organelles on the basis of size and
density. It consists of two steps: ‘

(a) Homogenization

- . (b) Sedimentation

(a) ;—Iomogenization: :

t is the first step of cell fractionation, w -

| type of cells breaks in an ice cold suitable medam with proper pH and
- f— °°“;p°S‘t1‘°n£ Tllllese cells are placed in homogenizer Iz)r I:EZrlt)ar and
- pestle. For plant cells an e : :

Bl separate cells by digesting midrmydlellll;i?f;?nase Is also used in medium to

ion and sedimentation.
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(b) gedimentation:

The procens of setting down cell organelles on the basis of density
and maoas by the process of centrifugation Is called sedimentation, Smaller
the particle (organelles or molecules) the higher will be the gravitationsl
force required for the separation, It requires ultra centrifuge instrument (its
rotation can be up to 60,000 cycles per minutes), Centrifugation method is
used for the isolation of cell organelles and components, It is very common
method in cell biology where separation is based on sedimentation rate, It
is stepwise process by increasing in the centrifugation speed, In the
beginning lower speed of centrifuge is used to separate the heavier and
bigger organelle from sample and then gradually the speed and size of
rotator increases stepwise until the target achieve. At low speed large
particles like cell nuclei, settle down as sediment. Smaller particle are still
in the supernatant (fluid) which can be poured into a fresh tube and
subjected to centrifugation at higher speed until the smallest particles have

been separated out. The various cell fractions arc now available for
cytological and biochemical analysis.

ii) Differential Staining
In cell or tissues some structures arc

by o3~ 270 il
transparent. To study the differences between A A'ﬁ':l"-;_‘gq !
these structures some dyes are used which ‘,"f:":“ '-.\.Q e Gram positive
are absorbed differentially due to their":;-“'- N ANk U %’:ﬁ*ca”
chemical composition for example, for Dt v, b

vy Ia ' s i
different types of WBCs we use different dyes. &7, 3! 'é % Abram siggsiive |

~ o Bacilli
This technique is called staining, and the :Jg;;it__ ' .,!f ::" .. (rod-shaped) |
process where different dyes are used at the Ve :au"::%.:i}r’-'-ﬁx‘) i
-same time to distinguish them from one " Jiffers

Fig 3.2 Differential staining
another called differential staining.

ilij Microdissections

Microdissection is a technique to isolate specific cells with the help of
microscope. It is used in. biological research to find out the role of
embryonic cells in development, role of different chemicals on cell
development and treatment of different discases. So it is a collection of
different techniques where a microscope is used during studies.

iv)  Tissue Culture ;

It is a technique of cloning where cell or tissues or an organ grow on
artificial medium in a test tube or Petri dish. It was first started from plant |
cell because plant cells are totipotent (totally potential) i.e. each cell has |
complete genetic potential to grow in a plant. In 1958 F.C Steward grew a
complete carrot plant from a tiny piece of phloem on a medium containing
sugar, minerals and vitamins. With these he also added coconut milk
(containing plant hormone) these cells began dividing, they produced a
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Fig 3.3 Tissue culture from seed to plant .

v)  Chromatography (Chroma = colour, graphic = lines or pictures)

It is a technique used for ;
separating different components of R AR
mixture. The speed of molecular | 0O . o v
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molecular  size, so  different P T —® .
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vi) Electrophoresis:

A technique used to
separate charged molecule based
on their size and electrical
charge in an electrolytic cell is
called electrophoresis. It is
mainly used to separate DNA,
RNA or protein molecules.

This technique is familiar
with . the name of Gel
electrophoresis  because the
charged molecules of different
size move through a gel made up
of a compound i.e. Acrylamide,
this movement of charged
molecule occur when an electric
current is passed across it. The
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Fig 3.5 Electrophoresis

Gel consists of a permeable matrix, like sieve, through which molecules can
travel when an electric current is passed across it. The Gel is suspended in
an electrolytic solution and it is placed between two electrodes. At one end
the gel has positive electrode i.e. positively charged and the other end has a
negative electrode i.e. negatively charged. . ‘

The movement of charged molecules is called migration molecules.
They migrate towards opposite charge. A molecule of negative (-) charge will
migrate towards positive (+) end. Smaller molecule migrates more quickly
through the pores of gel and travel faster than large molecules. As a result

- different molecules are separated.
vii) Spectrophotometry

Each compound absorbs visible
light of a certain range and wave length.
We can recognize the compound from
this range of absorption septrum. This
method of measuring light absorption by

' called
spectrophotometry. The instrument used
is called spectrophotometer.
instrument uses a light beam which
passes through the sample where each
compound of sample solution abso
transmits light of a certain wave

a particular substance is

- This

rbs or Fig 3.6 Spectrophotometer
length. This ‘emitted or absorbed wave

length is measured by spectrophotometer.' It is used to determine growth of

bacteria, rate of photosynthesis and minute quantity of (DNA) etc.

; oo | 3
Elcctg‘)lpt).fl'gretml.f[ nooaa . L \’\ c Al
. Wcll%, el Anode |

B L

L ey

ra



é viii) Microscopy g

| more powerful and better micros

| times better than human €ye, which is not

anisms is dependent upon the yge of

dv cell and its organelles Properj
study required. Three attributeg gf

e are magnification, resolutigp

The study of cell and micro-or

: i called microscope. To
an instrument oncH o

! microscope are of particular importance, s 7
j and co&‘t;;tiﬁcaﬁon is a means of increasing tile.aggifil; 611:2 i:f:g?liltf?é:i Os.iect,
R ; ; uld quite € ’ Y as
. with a light microscope a specimen CO ;la fiatascope s calculnteq by

much as 10,000 x. Magnification power O & | e :
| multiplying the power of its eye piece with its magnifying power of jfg

objective.

~ Best resolution

Better resolution
: Fig 3.7 Microscopy
When we magnify the object beyond a limit its image become blurred
i.e. loose its clarity. This clarity of image is generally known as resolution,
| we can say that it is the capacity of an instrument to separate adjacent ‘
| form or object i.e. minimum distance at which two distinct point of a
specimen can still be seen by observer. '
A very high magnification can be
obtained by light microscope, but their
resolution power is limited. It is about 500

Poor resolution

Retina. —

enough for viewing some of the smaller

| sub-cellular  structures, Electron Simple
microscope use electron beamsg which magnifying

| have shorter wavelength than visi i
visible ligh
therefore the electron microscope ar;:

capable of resolving objects ah
times better than hun:]lan eyeout e
most of the sub-cellular stru-c |
studied by electron microscope

Contrast refers to the ¢ .
| € dar
the background relative tq the SII:;?SIH'T % | &

. en. Y

~In order to See colorlesg or transp
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= | = Subject

Virtual
image

Fig 3.8 Magnification
th a simple thin lens
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microscope. It is important to distinguish

ired called phase contrast
s often’obtained

er. In light microscope contrast i

the material.

requ
one part of cell from anoth

by fixing and staining

3.1.2 Micrometry :
It is the science related to measurement of dimensions and size of an |
t observing under microscope. It requires special device of I
nt called micrometer, this instrument is attached or put into the |
There are two types of micrometer i.e. an ocular micrometer
ter. The ocular micrometer is a disc, made up of glass. It

ons with no absolute value. It is placed in the eye piece

of microscope. A stage micrometer is a calibrating device. It is a glass slide
the size of a given

with proper scale like ruler. To calibrate and.estimate
~ object, the image of ocular micrometer is super imposed on stage

micrometer.
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Fig 3.9 Eyepiece reticles and stage micrometers
: Micrometer is a also called micron, so the unit of micrometer is
micron for length i.e.0.001 mm or about 0.000039 inches. It is symbolized

by pm.
3.2 CELL WALL AND PLASMA MEMBRANE

Cell Wall ‘

The outer surface of some cells is covered with non-living, stiff layer
called cell-wall. This cell wall is present at bacterial, fungal, algal and plant |
cells. Bacterial cell-wall is made up of peptidoglycan, and fungal g i |
made up of modified polysaccharide chitin, while plant and algal cell wall is
made up of (cellulose) already discussed in chapter of Biomolecules.
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Seiels

Middle lamella
Cell wall is composed of _

- mainly cellulose, pectin and other
polysaccharides. These materials
of cell-wall are always synthesized

- by protoplasm, secreted out of the
cell and deposited around outer
surface of plasma membrane. We
will discuss only plant cell wall
here.

A plant cell-wall is mainly
differentiated into three layers,

i) Middle lamella,

i)  Primary wall,

i)  Secondary wall.
i) Middle lamella

The first formed cell-plate
work as cementin
lamella. It is a ¢

: Primary wall
Secondary wall

— Plasma membrane

Fig 3.10 Cell wall

g layer between two daughter cells is called middle
ommon layer between two cells. These two cells will
separate when middle lamella will be dissolved. It is mainly made up of
calcium and magnesium pectates. This layer is formed during cytokinesis of
cell-division. ' : '

ii) Primary cell wall -

Primary layer of cell-wall is the first product of cell, the material of
primary layer is synthesized by :

°Wn as plasmodesmeta (singular,
_ content of neij lls remain 1n
- communication with each other. : Melghbar cells

iii)  Secondary cell wall

The layer of wall develo

'. omplete maturation of rimary cell-
- wall. It is very thick and rigid due to deposition of lignin 1n§rganic salts
" and some waxes. It plays important role

in support of plant i€

sclerenchyma fiber, scleroids, xyle tracheids, which contain

secondary cell-wall.

m vessels,
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: cell. It actg like a skeleta]
e “f‘l).rk. of plant arly in vascular Plants. Secondly being &
hydrophilic in nature it IS capable of imbibing water and thus helps, in the
movement of water and soluteg toward Protoplast j.e cell-wall act g
permeable structure. " 8 Ea
3.2.2 Plasma membrane or cely Mmembrane g,vs
All cells either prokaryotic or eukaryotic o

? cells 2
membrane which Serves as their out ol oy, oosed in a

membranes have the Same basic molecular |
made up of double layer (Bilayer) of phospholipids
- interspersed with proteins. _
: - The phospholipids molecules in

in two parallel layer

the plasma membrane are arranged |
S. Their non

-polar hydrophobic ends face each other
whereas their polar hydrophilic ends are associated with carbohydrates

protein etc. Plasma membrane also contains several types of lipids like |

cholesterol sterol etc. In some animal cells cholesterol may contain 50% of

lipid molecules in plasma membrane. It is absent in the cell membrane of |
most plant cells.

Most of the plasma membrane consists of approx 50%
50% protein by weight, while the carbohy
glycoprotein constituting 5 to' 10% of the
(i)  Structure of Plasma membrane

Number of biologists presented different models of cell-membrane. |
One of the ;

lipids and :
drates portion of glycolipids and |
membrane mass. '

hnology has revealed _
that lipid bilayered is not sandwiched between t\yo protein layers.

Peripheral

Extracellular fluid

Carbohydrate

Filaments of
cytoskeleton

Cholestrol ' 1
Ipr;t:giil Phosphoglyceride molecules

Fig 3.11 The plasma membrane




d Mosaic Model _ d a workin d
s son propose€ g model of

In 1972 Smgeli‘l S;dmlilsc:jlc mogel' In the fluid mosaic model tﬁ}eaﬁm-f‘i

d as the core of the membrane. These lipid molecules I;;e

ate, translate and vibrate these molecyle

of me s

. Flui

resent in a :
P mbrane. Proteins are also present

. moving laterally within their layers
in bilayer of phostilzgllglfils-arrangement of membrane protein in the fluiq

like ice bergs in the sea. The prc_ttein occurs as a “mosaic”

~ of discontinuous particles that penetrate deeply into and even completely
through the lipid sheet. The components of_ plasn.la membrane are mobile
and capable of coming together to engage 11 various type of transient or
semipermanent interaction. '

The proteins associated with the lipid bilayer can be divided into two

groups.
a) Integral proteins
b) Peripheral proteins
(a)  Integral proteins (Intrinsic proteins):
A class of proteins that are directly incorporated within the lipid
bilayer. Some of these_proteins are believed to provide a channel through
which water-soluble substances, such as ions, can pass back and forth

between the extracellular and intracellular compartment. .
{b)  Peripheral proteins (Extrinsic proteins):

) A class of proteins located entirely outside the lipid bilayer on either
the extracellular or cytoplasmic surface, exhibit a loose association wi
membrane surface. ;
carbothc;esf' - proteins _which may possess lipid (HPO?
ydrates (glycoprotein) side chains are arranged as mosaic W!
' cell-membrane. i ¥ ;

| Functi’?;lx of Plasma membrane
e pla : .
. receptor, cl,lfans;ln;las meembrane performs several functions like platform for
. most important fuhcélzy'mes’ antigen fluidity etc, but the main &0¢
~ flow of solutions and on are protection of cell cytoplasm, to regulat® '
| These limitations are nf;fltenal in and out of the cell with certain Jimita™™
i J} which is necessary to :n:fxlf: d by in flow of materials across the me nt;;nne
I ;‘ acthltyT;nd Fxcl’ete toxic su]:;?éigt: b}:e PH, ionic concentration for €
e lipid bilaye; ete. | ure
" conditions by j yer controls the fluidity in vari epera™
Y Increasing or decreasing unf;zﬁlty ::ln Vmat?:fsiil:l ¢ 'Thi
. rated fatty acl Ltrols th

ﬂuldlty also i
Increases th .
move | € flexibili
ment of polar molecyleg ﬁcﬂty of cell-membrane. It also
; And ions.
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rotein)




The diﬁ“erentially or selective permeability is due to presence of g
specific channel protems_ w.hich permit only specific molecule to pass
through them. The protein is carrier protein embedded in phospholipid

layer. Some extrinsic proteins also work as enzymes e.g. ATPase complex to
synthesize ATP.

Some proteins are conjugated proteins work as receptor for different

hormones and other molecules. While other proteins work as antigen like
RH protein of RBCs. '

Role of plasma membrane in regulating cells interaction with its
environment ' _

For entry and exit there are two main process of transport. i). Passive
transport. ii). Active transport. They are discussed as follows.

(i) Passive transport: _

It is a transport of molecules by diffusion and osmosis without

consumption of ATP.
(ii) Active Transport:

“Movement of molecules against concentration
energy of ATP.

There are two other phenomena i.e. endocytosis and exocytosis.
Endocytosis is the process of intake of material in bulk by infolding cell
membrane. It may be intake of solid material i.e. phagocytosis or intake of
fluid or liquid i.e. pinocytosis, whereas exocytosis is the process of
membrane fusion and exfolding to exit the material from the cell.

Cholestrol helps to regulate membrane fluidity over the range of
temperature. It also prevents the passage of proton and sodium ions across |
the plasma membrane. ‘ ‘

Role of Glycolipids and Glycoproteins as cell surface markers .

The Glycolipids formed on the outer side of phospholipids bilayer of |
plasma membrane in eukaryotic cells. Its main function is to maintain
stability of the membrane and facilitate cell-cell interaction i.e. cell

gradient by using

adhesion to form a tissue. They also help
cellular identification during . immune
responses. It also acts as receptor for
viruses and other pathogens. :
Specific glycoproteins present on
the surface of red blood cells determine
blood group type A,B, AB, and absence
in O. :
3.3 CYTOPLASM e : ;
The term thoplasrﬁ was introduced by Rudolf Von Kolliker in 1868
for the material which is filled in between cell-membrane and nuclear
membrane of eukaryotic cell and whole material inside cell-membrane in




prokaryotic cell. In some cells the cytoplasm is d1§ﬁngUISh ngutwg regions,

the outer clear part near plasma-mem'brane is viscous le Cytogel

(previously called ectoplasm) and the inner part near lnuc €us 1s less
viscous like solution called cytosol (previously called endoplasm).

3.3.1 Chemical nature and metabolic role of .cytoplasx.n

Cytoplasm is a translucent granular liquid. It consists of anoaqueous

ground substance called cytosol. Chemically it contains about 90% .wat.er,

It forms a solution containing all the fundamental rx?olec?ules of life i.e,

salts, sugar, amino acids, fatty acids, nucleotides, _v?tamms, hormones,

- inorganic ions. The large molecule like proteins and lipids are also present

- in the form of colloidal semi-fluid.

Anima. Plant Cell
Anim IccuLysDSOme Ribosomes . Cytoplasm ¢

Centriole v Ribosomes
Centrosome \ . - \= -/ ; ¢ :

Rough

endoplasmic
Smooth reticulum
endoplasmic

reticulum

envelope

Nuclear
pore

Cell wall

Plasmodesma

envelope

Rough
endoplasmic
reticulum

. Mitochondria Cell membrane

Golgi
complex

Peroxisome
Vesicles

: Fig 3.12 Animal cell and Plant cell ,

- Observation under electron microscope revealed that the cytoplasm

B is not consists_,of liquid part only, it also contains granular part called

i cytoplasmic organelles, with this granular part a mesh of tiny filaments, the
. microfibrils which form a type of skeleton, giving rigidity to cell and help

| unicellular organism in movement, Most of the cytoplasmic organelles aré
. tough to be attached with this cytoskeleton,

Secretory vesicles Cytoplasm




3.3.2 Cytplasmic organelles

In living eukaryotic <_:e11, variety of organelles are present in
cytoplasm such as endoplasmic reticulum, mitochondria, nucleus, plastids,
ribosomes, lysosomes, centriole and vacuole. They perform their own

functions. On the basis of these organelles and their functions the cell is
considered as basic unit of life. :
3.3.3 Endoplasmic reticulum (Endo = inside,
substance, reticulum = network).
The elaborated, tube like
'system' of lipoprotein form a —
complex network of channels, Nuclear Nuclear envelope endoplasmic
extended from plasma membrane pore / retietilum,
to nuclear membrane called \ e
endoplasmic reticulum. This Ll
network is present throughout
the cytoplasm like network of \
roads of a country. There are two

plasma = formed

types of endoplasmic reticulum. X
a) Agranulated or smooth anans — )
endoplasmic reticulum e
(SER) . . , ok
b) E}ra.nzulated or rough it endl:g%?ﬁg:mic'
endoplasmic reticulum TN Ribosomes
(RER) : " Fig 3.13 Endoplasmic reticulum

Usually cell contains both
the type of endoplasmic reticulum
in different ratios according their function. Although, some cells have only
one type like fibrous cells of skeletal muscles, which have only smooth type
of endoplasmic reticulum with the name of sarcoplasmic reticulum.
‘Rough Endoplasmic Reticulum (RER) |

It is.a type of endoplasmic reticulum which is heavily coated with
ribosomes on its outer surface towards cytoplasmic face. It occurs mostly in
Protein synthesizing cells in high proportion. The process of tra.nsla.ltio-n
during protein synthesis takes place here. After synthesis, the protein is
ei:her Stored in the cytoplasm or exported out of the cell through these
Channels, . : e s ‘

Smooth Endoplasmic Reticulum (SER)

The smooth endoplasmic reticulum named due to smooth surface i.e.

, nb_OSOmes are not present on it. It is found in steroid producing cells like
j""dl_Pose cells, interstial cells, glycogen storing cells of liver and muscles. It
IS involved in the synthesis of oil, phospholipids and different types of
Steroids. The smooth E.R also provides mechanical support to cell.




Function of Endoplasmic Reticulum . ’
The endoplasmic reticulum performs many important functi()ns .

the cell. It serves as supporting platform for the ribosome (RER). [t formg
structural framework of thé cell with increased surface of' the Varigy,
metabolic reactions (especially SER). It_ also pr ov_1des C(?nductlng Pathway,
for import, export and intercellular circulation of various substanceg. it
provides passage for RNA to pass from nucleus to various organeljeg of
cytoplasm. .

It helps in detoxification of harmful drugs, storage, and release of

3 . Ca**, manufacture of lipids and formation of Golgi apparatus (SER). The

S.E.R transport protein from R.E.R to Golgi bodies through themselves,
3.3.4 Ribosome (RNA containing bodies) .

These are 'so named because they contain high concentration of
ribonucleic acid (RNA). These small spherical, granular, non-membrangyg
structure are the sites of protein synthesis in cell type i.e. prokaryotic as '
well as eukaryotic cells, therefore they are regarded as “Protein factories”
In prokaryotic cells they are found freely dispersed in the cytoplasm due ty
absence of E.R. In eukaryotic cells they are found free as well as attached
to endoplasmic reticulum. Large subunit Large ribosomal subunit
Ribosomes are also found in
the matrix of ' mitochondria
and stroma of chloroplast. Size
of these ribosome are 708 i.e.
prokaryotic. It is good evidence
that eukaryotic cells evolved
from prokaryotic cells. The size
of ribosome of eukaryotic cell
is little larger than prokaryotic
cells ie. 80S while the
prokaryotic ribosome is 70S. (S=Svedberg unit)  Fig 3.14 Ribosome :
. Each ribosome is consists of two unequal units. The larger sub-t_l_ffclrt
is domt_a shaped and sr.naller one form a cap on the flat surface of Ia;lgler
sub-unit. Eukaryonc ribosome has a larger sub-unit of 60S and S o
sub-_umt of 408 part}cles, on attachment as single unit it becomes "
Pﬁrthlea-‘ﬂBOth';he }J.mt are attached by magnesium ions. The ﬁbgson.;-%ey
chemically made of nucleoprotein j.e, RNA (40 %) and protein (60%)- )

are made up of 50 or more different kind i Mg+ form bot
between phosphates group of RNA ang amigi) pr(:)tsms(;f mgnjno acids ¥
attach both units at the time of p s

P site i
\ Esite \ J Acsite

Small ribosomal subunit

. 1 i atio
rotein synthesis. Recent _mvestlg otiC
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During pro.tein synthesis several ribosome are attached to a single
mRNA to synthesize number of identical protein molecules. This group of
ribosome attached to a single mRNA is known as polysome.

3,3.5 Golgi complex

After the mname of its Incoming
di.SCOVCI'eI'_ an Italian physician transport veswle; Cis face
Camilo Golgi in 1898. It was name '
Golgi apparatus or Golgi bodies or
Golgisome or Golgi complex. Like
endoplasmic reticulum it is a
canalicular system with sacs, but. Newly
unlike the endoplasmic reticulum it ff,’;’;?;’ff i
has parallel arranged, flattened . r :
membrane bound vesicles without CL P vesicle
ribosome. It is basically developed — o° fce e
from S.E.R Fig 3.15 Golgi apparatus

The Golgi-bodies are found in all eukaryotic cells. It has basically
same morphology in plants and animal cells. Each of them is disc shaped
and consists of central flattened, plate like compartments called cisternae,
perephral network of inter connecting tubules and peripherally occurring
vesicles called Golgian vesicles. In Golgian system interconnected tubules
are formed around the central stock, this process of forming cistarnae
tubules remain continue at one end, if this outer or forming face in convex
it is called cis - face, generally face towards nucleus, while the inner face
which is called maturing face is concave also termed as trans face.
Function _ ‘ i : ' :

Golgi complexes are especially prominent in glandular cells. The |
products of E.R are modified, stored and then sent to other destination. |
They perform the function of collection, packaging, processing of cell B
" secretions’ These secretions are mainly proteins which they collect from
R.E.R transport to S.E.R, modifies to perform specific function and then | =
export in the form of vesicles. It manufactures certain macromolecules by
itself. Many polysaccharides secreted by cells like cellulose, chitin to form ==
cell-wall and cell plate are Golgi products. Certain organelles such as =
1ysosome, peroxisome and Glyoxysome develop from Golgi-complf_:x. It is
also involved in the formation of different conjugat:;i n;olecules. x
3.3.6 = akdown; soma = bodies) ,

#%:::or:r: (I;i;ﬁesﬁczlfe single, ’membrane _bounded _,b-odies,_ a feyv
micrometers in diameter, originated by Golgi-bodies, containing hydrolytic o

enzymes. They occur only in the cytoplasm of animal cel_!s and function in 0
the digestion of material taken into cells by phagocytosis. Normally, they 7
function as destroyers of foreign particles and worn out cellular component.

- Lumen
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before start its functions. called Prim
d s ot 40 different types of hydrolytic enzymeg
talguring performing their function attach” With

ted material like endocytosis, Phagocytogjg %

e
The newly form
lysosome. They con

The lysosme
membrane of 1NGES

autoph’?}?ocytolijsssome are generally called secondary lysosom
€se

€ byt
- somes, phagosome and autophagosgp,
speciﬁc:ally ’}fﬁiy alasr: pei?jr?n autophagy, thelprocess by which unwant:;
risp:f;}::yﬁthir}: the cell are engulfed and digested by lysosome. T; is
stru ,
self-eating process of cell. - ' | :

The body some tme Endoplasmic
eliminates old cells or unwanﬁed reticulum
cells at embryonic stage accordn}g Cell membrane
to their genetic information, t?ns
process is called apoptosis. During = -'..‘:-..d:'.
this self destruction process the apparatus™F o Dl
membrane of lysosome is ruptured
at a particular time. As a result the
hydrolytic enzyme become free in
cell and cell undergoes chemical
breakdown or lysis, which cause a
cell to destroy itself by digesting its Food
own  macromolecules, S0’ ithe! ' Pertckes
lysosome is referred as “suicidal S axinls
sac” and this process is called

Exocytosis ang
eliminatiop

Digestive
vacuole

Fig 3.16 lysosome
- autolysis. .
Lysosome is also important in a way that it contains variety of
- enzyme whic '

h maintaing metabolic balanc

Ny one of these e e due t i ngenital reason:
- The substrate of th oina 2 JeredinpEind cone

R at e e accumul i ‘well as organs
B vwhich lead tc piEtAbe nzym ates in these cells as w

% el
& I¢ imbalance at last become fatal at early childhoo

| These type of diseases - calle
' lysosomal storage g; couse due to lack of lysosomal enzymes are

as
Seases. More th : e reported
: . lysosomal Storage disease sojr e, an 30 diseases ar P ‘

are given below.
___Diseases

orage diseases

* Tay-Sachs ———_ Symptoms and problems

disease * Mental Ietardation, blindness, death by age of 3
* Gaucher’y ‘ 5
disease ’ tlver and spleen enlargement, erosion of 1%
* Krabbe’s 5 ones, mental retardation in infantile form only:
disease

Ss of

i v the
ST b g, D mental retardation death by




3.3.7 Peroxisome

Peroxisomes are the single
membrane  bounded organelles like
lysosome but smaller in size than
lysosome. It is mainly involves in the
formation and decomposition of toxic
molecules i.e. hydrogen peroxide (H202) so

named peroxisome. It also originates from

Golgi-complex. It contains variety of
enzymes i.e. peroxidase, catalase, glycolic
acid oxidase etc. It is found both in animal
and plant cells. In animal cell it is involved
in lipid metabolism i.e. fatty acid oxidation,

tissues.

Fig 3.17 Peroxisome

either phospholipid synthesis, isoprenoid biosynthesis. It also produces and | 2
export cholesterol and an important group of phospholipids called |
plasmalogen to cytoplasm. Plasmalogen are found in brain and heart

Peroxisome are mainly concerned with the detoxification of alcohol
where alcohol is oxidized and form another toxic compound H,0; (Hydrogen
peroxide) that is immediately breakdown to H,O (detoxify) by an enzyme
catalase. They are found abundantly in liver cells as well as in the cells of

organisms (like camel, Kangaroos and number of reptiles) which store fats |

as reserve food and water.

In plants it converts glycolate an acid
produced during photorespiration into

Peroxisome contain enzyme that break
down toxic compounds e.g. peroxysome
within liver and kidney cells breakdown

amino acid glycine. It occurs with the and detoxify fully, half of the alcohol of

help of an enzyme called Glycolic acid apersondrink..

- v = '?«j

oxidase.

3.3.8 Glyoxysome :
Another . single membrane bounded

micro body found in plant also originate

from Golgi complex like lysosome and

peroxisome. These are also considered as

Specialized peroxisome. They are found in

fats storing tissues i.e. seeds endosperm.:

Each glyoxysome has a single layer
bounding membrane enclosing a fine
granular stroma. Glyoxysome contain
€nzymes that initiate the conversion of
fatty acid into sugar. So the germinating

seedlings convert stored fatty acids to carb
place in cyclic manner, which is called Glyoxylate cycle.

Lipid
Membrane

— Matrix

Core .

Fig 3.18 Glyoxysome
ohydrate. This process takes




e O PV
‘ the cell) _
Mitochondria (Power house of 11 grain.

" motion in living cells.

independently of the cell’s Lo can  divide jp h

ondrion = sma 1 oy

i i resent in th
: e are universl y P the
ondrI%Slz;n appear minute grannular, vesicle,
- ture of cells, but usually it is

Gr: Mitos = thread. kh

Mitochondria 0T ch
cytoplasm of eukaryotic CERS: . a
rgﬁllets, thread or Stﬁngs',degegﬁlgﬁ;;ctlh ?Tﬁey are seen to be in constant

: - e i . g
considered that 1t fou?ge:; are the centers of aerobic respiration.

Each mitochondrion is '
approximately about 0.5 to 1.0 - pna _ Ribosomes
nm in diameter and about ?‘:_4 Matrix ,Outer membrane
10um long. They are double ) / / 11113211'_ n};ltzrglgl;ﬂee
membrane bounded organelles. 4.7 o space
Both membranes are formed of
lipids and proteins. The outer
membrane is smooth and
having pores like sieve made up
of proteins called Porins. These Particle
pores are responsible for the ™

' transport of molecules across
the membrane; therefore this " 'Fig 3.19 Mitrochondria structure -

- outer membrane is permeable for all. The inner membrane forms irregular,

i}

. incomplete partition due to inward folding. These folds are called cristae

- which increase the surface area to attach i i
| _ number of proteins containin
- molecules. These molecules are ATPase complex pvariable t;flpes 0%

~ electron carrier, which metabolize carb _
and amino acids.(protein) into COgc:; doilggrat.es (starch), fatty acid (lipids)

with energy in the form of ATP

1 _ ‘

| cytochrome, NAD,

. FAD etc. These complexes and molecules serves as
3
:

; and riboso : :
metabolic function. Th eto synthesize j mes of 70s. It means it has

I'mal ceu-dlviSiOn.

Surprisingly, mitochondria are
present in eggs but not in th
(o S €

their mitochondria back to theiy e




3.3.10 Plastids

They are special protoplasmic, double membrane bound organelles

storage bodies. They are
found in plants and algal cells mainly. Basically all plastids are originated

stids. They are immature, colorless

‘ It consists of double
membrane enclosing granular stroma. They multiply by division in

meristematic cell and distributed to different cell where they become
develop as different types, depending upon environmental conditions i.e.

ght. They develop as chloroplast, '

which function as chemical synthesizers and

from specialized structure called propla
plastids occurring in cells of meristematic tissues.

intracellular factor and- exposure to li
chromoplast and leucoplast.
(i) Chloroplast (Chloros = green, plast = living)

The most common type of plastid, containing chlorophyll which gives

green colour to plants and is the site of photosynthesis.
(ii) = Chromoplast (Chroma = colour)

It is the type of plastid which contain different pigments except

' chlorophyll i.e. xanthophyll, carotene etc. The chromoplasts are responsible

for the various color combinations in flowers, fruits and other colour parts
except green. The chloroplast after loosing their green pigments may
convert into chromoplast. They help in pollination and dispersal of seeds.
(iiij Leucoplast (Leucos = colorless) ' '

These are colorless plastids, which usually develop in the absence of
light, they are found in all — underground parts and storage organs of plant.
They store food material as carbohydrate; lipids and proteins on the basis
of their storage material. They are further classified into amyloplast —
carbohydrate (starch) storing elaioplast; lipid storing and proteioplast;
Protein storing leucoplasts. '

Structure of chloroplast and its function as energy converting
organelles: ‘

Chloroplasts are formed only in green parts of plant and some

Protist. They vary in shape, surrounded by two membranes; a little space is

Present between them. The outer membrane is permeable due to presence

°t: protein porins like mitochondria, while the innér mer_nbra.ne .is
lfferentially' permeable. The inner membrane encloses a semi fluid material

- called stroma. Stroma contain various enzymes, DNA, RNA, ribosome (70S),

ATP, NADP etc. The inter connected stacks of hollow membranous sacs are

@lso embedded in stroma. The individual sac is called Thylakoids and a

Stack of sacs is called granum (Plural grana). The thylakoid membrgne
contains green pigment chlorophyll as well as other pigments like
xanthc’PhYIIS and carotene. There is another thylakoid which connect the
§rana with each other and called intergrana. Fifty or more than fifty

[ R
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um. The intergrana are usually color]egg dy
&

thylakoids piled to form a gran

ioments.
to absence of pigm 'S also a se

h hloroplast mi-autonomous structure due tq Presen
The ¢ "

; hloroplast is specj
ribosome (70s). The ¢ ! pecial
d elle. It converts light energy into Chemicaltgft% o:lr
process of photosynthem?, t};;arﬁfore called “sie .
: is chlorophyll captures
:s”  During photosynthesis ch : energy o
Egﬁf? Shytng;f; lst;ramsfer it to other molecule in the thylakoid membrapej,
Theseg molecules in turn transfer the energy to ATPT and other €Nergy carrjgr
These molecules differentiate stroma where thei

le like NADPHo2. :
molecule like he synthesis of sugar from carbon dioxide. Dye ¢,

energy is used to drive t :
this gt)]row of energy from one form to another, chloroplast is an energy

converting organelle. Plasma
3.3.11 Cytoskeleton Membrané
A network of different

protein fibers which provide Ribosomesme=——=s

three dimensional shapes to

cell called cytoskeleton. It  Rough_
i : endoplasmic

maintains and change the reticulum

shape of the cell, secure

some organelles at their Microfilaments

energy conve
energy by the

~ specific position, enable e S /
- . o) Mitochondrion
. movement of cytoplasm and Inﬁmﬁfte <l : 4
- vesicle within cell and cell , o Microtubule
: t?.i r:]?ve In response to Membrane
stimuli. :
. Fig 3.20 Cytoskeleton

There aa1)-eMt1.1reeﬁfypes of cytoskeletal elements found in cells.
‘crotfament,  b) Microtubules,  c) intermediate filament.
(a) Microfilament: :

| .They are solid o of
two actin chains that sftrands. of about 7 nm in diameter. They consist ?




(b) Microtubules:

These are hollow tubes with

ah :
e composad of protei_n abndlin, feats gol:tgcciloatr:shelr of ab'out 25nm. They
of thousizn{flas11 :é’ mbl:hl'fl' sub-units usually .,ju_rangedei;:lo?glsct(s)I sfn humgedli
0011;;1111'; e tirl')r:-: o‘;_' ll‘ﬁm*?ﬂ_t-. In plant cells freely dispersed miclll-z-tubeifle
ari-l ﬂ%e ot 1ce division form spindle fibers whereas in animal
;Toveme{l o Chr:mr;c; :. It 1:11ea.ns microtubules are responsible for the
0Ve mes during cell-division, movement of

within cytoplasm, movement of cilia and flagella ’ DIRERERES
(c) Intermediate filaments: '

They are solid strands of 8 to '

: : 12 nm in diameter i.e. int i

bfatween microfilaments afnd microtubules. They are made up oiE r;telzz:f E::
dlflferent 3p1fl§ of proteins collectively called vimentin, form rope like
gg ﬁ:gssel:n bli tal‘llfdo(’:tlli'x::sgwo é}lrpe; 1;)f cytoskeleton intermediate filaments

: : emble. They usually form network in cytopl
?0 provide 'mecha'.nlcr?ll .support to plasma and nuclear membrane.cyl‘thgya:rlg
important in maintaining the shape of the cell, attachment of muscle cells
and support of nerve cell processes axon.

Intermediate Filament Structure Sup iled
ercoile
sheet

8-12mm

s .
| — Ty s W
Monomer

" Sheet of 8 Tetramers

Tetramer
Fig 3.22 Intermediate filament structure

3.3.12 Cilia and flagella
Cilia and flagella are s
eukaryotic cell. The flagella

independent movement while ¢
numbers. They perform function in synchronized manner i.e. oné
other. Both cilia and flagella share. common internal structure, each

Contains a ring of nine fused pairs of microtubules, with an unfused pair in

the center of the ring as shown in Fig 3.23. This I?at
Produced by a basal body kinetosome, located jus
Mmembrane.

The main difference between cilia

{:;?gth. and the direction of force they ger
ort i.e. 10 to 25 pm long and qumerous. They exert

of plasma membrane in
few in number perform

ilia are smaller in size, and many in
i after the

lender extension
are longer and

‘and flagella lies in their number,

erate. Cilia (Latin = eyelash) are
force only toward

tern of microtubules is ~ |
t beneath the plasma |




plas;ﬁa merhbrane. Flagella (Latin = whiplash) are long 50 to 75 um

~ usually few in numbers, they exert force perpe:ildmular to plﬁsmé
" membrane. Flagella perform UP\fval‘d anccli ‘:?“(’:?Wg; ermovement With g
" continuous bending wave like motion with distinct p ;

ism of Cilia and Flagella n

% Moven;‘?:;e?ai;h;l::?nent occur as planner waves, ult Is contracting waye
' that passes either from the base to the tip of flagellum or in the reverge
~ direction to produce forward or backward movement. Movement
g i ilia and flagella. .
mechal;lsqn;ec;ftic;i arises h%:re how cilia and ﬂ_agella bends? it is becau_se of
the tiny protein “arms”. These arms project out frqm eth pair of
microtubules in outer ring. These arms attach tio neighboring pair of
microtubules and flex, thereby moving the first pair along relative to the
second. However the basal body firmly anchor the bottom of g
microtubules in the entire celium and flagellum. Therefore, adjacent
" microtubule can slide past one another only if the whole cilium or flagellum
e bends. : -

Ve Dynein
P Arms :
; Outér Radil '
#y 2 Spoke Central
F . microtubule Microtubule
_- Doublet

(Axoneme)

Plasma

Basal Boéy (Kinetosome)

. Fig 3.23 Cilia and flagella ltructure—
3.3.13 Centrioles . | ' '
Centrioles are short, barrel shaped 11
structure of microtubules, which are ..
non—membranous,‘lying perpendicular to - Bedbibple triplet
_ one another. Each centriole is composed i
‘ of nine sets' of triplet microtubules
| arranged in a ring. They appeared i &
animal cell and fungi | i :
| C lungl like protoctist “ntriol
before cell-division  near oute
membrance of the nucleus, theref, :

o
place where they are presenrte thir?

a4
el i S i

pampe e

Fig 3.24 Centriole




cytoplasm is called centrosome (Centro = nucleus, soma = body). At the
‘time of cell division the centriole duplicates and became two pairs, move to
opposite sides of the cell and thread like fiber began to radiate from

centriole in all directions called astral rays. The centriole also forms basal i
body (kinetosome) which form cilia and flagella. %

3.3.14 Vacuole

Generally vacuole is non protoplé.smié liquid filled vesicle in =

cytoplasm especially in plant cells. In young cell of plant many small
~ vacuole are present but at maturity of cell they unite to form a large =
vacuole called central vacuole. In plant cell it is surrounded by a |
membrane called tonoplast. The tonoplast is selectively permeable; tono
means tension and keep tension on the vacuole. The vacuole in plant cell
is filled with cell-sap and acts as store house. The main function of
central vacuole is to maintain turgor pressure inside plant cell.
Turgor pressure helps the plant cell to keep its shape by pressing the
plasma membrane against cell-wall. It maintains a nice rigid structure of
plant. : '

- Fig 3.25 Vacuole '

3.3.15 Nucleus | i, s, i A
Nucleus was discovered by Robert Brown in 1831. It is the most

important and prominent part of the cell which controls all the z_:tctivities' of
the cell. It is commonly spherical in shape, in some cells it is lobed in




. structure. In eukaryotic cell it consists of outer r‘luclear Membrane,
" nucleoplasm (the fluid filled in it) nucleoli and chromatin.

~ Nuclear
Pores

Nucleus

-

Fig 3.26 Nucleus of cell

Nuclear membrane

It is the double membrane envelope work as the boundary of
nucleus. Both membrane have a thin space filled with a fluid. The nuclear
membrane is not a complete barrier. It is perforated by nuclear pores which
are made up of a specialized transport protein called nucleoporin. Certain

substances pass freely through these pores between the nucleus and the
surrounding cellular substances. ' : -

Nucleoplasm

The nucleus filled with a protein rich substance called nucleoplasm
or karyolymph. It is a mixture of protein, DNA and RNA polymerase
enzymes, nucleotides and some metal ions etc. It also contains histone and
non histone proteins, therefore it is slightly different in éomposition from

. cytoplasm.

Nucleolus ]

Within the nucleus is a spherical structure called nucieolus- Thefe
may be mlgredth?n 011116 nucleoli in one nucleus. There numbers varies 1
different kind of cells. It disappears durin -divisi - reappéd!
afterward. It is made up of different g cell-division and reap

ible to
, synthesize ribosomes. type Of ‘RNA and respons

The nucleus contains numerous fin ‘ i ork
e strand form of net¥
throughout nucleoplasm called chromatin networi 1; t:sclzar reticulu®

It can be seen only in non-dividing cell. This network is made uP °




at least at

chromosome
he part of chromosome or

rm. The arms or chiromatid
. - . S
Primary Constriction or centromere.

Telomere

Condensed
Chromosomes

Fig 3.27 Chromatin and condensed chromosome structure

Chromosome contains the heredity units called genes. The position
of genes on chromosome called gene locus (plural - loci). Chromosome
carry the heredity information from generation to generation. Tl?e
chromosomes number vary from species to species e.g. 8 in fruit fly, 14 in
Sweet pea, 20 in corn cells, 46 in human etc. On the basis of shapes and
~ the position of centromere. The chromosomes are of different types, they
are as follows. | ' : ;
(i) Metacentric - Chromosomes with equal a.rms. Centromere is

xact in centre.
(ii) Iéf:;f'eil trse:acentric: Chromosomes with slightly unequal arms.

Centromere slightly away from centromere. -

ith one very long and- ‘.
- Telocentric: Chromosomes w1th_ one very
o g;mo:;es: bis '\lr‘eer; short arm. Centromere is far away from

centromere.

ke
!

i -
e




Telocentfic: ICent

Telocentric Acrocentric

(not in humans)

romere is in th

Submetacentric

e end of arms.

Metacentric

Fig 3.28 Types of chromosomes

Prokaryotic g 5
(Pro = first or early, Karyon = Nucleus)

3.4 Prokaryotic and Euka;yotic cell

Eukaryotic
(Eu = proper, karyon = nucleus)

1. Cell has primitive type of nucleus

ie. does not bounded by nuclear.

1. Cell has true type of nucleus i.e. Itis
bounded by nuclear membrane

membrane
2. Nucleoplasm and nucleolus are | 2. _Nucleoplasm and nucleolus are
- absent : e : present : ' ‘
3. Only one circular, long, | 3. Number of DNA are present which
interwoven DNA is present as may appear in the form of
chromatin material. chromosome during cell-division.

4. The chromatin material does not
contain histone protein

4.7 The chromatin material contain

histone proteini with DNA.

5. All membrane bounded organelles

are absent i.e. E.R, golgisome,
mitochondria, plastids etc.

5. Membrane boundu.ed

organelles are
present. -

6. Mesosomes are present.

Nucleoid -C 2
Cell wall ; apsule
| (in some cukaryotes) (in some prokaryotes)

i Flagellum

=N Cell
“.‘\ !nembrane

Ribosomes

Figa

Endoplasmic
- reticulum me

2 cm°fopfast
48 Prokaryotes and Eukaryotes

6. Mesosomes are absent.
Nuclear :

mbrane Nucleus

Nucleolus




organization.

~ The newly formed lysosome before starts

A
~ SUMMARY g
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-

Isolation of cellular components to determine the structure and
chemical composition is called cell fractionation.

The process of setting down cell organelles on the basis of density
and mass by the process of centrifugation is called sedimentation.
M?crodissection is a technique to isolate specific cell with the help of
microscope. :

Chromatography is a technique used for separating different
components of mixture. '

A technique used to separate charged molecule based on their size
and electrical charge in an electrolytic cell is called electrophoresis.
Method of measuring light absorption by a particular substance is
called spectrophotometer.

The study of cell and micro-organisms is dependent upon the use of

an instrument called microscope.
Micrometry is the science related to measurement of dimensions and

“size of an object observing under microscope. -

Cell wall is composed of mainly cellulose, pectin and other

polysaccharides.

All Dbiological membranes have the same basic molecular

The components of plasma membrane are mobile and capable of
coming together to engage in various type of transient or
semipermanent interaction. :
Cytoplasm is a translucent, granular liquid. It consists of an
aqueous ground substance called cytosol. . _

Tube like system of lipoprotein form a complex nétwork of channels,
extended from plasma membrane to nuclear membrane called

endoplasmic reticulum. . . o
Each ribosome consists of two unequal units. The larger sub-unit is
dome shaped and smaller one forms a cap on the flat surface of large
sub-unit. | .

Golgi complex is especially prominent in glandular c.ells. t’ll;he
products of ER are modified, stored and then sgept to other
s v its functions called pnma_ty '

lysosome. : | : _
l'i.-roxisome are mainly concerned with the detoxification of alcohol.




(i)

-(b) " Plant cells have g

Glyoxysome contain enzymes that initiate the conversion of fatty acig
into sugar. . .
;\rfllitochgndria Have a semi-autonomous existence in the ce|].

The most common type of plastid, containing chlorophyl] w}

' : ich gives
green colour to plants is the site of phot.osynthc_ms.
A network of different protein fibers which provide three dimemiona}
shapes to the cell called cytoskeleton.

Centrioles are short, barrel shaped structure of microtubyles.

The main function of central vacuole is to maintain turgor pressure
inside plant cells.

‘ EXERCISE F

. 1. Encircle the correct choice

B )

A primary objective of cell fractionation is to

(a) View the structure of cell membranes.

(b) Identify the enzymes outside the organelles.
(c) Determine the size of various organelles.
(d) Separate the ma

jor organelles so that their particfllfé\I
functions can be determined.
The volume enclosed by the

Plasma membrane of plant cells is often
much larger than the corresponding volume in animal cells. The
most reasonable explanation for this observation is that
(a) Plant cells are capable of having a much higher surface to

volume ration than animal cells.

much more highly convoluted plasma
membrane than anima] cells.
(c) Plant cells con

tain a lar ' f
a l th VOlume (1)
the cytoplasm. g€ vacuole that reduces the

(d)  Animal cells

functions in the comp nents. Which of the following 012"

(&)  Chloroplast €ntalization?

(©  Peroxisome (b) Lysosome

Glyoxysome




(vi)

(vii)

(viii)

(ix)

XNV W~

[y

™

- O o 0

Describe structure of mitochondria with suitable diagram.

(@) Endoplasmic reticulym (b) " G < in this condition?

Golgi complex
(c) Lysosome (d) Mitochoncfria
Which is one of the main €nergy transformers of cells?
(a) Endoplasmic reticulum (b) Golgi complex
(c) Lysosome ' | b

(d) Mitochondri
Organelles other than the nucleus that contain DNAa

I. Ribosomes 1II. Chloroplast I i -
(a) Ionly ﬁ) ) II. Mitochondria

‘ Il only

(c) IT and III (d) Iand II
Which structure is common to plant and animal cells?
(a) Chloroplast (b) Cell wall

(c) Central vacuole (d)  Mitochondria
Cell organelle mainly concerned with the detoxification of alcohol].
(a) Chloroplast (b) Peroxisome

(c) Central vacuole (d) Mitochondria
Clarity of image is generally known as

(a) Magnification (b)  Contrast

(c)  Resolution . (d)  Sedimentation

Write short answers of the following questions:
Why lysosome is called suicidal sacs? :
Why plasma membrane is differentially permeable in nature?

‘Why plant cell wall is rigid?

Why chloroplast is called energy converting cell organelle?
How prokaryotic ribosome is different from eukaryotic ribosome.
How mitochondria is similar to bacteria?
Why mitochondria is called power house of cell?
Differentiate between peroxisome and glyoxysome.
Write detailed answers of the following questions: .
Describe structure and functions of rough and smooth endoplasmic
E‘t;i;lll;lm -the chemical composition and. func’gions of plasma
membrane in regulating cell’s interactions with environment.
Explain the structure and functions of lysosomes.

i cture and composition of cell wall.
g)égcl:ar;geﬂggeszrt?ucture and functions of Golgi compleg. e
Describe the types, structure, composition and  iun .

cytoskeleton.
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