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Cal’'|s the hasic!stiuctaral and functlonal unit of life. It is the smallest unit that can carry

_ 1lveqtivities ot life. Cells are building blocks of complex multicellular organisms.

11 Emergence and implication of cell theory

ristory of Discovery of Cell

)} Robert Hooke
Study of cell (cell biology) began with the discovery of cell by Robert Hooke (1665),
who reported his work in his famous publication, Micrographia.

o He prepared and studied thin sections of cork (consisting dead plant material) under his
self-made compound microscope.

o He observed that the cork is composed of minute honeycomb like compartments, which
he termed as cells.

o According to Hooke, cell is an empty space bounded by thick walls.

i) Lorenz Oken

Lorenz Oken (1805) was a German scientist, who believed that all living beings
originate from or consist of vesicles or cells.

iii) Jean Baptist de-Lamarck
He in 1809 expressed an idea similar to Lorenz and said nobody can have life if its
constituent parts are not cellular tissues or are not formed by cellular tissues.

iv) Robert Brown
In (1831), Robert Brown reported the presence of nucleus in the cell. Due to this
discovery, Hook’s idea about the cell as an empty space was changed.

V) Schwann and Schleiden
A German zoologist Theodor Schwann (1839) and a German botanist Schleiden (1838),
working independently, came out with a theory called the Cell Theory.
They divided cell into three parts i.e. nucleus, cytoplasm and cell sierriprane:
differentiated plant cell having cell wall from anlmal ceIIs lr‘ Wi ||(,-"\ ( eH wani i, abxnr

vi) Rudolph Virchow -
He was a German physiciaiii In (18%), ke NyRq th esizedlithat new CQI s were formed only
by the division of previously xisfing o 215, 1o put 18 in Wirenow’s werds: “Omnis cellula
e celluia™ ani thufr 9 Jepted the me\of ahlogenﬁsw

vii)  Louis Ha taur '
Louis Pastzyr! (L8n4\ ore J: the greatest scientists of all times, supplied experimental

. rioeen) forr Virciew's hypothesis by demonstrating that microorganisms (bacteria) could
| _I!J“ fcrrimed only from existing bacteria.

—_,

In 1880, he said that all presently living cells have a common origin because they have
basic similarities in structure and molecules etc. It was shown that there are
fundamental similarities in the chemical composition, metabolic activities and structure,
although they differ in many respects.
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Chapter—4 The Cell

4.1.2 Importance of microscope in biology
Observations in biology can be made with naked eye or with use of microscene.
Human Eye e J— (
The human naked eye can differentiate bgtvieen tws, jioints, which dre’ ai iecslnL:G-mm
apart. This is known as resolutich_nower'of, the, eye, This re. 0|ut|r n cari be increased
with the aid of lenses. :
Compound Mierdscope \ Ly
A coniaZund, migi 0sGope s typ rai |anoratory microscope with at least different
magnifying poiners. :
e .~ In'a{ypical cornpeund microscope, the resolution is 2.0 um, which is about 500X that of
{he.nakzaeye.

. It consists of two lenses i.e. ocular and objective.

o Typical ocular lenses could be 5X and 10X, but others also exist.

o There are different type of objectives e.g. 20X, 40X and 100X etc.

o The magnifying power of microscope is determined by multiplying X values of ocular
lens and X values of objective lens. Therefore a microscope with 10X ocular lens and
40X objective lens will have (10 X 40 = 400X) 400X magnifying power.

o Source of illumination in compound microscope is visible light.

Electron Microscope

o Resolution of electron microscope ranges between 2-4 Angstrom.

o Resolution of electron microscope is 500X more than compound microscope and
250,000X greater than that of naked eye.

o Source of illumination is beam of electrons.

4.1.3 The cell theory
Introduction

o The cell theory is one of the most fundamental generalizations in biology.
o It states that all living beings (animals and plants) are composed of cells and cell
products.

Presentation
The cell theory was presented by a botanist named Schleiden (1838) and a zoologist
named Schwann (1839).

Salient Features
The salient features of the cell theory in its present formare:

1) All organisms are composed of one or more "eIIs e T

2) All cells arise from pre-existing cetis; | Al \ A

3) Cell is the basic structural an’i funr‘- 5nai unit Tor d.'” -)r(anh ms.

Importance f \

. It has vice, rangina @‘Tfect m_al' tié*%d\:‘ o'“F biﬂlo'gi(:al research.

o It has beer: ,).st__a.gli-,;h?‘,d'that elely teil is formed by the division of another cell.

o Itshigws,tha! furiction-of whole organism is the result of the activities and interactions of

' A Selizans’its components.

B[N Frogress in biochemistry confirmed that there are fundamental similarities in the

chemical composition and metabolic activities of all cells.
4.1.4 Cell as a unit of structure and function
Cell

A cell is defined as structural and functional unit of organism.
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Chapter—4 The Cell

Division of labour
In multicellular organism, there is a division of labour among cells. Different cel'Q are

specialized for different functions in animals. _ -

i) Examples in Animals - | |
J Muscle cells contract and relax.
o Nerve cells transmit impul:es
o Gland Celis secrete:
o Red blcuC vells cérry axiygern.
o Soma gestii; cells'secrate-gastric juice.

I fzdrnrles inHiants

J ot ylem cells conduct water and mineral salts from soil to the aerial parts of plants.

° Phloem cells translocate food.
o Sclarenchymatous cells give support to the plant.
o Chlorenchymatous cells carry out photosynthesis.
o Parenchymatous cells store surplus food.

As animal and plant cells mentioned above show great variation in shapes and sizes, they
have a common plan of organization.

QUESTION RELATED TO ABOVE ARTICLE

Explain the importance of Microscope in biology as compared to human eye.
State cell theory and discuss its emergence. (Exercises Question ii)

4.2 STRUCTURE OF A GENERALIZED CELL

The modern technology by which we can isolate various components of cell including its
organelles is called cell fractionation.

CELL FRACTIONATION
Following steps are involved in cell fractionation;

)] Disruption
The tissues are homogenized or disrupted with special instruments.

i) Spinning
The homogenized or disrupted cells are made to spin in a special medium in a centrifuge at
high speed.

iii) Density Gradient Centrifugation —
The various cellular parts separate out in different Iayers depend e unou: thr:'l-" <lde, \
weight and density of the medium. [ | —
After this we can study their structth and fun. ‘t.un In Le'rai' unuﬂr C‘Iectrcn rrm,r‘oscope
A cell consists of the folloving basic tomrenen:s:) 1

a. Plasma.megitibrane, alse-a el well in D larit relis _ _J
b. Cytoplastn| cnir[alhanc celiarg xﬂe\ﬂQ '

C. Nucleus, Wyith! rcucﬂe r o ch rndatin material.

Types i cells | [\

A Therp abeswo main types of cells i.e. prokaryotic and eukaryotic cells.
-_JI ' " Rrokaryotic Cell

o A prokaryotic cell lacks a definite nucleus and their nuclear material is directly
submerged in the cytoplasm and is not separated from it by membrane.
o Example is bacteria.
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Chapter—4 The Cell

i) Eukaryotic Cell

o A eukaryotic cell has a distinct nucleus (chromatin material is bounded by-& membrape;
o For example plants and animals. K [ \
o These cells are complex and vary greatly irf size. _ ' [ [« ~
o They could be as big as an-Ostrich’s £gg - \
o Most of the cells are micro: CcopiC ai( cre net vwole 0 the naked eye. Their size is
measured |n micrezseder ().
J lum—uWOOO’)lrr—lx Uen. -
Iltlell..- i 11 1 Cell wall W - N
i Central }:‘:i::l Notln \-—f—:\ Nucleus
alb M“’”’“‘ Flagellum—/ Rough

Endoplasmic
= plasmi Reticulum
reticulum

Ribosomes

L\sosomc

Smooth ~
endoplasmic
reticulum 2
Golgi
apparatus

4 .- A R f " Endoplasmic
‘;'———-ﬁ— Peroxisome | ¥l t ) Reticulum
277 ) % ; ~ = = \ -

g Mitochondrion A Peroxisome

Plasma Golgi Mitochondrion

membrane
Apparatus

Plasma

e Membrane
Microtubule
ialeng {Mitmﬁhmcnt

w -/'ﬁﬁ\ Microtubule

Micrafilament| Cytoskeleton

Electron =

Fig. 4.2 Electron microscopic structure of an Iant cell Fig. 4.3 Electron microscopic structure of a animals cell
QUESTION RELATED TO ABOVE ARTICLE

What do you know about the generalized structure of cell and describe cell
fractionation for study cellular structures?

4.2.1 PLASMA MEMBRANE

Introduction

o It is also known as cell membrane. It is the outermost layer in the animal cell but lies
beneath  the cell wall in plant cell.

o It is thin, delicate, elastic and capable of limited self-repair.

Chemical Composition
Cell membrane is chemically composed of lipids and proteins

o 60 — 80% are proteins.

o 20 — 40% are lipids N N

. Very small quantity of carbohydrate B . TR

Physical Structure L) Al all [ &
Many biologists contributzsiin de:f‘Hblﬁg the) arr m]emnn (,f leds and proteins in cell
membrane. _ N

There sife, awg impsitant noc'-de'rs aholit Wi
0] Unit méz=brane, molel, A o
(i)  Fluid mosgic raadel.| | (B

1) o Uit Memiiarte- wlodel

| . '.\'E'e.v raiy, it was believed that plasma membrane is composed of lipid bilayer
" sandwiched between two protein layers. This is called unit membrane model.
This basic structure is found in all the membranes such as those of mitochondria, chloroplasts
etc.

53



Al _ o gy ’ SSRaE
. ' | % - SIS
WY | “iydrophobic et b
1 = Zone } il ¥ \ gee

Chapter—4 The Cell

2) Fluid Mosaic Model

The modern technology has revealed that lipid bilayer is not sandwiched between tyvic- | (

protein layers. Instead proteins are embedded in the lipid bilayer-in anesaiz manref.
This model is called fluid mosaic model ang-is most ascepied iGw.:

According to this cell membrane dlsp contairis|chargec, poris thigugh whid movement
of material takes place bot} Ly activeand passiv2 lfanspcrt 1

DJ'C. gin -~ . L L St u.ycoprolem

Hvdronhiliy:— |\ |
zZine | AI] /

| s e e T
Fibers of the T

extracellular

matrix __
),

Phospholipid

\/ Cholesterol

Filaments of Proteins

Hvdruphlllc—{ TN
zone L
the cytoskeleton

Fig. 4.4 Unit membrane Fig. 4.5 Fluid Mosaic Model
Functions of Cell Membrane
)] Mechanical Support
It provides mechanical support to the protoplasm.
i) External Form
It provides external form to cell.
iii)  Transportation
Transport of materials, which is vital for cell, occurs through cell membrane. It offers a
barrier between the cell contents and their environment allowing only selective
substances to pass through it. Thus it is also known as differentially permeable or
selectively permeable membrane.
iv)  Regulation of Materials
It regulates the flow of materials and ions to maintain definite gradient across it.
o The substances, which are lipid soluble, cross it more easily.
o Many small gas molecules, water, glucose etc being neutral can easily cross.
o lons, beings charged particles have some difficulty in crossing.
V) Active Transport

Many substances, which are not needed, enter the cell by passive tr2:iiSpoit, These zre

then pushed out by active transport. The energy for thls tram"‘rﬁt Iz [,rc:decd b / ATP
vi)  Endocytosis - )
In many animal cells, thecell me.nhram nelp< t@ take in' mitenaas oy mfoldmgs in the
form of vacuoles. This type of ifitake i3 tetmed A e"aocv 0gis. Tt may’ be;
o Phagovyc sig — ingiestion of| soiid-méter nl -
. Pinocyto Sid — n'gtshoh cf u(Juﬁ”nn orial.
vii)  Conducticr,
o In'rleuron (nente uﬂ"S) the cell membrane transmits nerve impulse from one part of the

,l | LUy tGthie other to keep coordination.
Av QUESTION RELATED TO ABOVE ARTICLE

Define cell membrane. Explain its functions. (LHR 2018)
Explain Structure of Plasma membrane. (BWP 2019)
Discuss structure and functions of plasma membrane.

(LHR 2018, SWL 2019, 2022, RWP 2022)
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Chapter—4 The Cell

4.2.2 CELL WALL

Characteristics

1%,

1) It is the outermost boundary in plant cells. .

2) It is absent in animal cells. '

3) It is secreted by protoplasn) of t'ie/czali

4)  ltsthiokrizjs varies iw differant cells nf the piant,

5) Cell wall o prant 2ell is ditferent fom that of prokaryotes both in structure and chemical
comiflosition, '

Sl RN '

' Cell wall is composed of:

> Primary wall

> Middle lamella

> Secondary wall

i) Primary Wall
The primary wall is composed of:
o Cellulose whose molecules are arranged in a crisscross arrangement.
o Some amount of pectin is also present.
The primary wall is a true wall and develops in newly growing cells.
)] Middle Lamella
The middle lamella is first to be formed in between the primary walls of the neighboring
cells.
i) Secondary Wall
The secondary wall is formed on inner surface of primary wall. It is comparatively thick
and rigid as compared to primary wall.
Chemically it is composed of:

o Inorganic salts

o Silica

. Waxes . S [

. Lignin ) A OV p )
o Cutin etc. '

Functions of C'q!i._'\-/\f.al_l p . A

Cell wail 's Very immboi'tant.-. It r}erén‘s following important functions:
1) l=nqiaes adefinite'siape to the cell
v [ ks eel rigid

W2 It provides protection to inner parts of cell.
4) It does not act as a barrier to the materials passing through it.
QUESTION RELATED TO ABOVE ARTICLE
Describe in detail the cell wall of plant. (Exercise Question ii)
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Chapter—4 The Cell

4.2.3 CYTOPLASM

Inner to the cell membrane lies cytoplasm, which contains many orga:ielles, The Biiig
contents of the eukaryotic cells are divided isto nucleus and Cytapiagm. '

Composition
Cytoplasm contains

I. Cytosqi

ii. Fundangerital mplechles of iite

iii. _ Calhrganeltes |

D Sydcsal

' It is the soluble part of cytoplasm. Chemically, it is about 90% water and forms a solution
containing all the fundamental molecules of life.

i) Fundamental Molecules of Life

o Some of them are in ionic form.
o Small molecules form true solutions.
o Some large molecules form colloidal solutions. Colloidal solution may be sol (non-

viscous) or gel (viscous).

iii) Cell Organelles
In living cells, the cytoplasm contains several cell organelles such as endoplasmic
reticulum, mitochondria, Golgi complex, nucleus, plastids, ribosomes, lysosomes and
centrioles

Function of Cytoplasm
The most important functions of cytoplasm are:

1) It acts as a store house of vital chemicals.

2) It is a site of certain metabolic pathways e.g, Glycolysis.

3) The free floating organelles e.g. mitochondria move about in cytoplasm due cytoplasmic
streaming movement. This is an active mass movement of cytoplasm.

4.2.4 ENDOPLASMIC RETICULUM ~= AN

Introduction — [~ |
Endoplasmic reticulum is a network, whichiis contimicus with jplasma meribiznzatone
end and also appears to be-ircontact-withtiie huyclzar en'refope. | o

Structure ) WY, 1S

o Endop.‘é.éénic:relitLL_IUrgi is u(is.;_ble\w'_'i_ti' alectron fﬁicroscope as a network of channels
extendiirg tliroighout the cvtagiasm.

o inJhey vary \'v"dﬂ Iy appearance from cell to cell.

VTN 'Il'.wese channels are filled with material, which is separated from the cytoplasmic material

by the spherical or tubular membranes, called cisternae.

Functions

> It provides mechanical support to the various cellular organelles in cytoplasm.

> It plays an important role in transport of materials from one part of the cell to the other.
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Chapter—4 The Cell

Forms

Nuclear Nuclear pore
envelope

Fig. 4.7: Rough endoplasmic retlculum is marked by the presence of ribosomes attached to the membranes

of endoplasmic reticulum. Proteins synthesized on ribosomes are pushed into channels of endoplasmic
reticulum, from where they are transported to Golgi apparatus, on their way out of the cell.

There are two morphological forms of endoplasmic reticulum i.e,

) Rough form with attached ribosomes
i) Smooth form without ribosomes
1) Rough Endoplasmic Reticulum (RER)
On this form, ribosomes are attached, so it is called as rough endoplasmic reticulum.
Function
It is involved in the synthesis of proteins. After synthesis, the proteins are either stored in
the cytoplasm or exported out of the cell through these channels.
2) Smooth Endoplasmic Reticulum (SER)
This form of endoplasmic reticulum is without ribosomes, so called as smooth
endoplasmic reticulum.
Functions
)] It helps in metabolism of a number of different types of molecules partlcularly I|p|ds
i) It also helps to detoxify the harmful drugs. % { I
iii) In some cells, it is responsible for transmroa on of lmpu:«aes 6“5 m'Js I"f Cc*ls, e _ﬂcrve '
cells. - __;. A~ AT ! =
iv) It also plays an |mportant Tole__ i, uar _Coo rt ’Jf nakﬂ:ela s fr)n one nart of the cell to the

other. ¢

Whal is| er.c.opld_s_r_ﬁu i etlculum’? Explain its types and functions.

" WWirile @ iisie on endoplasmic reticulum,

Give structure and function of endoplasmic reticulum. (FSD 2019)
Describe in detail the structure and functions of Endoplasmic Reticulum.  (SWL 2021)
What do you know about endoplasmic reticulum? Explain with diagram. (LHR 2022)
What is endoplasmic reticulum? Write its types and function. (FSD 2022)
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4.2.5 RIBOSOMES _

Introduction
These are tiny granular structures present in cytoplasm.
Discovery
Palade (1955) was the persun, whe-first tiitie Cisceverediard studied them.
Production '
New ribgsories are-assembled 4n the'ntcienlusof the nucleus from where they are
transporienitothe £ytonlasmiviathe rares in the nuclear membrane.
Chemical Conipcsition )
Ribdsomesiare ceriposed of almost an equal amount of:

JI' PhA F?!\.,Il\_
. Proteins
Due to presence of RNA and proteins, these are also called as ribonucleoprotein
particles.
Existence
Ribosomes exist in two forms:
o Freely dispersed in cytoplasm
o Attached with the endoplasmic reticulum as tiny granules.
- - ' ' Completed
- polypeptide
Growing : e A B

Incoming ' o
ribosomal _ Start of mRNA
- subunits (5%end) End of mRNA
. ‘ (37end)
. r \‘—v‘
Fig. 4.8 mRNA attached to ribosomes forming polyeanes™, | \
Structure Th L Ty A -
Each eukaryotic ribosome zansist ef{wo-sun units,
. Larger subunits sediment 4t 505
) Smallgfsubunits.sedimerit at 40\ ~ad
Two sudarlits, pniastachiment, \with=ezch other form 80S particles (S = Svedberg unit

which spedifies sedimnentatioritate). This attachment is controlled by Mg?* ions.
o Winerh mény, fibossiies get attached to the same stretch of mRNA they form a structure called
\ J NN ‘Nohysane”
1 SEuisction

Ribosomes are involved in the synthesis of proteins.
QUESTION RELATED TO ABOVE ARTICLE

Write note on ribosomes.
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4.2.6 GOLGI APPARATUS L~

Introduction '
Golgi apparatus is also known as Golgi bodles or Golgl corml\ X ln pLar i3, these a e «'su
called as ‘Dictyosomes’ ~ : \ ]

.___.-\.

Discovery 4

Golgi apparatus was d|500\ er =d oy :clql n 1878
Production ™ | )

These arc r,romceo by b Jd1 ng cf SER-and are gathered around cisternae.
Structure

(:« 13. co mlox 19 .urmed by cisternae along with associated vesicles.

L isterriae are stacks of flattened, membrane-bounded sacs.

Associated vesicles are complex system of interconnected tubules around the central
stacks.

The whole stack consists of a number of cisternae.

Their outer convex surface is the forming face, while the inner concave surface is the

maturing face Vesicles are separated from usteg}ae from maturmg face.

343 E N AN AR Forming face Y

.
» —

Maturation face of
Golgi apparatus
Fig. 4.9 Golgi complex
Functions -

)} Cell Secretions = |

Golgi complex is concerned with cell secretions. Mechanism of. fsrr.aatlon 0* I}’aP pi odwa brasn

Formation of products on ribosomes; -*-ranspoﬁ[ in, colgr cp')arat Is for, corve: rSION- NG flnlshed
products, packing of finisheri ["\I’OdUCG’QX!For‘LtO cUt"|dr= mpu’qh Ghlgi deles or endoplasmic
reticulum. For example in memin; ils/ the DANCregs SECrewes, aranies containing enzymes that help
in dIgE'IIGT The. Gﬁlg‘? (‘ompI“x ﬁas rle, mfo:m tion of these granules.

i) Transport(uLSIdc thé Cell | :
The protzirisor| énzyres lsich have to be transported out of the cell, pass through the Golgi
crp aratus) | '

J'i"-.:_x.ylk\ L\’Iw ification in Molecules

[ \ The most important function is to modify the proteins and lipids by adding carbohydrates

and converting them into glycoproteins and glycolipids.

QUESTION RELATED TO ABOVE ARTICLE
Explain the Golgi bodies in detail.
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4.2.7 LYSOSOMES _

Introduction
The word ‘Lysosome’ has been derived from two words i. €.
J ‘Lyso’ means splitting. | 1
o ‘Soma’ means body.
These were isolated as sepqrate Com pc rerls fox the f; frstitimb by D Duve (1949).
These arg mustly feund in ‘sukaiyoric Lc‘“b *an( dre"most abundant in these animal cells
which ezhibit! pha JL cy[osr
Structure R
tiaylare bo! nd h.~a single membrane and are simple sacs rich in acid phosphates and several
Uthier Hydrolytic enzymes. These enzymes are synthesized on RER and are further processed in
the Golgi apparatus. The processed enzymes are budded off as Golgi vesicles and are called as
primary lysosomes
Functions
) Phagocytosis
Lysosomes contain those enzymes which can digest the phagocytosed food. Any foreign
object that gains entry into the cell is completely broken into simple digestible pieces.
This process is known as phagocytosis (eating process of cell). They also contain
enzymes, which can digest the phagocytosed food particles.
i) Autophagy
They are also involved in autophagy (self-eating). During this process, some old, worn
out parts of cell, such as old mitochondria are digested. In this way, materials of cell may
be recycled and cell may be renewed.

Plasma Secondary lysosome
membrane T = .
Digestion

1%,

Lysosome
engulfing
damaged
organelle

Golgi
apparatus

Transport vesicle
(conta]nlng in- \

. AR
Fig. 4.11 Lysosomes project Ihn colls 1! (o |nvad|ng organisms or any other foreign object, (food) which are

engulfed f.the cell l as\phagcoyiict wacuoles. These fuse with primary lysomes to form digest various components of
tiig Veugle, Somatimds,~tnder abnormal circumstances, e.g. starvation, or as a normal physiological process the

wide® bf e cehi are engulfed by primary lysomomes and digested to generate energy. The lysosomes which eat parts

"ol tireir own cell are known as autophagosomes. The digestive vacuoles and autophagosomes are also known as
secondary Lysosomes.
iii) Degeneration
Their enzymes can also result in degeneration of cell, as may occur during some
developmental processes.
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iv) Extracellular Digestion
They also release enzymes for extra cellular digestion.

DISEASES RELATED TO LYSOSOMES g
Several congenital diseases have been fourju'to be du:a 7o accli ula icn iihin| this-schi of
substance such as glycogen or various glvealipids, Thesz re al ,o nalled starage diseases
and are produced by a mutatihn thi a‘fncto one bf fh Iveosnrazai erizyvmes involved in the
catabolicn;0f a certair-schstance,

For example -

o About tverity'such disea ses'ase known these days, which are because of absence of a
particular emym

o) [ Inaldagenosis type 11 disease, the liver and muscles appear filled with glycogen within

' inembrane-bounded organelles. In this disease, an enzyme that degrades glycogen into
glucose is absent.

J Tay-Sach’s disease is because of absence of an enzyme that is involved in the catabolism

of lipids. Accumulation of lipids in brain cells lead to mental retardation and even death.
QUESTION RELATED TO ABOVE ARTICLE

What are lysosomes? Explain its types and its function.

Explain the structure and functions of lysosomes. (LHR 2017)
What are lysosomes? Give their functions. (LHR 2017)
What are lysosomes and explain its phagocytic role with the help of diagram?

(LHR 2018)
Write a complete note on lysosome. Explain its phagocytic role with the help of
diagram. DGK 2021

4.2.8 PEROXISOMES

The name peroxisome (Peroxi = Peroxide and Soma = body) has been given because this
organelle is specifically involved in the formation and decomposition of hydrogen
peroxide in the cell.

Discovery
These were isolated by De-Duve and his coworkers in 1965 from liver cells and other
tissues, which were enriched with some oxidative enzymes, such as peroxidase, catalase,
glycolic acid oxidase and some other enzymes.

Characteristics

o These are single membrane enclosed cytoplasmic organelle found both in animal and plaric " |
cells. S )

o They are characterized by containing H20z producmn Oxigases 3nd 'ca t( 1a-ot s A N

o They are approximately 0.5 um in dzrzmetm . —

. They have also been founc ir prdt J70, yeas aﬂ nany c=li ty &s cf I_-nigher plants.

Function

These are invo Vec-i ~5n ‘2 1')L mﬂ&a\and L.Womposmon of hydrogen peroxide in the cell,
which i5 used s varlous metibslic reactions.

| ] LRSS 429 GLYOXISOMES

_ ntreduction
- J | %' " These are found only in plant cells and absent in animal cells.
v e These are most abundant in plant seedlings.
o They appear for only short period of time during germination of the lipid-rich seed such

as castor oil, bean and soyabean and are absent in lipid-poor seed such as the pea.
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Composition
These are single membranous organelle, which in addition to glycolic acid omdacn il
catalase, also possess a number of enzymes that are not found in anl néle.ceils.

Function

o In plants, they play important role in hoth cateolic and ‘anatolic ectivities

o In germinating seedlings, anfyreesios glyaxistmelale fraporiant in ¢onversion of stored
fatty acidsC carbohydiated eqrenially siceirate tarotgn a cycle called glyoxylate cycle.

OLESTI ONREAAEDF0 7

Write r.ot2'or) Reroxisping end Glyoxysomes.

VWriie notes, o, (Exercise Question iii (a))
I Pergxsores and Glyoxisomes
ﬂ i 4.2.10 VACUOLES

Introduction
Vacuole are present both in animal and plant cells.

o In plant cells, vacuole are large and few in number, often occupying a major portion of
cell and pushing intracellular structures into a thin peripheral layer.

o In animal cells, these are small but numerous in numbers.

Formation

The vacuoles are bounded by a single membrane and are formed during growth and
development of cells. In plants, smaller vacuoles combine to form a larger vacuole.
Function

o They serve to expand the plant cell without diluting its cytoplasm.

o They function as sites for the storage of water and cell products or metabolic
intermediates.

o The plant vacuole is involved in turgor that provides support for the individual plant cell

and contributes to the rigidity of the leaves and younger parts of the plants.
QUESTION RELATED TO ABOVE ARTICLE
Describe the vacuoles in detail.

4.2.11 CYTOSKELETON

Cytosol contains cytoskeletal fabrics formed of microtubules, microfilaments and
intermediate filaments, all constituting cytoskeleton.

Composition
Cytoskeleton is made by different proteins. The main proteins that are present in
cytoskeleton are tubulin, actin, myosin, tropomyosin and others Whl(‘h are cho foarsy i

muscles. _ , Yl \
Types of Cytoskeletal Fibers APl e L
i) Microtubules _/ A \ ' o
These are long, unbranched a1d s[:ndt It Db|ll qromln sfrl ctures
o Their impbriant rste”is in!asseinbly ‘andiisasserioly of the spindle structure during
mitosis = .h=y 4re Al30 iniy/o \ea i fi h“atlon of cilia, flagella and basal bodies.
i) Microfifariznts
o~ hesk arg more siender cylinders made up of contractile actin protein, linked to inner
18] | dace bine plasma membrane.
e They are involved in internal cell motion e.g. movement of cyclosis and amoeboid
movement.
iii) Intermediate Filaments
They have diameter in between those of microtubules and microfilaments.
o They play role in maintenance of cell shape and integration of cellular compartment.
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QUESTION RELATED TO ABOVE ARTICLE

What is Cytoskeleton? Give its functions. (MTN-2015)
Write a note on Cytoskeleton. — QCRW 21118, BWP.2022)
Write notes on. : ' (Eveicisd. Guestion il (a))

Cytoskeleton
-?.'.-..'\Wﬂ ‘m’l‘-_
Introduction .
Animalicell\arc, the ceils ot :aine mlcroorganlsms
anid| jower plqm': contain two centrioles located
et thig'exterior surface of the nucleus and absent
in higher plants. They are usually placed at right
angle to each other.
Structure
In cross-section, each centriole consists of a
cylindrical array of 9 microtubules. Each of the 9
microtubules is further composed of three tubules.
Function
Centrioles are involved in cell division. Just
before cell divides, its centrioles duplicate and one Fig. 4.12. Centrioles are made up of
pair migrates to the opposite side of the nucleus. nine microtubule triplets
The spindle then forms between them.

QUESTION RELATED TO ABOVE ARTICLE

Explain the centriole in detail.

Introduction

o Mitochondria are very important organelle of the eukaryotic cell because they are
involved in the manufacture and supply of energy to the cell. They are also known as
power-house of the cell.

o Mitochondria are self-replicating organelles.
Structure
o Under compound microscope, they appear to be vesicles, rads.gi-fil R e..rc 9
o Under electron microscope, they show a curmlpv momho'uqy [ “ad
Characteristics \ WAV AN Y T
o Their numbgr and size variesiai d/d pel Idc 0n the pnv*lr |UgIC8.| act.vlty of the cell.
o It is bouiided, | )y fwo nemwram\Oum _mémbrane is smooth. Inner membrane forms
infoldings n*o e |1r°r ~Hamtier'or mitochondrial matrix. These infoldings are called cristae.
e -~ Jhe inner s fa ~e-cf CFistae has small knob like structures known as Fi particles
RN I liochiondrial membranes are similar in structure to other membranes.
“s ~ Mitochondria also contain some DNA and ribosomes.
Function
)] Presence of ribosomes and DNA indicates that some proteins are also synthesized in it.
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i) Mitochondrial matrix contains a large number of enzymes, coenzymes and organic and

inorganic salts which help in several metabolic processes like Krﬂ 55 cy‘le semfio, | | |

respiration, fatty acid metabolism etc. As aresult of these.riete U')llc,- -pr:)r‘msms \the.enarygy
present in the food stuff is fransfcrrred int) trerqy rich C)mpour d knovii “as adenosine
trlphosphate abbrewated as ATU ! \/.uch th=n pn /I(....,o energ gy 1o cell-on demand.

Rt 1 &

Outer membrane

Outsr
'“unbl'me\

Outer compartment
(space between outer and

inner membrane) \* y

Inner membrane

v [T 1 Y (iu‘f,r
| jo'nmlpartment

Inner
membrane

Inner
rompartment
Fy particle

Matrix
Cristae (inner compartment

Fy particlés

Fig. 4.13 Diagrammatic representation of a mitochondrion cut longitudinally. The main features are shown.
A crista is made of lipoprotein membrane containing different enzymes as well as F1 Particles embedded in
it. After a special processing the inner mitochondrial membrane is ruptured and the F; particles come out
on the surface.

QUESTION RELATED TO ABOVE ARTICLE

Explain the mitochondria in detail.

Compare structure and function of chloroplast and mitochondria.
Write down a note on mitochondria. (GRW 2017, 2021)
Write a comprehensive note on mitochondria. (LHR2021, MTN 2021)
Explain structure and functions of mitochondria.
(LHR 2019, GRW 2021, MTN 2021, DGK 2022} ks
4.2.14 PLASTIDS N

Membrane bounded, mostly plng‘r:r‘t comamng b)dwaswn‘sent |n he._celiz-are called

plastids. These are present'in 0|P.ﬂ* alts OI’|I) W \ [ I
Types OV ~A ) \ -fx “'
There a e t re> 'nun t) p@s o‘f plastias.
i (‘wl)lop as) |
Ju \IJ' ~._'01mmuplast
Tl Leucoplast
1) Chloroplast

Green colored plastids are called as chloroplasts. These are self-replicating organelle.
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Structure

N

|3v_

>

Their green colour is due to presence of a pigment, which is an organic.cempound-¢atied ™ |

chlorophyll. Chlorophyll resembles haem group of haemoglobin. The, main‘“ciirrence b3twaen
these two molecules is that chlorophyll has Mg while haenifias. Fe' “as*he/cintial awii.-
Chloroplasts vary in their shape arid size with a' dh nigter, ot agouit 4-6 uni. .

Under light microscope, they spfi ar\ th fie helero! 19.1enus stractures with small granules
knownas @irgna erchedaed lin tnelmatris

Under testign dmicro Cupe, it shows L'riree components i.e. envelope, stroma and
thylakoid

)] r t*\elope i Fom ed) by double membrane.
1)) | % Biroine’covers most of the volume of the chloroplast. It is a fluid, which surrounds the
. thylakoids. It contains proteins, some ribosomes and a small circular DNA. In it CO; is
fixed to carbohydrates during photosynthesis.
iii)  Thylakoids are the flattened vesicles, which arrange themselves to form grana and
intergrana. On the layer of thylakoid, chlorophyll molecules are arranged.
iv) A granum appears to be a pile of thylakoids, in which on an average 50 or more
thylakoids may be present.
> Grana look green due to presence of chlorophyll on thylakoid.
> Each granum is interconnected with others by the non-green part called intergranum.
> These are the sites where sunlight is trapped.
l"tigm""m Thylakoid
Granum
Fig. 4.14 Diagram of Chloroplast showing the main structural cr"rpone 1ts L
Function | . s
Process of photosynthesis by W"'-'f‘h plont r‘”alru,n‘nttu e trnnr {{o] )0 ta puace's in
chloroplast. . A RN .
2) Chromoplaqt \ g L
They a re ot eter\t m rHe neta S of tﬂiﬁlo l\.ors ?-:‘H linthe rlpened frmt
Function

The, |mDa,t cC lputs | ok h plants other than green.
uy help ih'galiination and dispersal of seeds.
J atcoplast
They are colourless.
They are triangular, tubular or of some other shape.
They are found in underground parts of the plant and stored food.
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QUESTION RELATED TO ABOVE ARTICLE
What are plastids? Explain the structure and function of chloroplast Draw rgure.—
What are plastids? I (LH Q 2001
What are plastids? Describe structure ard furctior of c: .'or:)pomsv =
] (RvwP 2D19, LKR 2019, DGH 2021, RWP 2021)
Define Plastids, give its types, /aric, aisp drewliis diagram: — (MTN 2022)
What are plistids? Write théir tvpe irdeils (GRW 2019, SGD 2022)

ml\ﬁ“ B

Introducticin

uéleee istheimost important organelle of cell, which controls all the activities of cell.

s AZiscovery

‘Robert Brown discovered nucleus first time in 1831.
General Features

i)
i)
i)

iv)

enzymes form the chemical composition of
the nucleus.
Structure

(1)
(i)
(iii)
i)

In animal cells, it generally occupies the central space, while in the case of plant cells it
is pushed towards periphery due to the presence of a large vacuole.

Generally the cells have one nucleus and are called mononucleate. On the other hand, the
cells with two nuclei are binucleated and with more than two as multinucleated.

Nucleus is only visible when the cell is in
non-dividing stage. It contains chromatin Nuclear

Nucleolus envelope

network and soluble sap called
nucleoplasm. In dividing cells, the
nucleus disappears and chromosomes
replace the chromatin material in it.

DNA, RNA and proteins including

Chromatin
network

Nucleus consists of three important
components i.e.

Nuclear membrane :
Nucleolus Nuclesplasm
Chromosomes —
Nuclear Membrane Fig. 4.16 Structure af n,uc!e'u:
Nucleus is surrounded by a nuclear i _ T
membrane, which separates the nut Iear material fI’JI n tw C ftopnsm
Nuclear membrane acts as'nt. clrar anyelope, vitich is compodsa of two membranes.
Outer & emb“ane i At places conLinuons with the rdoplasmic reticulum.

Inner n_.mbr'me 13f“’.clr)s3s f.l.e n“h \esr Sontents.

Outer aid friner menbrares are “continuous at several points, giving rise to nuclear pores.
Thay|allow exchiige of materials between the nucleus and cytoplasm.

.-..--_ ]

Imc number is highly variable. The undifferentiated cells e.g, eggs have numerous pores

(about 30,000 per nucleus), whereas differentiated cells e.g, erythrocytes have only 3 or 4
pores per nucleus.

Each pore has a specific structure, which controls the traffic of substances passing
through them.
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i) Nucleolus
It is a darkly stained body within the nucleus, and is without any membranous bound n

to separate it from the rest of the nuclear material. .

Abundance Yo | |

o There may be one or more nucleoll m the PUC/ELS)

Physical Structure -

o It is comunshd of hwe reginn:, the | periohieral ‘gresdlar area composed of precursors of
ribosonias subuaits-enc, the' caniral fpritlai-—<onsisting of large molecular weight RNA and
rDNA. e

Function

o5 [ s invGived in the synthesis and storage of ribosomal RNA. It is the site where
‘| nibosomes are assembled and exported to the cytoplasm via nuclear pores.
iii) Chromosomes
Nucleus is deeply stained with basic dyes because of the chromatin material. During cell
division chromatin material is converted into darkly stained thread like structures known
as chromosomes.
Physical Structure
Under compound microscope, chromosomes appear to be made of arms and centromere.
Each chromosome consists of;
o Two identical chromatids at the beginning of cell
division (chromatid is exact replica of the e
chromosome), which are held together at centromere. . &
o Centromere is the place on the chromosome where Sister chromatids

spindle fibers are attached during cell division. g @
=5

Chemical Structure @
A chromosome is composed of DNA and proteins. All
the information necessary to control the activities of
the cell is located on the chromosomes in the form of
genes, which are transferred from one generation to the Fig. 4.15 Structure of
other. chromosome and its shape

Number of Chromosomes

> The number of chromosomes in all individuals of the same species remains constant generation
after generation.

For example o
In man, each cell contains 46 chromosomes., — YN
Frog cell has 26 LA TV VAN
Chimpanzee has 48 \ YRR RN RN
FruithyD*'xophiIa has-3. 4 W/ /0
Onion'zeil'has @6~ ~ (7 || )

Potato (eli has 48 | | | |\
Garden pes hag 14}

\The niiczer of chromosomes in normal body cells is diploid (2n), whereas haploid
wwumber (n) is present in germ cells e.g. human sperm and eggs have 23, while those of
Drosophila have 4 chromosomes.

QUESTION RELATED TO ABOVE ARTICLE
Write detail note on nucleus.

Vi

Give structure and function of nucleus. (SGD 2019, FSD 2019)
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4.4 PROKARYOTIC AND EUKARYOTIC CELL

DIFFERENCE

PROKARYOTE

EUKARYOTE = |

1) CELL TYPE

They are composed of

prokaryotic cells.

2) NUCLEUS

Nucleusis absentin them. |

3) DNA

4) MEMBPRATIE:
Bt MDIED

i L STRUCVURES

DNA s |without
L embrarie coverirg ar o) |s r“",ctly
| dubmigrged in ey Sasm,

____u"_s__'___;

) \nucieas ) DNAS s

Thev-arecen pnsef“ of leukarveii]

. They heve wellidefined nucleus.
gnclosed inside the

nucleus.

\ Meinlrane-bounded  structures

are absent.

Membrane-bounded structures are
present.

£) RIBOSOMES

They have small sized 70S

ribosomes

They have sized 80S

ribosomes.

large

6) CELL WALL

Their cell wall is composed of
polysaccharide chain  covalently
bonded with shorter chains of amino
acids forming peptidoglycan or
murein.

Cell wall of plants is generally
composed of cellulose.

7) CELL DIVISION

They reproduce by binary fission.

They reproduce by mitosis and
meiosis.

8) EXAMPLE

Bacteria and blue green algae

Multicellular animals and plants
are examples.

Ribosomes

Cytoplasm

Compare Eukaryotic ang, p'o; \amy i cl2Ir

Differeritiaty betwesil Prokaryctes and Eukaryctes.

And eukaryotic cell.

Differe=z

iate tet‘ voer; prck,ar]*‘t

Pili DNA
Flagellum
/ ——Capsule
/'/ ’
. / Cell
‘ [ wall
Plasma .,__.
membrane - LN e
Fig. 4.17 Generalized Plokarvotic-eil ~ - —

ﬂ[tﬁl&ﬁﬁ!é

(BWP 2021)
(DGK 2019, RWP 2021)
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KEY POINTS _

Svedberg Unit(s)
It is the rate of sedimentation (layers) formation during CP"""Ifllgdt grs In this case
ribosomes are centrifuged in a special certrifuge tusz Differait poihts like [0 26,730,
40, 50, 60 etc are present e this tibe. Difforen: laygrsiwity difierent poiris. 60S settle at
point 60 and 40S at point 4. Wieri bt qor! 1b re they ettle in-tne layer at 80S.

[d, + |——|— == — 60S subunit
69\&
50 + 40S subunit
40 +
30 +
20 +
10 +

Glycolysis and Krebs cycle
During oxidation (break down) glucose, three processes take place.

e Glycolysis. It takes place in cytosol of cytoplasm. In this case, glucose is broken into
two molecules of pyruvic acids.

e Krebs cycle: It takes place in mitochondria. In this case the pyruvic acid broken to
release CO>. It forms NADH.

e Electron transport chain: It also takes place in mitochondria. During this process,
ATP molecules are synthesized and water is released.
Chromatin material and Chromosome
During non-dividing stage of cell, the nucleus has chromatin material. It is thin thread
like structure. It cannot be seen with compound microscope. During dividing stage of
cell, this thread of chromatin material condenses by folding and coiling and become
much thick. This is called chromosome. It can be seen with compound microscope.

&0

Coiling

Thread of chromatin material. Chromosome —
Solution and colloidal solutions . 5N
True Solution: ~ Il VN LE

In true solution, the sgilite and=-soivent \rnoieculed, &re, presert in single phase

(homogenats). The solute QantlJFS halv2 \ier's srnali-size. Tiie solutz-and solvent particles
cannot be fiffere qua_ed ey \/\/ale\K cJJ.jar -

Mixture:
In this case,! \the! so'u e .1r.d aOlvent particles from two phases (heterogeneous). The solute
“upailicle card be-zasily differentiated form the solvent molecules. The solute particles have
lerge’ size, e.g. Water + Sand.

LN L - -
“Cloinoidal solution:

It is solution in which the size of particles of solute is intermediate between true solution
and mixture. In this case the solute particles can be seen in solvent but cannot be
differentiated from solvent particles. In this case the size of solute particles is
intermediated between solution and mixture e.g. Water + clay.
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EXERCISE

Q.1. Fill in the blanks

i) In eukaryotic cell, chromatin material
is bounded by

i) A group of ribosomes attached 0
mMRNA is known as

i) is the place chromasonies
where sprndle fibres” are, | attacec, ;
during cer=diyigién. . i)

iv) The enaoplesnic | tgticuluir— with

‘qttu\.h I ribosomes) T known  as
J, DN Tw: suluble part of the cytoplasm is

called

Ans:

i) Nuclear membrane

il) Polysomes

iii) Centromere

iv) Rough endoplasmic reticulum

v) Cytosol

Q.2. Write whether the statement is

‘true’ or ‘false’ and write the correct

statement, if it is false.

i) Cell membrane is present in all
eukaryotic cells. (True)

i)  Chloroplast and mitochondria do not
have hereditary material. (False)
Chloroplast and mitochondria have
hereditary material

iii)  Centriole is involved in cell secretions.

(False)
Golgi complex is involved in cell
secretions.

iv) Sometimes many ribosomes get
attached to the same strand of mRNA
forming a structure called cytosome.

(False)
Sometimes many ribosomes get
attached to the same strand of mRNA
forming a structure called Polysome.

v) Mitochondria are  very importai'.t-. Q
organelles of the eukaryotic celts.™, (Truexs, ~ _jy |

Q.3. Each question has four cptions! | |
Encircle<cerrect anseer. ™ '
i) Which *‘fatemﬂn* cibout t“”\\
nuclear enviiop is nort ue?, !
(a)At his porhke \
| RE) e delhte i.|embrane structure
A JI S (CL) s Tinner membrane  bears
" “ribosomes
(d)RNA and some proteins pass i)
through it.
i) Which statement about plastids is
true?

“Ans:

(@) They are surroundzd-by a e-incie \
membrane - [

(h) Ty are, tie ro;vemom; ai e
cel!

(v) Theiyr ere'foundq in all organelles
() They ceiitain - DNA  and
ribosomes.

Which type of cell would most
probably be most appropriate to
study lysosomes?

(a) Phagocytic white blood cells

(b) Nerve cell

(c) Mesophyll cell of leaf

(d) Muscle cell

Which of the following pairs of
structure-function is mismatched:
(a) Ribosomes: protein synthesis

(b) Nucleolus: ribosome production
(c) Golgi: muscle contraction

(d) Lysosome: intracellular
digestion

Which of the following statements
about ribosomes is correct?

() They are structurally different
from free ribosomes.

(b) They are enclosed in their own
membrane.

(c) They are concentrated in the
cisternae space of rough ER.

(d) They are attached to cisternae
surface.

Answer Key:

Yy
)hv t ~')L'e<t|ms

| Diestvibi vartous rhovements involved

. the-transpoit-of materials across

“the cell membrane.

(1) Passive transport

(2) Diffusion

(3) Osmosis

(4) Carrier mediated transport
(Facilitated diffusion)

(5) Endocytosis

State various structural

modifications in a cell involved in

secretions.
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Ans:

Ans:

Secretions are the products produced
within the cell on ribosomes and then
passed to the outside through
endoplasmic reticulum and Golgi
apparatus.  The  secretions are
converted into finished pradict ard
are packed inside membrarg, ! bztere
passing Gut.\ These irvoive: ioraiatior
of glycopz=teing and-glycolipids.

List the ‘Drocessas
mitachbndrial failure imra cell.
{ij|Hirabsgycla

! |(i-Ziectron transport chain
~ (i) Fatty acid metabolism

(iv) Active transport

What will happen if a chromosome
loses its centromere?

It will become a functionless
degenerated chromosome. It will not
attach with spindle fibers during cell
division and will not be able to divide
properly.

How does autophagy help in
converting a tadpole larva into an
adult amphibian?

Autophagy:

Autophagy is the breakdown of cell
organelles. During this process some
old and worn-out parts of a cell are
digested. In this way old cell material
are used and cell is renewed.

Role in Amphibian:

Vi)

Ans:

Same way tail and some other
structures are broken down and
disappear and an adult amphibian
appears.

Is there any similarity between
bacterial and plant cell wall?

Plant cell wall and bacterial cell
wall are totally different both in

structure and function.
For example bacterial cell wia'l is "=

made up of peptldoglycan manl;

while pl=n. cell weadi malmy
contains "/ celiuiose.. |n1| arty
bacterial T \calll | ‘wall| | showis™

permeﬁbllt‘ty varigbly it |L plant
<20l wayl is'permeaste to water and

] [raihzras

hiockad By

Q.5. Extensive Questions.
) Compare structure and function of
chloroplasts and riiiochoirdriz: | |
Wﬁ:’%@w T ‘fot._hdm
I & oun
! tidcton) |\ TSNS, | i
I Their inner
19 Their outer and
_|_Sudcture inner membranes | Membrane - forms
are smooth. infoldings called
cristae.
. Their matrix is Their matrix is called
Matrix called stroma. mitochondrial matrix.
Inner Granaare presentin | Cristae are present in
structures stroma. mitochondrial matrix.
Enzymes presentin | Enzymes present in
stroma are mitochondrial matrix

Enzymes concerned with are concerned with
photosynthesis. respiration.
Theseareinvolved | These are involved in

Function in process of process of respiration.
photosynthesis.

i) State cell theory and discuss its

emergence.

Ans: (See article 4.1.1 & 4.1.3)

iii) Write notes on.

(@) Cytoskeleton

Ans: (See article 4.2.11)

(b) Peroxisomes and Glyoxisomes

Ans: (See article 4.2.8 & 4.2.9)

iv) What might happen if some

lysosomal enzymes are absent?
Explain with examples.

As lysosomal enzymes are
involved in various processes. So
absence of lysosomal enzymes
will result in loss of these
processes. For example;

Lysosomes are involved in
intracellular  digestion  through
their enzymes. A"‘Penre of thies
enzymes—\ili. \eﬁun ilosh ot
digestiom, | o

Lysesoy mal anz; /mes “are mvolved

ir, | Heyeieration of  various

siractures e.g. frog tail during

metamorphosis. Absence of these
enzymes will result in loss of this
process.

Lysosomal enzymes of WBCs are
involved in Killing of
microorganisms. Absence of these
enzymes will result in loss of
immunity and Kkilling of these
microorganisms.
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