C hap ter 2
T I‘l e Cell

_‘-'_--'-I'—'- - - T T

_l\l\‘lll\l

Gali’ls the hasitstiuctaral and functlonal unit of life. It is the smallest unit that can carry
| aledativities oT life. Cells are building blocks of complex multicellular organisms.
i1 £mergence 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 sierrirane:—/ie y 1

differentiated plant cell having cell wall from anlmal ceIIs in w\/ ||(,"\ (el Wail is ab enr

vi) Rudolph Virchow e 1L~ -
He was a German physiciaiii In (1’“"}), '".e nype th =srzei \that new celfs were formed only
by the division of previously 2xistirg cplls, 1o put 1 in Wirenow’s words: “Omnis cellula
e celluia’] anithur eje_cte'j thc oea of ahlogenem

vii)  Louis Fasteur
Louis Pastzur (L8M\ e b the greatest scientists of all times, supplied experimental
pm; “foi: Wirchew’s hypothesis by demonstrating that microorganisms (bacteria) could

J A Y S beerraed onIy from existing bacteria.
& |
i

V.’ August Weismann
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 microscape.
Human Eye \
The human naked eye can differentiate bgtvieen tws, jioints, which dre ai lecc‘w .6-mm
apart. This is known as resoluticn_nowerof| the, evel Th's rejolution caii be increased
with the aid of lenses. \ \ |
Compound Mierdscope R
A coniEZund, migioscone| s d-typical iaboratory microscope with at least different
magnifying nowmers. | B )
o o Inatypical corapeund microscope, the resolution is 2.0 gm, which is about 500X that of
\the:nakeaeye.

o 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 [ |

2) All cells arise from pre-existing celis; ' IR I

3) Cell is the basic structural an’i funciisnai unit nrr dllorg an|~ ms. . '

Importance \ -

. It has Vyice rangina. en:mt m aI' flE‘"d o“F ‘lﬂbgwal research

o It has beer; estanlizhad thiat 1 /P'y ceil is formed by the division of another cell.

e It shqws, tha! fu ctior-of whole organism is the result of the activities and interactions of

: ‘._ﬂh‘ﬂh ARgits components.

& |

b 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 D-““rent cells ara
specialized for different functions in animals.

1) Examples in Animals
J Muscle cells contract and relax.
. Nerve cells transmit impulses,
o Gland Cells secrete: -
. Red blcod, vells carry axuger. |
o Som? gestii; cells'secrate-gastric juice.
b3, [T dedarneles inPiants
SN Xylem cells conduct water and mineral salts from soil to the aerial parts of plants.
s 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 layers depend a_laon thf:l” e,
weight and density of the medium. : [ ] et
After this we can study their structirg and fun: ‘t.un in Le'rai' Undiet C‘Iectrcn rficroscope.

A cell consists of the follo'wing hasi€ rompenen:s: '

a. Plasma mzinbrane, alse-a elivall in plarit rel%
b. Cytoplase-n chiftaining czli arg; wnerlel.

C. Nucleus, Wyithiructear prictiromatin material.
Typ@c aicells VL -

TN IRN] .ﬂ‘:’= Te-two main types of cells i.e. prokaryotic and eukaryotic cells.
|| | 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-& membrﬂne,
o For example plants and animals. )
o These cells are complex and vary greatly irf size. | |

J They could be as big as an-Ostrich’s cgg o

o Most of the cells are microicaprcand cre nct vwole ‘0-the na'an eye. Their size is
measured \n micremeier (y1n).”
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Fig. 4.2 Electron }ﬁibroscoic structure of an plant 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

(alg —
Apparan

Pasns
Mevrbrane

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

. Very small quantity of carbohydrate _ o] ]

Physical Structure ' ailNaBA SR
Many biologists contrlbut“ \in de:f;*!bl g | Lhe arr; m]emﬂn (_.f h-]plds and protelns in cell
membrane. \ .
There ey W impsitant n*cfde.s wb\o Jt Tl € '

0] Unit mesbrane model

(i) Fluid mosg i raodel.|

1) o UnitMemipratte tvlodel

J" -|~_a:-‘-'ue.ncra.-y, 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.
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Chapter—4 The Cell

2) Fluid Mosaic Model

The modern technology has revealed that lipid bilayer is not sandwichec-between tvun i\

protein layers. Instead proteins are embedded in the lipid bilayer.in afroszn manrer

This model is called fluid mosaic model ana-is most accegied row.! |

According to this cell membrane #lSo coniairs charged, pares *hmuch whidt movement
of material takes place bota Ly active'and massiva transgcrt.

I\ﬂl?mﬂl

Hvdmphlh

Ene —' \
[ ] N 4dfaphoblc _{“”“{ ]I{ -
}L‘UJH I M
il — & Nf‘ (5 et
\ v
| mem
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:iSpoi4, Thess e, | ',

then pushed out by active transport. The energy for thls trar\Mrﬁt"r [,wrc:\'/lr“er'i b-./ A'T'D
vi)  Endocytosis - L~
In many animal cells, thecell me.nhram nelps: t( take in' mite-naas Dy mfoldmgs in the
form of vacuoles. This type, of iftakz i3 telmed a5 e"aocv 0gis. Tt may’ be;
o Phagouyucsr — inges{ion of! soilomcte. lal.
. Pinocytosis — n'gts"uoh cf H(JUI”J material.
vii)  Conducticr, |\ |
o In'reuron (nenve uﬂ"S) the cell membrane transmits nerve impulse from one part of the

J A \ . - ‘-'ua)dn to-the other to keep coordination.
R 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) It is the outermost boundary in plant cells.

2) It is absent in animal cells. '

3) It is secreted by protoplasni of tiie/czli

4) Its thickniys varies i differam cells of ti‘e'pl%.“t'.

5) Cell wall o piant 2ell is ditferent fom that of prokaryotes both in structure and chemical
comi/osition: '

Sl '

J 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:
Inorganic salts

. Silica

. Waxes . AN [ [

. Lignin ' T\ AN i
. Cutin etc.

Functions of CefrWall " _
Cell waiil is\very iinjpoitant., It peifesins following important functions:

1) I-niqvides'a déf?nlfe‘s.‘.apé to the cell
: .:Ii)_j “itimiekee el rigid
2) 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)

55



Chapter—4 The Cell

4.2.3 CYTOPLASM

Inner to the cell membrane lies cytoplasm, which contains many org2:ielles, The g,
contents of the eukaryotic cells are divided ito nucleus and cy*apiagdmy. '
Composition '
Cytoplasm contains
I. Cytosqi-
ii. Fundaniertal moléchles of ite
iii. Cal"hrganelies
. ytsa '
' 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 ¥

Introduction : e
Endoplasmic reticulum is a network, whicii s contisqaus with jplasma membiziz-at-one
end and also appears to be-icontact-with e uclza; enveinpe. -

Structure ) Yy | |

o Endop.‘é%’f‘ic.r:ﬂiéulur,ﬁ is lfis.:_bl'e With: “electron rﬁicroscope as a network of channels
extendiirg 1 'r0'_1-_ghr)l;fr. the, C\.'t'bp}'asm.'

o i Hay vary widely-in appearance from cell to cell.

IR '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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The Cell

Forms

i)
i)
1)

2)

Nuclear Nuclear pore
envelope

TP T g

space -
| © [ AT

Smooth ER

Fig. 4.7: Rough endoplasmic reticulum 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

Smooth form without ribosomes

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.
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 particularly I|p|ds

)
i)
i)

iv)

It also helps to detoxify the harmful drugs. ¢
cells.

other. bl

mﬂm& ‘¥’ 5 TO ABOVE ARTICLE

. \’”hdt is! erc O[.ldSl']L, +eticulum? Explain its types and functions.

Hm 1e A 1r5ie on endoplasmic reticulum.

Give structure and function of endoplasmic reticulum.

Describe in detail the structure and functions of Endoplasmic Reticulum.
What do you know about endoplasmic reticulum? Explain with diagram.
What is endoplasmic reticulum? Write its types and function.

In some cells, it is responsible for transmroa on of i lmpun-aes e, m'Js Iz Cc’ls, - Herve

It also plays an |mportant TO[‘“ n tran Coo rt ’Jf nakmla S| fr)n one nart of the cell to the

(FSD 2019)
(SWL 2021)
(LHR 2022)
(FSD 2022)
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4.2.5 RIBOSOMES _

Introduction
These are tiny granular structures present in cytoplasm.
Discovery - - -
Palade (1955) was the person, whe-first fine discoverediarid studied them,
Production _ . B -
New ribgsories are-assembled in the'ntclenlusof the nucleus from where they are
transporienitothe £ytonlasrnivia the xares In the nuclear membrane.
Chemical Conpcsition !
Riabsomes'are seviiposed of almost an equal amount of:

prod RN
. 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

. P polyvpeptide
Growing e pos '

O - polypeptide 3‘ ® i

Incoming ;

rihqsnmal St:}]"f of mRERNA End of mRNA \

subunits (5"end) (3%end)

]
Fig. 4.8 mRNA attached to ribosomes forming polyeanis™, | | |
Structure - PP L ' -
Each eukaryotic ribosome zansist ef iwa-sub units

o Larger subunits sediment at §05 '
. SmalleFstbunits.sedimerit at 405

Two stBuriits, bnfastachmert, Withssath other form 80S particles (S = Svedberg unit
which spedifies sedimentatiorirate). This attachment is controlled by Mg?* ions.
~o Wit mény, fibossriies get attached to the same stretch of mRNA they form a structure called
| RGlysome”
Euiiction

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

Write note on ribosomes.

58



Chapter—4 The Cell

4.2.6 GOLGI APPARATUS B 7

Introduction ) 2
Golgi apparatus is also known as Golgi bodles or Golgi corml*x AIn p*ar its, th=se ae «'su
called as ‘Dictyosomes’ - A | :

Discovery IR ERIRE '

Golgi apparatus was d|500\ er: =d oy :clql n 18’)8

Production ' '

These a& produceo by b 1diling of $52'and are gathered around cisternae.

Structure .

_ (3¢ lg co mlox 1S .urmed by cisternae along with associated vesicles.
PR _C'Isf" rriae 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
maturlng face. Vesicles are separated from cisternae from maturing face.
: bedviy wr EMMQ‘ 273
MW

Maturation face of B ", T - -4 -
Golgi apparatus T Plusma membrane
Fig. 4.9 Golgi complex
Functions
)} Cell Secretions 1y
Golgi complex is concerned with cell secretions. Mechanism of f:,rmatlor of tl’"aP pIf odme i5as
Formation of products on ribosomes; transpoit { COIT gLnarauls fur, corversion-irig finished
products, packing of finishe: producr- axpOIt._to'\cuthidis t mou’qh Ghlgi bodles or endoplasmic
reticulum. Far example in mgmimils; tie pancregs <erreses aranuies containing enzymes that help
in digestiGr The Goig (‘om|1l'=x nasaxr":le |nfo|hmf~on of these granules.
i) Transport(uLSIdc thé Cell |
The protzirsor! ¢nzyries, v .cn have to be transported out of the cell, pass through the Golgi
2 pAratus)

1 o1

) I\Vlcaﬂfmutlun 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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Chapter—4 The Cell

4.2.7 LYSOSOMES

Introduction
The word ‘Lysosome’ has been derived from two words i.e.

J ‘Lyso’ means splitting. |

° ‘Soma’ means body. Y AT 1
These were isolated as sepgrate conpcreris foi the firstitima by De Duve (1949).
These arg 'mostly feund 1 'sukaivoric 'calls-anc: are most abundant in these animal cells
which ezhibit\phagucytcsis, |

Structure R L

Ttay/are bound b-a single membrane and are simple sacs rich in acid phosphates and several

» Uthiar hiydrolytic 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 o B .
N — Digestion

Food vacuole

Lysosome
engulfing
damaged
organelle

cngulfment
f particle

Lysosome

Transport vesicle
(containing in-
ctive hydrolytic

Fig. 4.11 Lysosomes project '-Ihb_ calls {rsinvading organisms or any other foreign object, (food) which are
engulfed i the celi asiphaddeyictvacuoles. These fuse with primary lysomes to form digest various components of
tig_ Vqeudlp, Sbmetimds,~tnder abnormal circumstances, e.g. starvation, or as a normal physiological process the
witzle bf e celi are engulfed by primary lysomomes and digested to generate energy. The lysosomes which eat parts
~! tricir 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
Several congenital diseases have been fourju'to be fue fo-accunuleficn witkiinithiz-ccit ot
substance such as glycogen or various glvealipids, Thesz rel al ,o called ztorage diseases
and are produced by a mutatihn thi a‘fncto oné bfth I we0snrazi enzymes involved in the
catabolisni Of a certain-schetance, Wt '

For example

o About tverity'such diceg ses'ase Known these days, which are because of absence of a
partiGular enzyirie

TR alcagenosis 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 DLU.L Y
cells. )

o They are characterized by containing H20Oz puoducmn ORigases wnd ca o Ieot s by

o They are approximately 0.5 um in du imeter.,

o They have also been founc i prdt J70, yeas aﬂ r1a1y c=li tyses of higher plants.

Function =

These are invo Ver-i m h? 1')L mvc*IOi“ and L.Womposmon of hydrogen peroxide in the cell,
which it used Tr, various mettbslic reactions.

m.lll 4.2.9 GLYOXISOMES

T ntredugrion
J | %' These are found only in plant cells and absent in animal cells.
. 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 oxidase i
catalase, also possess a number of enzymes that are not found in-anina:.czils. '

Function

o In plants, they play important role in hoth catekiolic and anakolic ectivitios

o In germinating seedlings, =niymes 07 qlyoxistine! are fraponiant in ¢onversion of stored
fatty acids 1, carbohydrsted edreciail s_'LJcrir;ate- throgn a cycle called glyoxylate cycle.

FETIONREANED F07

Write r.ot2'or} Reqoispine,end Glyoxysomes.

Wdrile noteg on. (Exercise Question iii (a))
O Pergxisomres and Glyoxisomes
Y 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 ol.le also wa i

muscles. [ _
Types of Cytoskeletal Fibers - v - WA N A0
)} Microtubules * o -
These are long, unbranchec! a1d Sl *ndt r tu puliry qro*' |n srmlctures.,
o Their jmpbriant rsteis in| asseiably ‘and“disa ,semoly of the spindle structure during
mitosis =rhay'are dlz0 in /0 \ea in foresdtion of cilia, flagella and basal bodies.
i) Mlcrofﬂar’wnFt
o . hesy alg more siender cyllnders made up of contractile actin protein, linked to inner
N % 1aca bi-the plasma membrane.
) 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. . MTN2Z2015;
Write a note on Cytoskeleton. (CRW zig, BWF.20275
Write notes on. - (E erclse, Guestion 1 (a))

Cytoskeleton
BV WEEN T 5 ‘m’_
Introduction
Animalicell aric the zells 06 ! ne mlcroorganlsms

and| jowar |clantz-contain two centrioles located
wfiner thie'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.

Microtsbale triplet

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. hine 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, rods.s fil'}rrl.'er.rc,.- _
o Under electron microscope, they shnw a curmlpv momho'uqy ¢ J L AV
Characteristics . = 1N [
o Their numkgr and size vanﬂs and/depeiids, on thé pnv*lr logical act.vlty of the cell.
. It is bousiceo, by hwo (Taemarazes Quigi-méimibrane is smooth. Inner membrane forms
infoldings irifo ttie nrer :hamﬁ'er'or mitochondrial matrix. These infoldings are called cristae.
o nhel inner s\iifase-cf Cristae has small knob like structures known as Fi particles
R M leectiondrial 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

rompartment

TypeS I.-' .-I '|I .I } _H.__. — _ 1 '. W H%.'.l

inorganic salts which help in several metabolic processes like Krn 55 cy‘le,_.;ni h(,.

respiration, fatty acid metabolism etc. As a result of these-r Iech")lh -pr:)r esees, the.eney Gy
present in the food stuff is fransfcrrred intd grerygy rich corapaurid K nowii as adenosine
trlphosphate abbrewated as ATU w.uch th=n pn /I(....,o eherg 5y 10 cell-on demand.

Outer membrance

Outer compartment
(spauce botween outer and

inner membrane) \'b

Inner membrane

ke [ ARARA R
Ftllhl\lﬂl\ LT e 100 X
' (hw r
lenpariment

Inner
membrane

Inner
Ky particle

Matrix
Cristae (inner compartment

F; particles

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 20 2

4.2.14 PLASTIDS
Membrane bounded, mostly plgrrcr‘t contanu g bjdwes wsem in he._celis are called

plastids. These are presentiin |0|P.u eHs OI’|I)

There are t re> my m t) p@s Or p lastids.
- (‘nll) op. as‘ . -

in | -m.~nmuplast

iil. Leucoplast
1) Chloroplast

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

Their green colour is due to presence of a pigment, which is an organic..csmpound-catied
chlorophyll. Chlorophyll resembles haem group of haemoglobin. The, main‘ciirarence batwaen’
these two molecules is that chlorophyll has M while haeniias Fe’ “as thelcintial awiin.
Chloroplasts vary in their shape ard size with a'digmieter, o1 anoit 4:6 um:

Under light microscope, they spfit: ar' tp hie heiero, 19.1enus stractures with small granules
known.az Qréna emhedaed in'theimatriy.

Under <iection inicro c0Le, \it_skovys tnree components i.e. envelope, stroma and
thylakoid L

[=rvellope if Fornies by double membrane.

L Siraina ‘covers most of the volume of the chloroplast. It is a fluid, which surrounds the

tnylakoids. It contains proteins, some ribosomes and a small circular DNA. In it CO; is
fixed to carbohydrates during photosynthesis.

Thylakoids are the flattened vesicles, which arrange themselves to form grana and
intergrana. On the layer of thylakoid, chlorophyll molecules are arranged.

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.

Intergranum .
° Thylakoid

Inner membrane

> R /)uter membrane
N
- : \

Fig. 4.14 Diagram of Chloroplast showing the main structural cr"rpone 1ts

Function |

2)

Process of photosynthesis by W"'-'f‘h plont r‘”:alrfin‘;-\.c-the tr:enr ‘i‘oud _ta;_kesi puaces in
chloroplast. _ = WAV Y

Chromoplast. VoA \ ) :

They cre 0.1 ewenf Hi me_r)eta S of tm; ‘Io l\.ors znf‘ in the rlpened frmt

Function

The > iminalrt cc, Inuis 0! hb plants other than green.

ey help in‘solitnation and dispersal of seeds.
“Ilatrcoplast

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 Drawv Tiqure.
What are plastids? . C(LHR 2025
What are plastids? Describe structure aitd furctior, 6f cliloropoias 07 :
. (RwP 2-319,'-J__HR 2019, DGH 2021, RWP 2021)
Define Plastids, give its tyoes,/anic ais) drew'iis diagram. — L (MTN 2022)
What are nlastids?y\/rite their o/pn iri detail” (GRW 2019, SGD 2022)

VAL LINGNUCLE

Introducticon

RIS TR 1‘1\, imost |mportant organelle of cell, which controls all the activities of cell.

{Jisc )vc' y
~obert 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

network and soluble sap called e S

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 ™ ahiiisia
Chromosomes .

Nuclear Membrane Fig. 4.16 Structure of n.u:‘!c'g'l'.' [ {
Nucleus is surrounded by a nuclear _ I B e T W o
membrane, which separates.the nu: Iear matarial fIOH tw C\ ftopnsm . -

Nuclear membrane acts as ntclear 2n/elose wl icn 15 compodsa of two membranes.
Outer merbrane isat praces ¢on: inyot)s with theendoplasmic reticulum.

Inner riz mbrﬂ e Ar"clns=s Hee nu‘le'-sr contents.

Outer aiid friner méntbr ares aie ‘continuous at several points, giving rise to nuclear pores.

A ’rgy.allc WieXeNsTge of materials between the nucleus and cytoplasm.
“Thed 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 membrﬂw\us boyndary,
to separate it from the rest of the nuclear material. | '

Abundance '

o There may be one or more nucleoll i the nLCIELS.

Physical Structure _ . BRSN

o It is comunsed of hww Teginns, the \periphieral ‘gresalar area composed of precursors of
ribosonat. subunits-ena, the'\cantral fivrillai-consisting of large molecular weight RNA and
DNA. - ]

Function:, |

N Vit S ivaived in the synthesis and storage of ribosomal RNA. It is the site where

g ribosomes are assembled and exported to the cytoplasm via nuclear pores.

i) 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
chromosome), which are held together at centromere.

o Centromere is the place on the chromosome where

spindle fibers are attached during cell division.
Chemical Structure @
A chromosome is composed of DNA and proteins. All Yy o @
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 g
In man, each cell contains 46 chromosomeq . N :
Frog cell has 26 . e T VAN WA
Chimpanzee has 48 i = VAL AV T
FrmtflyD":ophlIa has-g. | '/
Onion ze}l has e’ -
Potato cel has, 48 | \

Gardin peg has i4

= PAJ T ﬁ' niviser of chromosomes in normal body cells is diploid (2n), whereas haploid

L sumber (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.

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

DIFFERENCE

PROKARYOTE

EUKARYOTE w

1) CELL TYPE

They are composed of
prokaryotic cells.

2) NUCLEUS

Nucleus'is absentin them.

3) DNA

4) MEMBRAI|E:
BNDIED
o L BTRUCTURES

' Meinlrane-bounded

DNA s \without
rrembratie coverirg ard Is airectly

' submerged in evAcasm.

e TRISA AN A

Ny nucieas) DNAY s

Thev.are cen|posed-of | eulafv'\ el

. Tirey heve, wellidefined nucleus.
inside the

gnclosed
nucleus.

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.

Kibosomwes

Cvtoplasm

mﬁanmammmmma

Fik DNA
A 7

- . . ,/' Cell

wall

f
I

Plasma

membrane

N
~
Flagellum

Cupsale

4.17 Generalize(| Piokarvotic-ed e

Compare Eukaryotic ang prokaiysif: cili

leferrr.tll ate betysesil Prokaryctes and Eukaryctes.
Differe=ticte! tet‘ Voen prckar/ atic.and eukaryotic cell.

(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"‘“Ifllgr'u ore In this case
ribosomes are centrifuged in a special certrifuge tubar Differairt points like 1M 26,30,
40, 50, 60 etc are present e this tibe. Differen: loygrs\wit difierent poiris. 60S settle at
point 60 and 40S at point 40. Wiie!i bt qor 1b rie they ettle in-ine layer at 80S.

WS - |

_|___*.‘_. — (0S subunit

G L=
50 = 408 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.

Thread of chromatin material. Chromosome .
Solution and colloidal solutions - N
True Solution: ~ ' AEIEAR LSS A=

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

(homogenaus). The solute pa.tl le'sthawiz very <rnal. o'Z(- ‘Tiie solutz-and solvent particles

cannot bb dlf‘erﬂmd‘ed eg \/\/aler cUnar
Mixture:

In this case,\tha! so'u e aric- aowent partlcles from two phases (heterogeneous). The solute

Swpaiicle dard ke-2asiiy differentiated form the solvent molecules. The solute particles have
, ~_i |\ rge size, e.g. Water + Sand.

Clornoidal 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.

69



Chapter—4

The Cell

EXERCISE

Q.1.

i)

Q.2.

Attach 3|

Fill in the blanks
In eukaryotic cell, chromatin material
is bounded by
A group of ribosomes attached {0
mMRNA is known as

is the place Chromasonies
where sprindle, fibres” are, |attacnec
during cex=diyigien. L
The endpplesnaic | Ietictluir—with
ribosoias is" known as

Tnﬂ soluble part part of the cytoplasm is
called

Ans:

i) Nuclear membrane

il) Polysomes

iii) Centromere

iv) Rough endoplasmic reticulum

v) Cytosol

Write whether the statement is

‘true’ or ‘false’ and write the correct
statement, if it is false.

i)

Cell membrane in all
eukaryotic cells. (True)
Chloroplast and mitochondria do not
have hereditary material. (False)
Chloroplast and mitochondria have
hereditary material
Centriole is involved in cell secretions.
(False)
Golgi complex is involved in cell
secretions.
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.
Mitochondria  are  very importa;‘.t-
organelles of the eukaryotic cells.

IS present

Encirclecerirest answer. 4
Which "*atemﬂn* . adout the™
nuclear envriog is not tiue?, \
(@)t Nis porid

LY e deuhls i.|embrane structure
() W3 inner membrane bears
ribosomes

(d)RNA and some proteins pass
through it.

Which statement about plastids is
true?

L (Trug,
. Each question has four (,DIOIS

i)

"Ans:

(@) They are surroundca-by a sinoie
membrane [ '
(h) Trey are, tie ro;vemom; aitie
cel!

(v) The; 'cre ffounq in all organelles
). ey ceitain - 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:

Tk

5hh! 't ~')L'e<t|ms
Diesziiibi vartous rhovements involved
. the-transpoit-of materials across
the cell membrane.
(1) Passive transport
(2) Diffusion
(3) Osmosis
(4) Carrier mediated

(Facilitated diffusion)
(5) Endocytosis
State various structural
modifications in a cell involved in
secretions.

transport
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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,| Tnese .involve, ioriatior
of glycopr=teing ond-glycolipic's. |

List the, ‘orogusses
mitachndrial feilure imra cell.

(i kreheeycete
(in)-Ziectron transport chain

(iii) 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 wa'l is
made up of peptldoglycan manl;

while plani ™ cell waii *mnny {
contains ./ celiuiose., (Jimitarty
bacterial T 'calll | wall! | showis

permeﬁblhty varigbly wiila-piant

~2ll wall is\permeaste to water and
| [raihEra i

hiockad By

Q.5. Extensive Questions.
) Compare structure and function of,
chloroplasts and iviochordrie. | |
Emﬁ_iﬁvm’!ﬁ T» u "I.i‘xr;t..p“gm""
| 4 \ . | &roun
4 Iritiod(cetion '-"Irh?iﬁrglfﬁﬂglla géuglant and animal
; . ! Their inner
! 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. Aksence of tiect
enzymes—yiili \E“UIT m Ios, O
igestion, | " -

Lyscso mel 2nzymes are mvolved
i, | Hejeiseration of  various
siructures 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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