elleT=A&
At

TEXT BOOK

e —

Botany

{0

UNMESH

Medical & Dental Admis




Chapter One

Life is both wonderful and majestic. Yet for all of its majesty, all
organisms are composed of the fundamental unit of life, the cell.

From the unicellular bacteria to muiticellular animals, the cell is

one of the basic organizational principles of biology. Secretes of
complexity of the life remain concealed in these small structures.

Until now, scientists have not been able to reveal all functional

mysteries of cell. In this chapter, a discussion has made about the

structure and function of the cells.

Key words: Cell, eukaryotic, prokaryotic, ‘mitochondria,
chromosome, DNA, RNA, replication, transcription, transiatlon,

gene, genetic code.

Period 25: After reading this chapter student should be able to (Learning output)-

O Describe the position, physical and chemical structure and functions of celt wall and plasma
membrane. :

O Describe the chemical nature and metabolic roles of cytoplasm.

O Describe the position, structure and functions of ribosome, lysosome, Golgl bodies and
centriole.

O Differentiate between smooth and rough endoplasmic reticulum based on structure and
functions. :

O Explain the functional interrelationship of external and internal structure of the mitochondria.

O Explain the functional interrelaticuship of external and internal structure of the chloroplasts.

O Describe the structure and functions of nucleus.

O Compare the chemical structure of nucleoplasm and cytoplasm.

O Draw and label the diagram of different organelles of cell.

O Understand the roles of cells in different activities of organism.

O Describe the physical structure and chemical components of chromosome.

O Describe the roles of chromosome in cell division.

O Explain the structure and function of DNA and RNA.

O Explain the types of RNA.

O Illustrate the replication mechanism. ' it

O Illustrate the transcription mechanism.

O Illustrate the translation mechanism.

O Describe the gene and genetic codes.

O Comprehend the role of DNA as genetic materials.
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2 Cell: Structure and Functions

et T Introduction '

g bo_ y consxsts of many complex and small units. Scientists have recognized
i "building blocks of life ". The word cell comes

in whlch a prlsoner 1s Iocked | up or in whlch a monk
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Types of Cell
> Pn the basis of nuclear organlmt@ Dougherty (1957) classified cells into the two types i.e.
Prokaryotic cell and Eukaryotic cell;

(a) Prokaryotic cells (Gr-pro=primitive and karyon=nucleus): The cells having no nucleus are
called prokaryotic cells. These cells are comparatively small, >5 micrometer. They have no cellular
organelles except the ribosomes of 708 type Bacteria, Cyanobacteria etc. are examples of
prokaryotic cells.

(b) Eukaryotlc'c'f.ﬂ? (Gr-eu=true and karyon=nucleus): The cells having true nucleus are called
eukaryotic cells. These cells are comparatively large, <5 micrometer. They usually have all the
cellular organelles. The ribosomes of these cells are of 80S type. Except prokaryotic cells, all other
lower and higher organism’s cells are of eukaryotic type.

Differences between ProKaryotic and Eukaryotic cél§'

Characters Prokaryotes Eukaryotes

1. Size The size is 0.1 — 5.0 pm. The size is 5 — 100 pm.

2. Cell wall If present, contains mucopeptide | If present, contains cellulose,
or peptidoglycan. _ peptidoglycan is absent.

3. Nucleus No real nucleus. Real nucleus with double membrane.

4. DNA DNA is generally circular and DNA is commonly linear and with

- without histone protein. histone protein.

5. Ribosome Ribosome is of 70S type. Ribosome is of 80S type

6. Mitochondria None One to several thousand.

7. Plasmids Plasmid may occur. Plasmids are rare.

8. Mesosome Cell membrane may have Mesosome absent.
infolding called mesosome.

9. Cell organelles No cell organelles, except Al types of cell organelles are present.
ribosome ‘

10. Pili and fimbrae | They may have pili and fimbrae. | Pili and fimbrae are absent.”

11. Transcription Transcription occurs in the Transcription occurs inside the
cytoplasm. nucleus.

12. Respiration Anaerobic. Aerobic.

13.Cell division Binary fission Mitosis and Meiosis :

14. Organisms Bacteria, Cyanobacteria. Protists, fungi, plants, all animals.

and does not have the ability to transfer genetic information to offspring. SOmatlc
(2n) meaning that they contain two sets of chromosomes, one inherited from eact

11; A germ cell is the sex cell that is used by sexually I
on genes from generation to generatlon Germ cells are (n) mea
set of chromosomes. Fges and'speri cells are the germ CO“S
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Fig 1.2 Electron microscopic view of an animal cell
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Differences between Somatic cell and Germ cell

Somatic cell

Germ cell

1. A somatic cell or vegetal cell is any
biological cell forming the body of an organism.

1. Germ cells are cells that give rise to
gametes, i.e., eggs and sperms.

2. A somatic cell has a diploid (2n) number of
chromosomes.

2. A germ cell has a baploid (n) number of
chromosomes.

3. Somatic cells cannot transfer their generic
information to next generations.

- 3. Germ cells can transfer their genetic
information to next generations.

4, Somatic cells are produced through the
process of mitosis and cytokinesis.

4, The process of germ cells is produced
through meiosis.

5. Mutations that occur in somatic cells affect
only the individual and will not be passed on to
the next generations.

5. Mutations that occur in germ cells can he
passed to the offsprmg

6. Somatic cells can be differentiated into
various types of cells in the body.

6. Germ cells cannot be differentiated.
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~ Fig 1.3 Different animal cells

Fig 1.4 Different piant cells

@ Shape of cell: The shapes of cells are quite varied and determined by the specific function of
the cell. The cells may have diverse shape such as polyhedral, flattened, cubo:dal columnar,
discoidal, spherical, spindle shape, elongated, or trregular shape. Some cells have branched-

filaments.

EI Size of cell: The sizes of cells are also vaued Most of cells of multicellular orga
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green marine algae, Acetabularia (0. 5 to 10cm) but longest plant cell is the fibre of rami plant
(Bochmeria nivela) which is 55cm in Iength

Q Cell number: The organism made up of a single cell is called unicellular organism.
Organisms like the [!maeba Paramecmrg are §1ngle—celled organisms. Organisms that consist of
miore than one cell are known as multicellular organisms. The number of cells in multicellular
organism depends on its size and shape. An adult human body has 100 trillions of cells.

Q Cell organelles: Cell organelles are specialized subunits within a cell that have specific
functions, and are usually separately enclosed within their own lipid bi-layer. There are many types
of organelles, particularly in eukaryotic cells as mitochondria, ribosome, Golgi bodies, nucleus etc.

Q Cell inclusions: Cell inclusions are non-living, often temporary materials in the protoplasm
of a cell also called metaplamc bodies in case of animals and ergastic substances in case of plants. -
mmcludesmetabohc prodncts plgment granules, fat droplets, or nutritive substances

Q Cytology: Cytology (from Kytos=cell and logia=knowledge) is the study of cells. Cytology
is that branch of life science that deals with the study of cells in terms of structure, function and
chemlstry @ohert Hoﬁj@ (1635-1703) is sometimes seen as the father of cytology but Carl P»

S0 (1911-1996) is the father of modem cytology!

Q Units of measurement: Cell biology deals with things which are relatively small. The units of
measurement typically used are the micron at the light microscope level, and the nanometer at the
electron microscope level. For molecular measurements, the norm is the Angstrom. These units are
defined within the following table:

B

Measure Symbol Relative Length | Exponential Notation
Meter "M 1 10°
Decimeter dm .1 10”
Centimeter cm .01 10”*
Millimeter mm .001 107
Micrometer or micron u .000001 10°
Nanometer nm .000000001 107
Angstrom : A .0000000001 R (]

L

From this table it is apparent that:
1 meter = 100 cm = 1,000 mm = 1,000,000 pm = 1,000,000,000 nm
1 centimeter (cm) = 1/100 meter = 10 mm
* 1 millimeter (mm) = 1/1000 meter = 1/10 cm
1 micrometer (#m) = 1/1,000,000 meter = 1/10,000 cm
1 nanometer (nm) = 1/1,000,000,000 meter = 1/10,000,000 cm
Cell theory :
In biology,, cell theory is a scientific theory, which describes the properties of cells. The jcellf

T i e B

German Botanist Matthias Jakob Schleiden aiig
J The generally accepted parts of modem cell theory include:

| All known livmg things are made up of one or more cells.

.All living cells arise from pre-existing cells by division.

' The cell ls the fundamental unit of structure and function in all living organisms.
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{4.The activity of an organism depends on the total activity of independent cells.
{3. Energy flow (metabolism and biochemistry) occurs within cells.
16. Cells contain DNA which is found specifically in the chromosome and RNA found in the cell
nucleus and cytoplasm. '
1 7./All cells are the same in chemical composition in organisms of similar species
Limitation of Cell theory:
Cell theory does not have universal application; it has many limitations, which are as follows:
1. Viruses, Viroias and Prions do not have a cellular architecture.
2. Eubacteria and archebacteria do not have an organized nucleus.
3. Certain algae (Vaacheria), fungi (Rhizopus, Mucor etc), and Ciliates are coenccytic in nature
i.e. consists of multinucleate mass of protoplasm.
4. RBCs and mature sieve tube cells live without nucleus and other cell organelles.
5. Connective tissues contain many non-cellular ground substances called matrix.
6. Protoplasm is replaced by non-living materials in the surface cell of skin and cork.

Organization of a typical plant cell
A cell comprises of some complex structure and chemicals. All the components found in a cell
constitute the cell organization. The organization of a plant cell is shown in the following chart:

ﬁPlaEt cell
v
Non-living materials Protoplasnl(living)
Cell wall Cytoplasmic Cell membrane  Cytoplasm Nucleus
ponlwmg materials ¢ : 3 e
¢ _ * * Cytomatrix  Cytoplasmic
Stored Secreted Wif,ted orgaiellw
» Enzyme  » Tanin » Plastids » Nuclear membrane
» Proteins " Pigments  » Reign » Matochot'ldrla » Nugleoplasm
b Lipids » Nectar » Latex » Endo. reticulum » Nucleus -
. » Organic acid » Golgi complex » Nuclear reticulum
» Carbohydrates : \
: : » Glue » Ribosome
» Alkaloid : » Lysosome
» Oil » Centrosome
» Minerals - » Cell vacuoles AREiRas
» Microtubules AL S 8
: - ’Peroxisomes- ; o R T
Note that, animal cells have no cell wall in their cellular organization. - ¥y
TESEROEIG S ERE e | ‘;w_gi;
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1.1 Cell wall
The cell wall is a fough, | ‘fiexible or rigid layef that surrounds the plasma membrane of plant cell. A
plant cell wall was first ﬁbserved and named (simply as a ‘wall’) by Robert Hooke in 1665 In 1804,
Karl Rudolphi and J.H.F. Link proved that cells had independent cell walls. (Cell wall is th¢
@iniquelcharacteristics of plant cell Each plant cell originates from a pre-existing cell thus cell wall
start to develop during the telophase of mitotic cell division.
Physical structure

A completely developed plant cell wall comprises of three different types of layers, viz.,

1. {The | middle lamélld: This putermost layer forms the interface between adjacent plant cells
and glues them together. This layer k,nnch of pectm ‘Lonely single cell have no middle lamella.

2. The’ primary cell'wall: It is generally a thin, flexible and extensible [1-3 micrometer thick
layer. It is fonned while the cell is growing. It present on both side of the middle lamella. In case of
parenchyma, collenchyma, mesophyll tissue etc. the primary cell wall is only cell wall of the cell.

3. ﬁ'he secondary cell wi’_lj' It is a thick layer (5-10 micrometef) formed inside the primary cell
wall after the cell is fully- -grown. It not found in all cell types. Some cells, such as the ftracheid]
@l@?ﬁaﬁg etc. | ossess a secondary wall containing lignifl, which strengthens and waterproofs the
“he cells of vascular tissue have no secondary cell walls?

The tertlary cell wall: It is of rare occurrence in tracheid of gymnosperms. It deposited on the
inner side of the secondary cell wall. It is relatively richer in xylan than cellulose.

pit membrane

———pit

I‘lg 1.5 Armngement of different layer and pit field in cell wall

Chemical composntlon
The chemical comp

of cell wall varies in different plant species. @actena! cell walls*@
y coproteifl.
have a cell wall gonsisting 'l ::_'-éfy”of,glmosamme polymer chitin and otHgt
True fungl do not have cellulose in their cell walls.
s de of glycoproteins and polysaccharides such as carrageenan and
plants Umcellular algae diatoms have biogenic silicic acid in their

agar tha are absent from |
cell walls.
The cell walls of archaea have various composntlons, and may be formed of glycoprotein S-

Iayerg, pseudopeptidoglycan, or polysaccharides.
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Cell wall ‘of higher plants mainly composed of cellulose and pﬂyﬁﬁc
Jamellaf} of cell wall largely composed of a chemical known as jpee The
‘,‘pnmary cell wall is. cellulosf% but there are some depositions of hemlcelluloses, pectm, glycoprotelrf*
etc. The outer part of the primary cell wa.g of the plant epidermis is usually impregnated with Sufik
and wax, tormn@ a permeability barrier known as the plant cnti;cﬂ The secoric _"_. t: con
of cellulose (35- 50%)] gylan (20-35%); cutin, suberin, pectin, lignin (
5\8 micelles unifs in the cel! wall. Each mlcelles unit comprlses of se
moleculesz

Plant cell wall also contains numerous enzymes, such as hydrolases, esterases, peroxidases, and

transglycosylases, that cut, trim and cross-link wall polymers.

Plasmodesmata: In cell wall at many places, the cellulose layers are absent and at these places,
small pits are formed. These places are called primary pit fields. These pits are always opposite in
between the walls of adjacent cells. In such case the middle lamella is called a pit membrane. There
are many minute pore in the middle lamella through which the protoplasm of both cells are
connected together by microscopic fibrils. Each fibril is called plasmodesma and the group of these:
fibrils is called plasmodesmata. These structure discovered by Tangle.

Functions of cell walls'

1. Cell wall maintains the structural integrity of the cell.

) Thick walled cells provide mechanical support and acts like a skeleton of the plant by

providing rigidity, strength and flexibility.

3. Cell wall provides tensile strength and limited plasticity that are important for keeping cells
from rupturing from turgor pressure. :

4. By impregnation of cutin and suberin cell wall reduces loss of water by transportation.

5. It provides mechanical protection from insects and pathogens.

6. It being freely permeable, helps i the absorption and traﬁspor_tation of water and solutions in
the different parts of the plants.

7. Physiological and biochemical activities in the cell wall contribute to cell-cell communication.

Differenc

Primary cell wall Secondary cell wall
1. Primary cell wall is the first formed cell wall 1. It is the later formed cell wall and mner to
and inner to middle lamella. -primary cell wall. M
2. It is thin and present in all types of cells, 2. It is thick and not pment in merlstematm e
_ | and parenchyma cells. St
3. It is homogeneous in thickness and elastic in 3. Itis irregular in thickness aj

nature.
4. It grows by intussusceptions.
5. It is mainly composed of cellulose.

* - WA 37 8 ¥ -3
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Protoplast
Protoplast (Gr. protoplastos= "first-formed") refer to the entire cell, excluding the cell wall.
Hanstein first proposed this term in 1880. Therefore, protoplast of plant cell consists of plasma
lemma and everything cositained within it. Vasil (1980) defines that “the protoplast is a part of plant
cell which lies within the cell wall and can be plasmolysed and which can be isolated by removing
the cell wall by mechanical or enzymatic procedure”. Experimentally produced protoplasts are
known as isolated protoplasts. Protoplast consists of protoplasm and non-living substances within’
feelll
Protoplasm
Protoplasm is the complex, semifluid, colloidal, translucent substance that constitutes the
interior matter of a living cell and is composed of proteins, fats, and other molecules suspended in
water. The ferm protoplasmi (Gr. protos = first + plasma = anything formed) vas first used by J. E.
Purkinjg in 1840 for the material of the animal embryo. Huxley (1868) referred to protoplasm as the
@hys‘lgal basis of lif@. It does all the activities of living beings. For this reason, protoplasm is
recognized as the ‘physical basis of life’ or vivum fluidum.
Physical properties of protoplasm:
1. The protoplasm forms a polyphase colloidal system.
2. The protoplasm exists mostly as a sol (which is semi-liquid) but sometimes it becomes rigid
and is viewed as a gel (which is sem-solid).
3. The particles of the protoplasm show an erratic zig-zag movement. This random motion,
caused by the uneven bombardment of particle is called Brownian movement.
4. The particles of the protoplasm cannot be filtered through ordinary filter paper but can be
filtered through ultrafilters such as millipore filters.
5. The particles of the colloid carry an uniform electric charge.
6. When the particles of a colloid lose their charges they tend to aggregate and increase in size.
As a result they fall out and get precipitated. -
7. It has a high specific heat, thus, it provides protection against fluctuation in temperatures.
Different workers advanced different theories about the physical characteristics of the
protoplasm. These theories have been represented as follows:
M Reticular theory: According to Frommann (1865) the protopla,sm is composed of reticulum
of fibres or particles in the ground substance.
H Granular theory: According to Altman (1886) the i:rotoplasm contains many granules of
smaller and larger size known as bioplasts arranged differently.
M Alveolar theory: According to Butschli (1892) the protoplasm consists of many suspended
croplets or alveoli or minute bubbles resemblng the foams of emulsion
& Colloidal theory: According to Wilson and Fishar (1894) the protoplasm is partly a true
sclution and partly a colloidal system.

Chemical properties of protoplasm:
1. The major constituent of the protcplasm “* water which makes up 80-90% of it.

-
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2. The dry matter has several organic and inorganic substances. Generally, the dry protoplasm
shows the following constitution-Protein 45%, Carbohydrates 25%, Lipids'25% and other substances
5%.

3. Proteins and other nitrogen-containing compounds constitute the bulk of organic matter.

4. Liquids like fats and oils are present in small amounts.

5. Compounds consisting of chlorides, phosphates, sulphates and carbonates of magnesium,
potassium, sodium, calcium and iron are also present.

Main parts of protoplasm:
The protoplasm made up of hree main parts: cell membrane, cytoplasmandnuy

Functions of protoplasm:

1. It carries out all the processes necessary for life.

2. It processes nutrients and oxygen, change food into living matter, ejects used substances,
renews its worn parts, and itself produces new cells. '

3. It houses larger sub-cellular organelles such as mitochondria.

4. Itresponses well to external stimuli like electric shock, heat, cold, chemicals etc.

5. The water of protoplasm is essential for maintaining life.

1.2 Cell membrane/Plasm_alema/Plasma membrane

The cell membrane or plasmalema is a living, elastic, sel and fi
biological membrane that separates the interior of all cells from the outside environment. In
plant cell it is occurs just beneath the cell wall and in animal cell, it occurs outer margm of
cytoplasm. Chemically:it consists ‘of the phospholipid bilayer with 1 ¢
Inembrane was given by G3 Nageli: and‘(;‘tag (1855) Whil
J.Q. Plow @(1931)
{Physical structure]

Several theories regarding the physical structure of cell membrane have been proposed by
different scientists. Some of these are as:
[.The lipid membrane model theory of Gorter and Grendel (1925), :
2 The sandwich model theory of Danielli and Davson (1935) . i
3. The unit membrane model theory of Robertson (1953) and Sais
E@_};The fluid mosaic model theory of Singer and Nicolson (1972).

Among these here described only two more acceptable theories viz.,
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membrane comprises of total four layers of which two are outer layers of protein and two are ‘nner

_layers of lipid.
! ;; i;; ;j ! ; ig bi-molecular lipid layer

Fig 1.6 Umt membrane model of plasma membrane

outer protein layer

inner protein layer

Fluid Mosaic Model Theory of Singer and Nicolsor

’_t‘*r.ﬂ:nd;« modern explanatiod of plasma membrane
descnbed by English scientists §:°J. Singer and Garth
Nicolsonin "1972 The model of plasma membrane
described by these scientists is called {Singer-Nicolson’s : ;
~ fluid‘mosaic model. According to this theory: = -
g'm - Sl S.J. Singer  G.L. Nicolson

Eﬂ The main component of cell membrane is a bimolecular lipid layer that actually consists of
two rows of phospholipids molecules. Each phospholipid molecule has a water-soluble polar head
and two fat-soluble non polar tails. The polar head of phospholipids is hydrophilic (hydro=water;
philic= owing) and non-polar tail is hydrophobic (hydro=water; phobic =fearing). The hydrophobic
tails always try to avoid water and face the inside of the bilayer, whereas the hydrophilic head faces
the exterior and the interior.

peripheral protein

glycoprotein
glycolipid
... polar head
outer fac non-polar tail
Q {ti{.c Q 0
(3 (S © X
e { :? l :. :. % (I‘l cholesterol
FOXHUDCOOTOOONT
S s loe e NL e~ 1 lipid molecule
mtegrai protem .. TR -.’. S e e il evtoplasm

Q

- Fig 1.7 Fluid mosaic model of cell membrane

cho_lts‘fa'ol__ molecules whose presence spawned the term mosaic. The plasma membrane has
described to be fluid because of its hizdropbobic integral components such as lipids and membrane

LS Wlthm the phospholipid bilayer are many different types of embedded proteins and |
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pro:=ins that move laterally or sideways throughout the membrane. That means the membrane is not
- solizl, but more like a fluid.

%3 Few protein molecules exist outside the lipid layer, called peripheral protein molecule and
sorsse are partially or entirely pass across the lipid layer, called integral protein molecules. Integral
presein molecules create ‘ion channel’ through the cell membrane for passing water-soluble
ma.ecules.

4, | Oligosaccharide (carbohydrate) molecules attached to some protein and lipid molecules of
ou:er side of cell membrane to form glycoprotein and glycolipid respectively.

{5. The fluid mosaic membrane is thought to be far less rigid than was originally supposed. In
fact, experiments on its viscosity suggest that it is fluid consistency rather like the oil, and there is a
considerable sideways movement of the lipid and protein molecules within it.

£6. :On account of its fluidity and the mosaic arrangement of protein molecules, this model of cell
membrane is known as the ‘fluid mosaic model’. The fluid mosaic model has found to be applied to
all biviogical membranes in general, and it is seen as a dynamnic, ever-changing structure.

Chemical structure Chemically cell membrane composed of following components
l Protein (60- 80%) Structural protein, carrier protein, enzymes etc.
2 2.iLipid (20-40%): Phospholipid (lecithin, phosphotidic acid) sterol, fatty acid etc.
E’J. Carbohydrates (4-5%): Glycolipid, glycoprotein, galactose etc.
4, Water and minerals: Trace amount.

{Functions of cell membraned
The cell membrane performs following functions:
1. The cell membrane surrounds the cytoplasm of living cells, physically separating the
intracellular components from the extra cellular environment.
2. It is also plays a role in anchoring the cytoskeleton to provide shape to the cell, and i1
attaching to the extra cellular matrix and other cells to help group cells together to form tissues.
3. It is selectively permeable and able to regulate what enters and exits the cell, thus facllltatmg
the transport of materials needed for survival. _
4. The cell membrane functions as a barrier that makes it possible for the cytoplasm to maintain
a different composition from the material surrounding the cell.
5. It provides protection to the internal contents of the cell.
6. It can take in solid and liquid materials by phagocytosis and pinocytosis processa
respectively. : : Yo
7. In animal cells, it is involved in the formation of vesicles, cilia, flagella, microvilli, etc. ' "!ﬁ'_ :
8. The cell membrane contains numerous receptor molecules that are involved in communication
with other cells and the outside world in general. These reSpond to ant:gens, horm
neurotransmitters in various ways. LIS s
9. The cell membrane also allows cell identification. i S A
10. It enhances the absorbing area by producing microvilli in arumal cellSTisu
11. It controls the molecular activity of the cell. sl
12. The cell membrane contains different types of enzymes.
13. 1t plays important roles in developing different cell organelles.
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Differences between cell wall and cell membrane

Cell membrane
1. Living, present in both plant and animal

cells.
2. Composed of lipid — protein- lipids layers.

Cell wall
1. Non-living, only present in fungi, bacteria,
| algae and all other plant cells.
2. Composed of middle lamella, primary and
secondary cell wall.
3. Chemically the cell wall is made up mainly [ 3. Chemically the cell membrane is made up
mainly of proteins, carbohydrates and lipids.

of cellulose, pectin and chitin
4. Primarily permeable, but secondarily | 4. Always semi-permeable.

becomes non-permeable.
5. It surrounds the plasma membrane.
6. The function of the cell wall is to provide

strength and rigidity to the cell.

5. It surrounds the cytoplasm.
6. The function of the cell membrane is allows
the passage of certain substances through them.

Modification of cell membrane
M Microvilli: These are tiny hairlike folds in the plasma membrane that extend from the surface

of many absorptive or secretory cells. Each epithelial cell of small intestine and nephron having 3000
ovilll. Microvilli greatly increase total cell surface, and therefore also the absorptive capacity of

cell,
B Desmosome: Desmosomes are intercellular

junctions with tonofibril fibres modified from cell
membrane, provide strong adhesion between cells.

B Phagocytic vesiclee A membrane-bounded
intracellular vesicle that arises from the ingestion of

particulate material by phagocytosis.
B Pinocytic vesiclee A membrane-bounded

intracellular vesicle that arises from the ingestion of -
liquid material by pinocytosis.

W Tight junction: It is a type of cell junction
formed between epithelial cells of vertebrates wherein
the cell membrane of two adjacent cells fuse, thereby
serving as a barrier to the passage of fluid between

cells. Found in neuron of brain Fig 1.7: Modification of cell membrane

microvillus

cell membrane

actin fibres

tight junction

tonofibril _ﬁbres

gesmosome

Cytoplasm and Cell organelles

franispareiit, granalaf, colloidal, ﬁolourleg and (flexibI¢ constltuent of cell
H:A Lardy (1965)

enclose by cell memi}fanc is called cytoplasm or cytosol. American biochemist
' erm cytosal. The cytoplasm is found inside the cell membrane, surroundmg the

nuenvelope and the cytoplasmic organelles. The main and matrix component of the cell is the
cytoplasm. It contams all the cel! organelles, SOIld non—llvmg matenals, stored foods, orgamc acids,
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Comparatively less dense central area of cytoplasm is known as endoplasm’
_ce,. membrane adjacent area of cytoplasm is known as ectoplasi

e

PLysical properties of cytoplasm

Cytoplasm is a live, semi-transparent, colloidal, colourless, viscous and flexible matrix
substance. Its 98% components is water. Different types of cell organelles and organic substance
u-.iformly distributed throughout it.

Caemical properties of cytoplasm

The chemical components of cytoplasm classified as in two groups: organic and non-organic.

(a) Inorganic components

The foremost inorganic components of cytoplasm are water. (65-85%), minerals and dissolved
gases. The water is not only the key component of the cytoplasm, it has illimitable significance as a
solvent of many vital substances of the cell. The quantity of water differs in different types of cells
but in most case, cells contain 65-85% of water. Of cellular water, 95% is free water and numerous
organic and inorganic chemicals are dissolved in it.

Cytoplasm contains several types of inorganic salts (minerals). Among these Na, K, Ca, Mg etc.
are especially significant. These minerals play important role in maintaining ionic balance of
different physiological activities.

(b) Organic components

The organic components of cytoplasm are prot
1 5%), pigments eté All types of protem such as

apresent into cytopl;_
“notable. The major conjugated proteins are nuclea aprotein, glycoprotein, lipoprotein, chromoprotein
etc. Proteose, peptone etc. are the derived proteins of cytoplasm. These proteins produced from
natural protein through digestion, hydrolysis or any other chemical reaction.

Lipid components of cytoplasm differ in different cells (]-3%) G
lypolipids;’ cholesterols etc aré the prmclpabhplds of cytoplastii? The a ount
ytoplasm ranges 1-1.5%. They exist freely or conjugated in the cytoplasm a
types of polysaccharldes These: components :
Glucose, galactose and fructos
plsacchandes and
conjugated with other

co-enzyme etc.

“of In cytoplasm carbnhydrates
compounds to form some essential components of the cell like nucleic acid,

Metabolic roles of Cytoplasm :
1. The cytoplasm holds all of the cellular organelles outside of the nucleus and maintains the

shape and consistency of the cell.
2. It is also a storage place for chemical substances indispensable to life, which are mvolved in
vital metabolic reactions, such as anaerobic glycolysis and protein synthesis. . _
3. The cytoplasm is the site of protein synthesis and most of the cell's mte.rmedla:y metabohsm.
4. It has thousands of enzymes involved in metabolic activities.
5. In bacteria, chemical reactions take place in the cytoplasm and all of‘the;
suspended in it. . e

genettcd matenal has
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6. The enzymes in the cytoplasm break down large molecules, thereby helping the organelles to

use them.
7. Exchange of chemicals between the organelles is also one among the different cytoplasm

functions.
8. Cytoplasm is the binding factor for the organelles inside the cell and it synchronizes the

various cellular functions.
9. The cytoplasm contains many salts and is an excellent conductor of electricity, which

therefore creates a medium for the vesicles, or mechanics of the cell.
10. Water of cytoplasm carry several chemical compound which essential for life. Most of the

metabolic reaction of cell held in cytoplasmic water.

CYTOPLASMIC ORGANELLES
1. Plastid

In the cytoplasm of plant and algal cell there are numerous sphencal or dlscmdal or fibrous

ex1st slattemly in the cytoplasm Plasuds are found in almost all the cells of the plant body elther in
the form of colourless plastids or colour plastids or proplastids. Plastids are the site of manufacture
and storage of important chemical compounds used by the cell. They have a common evolutionary
orlgln and possess a . double-stranded DNA molecule that is circular, like that of prokaryotic cells.

3T Al

ight to have originated from endosymbiotic cyanobacterid. This symbiosis evolved

around 1 5 bllllon years agoand enabled eukaryotes to carry out oxygenic photosynthes is.

1 Leucoplast (Gr !euca—‘whlte plast=living)

). S, They occur ﬁ]@mommonly in the embryonic cells, gametes,
; 'Egﬂmwd underground stemi§! These are spherical or
shape structures. @@Eﬁfﬂl@ﬂebcﬁhjast ‘become chloroplasts.

J i8¢ Leucoplasts store the food of the plant body in the forin of starch, protein and lipids.
Thc leucoplast of tuber, cotyledons and endosperm are responsible for the synthesis and storage of
starch granules are known as amyloplast and the leucoplasts of seeds responsible for the synthesis
and storage of oil and fat are known as elioplasts. In some cases they synthesis fatty acids and amino
acids which are called aleuroplast.

2. Chromoplast (Gr. Chroma=colour)
: Chromoplasts are red, yellow, orange or brown in colour and are foundm petals of ﬂowers, in




Biology Part | 17 Cell: Structure and Functions

- 3. Chloroplast (Gr. Chloros=green)
The green colouréd plastids are called chloroplasts. Their discovery inside plant cells is :
usually credited to Julius von Sachs (1832-1897), an influential botanist familiar as {Father
Modern Plant Physmlogﬁ Chloroplasts are probably the most important among the plastlds since
they are directly involved in photosynthesi§. They are usually ; situated near the surface of the cell and
occur in those pans that receive sufficient light, e.g. the palisade cells of leaves, tender green stem,
green fruits etc. The green colour of chloroplasts is due to the green pigment chlorophylL N
there are 20-50 chloroplasts in a plant cg but in algae, just one chloroplast may be present ina cell.
ln the moss Mnium, approximately 106 chloroplasts are present in each cell.

Physical Structure: In higher plants, the chloroplasts are lens. shaped; However, their shape in
higher plants is usually ovoid, discoid or ellipsoid in higher plants. In algae, the chloroplasts have
very unusual shape and size. In Chlamydomonas the chloroplast is disc shaped, in i
ribbon shaped, in Oedogonium it forms a network, in Desmids and Z_]«:gnem;"_‘l;,;:g;= _', ='~=
jlke radiating plateg A typical chleroplast of higher plant’s leaf has the following structure:

outer layer
inner layer

stroma lamellum

DNA loop

ribosome:

osmiophilic granule
thylakoid

tarch

stroma

granum

Fig 1.8 Ultrastructure of a chloroplast

stroma lamellum

————photosynthetic unit
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(b) Stroina;: [iside the inner membrane there is a watery protein-rich ground substance called the
stroma or matrix. The stroma contains fat globules, starch grain, osmiophilic granules, pyrenoids,
and enzymes of dark reaciion. it also contains RNA, DNA, 708 ribosome and several plasmids.

mﬁﬁa In the stroma embedded a continuous membrane system, the granal network.
This network forms a (liree-dimensional : arrangement of fnembrane-bound vesicles called thylakoids
of 100-300 A wide. The {nner chamber of thylakoid contains the photosynthetlc pigments)

Eﬁfii’ ﬁﬂl ‘a and » and the yellow to red carotenoids, lipid and enzym@8. These components
coliectively kniown as quantasome. Thylakoid membranes hold the photosynthetic units and ATP=
ﬁ‘iﬂ-ﬂs@

(d) &?mﬁﬂ i e thylakoids usually lie in stacks called grana. A granum may be of 0.3-1,7
l'l’llCl:%lﬁﬂtuf height and Fom,;nsas of 50-160 thylakm& In a chloroplast, usually 40-60 grana are

ﬁ’ﬁ

(e) Stroma lamclize: The grana are interconnected by tubular membranes called the intergranal

frets or stroma lamellae. These structure also contain chlorophyll.

e, |

Chemical composition: Chemically the chloroph.sl:, Contain proteins, lipids, and chlorophyll,
f_.iWﬂs ‘and DNA. Carbohydrates are found in a very low percentage #nd in chloroplasts
the common carbohydrates are starch and sugar pliosphates. Proteins form a part of chloroplast
membrane and lamellae, and are also present in the matrix in the form of enzymes. Lipids are mainly
phospholipids, fats, sterols and waxes found in the lamellae and wall of the plastid.

rophyll is of two types-chlorophyll a and chlerophy!li. Chloroplast DNA resembles closely

-wnth bactena' DNA. RNA is found in ribosome of plastids. RNAS are of two types: 24S rRNA and
16S rRNA.
(Etinctions of Chloroplast
The main functions of chlorcp!asts are:
ﬁi‘? Absorption cf light energy and conversici of it into biological energy.
E) Production of NAPDH, and evolution of oxygen through the process of photolysis of water.
¢ Production of ATP by photophosphorylation. NADPH, and ATP are thc assimilatory powers

of photusynthesis.

ﬁ}j Breaking of 6-carbon glucose atom compound into two molecules of phosphoglyceric acid
(PGA) by the utilization of assimilatory powers.

@ Conversion of PGA into different sugars and store as starch. That is why chloroplasts are
called as cooking place or kitchien of cell for all the green plants.

{6 They also carry genetic materials as DNA.

{72 Chloroplasts carry out a number of other functions, including fatty acid synthesis, much amino
acid synthesis, and the immune response in plants.

@mymnbeMRn Leucoplast, Chromoplast and Chloroplast

Leucoplast Chromoplast Chloroplast
1. They are colourlms 1. Chromoplasts are orange- 1. Chloroplasts are green
_plastids. red plastids. coloured plastids.

|# .2. Leucoplasts usually occur 2. They are commonly found | 2. They are present in all
in unexposed parts of plants. in exposed parts of plants like | green parts of the plants.
. flowers and fruits.
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3. Internal lamellae are 3. Internal lamellae 3. Internal lamellae are well
present. degenerate. developed.

4. They help in storage s of 4. Chromoplasts are nch in 4. They take part in
minerals, starch, protein and carotenoid and lipids. photosynthesis.
lipid.

| 5. The shape is more regular, 5. They have variable | 5. The chloroplasts are lens
mostly rounded. shapes.like elongated, shaped.
. angular,spherical etc.

6. They can change to other 6. They do not get changed to 6. Do not undergo
types of plastids. other types. transformation.

7. They have no role to play 7. They attract insects and 7. They play key role in
in the process of pollination and | animals for pollination and pathogen defense as part of
fertilization. fertilization. immune response.

2. Mitochondria

Mitochondria (Sing: Mitochondrion; Gr-mitos, warp thread + khondrion- granule) are membrane-
bound spherical or rod-shaped small organelles within the cytoplasm of eukaryotic cel!s and are
referred to as the owerhouse of the c%ﬁ since they act as the §ite'for the p '
?ompounds (e.g: ’? which are vital energy source for several cellular processes 13}_‘
first observed mitochondria in flight muscle of insects:" W. erve
p:tochondrla and called the as f la. Altmﬁ (1890) C“alled them /
heir present P_z';up_e _ml_to_chondrg These organelles dlspersedly dlstrlbuted m ‘the cytoplasm and
constitute 20% of cell voluriie. The gumbef of mitochondria in each cell varies enormously from {I't§
10,000 in some specialized types of cells. Altypical'numberc 10
{30% Some ce]lg in some multicellular organisms may however lack -
;nammallan red blood cel@ Mitochondria have been implicated in several human diseases,
including mitochondrial disorders, cardiac dysfunction, heart failure and autism.
Physical structure
1. Shape and Size: The shape of mltochondrla may be filamentous, granular, or oval. They '
measured as long as 3-10 micrometers and wide as 0.2-1 micrometer. In some case, they may be
long as 40 micrometers.
2. Membrane: Actually, mitochondria are organelles that have a double unit membrane
structure One of them is called outer membrane and other is inner membrane. The -
e defines the external shape of th il many
ISEAE The volume between the inner and outer membranes is called the nembran
g_pﬁwi e approx 70A) and the volume enclosed by the inner membrane is called the matrlx of the
mitochondrion. ;
3. Mitochondrial matrix: The mitochondrial matrix contains a hlghl concentrated mlxture of '
hundreds of enzymes. These include most of the er _ ;
matrix also

_ . Cristae: nstae are folds of the inner ;mtochondnal membrane. Ther quantityandahip@‘omm
: cristae may vary. For example, although theshape of cristae within mitochondria is oﬁ'emeitl‘fa%ﬂat
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or tubulas, in some cases (e.g in certain nerve cells) cristae take the form of prisms while in other
cases (.g. in some photoreceptor cone cells) they have a whorl-like shape.

oL
- .rl-\-\':“\ ;
(“ar< ribosome
N7 TN 1

R

‘\j/ ,é P e outer men;

. --'\
b,
5 A
T

outer mem.

inner mem.

inner men,
ETS

vif \
gy \\ DNA protein layer
PN fn _'ﬁ'? —mairix lipid layer
NN A N cristae . ;
G = n ) I particles
SENSe AL
\“:’%-ﬂ‘h ‘\. "}" ﬁ'
SN ,;_::5’
Fig 1.10 T § of m:'techondrion Fig 1.11 Ultra structure of cristae of mitochondria

5. Oxisumes or F, particles: Crisiae are covered with many finy ‘stalked particles’ called inner
{imenibrage sphcres o the ¥ particl. Each stalked particle has a head diameter of 8-9 nm and a
stalk 30-33A wide and 45-50A long,

6. ETS and ATPase complex: The inner meibrane of mitochondria contains the electron
‘ransport system (£TS) and ATPase complex. The ETS generates a proton gradient and the ATPase
compiex uses preion gradient to produce adenosine triphosphate (ATP) from adenosine diphosphate
(ADP).

emical Siructur® The chemically mitochondria compo:.ed of the following components:
@JPmt in 6C fo 70 %, [5’ 1) Lipid-25 t035%, fiiiy DNA, RNA 0.5% and @v) Trace amount of
stlfur, iron, copper, vitamins E etc. '

Gi§ The mitochondria perform following functions:

1. The main function of the mitochondrion is the production of energy, in the form of adenosine
triphosphate (ATP). So, mitochondria are considered as the powerhouse of the cell as their main
function is to provide energy io the cell.

2. Mitochondria are involved in building, breaking down, and recycling products needed for
proper celi functioning. For example, some of the building blocks of DNA and RNA occur within

- the mitochoxdria. :

3. They are required for cholesterol metabolism, neurotransmitter metabolism, and detoxification
of ammenia in the urea cﬁ:?e.

4. Mitochondria help to maintain proper concentration of calciuin ions within the various
compartments of the cell.

5. Mitochondria storage the ions of Ca**, S, Fe*, Mn*".

6. Mitochondria help in the formation of blood components and hormones such as testosterone
- and oestrogen.
: 7. Production of heat is another function of mitochondria.

. 8. Mitochondria help in the regulation of membrane potential, cell prolzferatlon and cell
: metabollsm.
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9. Mitochondria cause apoptosis or programmed cell death.
10. Mitochondria help in the biosynthesis of heme and steroids.
11. Mitochondria synthesis DNA and RNA. According tc Reada they contribute in heredity.

Endosymbiont : Thz mitochondria and chioroplasis in eukatyotic celis supposed to evoive from

certain types of bacteria that eukaryotic cells engnlfed through endophagocytcsis. Hence, they are

considered as endosymbiont of the cell.

Differences between chloreplasts anid mitockondria

Chloroplasts

Mitochondria

1. Chloroplasts are found in only specific types
of plant cells.

1. Mitochoudria are found in all animmal and
plant cells.

2. Chloroplasts contain pigments such as
chlorophyll a, chloraphyll b and carotenoids.

2. Mitochondria do not contain any such

pigments.

3. Chloroplasts are involved in photosynthesis.

3. Mitochondria are involved i cellular

respiratiori.

4. Chloroplasts use light to convert carbon,
derived from carbon dioxide into sugar.

4, Mitochondria bi=ak down simple sugars into
carbon dioxide and release energy.

5. The electron acceptors in chioroplast is
NADP.

5. The eiectzon acceptors in mitochondria are
NAD and FAD.

6. In chloroplast, ATP synthesizing energy
comes from light hence called photo
phosphorylation.

6. In mitochondria, ATP synthesizing energy
comes irom the oxidation of glucose, hence
called oxidative phosphorylation.

7. Chloroplasts function under only light
conditions.

‘Mitochondria function under both light and
dark conditions.

3. Endoplasmic reticulum
Endoplasmic reticulum (ER) is a membrane-bounded orgarelle that occurs in endoplasm of

eukaryotic cell, interconnected flattened sacs or tubules that is connected to the nuclear
membrane, runs through the cytoplasm, and may well extend into the ceil membrﬁne. In the
light microscope, it looks like a net in the cytoplasm hence named as endoplasmic reticulum. The
name endoplasmic reticulum was goinéd in 1953 by K Keith R. Porter, ;
ith R Porter, Albert Claud€ and Ernest ¥ .,lﬁill@m 1945 ju election mi
ﬁellg Thc endoplasmlc ret:culum occurs in most types of eukaryotlc cells, but is &l
blood cels and speridiozd o
Physical structure: Morphologically endoplasmic reticuium occurs in the three forms;
f13Lamellar form or cisternae, ;

* @ Vesicular form or vesicle and . e R
@Tubular form or tubules. 3 scx 511 AT 8

1. The Cisternae: Cisternae are flattened, unbranched, sac

@ clements with a diameter of 40-

50 micron. They lie in stacks parallel to one another and the sacs in the stack are 1ﬂ’1’erconne€t’e§l with

one anctiier. They coated with: rlbosomeg
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2. The Vesicles: Vesicles are small, oval or rounded structure with a diameter of 25-50 micron.
3. The tubules: These are elongated and branched tube like structure with a diameter of 40-190
micron. Tubules are tube like extensions which may be connected with cisternae or vesicles to form

a reticular system in the cytoplasm.

nucleus
lamella

Cisternae

VEIcs

ribosomes

Fig 1.12 Different structures of endoplasmic reticulum

€l ical structuré The chemically endoplasmic reticulum composed of the following
componepts
['_)Protem 60 t070%, ﬁi) Lipid 30 to 40%, (iii) Enzymes of several types (more than 15) etc.
Most important ER enzymes include stearates, NADH-cytochrome C reductase, NADH-
diapnoresis, glucose-6-phosphatase, glycosyl transferase and Mg™" activated ATPase.
m According to the structure, the endoplasmic reticulum is classified into two types, rough
: endoplasmlc reticulum (RER)- is coated with ribosomes and smooth endoplasmic reticulum
(SER)- without any ribosomal coating.

Differences between Smooth and Rovgh Endoplasmic Reticulum

Smooth Endoplasmic Reticulum (SER) Rough Endoplasmic Reticulum (RER)
1. SER is not associated with ribosomes. 1. RER has ribosomes on the surface.
2. SER is observed as smooth in the| 2. RER is observed as rough in the
miCroscope. microscope.
13. These are mainly composed of tubules. 3. These are mainly composed of cisternae.
4. Generally, these are associated with plasma | 4. Generally associated with nuclear
membrane. membrane.

ﬁMain function is lipid synthesis and hence
mostly seen in cells associated with synthesis of
steroid hormones.

{5/ Main function is protein synthesis and
hence mostly seen in cells associated with
secretion of proteins.

6. SER responsible for liberating calcium
during the contraction of muscles.

6. RER helps store up minerals such as
calcium.

m Endoplasmic reticulum performs following function in the cell:
1. The ER acts as an intracellular supporting framework that also maintains the form the cell.
2. It facilitates transport of materials from one part of the cell to another, thus forming the cells
circuiatory systems. The route of circulation is as follows:
- RER — SER — Golgi complex — Lysosome
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3. It keeps the cell organelles proper stationed and distributed in relation to one another.

4. It provides space for temporary storage of synthetic products such as glycogen.

5. Tubular ER extensions called desmotubules extend to the plasmadesmata to make ER
continue in the two adjacent plant cells.

6. In muscle cells ER helps in muscle contraction by regulating calcium ijons concentration in
the sarcoplasm.

7. The smooth ER is responsible for a variety of vita! cell processes that inciude carbohydrate
metabolism, lipid synthesis, calciuin storage, and drug and poison detoxification.

8. The smooth ER is the source of many important enzymes that important in lipid synthesis.

9. The smooth ER is responsible for hydroxylating drug or poison molecules to inciease their
solubility and aid removal of these harmfu! molecules from the system.

10. Ribosomes attached to the rough ER synthesize proteins that are secreied by a wide variety
of cells including pancreatic cells, which produce and export insulin.

11. The rough ER is responsible for the covalent attachment of certain carbohydrates to specific
proteins to form glycoproteins.

12. The rough ER is responsible for a great deal of membrane production in the cell and
continues to grow by adding phosphlipids and proteins to itself.

4. Golgi apparatus

A major organelle dispersedly d|str1buted in the cytoplasm of most

@T@E called the GOIgH -

somesy 1t was

mv&sngatlon of the nervous system of an owl ahd name& after hxm in 1898. C. Golgl (1 843 1926)
Their number per plant cell can vary from several hundred as in tissue of corn root and algal
rhizoids to a single organelle in some algae. In animal cells, there usually occurs a single Gol _
apparatus; however, its number may vary from ammd! to ammal and from cell to cell. g

@pparatus not found in mature sperm, red blood cell and pr

Physical structure
{Typicall§j Golgi apparatus appears as a complex array of mterconnectmgm “and
v |
1.-Cisternae: These are central, flattened, plate or saucerai!@ closed compartiments which held ’t e
in parallel stacks one above the others Each cisterna with a diameter of 0.5-1 mxcromcter is bound% _;

. stack the cisternae are of three types- (i) last cisterna of trans face lsiﬁ‘m
of cis facc is (cis-cisterna and (m) all mlddle cesternae of the stack i

2. Vacuoles: Golgian vacuoles are expanded part of the cisternae |
to form vacuoles. The vacuoles develop from the concave or maturing
contain qmo-'phous or granular substance. ! T,

-
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3. Vesicles: The Golgi apparatus works closely with the rough ER. When a protein is made in

the ER, something called a transition vesicle is made. This vesicle or sac floats through the
cytoplasm to the Golgi apparatus and is absorbed. After the Golgi does its work on the molecules
inside the sac, a secretory vesicle is created and released into the cytoplasm. Most of the vesicles
‘associated with cisternae and form trans-Golgi network _(TGN).

cisternae

@ @_._...._membrane
A_Jg @ bound vesicle

> @g::——rough ER
.: - \.)Jf

) O .
Fig 1.13 (a) Three dimensional structure and (b) vesicular transport of Golgi apparatus

Chemical structure

The @lbmnd of the i}olghapparat@ comprises of 60% protein and:40% lipid. It also carry
‘fatty acid, Vitami K, carotinoid etc. Within their sacs there are several types of enzymes such as
ADPase, ATPase, NADPH cytochrome-C-reductase, glycosyl transferases, thiamine
pyrophosphatase etc.

Golgi apparatus is metabolically very active a:d many functions have been assigned to it. The
main functions .f Golgi apparatus are as below:
1. It acts to process and package the macromolecules such as proteins and lipids that are
_ synthesized by the cell. The Golgi processes proteins and lipids made by the endoplasmic reticulum
(ER) as lipoproteins before sending them out to the cell. Hence, these are called as traffic police of
cell.
2. It is also involved in creation of lysosome and cell wall.
3. The Golgi apparatus synthesizes some simple carbohydrates such as galactos, sialic acid and
certain polysaccharides, pectin compounds from simple sugars.
4. The Golgi apparatus links carbohydrates with proteins coming from ER to form glycol
proteins. This process is called glycolsylation.
5. The production of hormones by endocrine glands is mediated through Golgi apparatus.
6. In many mammalian tumour and cancer cells the Golgi apparatus has been described as the
site of origin of pigment granules (melanin).
<2 Tk Go!gx apparatus takes part in formation of sperm’s acrosome in mammals.
8 It accelerates mitochondria to synthesize ATP.
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Difference between Golgl apparatus and Endoplasmic Retlculum

Golgi apparatus Endoplasmic Reticulum

1. Golgi apparatus is an arrangement of few | 1. Endoplasmic reticulum is a network of
fluid-filled dishes. tubules and vesicles.

2. Cisternae in Golgi apparatus are not | 2. Cisternae in ER are interconnected with
interconnected. each other.

3. Golgi apparatus sorts, modifies, and | 3. ER is much a structurally aldmg organelle
delivers the coinponents in a cell. for metabolic activities.

4. Lysosomes are formed at the Golgi | 4. The enzymes in iysosomes are synthesized
apparatus. at RER.

3. Ribosome

The ribosomes are minute, rounded, granular and dense partu.le; that
contain RNA and protem They occur either freely in the matrix of
mitochondria, chloroplast and cytoplasm or remain attached with the
membrane of ER and nucleus. In 1940s Albert Claud€ obtained tiny partlcl@
of ribonucleoprotein and lipid' what he called mlcrosomes. Latter in 1955,
Romanian cell biologist George Palade dlscovered these particles™ :
nbosomes‘and described them as dense partlcles or granul§ in the cytoplasm Albert Claude
Actuall Y, scientist Richard B. Roberts' proposed the name. “riboSofi€’ in 1958. (1899-1983)

Types: According to the size and the sedimentation coefﬁcxent (S)ftwo typ,fgof ribosome have
been recognized, 70S ribosomed »nd 80S ribosomes§

(i) 70S Ribosome: These are co-;paratwely smaller and have sedimentation coefficient 70S and
molecular weight 2.7x10° Daltons. They geeur in alk prokaryotlc cells (bacteria) and in rmt'_" ' 'n@-'g
and chloroplast of eukaryotic cells}

(ii) 80S Ribosome: These are comparatively larger and have sedlmentatlon coefficient 808 and
molecular weight 40x10° Daltons. They occur inall éukaryotic/cellsy

Physical structure: The ribosomes are tiny particles without a covering membrane and have
oblate spheroid structure of 150A-200A in diameter. Each ribosome consists of larger and smaller
subunits. The larger and smaller subunits of 70S ribosome are respectively 50S and 30S. Similarly,
the larger and smaller subunits of 80S ribosome are respectively 60S and 40S. The smaller subunit of
ribosome occurs above the larger subunit like a cap.

e :

408 B : ;
__/“,“\——-j_sma" subunit
tRNA :
; -,---_;,_;k:_f—-.-large subunit mRNA
—+—polypeptide chain blndmg

endoplasmic reticulum  Site

Fig 1.14 An 80S ribosome
WA 376 3 -8 \
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The subunits of ribosome occur separately when ribosomes are not involved in protein synth.esis.

" The two subunits join when protein synthesis starts, and during this time there are four sites are seen

in ribosome. These are-A site (aminoacyl site), P site (peptidyl site), E site (exit site) and mRNA
viany ribosomcs line up on the mRNA chain during protein synthesis. Such a group of

Ly

dctiveribosomes isicalled'a polyribosome, or a polysome.

Fig 1.15 Polyribosome
A eukaryotic ribosome has a groove at the junction of the two subunits, From tnis groove, a
tunnel extends through the large subunit and opens into a canal of the endoplasmic reticulum. The
polypeptides are synthesized in the groove between the two ribosomal subunits and pass through the
tunnel of the large subunit into the endoplasmic reticulum.

Svedberg unit/Sedimentation coefficient: A Svedberg unit (symbol" S) is a unit for
sedimentation rate. The unit is named after the Swedish chemist Theodor Svedberg (1884-1971),
winner of the 1926 Nobel Prize in chemistry for his work on colloids and his invention of the

 ultracentrifuge. -

,ribosome.The BOS nbosome contains  28S, 188, 5.8S and 5S valued rRNA as well as 80 types of
prolom molecules. The 70S ribosome, on the other hand contains 23S, 16S and 5S valued rRNA as
‘well as 50 types of protein molecules.

Functions:

1. Ribosomes are the sites in a cell in which translation of protein synthesis takes place.
2. They produced cytochrome, which transports electrons during cellular respiration.

3. According to Laninger (1959) the phosphorilation of glucose held in ribosomes.

6. Lysosomes
L}‘Sosom are smalL rounded and --"_{' organelles in thc cytoplasm of most cells

he stc lllscll»cfathe q-ﬂ They
hi Ie thelr mstence in yeasts and plauts is disputed. gsysosomugﬁ

!'iyllcal strncture. The lysosomes are small rounded organeiles The size of a lysosome varies
from 0. Z-O.Bmicrometu's

-
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Chemical structure: The membrane of
lysosomes composed of protein, lipids and
trace amount of carbohydrates. There lumens
have dense liquid which contain more than-
40 types of enzymes. The main enzymes are
acid phosphatase, acid lipase, aryl salphatgg_’g‘,
esterase, lysozyme etc, Fig 1.16 Twp different lysosomes ~

Kunctions,
1. Lysosomes digest excess or worn-out organelles, food particles, and engulf viruses or bacteria

through the process of phagocytosis.
2. They fuse with autophagic vacuoles and dispense their enzymes into the autophaglc vacuules,

digesting their contents.
3. They are frequently nicknamed suicide-bags or suicide-sacs by cell biologists due to their

autolysis.

EC receptor | o~

4. They helping repair damage to the plasma
membrane by serving as a membrane patch, sealing
the wound.

5. They help in breaking the cellular and nuclear
membrane during cell division.

6. They produce keratin within cells.

7. The enzymes they contain are so powerful that
they can kil their host cell if released. This process is
called autophagy.

8. In normal cells they enclosed dlﬁ'erent

Fig 1.17 Phagocytoms process autophagal enzymes and thus save the cells.

receptur

Difference between Rib@me and Lysosome

Ribosome Lysosome

1. Ribosomes are found in bacteria, plant cell | 1. Lysosomes can be found in eukmyotlc i
as well as animal cells ' animal cells. ' aw v el

2. Not enclosed by a membrane 2. Enclosed by-a membrane . |

3. Comparatively small, 20-30 nm in size. 3. Comparatively large, 0.1-1.2 pm insize.

4. Composed of rRNA and ribosomal | 4. Composed of membrane protein and
proteins. digestive enzymes. Pt o !

5. Involved in the translation of mRNAs. ~ 5. Involved in mtracellular dlgestlon. _‘ o 47 A 3

7. Centrosomes
The centrosome is an organelle that serves as the ]
cell as well as a regulator of cell-cyc
described and
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cteria, yeast and most of the Angiosperm plant cells do not have centrosomes Howeve:. cell§

of algae, fungi, Bryophyte, Pteridophyte and Gymnosperm have centrosomes. A cell contain: only
one centrosome.

Physmal structure: Centrosomes are composed of f.wo orthogonally arranged (lie at right angles,

o each other) centrioles surrounded by an amorphous mass of protein, referred to as the

c la Inhteglal (PCM). There is a dense solid area around the centrosome is called

centro: 3 Each centriole is a long hollow cylinder about 0.3-0.5 micrometer !ong and about 0.2

rmcrometer diameter. The wall of each centriole is usually composed of nine triplets of microtubules

that radiate from the central axis like spokes of wheel.

central axis

Centrosome ! g Centriole T.S of Centriole
Figl.18 Structure of centriole and centrosome

Chemical structure: The prime component of centrosome is protein. The microtubules of
ceutnolw tonuun the structural protein tubulin. Besides this there are trace amount of lipid.

1. Ccntrosomes are involved in the organization of the mitotic spindle and in the completion of
cytokinesis. .

2. They form the basal bodies of cilia and flagella.

3. They play role in formation of the tail of sperm.

8. Cell Vacuole
A cell vacuole 1s a membrane-bound organelle, which is @resent in all plant and fungal cells and
S01 st, animal and bacteri ncﬂ Vacuoles are essentially enclosed compartments which are
fi lled wuh water contammg inorganic and organic molecules including enzymes in solution. In a
mature plant the large vacuole is surrounds by 2 membrane called tonoplast.

Vacuoles are formed by the fusion of multiple membrane vesicles and are effectively just larger
forms of these. The organelle has no basic shape or size; its structure varies according to the needs of
the cell.

Functions: The function and importance of vacuoles varies greatly according to the type of cell
_ in.which they are present. In gencral, the functions of the vacuole include:

1. Isolating materials that might be harmful or a threat to the cell.

iz.gContammg waste products. .
3. Containing water in plant cells.
4. Maintaining internal hydrostatic pressure or turgor w1thm the cell.
-+ 5. Maintaining an acidic internal pH.

6. Containing small molecules.
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". Allows plants to support structures such as leaves and flowers due to the pr&ssure of the

cem* al vacuole.
. In seeds, stored proteins needed for germination are kept in 'protein bodies', which are

mox : f ed vacuoles.
9. Cytoskeleton

Thi cytoskeleton is a network of fibers composed of proteins contained within a cell's cytoplasm.
Altough the name implies the cytoskeleton to be stable, it is a dynamic structure; parts of which are
cor.:tantly destroyed, renewed or newly constructed. The cytoskeleton of eukaryotes has three’ majg
cor::ponents: microfilaments, microtubules and mtermedlatc fi lamen_tg

1. Microfilaments: Microfilaments are one of the thinnest filamentsiof the cytoskeleton. They
are composed of linear polymers of (G=actin sibunits] and generate force when the growing end of
the filament pushes against a barrier, such as the cell membrane. They also act as tracks for the
movement of myosin molecules that attach to the microfilament and walk along them.

2, Iatermediate filaments: Intermediate
filaments are a part of the cytoskeleton of all
animals. These filaments, averaging 10
nanometers in diameter, are more stable than
actin  filaments, and  heterogeneous
constituents of the cytoskeleton. Like actin
filaments, they function in the maintenance
of cell-shape by bearing tension. Intermediat
filaments organize the internal mdlmensmnal
structure of the cell, anchoring organelles and
serving as structural components of" the’
nucleur lamina: They also participate in some
cell-ccll and cell-matrix junctions. Fig 1.19 Cytoskeleton

3. Microtubules: Microtubules are hollow cylinders about 23 nm in dlamoter, most commonly
comprising 13 protofilaments that, in turn, are polymers of alpha and beta tubulin. They have a very
dynamic behavior, binding GTP for polymerization.. They are commonly organized by the

“centrosome. In nine triplet sets, they form the centrioles and in nine doublets oriented about two
additional microtubules (wheel-shaped), they formeilia aod,ﬂ -
Fllluﬂqj;g ' There is a multitude of functions the cytoskeleton can perform:

1. It gives the cell shape and mechanical resistance to deformation.

2. Through association with extracellular connective tissue and other cells it stabtlm enhre
tissues.

3. It can actively contract, thereby deforming the cell and the cell's envnronmont lndall'_ win
cells to migrate. o

4. It is involved in many cell signaling pathways.

5. It is involved in the uptake of extracellular material.

6. It segregatu chromosomes durmg cellular division.
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8. It provides a scaffold to organize the contents of the cell in space and for intracellular

_transport.

9. It can be a template for the construction of a cell wall.
10. It forms specialized structures such as flagella, cilia, lamellipodia and podosoms.

: 10. Peroxisome
Peroxisomes ‘microb bodiestare very small (0.2-17 pum), énzyme filled organelles found in
vu'tually all eukaryotlc cells Peroxisomes were {dentlfied ‘as organelles by the Belgian cytologist
/@ in 196’1r Peroxisomes ga.n be derived from the endoplasmic reticulum and’
; -,-: ':‘:'_:ﬁof peroxtsomes is the breakdown of fatty acid mo!eculesr;

oxidation are called glyoxysomes. Peromsomes contain akout £$0 types oxidative enzymes which
associated with oxidation. :

Peroxisomes contain oxidative enzymes, such as Catalase, D-amino acid oxidase, and uric acid.
oxidase. Certain enzymes within the peroxisome, by using molecular oxygen, remove hydrogen
atoms from specific organic alkaline substance (RH), in an oxidative reaction, producing hydrogen

peroxide (H;0,).

(RH; + O,—R + H,0,)
Hydrogen peroxide is a toxic substance and harmful to the body. Et'ara!ase enzyme uses this H,0;
sul S, lncludmg phenols formic acid, formaldehyde, and alcohol, by means of

: H201+R'Hz —- R'+H,0

This reaction is lmportant in liver and kidney cells, where the peroxisomes detoxify various toxic

substances that enter the blood. About.25% of the ethanol alcohol humans drink is oxidized to

acetaldehyde in this way. In addition, when excess H,0, accumulates in the cell, catalase converts it

to H,0. '

2H;0; - 2H,0 + O,

- In higher plants, peroxisomes contain also a complex battery of antioxidative enzymes such as

superoxide dismutase and the NADP-dehydrogenases which take part in different 1mportant
rcechons

' . 11 Ncleus

'l‘he nucleus is a fime

ll¢ found in {he cytoplasm of all

Shnpe° The shape of the nucleus varies conmderably

!iu Nucleus is the of the cell. However, size of the nucleus is vanablc The
size of the nucleus is directly proportional to the cytoplasm. The more the volume of the cytoplasm

: ' the Iarger is th Esm.’,‘,g;mi;‘ the nucleus R. Hertwig has formulated a relanonshlp between the nuclear
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vol'ime and the cytoplasmic volume which is called the nucleoplasmic index (NP). The NP ratio .
act:: as a stimulus to the cell division.

Chemical structure: The chemical structure of nucleus is very complex. The prlme chemical
co:nponents of nucleus are protein and nucleic acid. Besides these there are water, lipid, enzyme,
m:.erals etc. in trace amount,

Siructure of an ideal Nucleus

In the interphase stage of cell division; the following four structures of nucleus have beeql
olserved:

1. Nuclear membrane: It is a double-layered membrane enclosmg the nucieus of a eukaryotic
cetl and also called nuclear envelope or nucleolemma or karyotheca It is penetrated by large
nuclear pores. Endoplasmic reticulum and nbosomes are attached to the. outer layer. of nucleaff
membrane.
= Nuclear pores: The nuclear membrane possesses a | qlil_nlbg of nuclear pores, which vary from
40 to 145 per square micro-meter in nuclei of various plants and ammalus The nuclear pores, are
octagonal in shape, their diameter varies from 400-1000A, and they are separated from each other. by
a space of 1500A. The nuclear pores are enclosed by circular annuli. At the annulus, the inner and
outer membranes of the nuclear envelope fuse.

The pores and annuli collectively form the pore complex! Each annulus cor&smﬁmﬁg@
pperipheral protein granules of about 15 nm, which are present on both the nuclear and cytoplasmic
. surfaces. Inside the pore is a central granule. Fine fibrils (about 30A in diameter) extend from central

protein granule to the penpheral granules, forming a cartwheel stmctufg

pore complex  ribosg

outer membrane

inner membrane
uclear pore

Fig 1.20 Different parts of nuclear membrane.

2. Nucleoplasm: Nucleoplasm, also called guclear sapﬁorliar-‘ﬁf is the fluid usually found
in the nucleus. This fluid contains primarily water, dissolved ions, nucleic acids, phosphoprotems,
enzymes and a complex mixture of molecules. '

3. Chromatin fibers: These are elongated
thread like structures exist as coiled networks
wnthm nucleoplasm of nucleous also known as
" ret They got the name
chromatm (Gr, ‘chroma=colour) because of
their colourful nature during cell staining when
viewing with' the microscope. During cell
division, these structures become condense into
- more tightly coiled wide threads called the
chromosomes.

t
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Actually, mmtl s are composed of histon protein and DNA\. However, trace amount of RNA
is also present. (Histon protein and 'DNA exist in chromatin in 1:1 ratio!

4. Nucleolus: The nucleolus is a discrete densely stained structure found in the nucleus. It is not
surrounded by a membrane, and is sometimes called a sub-organelle. It forms around tandem repeats
of rDNA, DNA coding for ribosomal RNA (rRNA). These regions are called nucleolar organizer
§WOR) Chemically nucleolus composed of protein, lipid, DNA and RNA!
fun nctio "ns of Nucleus

" The fucleus is considered the brain of the cell. It directs all processes. That is where the vast
majority of the cell's DNA is located, and that controls all of the cell's functions by directing protein
synthesis. The main functions of nucleus of a cell are:

Vietabolism? Nucleus controls majority of the cell activities. It is a regulatory organelle in
cell metabolism.

2. [Heredity? Since the nucleus contains DNA molecules in its chromosomes, it plays a
significant role in heredity. i
réntiations It controls cell differentiation during the embryonic development.

4. Exchan l”o‘f*-mateﬂalagNuc!ear membrane is concerned with the exchanoe of materials
between: thc cytoplasm and nucleoplasm.

"f I'Nuclear membrane prowdes a surface for the attachment of structural elements of

RNA and‘ various protcms are formed.

Role of cells in different activities of organisms
1. Structure and support: As a classroom is made of bricks, every organism is made of cells.
While some cells such as the collenchyma and sclerenchyma are specifically meant for structural
support, all cells generally provide the structural basis of all organisms.

2 Transport: Cells of vascular or connective tissue (xylem, phloem, blood) transport the
essential components of life such as food, minerals, water, enzymes, hormones, etc.

3. Metabolism: Metabolism includes all the chemical reactions that take place inside an
organism to keep it alive. All metabolic reactions held within the cells of organism.

4. Energy production: An organism's survival depends upon the thousands of chemical
reactions that cells carry out relentlessly. For these reactions, cells require energy. Most plants get
this energy through the process of photosynthesis whereas respiration is the mechanism that provides
energy to animal cells.

5. Reproduction: Reproduction is vital for the sumval ofa specles A cell helps in reproduction
through the processes of mitosis and meiosis. :

6. Growth: In complex organisms, tissues grow by simple multiplication of cells. This take>
place through the process of mitosis in which the parent cell breaks down to form two daughter cells
identical to it.

7. Conduction: Nerve cells and muscle cells conduct electric impulses from one part to another
part of the body.

8. Connection: All the organs of organisms body stay connected with the help of vascular tissue,
blood, bone, cartilage etc.
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9. Secretion: Cells of different glands always secrete enzymes, hormone and other essential
components of organisms

10. Vision: Vertebrate vision accompllshed by rod cell and cone cell of the eye.

11. Digestion and absorption: Cells of digestive system participate in digestion and absorption
of food materials.

12. Excretion: Nephroidal cells of kidney play key roles in discharge nitrogenous excretory
wastes from the body.

13. Defense: WBC and other phagocytes engulf microbes and produced antibody and thus take
part in defense of the body.

14. Homeostasis: All cells of the body perform different tasks and thus maintain physiological
and biochemical homeostasis of the body of organism.

1.4 Chromosome

Chromosome is an organized structure of DNA and protein that is found in the nucleus of
eukaryotic cell. It is a single piece of coiled DNA containing many genes, regulatory elements and
other nucleotide sequences. Chromosomes' also  contain: DNA-bound proteifis, which serve to
package the DNA and control its functions. Karl Nagg (1 842) first of all observed chromoso: R
the nuclei of plant cells. E. §trasburge]" (1875) discovered thread-llke struct which appeared
durmg cell division. rWalter Flemmingi (1878) ‘ntroduced the term ‘ch;o to describe the
thread-like structures of nucleus. The Present name chromosome (Greek chroma- colour and soma-
body) was coined by W. Waldnwg‘(l 888) to darkly stained bodies of nucleus. W. g
Boven (1902) skuggested that chromosomes are the physical structures which act as messenger

ot heredlty !‘he number of human chromosomes was published in 1921 by Theophilus Pamter.

The number of the chromosomes is constant and unchangeable for a particular species. The
number or set of the chromosomes of the gametic cells such as sperms and ova is known as .the
haploid sets of chromosome. The somatic or body cells of the most organism contain two haploid set
and known as dlplOld cells The number of chromosome of the most organisms is undetermmed ;In;

grac:hs (2n=4)"’ and hlghm m Paapghﬂf'___-_' (2n-506-53 0). The fern specles, (0]
reticulatum have the highest number, 1200 chromosomes per cell. :
Following table demonstrates the number of chromosome of some organisms:

ERRGE 37 6 W *a-¢

Common Scientific name Chromoso | Common Scientific name Chromos |
me (2n) name : ome (2n)
Zea mays 20 Ascaris megalocephalus S X
Vhea Triticum aestivum 42 Bombyx mori | !
Tomato Lycopersicon esculentum 24 Cavia parﬁeﬂus ST
Cabbage | Brassica oleracea 18 Gorillagorilla
Potato‘ SAlarun Tibe o T HOMO Sapl'ﬂ!:f- ..‘. e

y l”-‘»
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Physical structure: The size of chromosome is normally measured at mitotic metaphase. Most -
metaphase chromosomes fall within a range of 3 micrometer in fruit fly Drosophila, to 4-6
micrometer in man and 8-12 micrometer in maize. Normally chromosomes are not visible in light
microscope, but in the metaphase of cell division, these structures are visible in a compound
microscope. Compounds microscopic view of chromosome reveals the following structures:

1. Pellicle: It is the outer thin but doubtful covering or sheath of the chromosome.
2. Matrix: Matrix or ground substance of the telomere

chromosome is made up of proteins, small quantities of )
RNA and lipid. 21— chromonemata
3. Chromonemata: They are coiled threads that B 1
form the bulk of chromosomes. A chromosome may 'gfl —pellicle
have one or two chromonemata. Vejdovsky (1912) e,
" called the coiled filament as chromonema. The coils "-_'“"'-—'-'matrix
may be of the following 2 types satellite
(i) Paranemic coils: When the chromonemal Secondary
threads are easily separable from their coils then such :-'.:" constrictions ‘l
coils are known as paranemic coils. ‘\\
(ii) Plectonemic coils: When the chromosomal \ “
threads remain inter-twined so intimately that they A
cannot be separate easuy is known as plectonemic (7 '-. '
coils. ¥ N .b
4. Chromomeres: Chromomeres are linearly ' {J ‘ﬁ.
arranged bead-like and compact segments described by f‘ ; ,J S e e

J. Bellings. They are identified by their characteristic
size and linear arrangcment along a chromosorne

rimary - con: iiior Centromere: A part of the chromosome is marked by a
constriction. It is comparatlvely nan'ow than the remaining chromosome. It is known as primary
constrlctlon or centromere The centromere divides the chromosome into two arms. 'the centrome%e

“_‘}fﬁii'é“ﬁnehﬁd%g cell divisih.

Fig 1.22 A chromosome

strictior _ _M called nucleolar o ora'n_l_lm.’
7. Satelllte' Such a secondary constncnon if present in the distal region of an arm would pmch
A e

es having a satellit

8 'omeres. The chromosorne extr,rmtles or terminal reglcms on either side are called
helomeres. If a chromosome breaks, the broken ends can fuse due to lack of telomeres. A
chromosome, however, can not fuse at the telomeric ends, suggesting that a telomere has a polarity
whlch h'prevents other segments from joining with it.

Typei of chromosome

A

the chromosomes may be of the following types-:
‘one centromere.
with two centromeres, one in each chromatld

- .
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(3) Polycentric= with more than two centromeres.
(4) Acentrics without centromere. Such chromosomes represent freshly broken segments of

+ chromosomes, which do not survive for long.
* (5) Diffused or non-located- with indistinct throughout the length of chromosome.

> Based on the locatiof of centromere the chromosomes are categorized into following types-
(1) Telocentrlc. These are [I or rod-shaped chromosomes with centromere occupying a terminal

position. One arm is very long and the other is absent.
(2) Acrocentric: These are J or rod-shaped ‘chromosomes having subterminal centromere_ One

arm is very long and the other is very small.
(3) Submetacentrlc' These are L shaped chromosomt'.srwnh centromere slightly away from the

mid-point so that the two arms are unequal
(4) Metacentrici These are V shaped chromosomes in which centromere lies in the middle of

chromosomes so that the two arms are almost equal.

m e"'lfifrm f\\ f

Metacentric Submetacentric A crocentrie Telocentric
Fig 1.23 Different types of chromosome

» Giant chromosomes: There are some chromosomes, which are extremely large compared to
normal chromosomes. Such chromosomes, called giant chromosomes occur in some animal cells.
Two types of giant chromosomes are known as:

1. Lamp brush chromosomes: These chromosomes occur in the oocytes (germcells in the
ovary) of amphibians and in some insects. They measure about 1500 to 2000 pm in length. A lamp
brush chromosome consists of an axis from which paired loops extend in opposite directions, giving
the appearance of a lamp brush. The axis consists of chromomeres and interchromomere regions.
The loops consist of transcriptionally active DNA which can synthesize large amount of mRNA,
necessary for the synthesis of yolk

chromocenter P

ChromTomal puffs

(a) part of _chromosome (b) a paired ioops‘ ‘(i:) a complete chromosome (d) part of chromosome 5%

2. Polytene Chromosomes: The giant chromosomes, which found in the saliv
the fruit fly Drosophila, is called polytene chromosome or salivary gland
many times larger than the normal chromosomes reaching a length of 2000 |



Biology Part | 36 Cell: Structure and Functions

light bands. The dark bands are euchromatic regions. Some of the dark bands temporarily swell up
and form enlargements called chromosomal puffs or Balbiani rings. These regions contain actively
transcribing DNA involved in the synthesis of RNA types.

Chemlcal structure of chromosome: Chemically chromosomes are &namly composed of
I ind protéiii! There are trace amount of lipid, enzymes, Ca** and Mg" are exist in the

chromosome. ~
1. Nucleic acid: The largest molecule of the cell is the nucleic acid. Chromosomes have two'

types of nucleic acids viz; (sl)FDeoxynbo Nucleic Acid or DNA and (ii) Ribo Nucleic Acid or RNA.

(i) DNA: This is the permanent component of chromosome Among all components DNA

% Actually, this is a double-strand polymers of ‘nucleotide molecles. Each nucleotide

en bas@ (adenme, guanine, cytocine and thymine), @ deoxyribose pentose

,_;___porary component of eukaryotic chromosome but permanent genetic
ts of virus: Among all components RNA éonmbute 0.2-1 4%. Actually this is a
polymers of nucleotlde molecles Each nucleotlde agam consnsts of a nitrogen bases

h ,' ewmm stmcturc of chromosome made by protein. Nuclelc acid remains Ilnear
arranged within protein. fwo:

(i) Alkaline proteins: These have low ionic properties. Most of chromosomal alkaline proteins
e of hlstone‘protetn The amount of h:stone protein is equal to the DNA i.e. the rat:o of histone

es e} non-lustone p!'otems1 having hlgh ionic properties. Chromosomes
have several types of aCldlC protems but they content more DNA polymerase and RNA polymerase.

Functions of chromosome:

Chromosomes carry all necessary information to carry out different functions of the cell or
:ncensc it is the genes in the chromosomes, which guide the cell in performing different functions
ike-

() Guiding the cell in cell dwusnon (ii) Plays an important role in inheritance of characters from

generation to generation; (iii) Guiding protein synthesis; (iv) Control all the metabolic functions of
the cell; (v) Self repairing; (vi) Play roles in sex determination.

Roles of Chromosome in Cell Division

Chromosomes are essential for the process of cell division and are responsible for the replication,
division, and creation of daughter cells that contain correct sequences of DNA and proteins. Proteins
make up for one of the most important components of the human body. They are responsible for
building muscles and tissues, growth and repair, as well as the synthesis of thousands of enzymes,
like DNA replication enzymes produced by the body. Protein synthesis steps and their successful
completion is the responsibility of genes that are contained in chromosomes.

- Cell division is a continuous process that must occur for an organism to function, whether for
growth, repair, or reproduction. During cell division stages, the chromosome is responsible for the :
rq:llcallon and dlstrlbutlon of DNA amongst new cells. :
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It is also crucial that reproductive cells, such as eggs and sperm, contain the right number of
chromosomes and that those chromosomes have the correct structure. If not, the resulting offspring
may fail to develop properly. For example, people with Down syndrome have three copies of
chromosome 21, instead of the two copies found in other people. In humans, defective chromosomes
made up of joined pieces of broken chromosomes cause one type of leukaemia and some other
cancers. ;

For an organism to grow and function properly, cells must constantly divide to produce new cells
to replace old, worn-out cells. During cell division, it is essential that DNA remains intact and evenly
distributed among cells. Chromosomes are a key part of the process that ensures DNA is accurately
copied and distributed in the vast majority of cell divisions.

1.5 Genetic materials or Hereditary materials
Heredity is the passing of traits to offspring from its parents or ancestors. This is the process by
which an offspring cell or organism acquires or becomes predisposed to the characteristics of its
parent cell or organism. Heritable traits are known to be passed from one generation to the next via

. the materials are known as hereditary or genetic materials. The molecules nucleic acids that

encode genetic information and found in the chromosome of the cells are recognized as hereditary
materials of the organisms.

Definition of nucleic acid
Nucleic acids are the naturally occurring long chain polymers present in the nucleus of the

cell, capable of being broken down to yield phosphoric acid, sugars and a mixture of organic

- bases and play the prime role in inherited characteristics of every living organisms by

directing the process of proteéin synthesis.
These are the largest and significant biomolecules of the cell and carrying all the traits of
heredity, hence known as master moleculés! Although nucleic acids are mainly: present in the:
nucleus of the cell, they also found in mitochondria, plastid, ribosome and cytoplasm.
Discovery:
pluclelc acnd was dlsccevered as nuclei:;{@ SWISS physician and biologist

plbrecht . g .
or this dlscovery, he was awarded the Nobel Prize in Physmlogy or Medicine in
1910. Theodore Levene (192 1) characterized the different forms of nucleic acids, DNA from RNA:
Functions:

® The main functions is to store and transfer genetic information.
® To use the genetic information to direct the synthesis of new protein.

Chemical structure : g
Chemically nucleic acid is a polymer of nucleotide molecule. E
following molecules: - :
aOne molecule of pentose sugar,
{2:0ne molecule of inorganic phosphorlc acid and
aOne molecule of nitrogenous base.
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1. Pentose sugar: Each nucleic a01d has a §-carbon sug@ asa part of lts polymer backbone called
pentose sugar. Nucleic aci :
or deoxyribose suga: of cychc structure conmbute to form nuclelc aCId Both have the similar
molecular structure but in deoxyribose sugar an oxygen atom is lacking in carbon 2 position of
pentose structure (deoxy=lack of oxygen). Hence, it is also known as 2-B-D deoxyribose sugar.

5 0 :
HOCH, OH OH
4 1
H " H —P—0OH
OH OH OH {H/ N
ribose sugar deoxyribose sugar - phosphoric acid

2. Inorganic phosphoric acid: The another part of the nucleic acid is a phosphoric acid (H3P04).
It is attached to the sugar molecule in place of the -OH group on the 5' carbon.
3 Nitrogenous base: Nucleic acid has :two typw of nitrogenous base,- purme bases' and
nid ses. Purine baﬂ have two rings of atoms and chemical formula C5H4N4 Nucleic acid
lne and guamn@ Pyrlmldlne basé§ have a single ring of atoms and

A"Iﬁ Nucleic acid has ghree pyrimidine bases as Cytosine, Thymine and Uracil:
The nitrogen bases of nucleic acid are abbrebiated with their first letter (- A=Adenine, G=Guanine,

osine, T= Thymine and U= Uracil) when to write genetic codes. A nucleic acid of any type
(DNA or RNA) has any four of nitrogen bases.

chemical formula

NH; o o

/‘l\ NJ){, x\/ﬂ H--NK’IL\ JH M. -~ ""\-.‘v.--"c“‘

- i A ) N i

/\ W) N H 0 "|I\|‘ i I« "|:r' “H
H H H
l'le Cptosine Uracil Thymine
PURINES PYRIMIDINES

O Nucleoside: One molecule pentose sugar bounds to a nitrogenous base (adenine, guanine,
cytosine, thymine, or uracil) with B-glycosidic likage to form a nucleoside molecule. The nucleosides'
with ribose and deoxyribose sugar are called ribonucleoside and deoxyribonucleoside, respectively.
Based on the sugar and nitrogenous bases the nucleosides are of following types:

Nitrogen bases Ribonucleoside Deoxyribonucleoside
Adenine (A) Adenosine Deoxyadenosine
Guanine (G) Guanosine Deoxyguanosine
| Cytosine (C) Cytidine Deoxycytidine
‘Thymine (T) - Deoxythymidine
Uracil (U) Uridine - ‘

O Nucleotide: One molecule inorganic phosphate bounds to a nucleoside to form a nucleotide;
_ Actually, nucleotide consists of a nitrogenous base, a sugar (ribose or deoxyribose) and a phosphate.



