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- Cellmembrane and
- Cell Organelle

@ Q.4. Describe the nucleolus is brief.
Ans. . . Nucleolus =
It was first observed by Schleiden, 1938. The nucleoli are of two types :
(1) Plasmosomes : These are true nucleoli stainable with acidic dyes.
The term nucleolus is generally used to denote these bodies only.
(2) Karyosomes : These are false nucleoli stainable with basic dyes.
 Perhaps' they are broken seg;nentﬁ of chromatin.
Usually a nucleus contains just one nucleolus. Increase in the number
and the size of the-nucleolus indicates the high rate of metabolism in the cell.
A nucleolus is distinguishable into the foilowing regions
NG D Nar
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Fig. The Nuc!eus

(I) Pars fibrosa : Fibrils of 80-100 A size forma part of the nucléolus.

. ) _Chromatin : The nucleolus js surrounded by perinucleolar -
chro:_natm. Heterochromatic Intrunsions are also seen in the nucleolus which
constitutes the intranucleolar chromatin, '
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also be associated ‘to it, The Primary

form the secondary nucleolonema,

‘The granules and the fibrils lie dispered in ap
natrix, ’

Mucleolonema, The' fipyits i |
‘..nugl_eoionem'a may further coil( fo
(9 Pars amorpha : '
amorphous proteinaceous |

s . .
-+ The n; i d ' '
nucleolus is formed around the nucleolus organiser and is located

i h )
attached to ke el 8 osis. The pucleolus remains permanently
P * ome which also forms a part of the nucleolar gainsed
cat tebphase by the nucleolus organiser. The fomation of nucleolus occurs
around the DNA loop that extends from the nucleolar organiser. After
prophase this DNA loop retracts and coils into that chromosome. The fibrillar
> and_ granular components are first dispersed in the nucleoplasm which later
;‘re-e_tssemble to. form the nucleolus. During disappearance phase, several
non-ribosornal nucleolar proteins and small nucleolar RNAs lie scattered
around the chromo- somes, Before re-or-ganization per-nucleolar bodies
~appear first- e ’ R .\ ’
Chemically the nucleolus is made-up of RNA and proteins. The -
associated nucleolar chromatin contains DNA. The chromatin is present at
the periphery as well as inside. This DNA makes 70% of the mass of isolated
nucleoli in Pisum sativum and 37% in Vicia faba. The nucleolus is the site for
RNA synthesis and in paﬁiculak_ the source of r-RNA. The nucleolar
chromatin contains genes for ribosomal DNA (rDNA) which gives rise to r-
RNA. The biogenesis-of ribosomes proceeds through three regions i.e., from
fibriflar centre, where r-RNA is formed, to dense fibrillar centre which
- surrounds the fibrillar centre. Here RNA synthesis takes place. The third is
- - the cortical granular component where ribosome precursors are formed.
The nucieolus thus forms the ribosome precursors and then the ribosomes.
(Ribosomal DNA — Fibrillar centre —» Dense fibrillar component —

Cortical granular component — Ribosome precursor or Pre-ribosome —
Ribosome). : i L vl _ ' Y
@ Q.2. Give a detailed classification of cell types within an
organism. Describe the structure of a plant cell.
; ] ' S :
‘What is cell 2 How many cell types are found in the
living world ? Give main characteristic features of a
~ prokaryotic cell. | |

Ans. . | Definition of Cell _ _
‘A cell is the smallest and complete expression of the fundamental
~ structure and functions of all living organisms. It represents unit of structure,
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function and heredity. It is also described as the unit of protoplasm enclosed
in a thin sémipermeable plasma membrane and has a nucleus within.

Types of Cells

Cells are of following three types : |
1 _Pfdkarydlic éells (Gr. pro, primitive + karyon, nucleus) : These are
 relatively simple cells having only cell membrane. Tl.1e membrane bound
oorganelles such as ER. Golgi complex, mitochondria, chloroplasts 'and
lysosome are absent. The well-formed nucleus is also absent. The hereditary
material is a highly coiled circular chromosome lying naked in the cytoplasm.

Cell Biology - Www.dreamtopper in

"t is formed of DNA alone and is called nucleoid. Bacteria, blue green algae

and pleuropneumococci are prokaryotic cells.

2. Mesokaryotic cells : In these cells nuclear mem
" around the nuclear or hereditary material, but DNA is not ass_ociatedrwith
" histones (proteins). Thus these are more advanced than prokaryotes but less
advanced than eukaryotes. Dinoflagellate protozoans are mesokaryotes.

3. Eukaryotic cells : These contain a true nucleus, i.e., the hereditary
material (DNA) is associated with basic proteins and forms nucleoprotein and
is separated from the cytoplasm by nuclear envelope. The membrane bound
organelles are present. From evolutionary point of view, prokaryotes are
primitive and eukaryotes have evolved from them. ‘ a

_ Characteristics of a Prokaryotic Cell
Main characteristic features of pfokalyotic cells are :
‘1. These are very small in size, about the size of mitochondria.
2. These are without a distinct nucleus, i.e., the nucleolus and nuclear

brane is present

-

envelope are absent. : y ;

3. Hereditary material forms a single chromosome. The prokaryotic
chromosome is single circular chromosome, formed of double
stranded molecule of DNA.,

Basic proteins-histones are absent.

5. A cell wall or a.capsule may be present outside the plasma .

membrane, but it is noncellulosic. It i :
’ . It is form
and amino acids. - .ed of carbohydrates

6. Membrane ‘bo:‘md organelles
- Golgi- complex, lysosomes
absent, ' e

7. Plasma membrane i some cz;Se
Inesosomes and chromatophores

8. Inner surface of plasma .
metabolism, photosynth

» such as endoplasmic reticulum,

s is folded inward and forms

. m .
esis and lipid me‘abo]i:ryn. es of respiratory

mitochondria’ and chloroplasts are -

T e e

e
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.. 95% of the total cellular water and is
~ Solutes. Bound water, shows only 4 to
held to the protems by hydrogen bo

-,
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.9, Prokaryotic ribosomes are 70S lype
10. : Thexr cvtoplasm does not exhibit streammg movement,

. , Midd
‘ . ' ROUI‘J" l“"dlol’h“m'c Plasmodesmata : 1.m._.n§
S X ' . reticu um / y/ &
N A Cell walls of
Flagellum - ;JF"I/ N"‘g"" [\{}(“ Sy ~ adjacent cells - o
i ] Fo i s, -“-~r ‘ree ribsomes] Z
Capsule or - -‘-:,—F:%'tﬂ: \*Cf" wall & N ;lxglrt”;l[r ( “hloroplast 'g-
slime layer "}"‘4"\'] Y. Plasma 7 Nucleo?m /:" \ i '.._.- (c};:velope Z
Photasyntheticl A5 . - b membrane | chromatin i ,;{ 3 anum [ =
mcmgmncs‘:'t i Ribosome ol ( 7

b ,y;'—f— Mitochondrion

. Food Cytop]acm é

Pili or fimbriae| | reserve  Microtubulel (fl ‘Q‘é‘ ’z,\._ _,(\J"“gfillg' apparatus
paagt ‘e -ollen near ;:__ el s=p '?'
—— l'\— Cytoplagm pmphery [ ‘3“* ’”é" %f‘ Tonoplast] 3
Mesosome At‘ DNA Mlcroﬁ]anwnts ~7==="" " Smooth endoplnsn-uc

throughout cell P'asmaé r_ncmbmne. reticulum

'Fig. Cell 'fype§ 1A, Prokaryotic Cell, B. Etikar‘yotic Cell.
P11, Prokaryotlc cells may contain flagella and pilli.
12. These store. polymensed fatty acids. like Erhydroxybutyrate
glycogen and phosphate granules. : : 2

& Q.3. Describe the prmclpal chermca'l substances found ina
living cell. - :

_-Ans. . Principal Chemical Substances of the Cell

The chemlcal constltuents of protoplasm are cla551f' ed in two
categories: :

(A) Inorganic or mineral compounds; and :

(B) Organic compounds. The protoplasm of a plant or animal cell

cont.:ins 78 to 85% water, 10to 20% protem, 210 3% lipid, 1% carbohydrates.
and 1% inorzanic materlals, ' :

(A) The I. "raanic Components

These substances are those that do not have carbon- -hydrogen bonds.

The commion inorganic compounds In cytoplasm are : water, dlssolved gases
(O5 and CO,), salts and ions of various elements, '

() Water : The main component of living substance is water which i is
present in ranging from 5 to 90%. eg, the cellular water content of tooth
cnamel is avout 5%; of bone, about 25 to 40%; of muscles, 75%: of brain or

milk, 80 to 90%. Mostly animals and plan
Isc
adult human body is about 80% watepr ontains 65 to 90% water. The

In the cell water exists in two forms : fiee and bound Fres

;l:/e gtl:ltl;::lpal Part used as a solvent for
o of the total cellular water, is I
nds and other forces, . oy

water shows

¥
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All physiological processes found exclusively in aqueous media,

therefore water is mdlspensable for metabolic activity. Water molecules
participate in many enzymatic reactions in the cell and can be formed as a

result of metabolic processes. Water is used to eliminate substances from the

cell and to absorb heat. In thlS way it prevents drastic temperature changes in

the cell. ‘ :

7 (ii) Salts and lons : Mineral solids constitute organic component of
cells, ranging from about 1 to 5%. They may found as ha:d bulk deposrrs or

_in the form of solution.

“Silicon *or_caleium contammg hard deposits are’ occured elther as

crystals within cells or as secreted precipitates on the exterior of cells. eg,

certain protozoa are surrounded by shells of glass like silica, whereas the hard -

part of bone is largely a deposn of calcaum phosphate secreted in layers
around osteoblasts. .

‘The ma_]orlty of cellular mmerals are in solunon ex1stlng largely in the
form of ions. : :

Sodium, potassium and chlor ide.ions ‘are important in mamtammg

osmatic pressure and the acid-base balance of the body.

" Calcium ions are occured in the circulating blood and in cells In bone
they combine with phosphate. and carbonate ions.

Magnesiumions are indispensable as cofactors in enzymatic activities.

- Phosphate found in the blood and tissue fluids as a free ion but much of
the phosphate of the body-is occured in the form of - phospholzplds
nucleotides, phosphoprotein, and phosphorylated sugars.

Many i inorganic components are found in a non-ionized form. e. g, fron,

bound by metal-carbon linkages, is found in haemoglobin, ferritin, the

cytochromes and same enzymes such as caralase and cytochrome orrdase
(B) The Organic Components

. Organic substances are compounds of carbon in which the
bonds are carbon-to-carbon and carbon-to- hydrogen links. A carbon atom has
a covalence of 4 and, therefore, it has a greater bondin
combme with a practically unlimited numb

[
~ chainlike molecules [— (l:—é é Cl__,

g potennal. It may

shows a molecular skeleton or ““back bone’

e” of carb
atoms like hydrogen, mtrogen and sulphUr may be lor?katoms to whlch other
- be joined to all free bonds : tnked. eg hy drogen Mmay

er of other carbon'atoms to form -

prmmpal ‘

756 of varying lengths Such chains

———— e T et W R e LT N -
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. The Shariné of one pair of electrons between any two carbq
atoms—known as a single bond, is the most prevalent. _covalent. bqnc'i- i
organic compounds. The carbons of - most proteins; nucleic acids
carbohydrates and fats are comBin’ed in this way. Two carbon atoms also ma;

d triple bonds.e.g., ethylen

be chemically bound to one another by double and
possesses a carbon-carbon double bonds, and__acetylene a carbon-carbe

triple bond :

H,C = CH, ‘ : HCECH
= = ey Acetylene "

Ethylene ; b y

| In addition to forming bonds with itself and with the electro-positive
element hydgogen, carbon is able to react with electronegative elements

- . such as. oxygen, nitrogen, phosphorus, sulphur and chlorine making i
the most reactive of all elements. Compounds of carbon, oxygen, nitrogena
and hdyrogen alone account fc.>r about. 99% of the dry weight of all

‘living cells. N
~Carbon chains can be straight or -branched. Chains and rings can

becomes joined to one another, giving rise to various “patterns in carbon™.
For convenience organic molecules are shoWws on paper as two- dimensional
structures. - . :
Four broad categories of organic components are found in all types of
cells. These are as :
‘l. Carbohydrates
2. Lipids
3. Proteins,
4. Nucleotides.
Carbohydrates are the major s i . ;
high-energy stuff and jor suppliers of energy. Lipids are a
I gy stuff and a components of tissues and membra i
half the bulk of animal ti nes. Proteins make
up the bulk o animal tissue. Enzymes, harmones and trans$:
both oxidising and reducing power are also proteins ansfer agents of
@ Q4. Give an account of the structure i P ' e
giving functions of various organeTl an animal cells
_Ans. A typical animal cell has th L =

ree mai : g
membrane, the cytoplasm, and . ain components : The - cell

he nucleys,

R
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(I) The plasma membrane or cell membrane or plasmalemima -
Plasma membrane separates the cell contents from the surroundings. It

is composed of protein, lipid and carbo- hydrates. In some tissue cells, parts

_of plasma membrane are modified to form a large number of fingerlike

projections called microvilli. These greatly increase the surface area of the -

cell. The plasma membrane of a cell remains connected with the
neighbouring cells through tight junctions, desmo- somes, and gap junctions.
Furictions : It controls the entrance and exit of materials selectively.
Water and large molecules enter through endocytosis, and cell products come
out by exocytosis. In most animals the plasma mem brane is covered by a cell
coat. It is composed of glycoproteins, g]ycolipids and ‘pulysaccharides. It
provides protection to the cell. It contains enzymes and antigens and is
involved in molecular recognition between cells. : 2

(Il) The cytoplasm

" Inside the plasma membrane and outside the nucleus, the enhtire matter %\
called cytoplasm. The cytoplasm contains endomembrane system and the -

ground cytoplasm or the cytoplasmic matrix. Various components of.
‘cytoplasm are as under : . . B of g > -
- (1) The cytoskeleton and the microtrabecular lattice : The -
cytoskeleton consists of" thin filaments, 'intermediate filaments, thick
filaments and microtubules. These structures give shape to the cell and -
are 2lso. involved in the cell movement. These cytoskeletal structures
remain inter- connected by a network of fine thread like structures,- called
-'microtrabecular lattice. This lattice also interconnects many membranous
organelles and ribosomes. :

| (2) The endoplasmic reticulum “and ribosomes - The.. ER
(endoplasmic reticulum) is made of tubules and flattened sacs or cisternae
The membranes of ER divide the cytoplasm into two : The lumenal-m:
intracisternal phase (the cytoplasm enclosed in the ER tubules) and il

hyaloplasmic phase or cytosoi (tiie cytoplasm that Suitounds ER), - fle

There are large number of small particfec
o . particles called ribosome -
ribosomes remain attached with the outer surface of ER U'T,LS' Some
ribosomes) while others remain frce in the cytosol (“free” rib attached”
ribos

tane ‘
€¢S are transporteq through ER

I Y ey 7 W S g T T O e

e RS el
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(i) Initial break down of fats to relase energy, and synthesis of lipids
and break down of toxic substances occur on smooth ER membranes.

(iv) SER is connected with the synthesm and storage of cholesterol anc

steroid hormones,

(v) ER provndes mechanical support to the cell.
(3) The golgi complex : It consists of a set of smooth, flattened sacs

(cnstemae) arranged in parallel rows.

Functions : (i) It is involved in the plocessmg and packagmg of the
products which come through ER.

(i) ER and the Golgl complex are also mvolved in the formatlon of

lysosomes and peroxisomes.
“@ The mitochondria : These are cylmdncal structures, Iess than 1 pm

in diameter. It consists of a double membrane. The outer membrane is smooth
but the inner membrane is folded. The folds are called cristae or crests. The
cavity of the mitochondria contains matrix. The matrix contains numerous
enzymes. Mitochondria are partially autonomous and contain their own DNA
and ribosomes which resemble the DNA and ribosomes of bacteria.

Functions : Many metabolic functions like energy producing phases of
carbohydrate and fat metabolism (called respiration)' ATP synthesis, and
porphyrin synthesxs occur in mitochondria. It is called power house of the
cell.

. 268888 g— Microvilli
‘ Mrcrof laments , pjacna membrane

Endocytic vesicle

Tight :
Junction Secretory vesicle
Imiercellular
space Lvsosome
: Golgi apparatus

- Centriol
i Cytosol

Lysosome .

- Nucleus - Nucl
Heterochromatin t,,iﬁ,f: re
.+ Nucleolus 1p (8 1
Euchromatin pranisclear
2Tt space
B Mitochondrion
. i & - B
* Desmosome = )¢ y Marrix

A~ Cristae
=+ Nuclear pore
Endoplasmic
enculum
A(Rough)
Ribosomes
(Attached)
Endoplasmic
reticulum
(smooth)

R:bosamcs
* (Free)

o Cisterna Peroxisome
Fig. Structure of an animal ceH.

Gap
* junction

Microﬁlam?

Micrq!ubulés
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' icular structures enclosed by a
(5) The lysosomes :.L)_/sosomes are V?SI | : e ey
single membrane. They originate from the ER and the Golgi comp

contain hydrolytic enzymes: , o, .
S Fuhitionz:' Its enzymes digest protein, nucleic acids, p;)ly- sac::Tl]l:srlg:lf
and other materials. If the lysosome membrane 1s ruptured. dts er.lzi):] e sy
qhickly digest the cell. Due to this Tcil:SDll !hesc are Fallc hsutucre e in.
Lysosomes take part in the intracellular digestion of pamclest' ata taken 1
by the cell during endocytosis. Lysosomes are ca_lleq cellular sca “eg
because these digest the useless and poorly functioning cell organelles.

(6) Peroxisomes : It is bounded by a single membrane a.nd contains
enzymes which break the peroxides (H,0,). They are protective.

(7) The centrosome and the centrioles : The cgntros-om-e 1S lpcaied
near the nucleus. The cytoplasmic microtubules terminate n It. I_t is also.
called as the cell center or the microtubule organizing center. It contains a pair
of centrioles in all animal cells. The two centrioles lie at right angles toreach
other. These are not fourid in the cells of angiosperm plants.

(lll) The nucleus ' " . - S,

The nucleus is a relatively large structure usually (but not always)
present near the center of the cell.. : Y . ™ %

- (1) Nuclear-envelope : The contents of the nucleus (nucleoplasm) are
separated from the cytosol by the nuclear envelope. It is double walled : an
-outer and an inner membrane: The two membranes fuse at places to form
pores. The cytosol and the nucleoplasm remain continuous through these
pores. Often the pores are plugged by a granular material. Ribosomes often
remain attached with the outer surface of outer membrane. The outer nuclear
membrane remains connected with the ER. The space bétween the two
nuclear membranes (the perinuclear space) remains continuous with the
lumen of ER. The inner membrane remains in contact with the chromatin.

(2) Genetic material : The nucleus contains genetic material of the cell,

~ the Chrmosomal DNA and Chromosomal proteins etc. The nucleus often

'c.ontqins -one or more dense granules called nucleoli.

Functions : (i) It contains hereditary informations.

(f') It controls the metabolic activities of the cell,
(i) It takes an active part in cell ¢
~ (IV) Flagella and Cilia by
| Many free living cells
These organs project out fro
Othe!' animal cells these

I division.

(as protozoa) contain organs. for locomotion

m the cell surface, These are flagella or cilia, In
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(V). Reserve food : | ¥ g
" Various granular structures or droplets are found in the cells. These
acontain reserve foods. = ) e
@ Q5. Give an account of biochemical and structural
* organization of cell membrane. :
Ans. * Ultrastructure

Plasma membrane is about 75 A thick, but its thickness varies in
different types- of cells and ranges from 75-105 A or upto 215 A. Under
‘electron microscope three. distinct layers could be divided in the plasma

membrane : .
(1) Outer-dense layer of protein : about 20-25 A.
(2). Middle bimolecular layer of lipids : about 30-35 A.

(3) Inner dense layer of protein : about 20-25 A.

The plasma. membrane consists of bimolecular layer of lipids
ers. These membrane

; §§ H":‘“’P”W m} b g
13 3 W AR AL AAAAA Layer
|2 ﬂmﬁﬁ}M il -

‘ rﬂa:' & \i l}]ﬂ}}'@ \G‘{J‘yﬂ‘{l Acid Group

—

Fig. Ultrastructure of plasma membrane.

: Pore formed

Carbohydrate  Peripheral by integral
Chains of Protein proteins

Glycoprotein = 7

\}

Lipid %

Bilayer u5§
thwbrk Protein

Fig. Fluid-mosaic mode! of
plasma memb i
extrinsic and intrinsic. fane showing

Integral
Proteins
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has been described as unit membrane by Robertson. He found that a variety

of cell structure like endoplasmic reticulum. Golgi complex, nuclear

membrane, mitochondria, plastids and lysosome are surrounded with unit
- membrane.

Chemical Composition

- The plasma membrane of animal cells consists of proteins, lipids and
small amount of carbohydrates. :

1. Proteins

The proteins separated from the plasma membrane of R.B.C. are
collectively known as tektins. These are of two different types.

1. Peripheral or extrinsic proteins : These form outer and inner layers
of the middle lipid layer of plasma membrane. These are loosely connected
and can be separated even by mild treatment. Speetrin in erythrocytes,
cytochrome C occur in mitochondria’ and acetyicholine- sterase in
electroplex membrane are peripheral proteins. |

2. Integral or intrinsic proteins : These (Hydro hilic).
proteins penetrate the lipid layer partially or Head (gfoup Fhosphic )
wholly. These are insoluble in water. Some
detergents or organic solvents are required to

separate them from the membrane. These are )2
attached _either to the oligosaccharides or to
phospholipids. ‘
2. Lipids (Hydrophilic) | |-
The plasma membrane consists about <

20-40% of lipids. The lipid components are of g
three types : (i) phospholipids like lecithin, s
serine, cephalin and sphingomyelin; (ii)
cholestrol and (iii) glycolipids.

" (a) Phospholipids are amphipathic. oy’ 4
These have hydrophilic head ai.d hydrophobic
tail. o 3 - Fig. A single phospholipid

1.. Hydrophilic head end : It is water-loving part. of" phbspholipid
molecules and is known polar end. It is formed of choline phosphate.

It is water hating part which moves away
end. It is formed of two molecules of |at

acids. Both these molecules are joined to the backbope of glycerol through

their carboxyl group (-COOH), i
- These phospholipid molecules are arrap ed radially ;
rad
layers. The nonpola!: hydrophobic ends andgpolar :Egr:)n];gi:}vo e
lEb) Ch’o'lesterol Is occur in the plasmg membrane al:ld oth lic ends.
membranes " in eukaryotic. cells, [t g usuall NEr intracellylar
phospholipid molecujes. It provides Y present in

i : IR > ;
to the lipid bilayer 8"ty to tails and mechanical stability

L AT gran =i

TR A TR AT
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(c) Glycolipids are. occur only _'in'the outer lipid layer. These carry
carbohydrate’ chains. 2 o

Functions of Lipids : -
I. It forms permeability barrier to the ions and polar molecules

entering the cell.
2. Lipid layer forms structural frame-work of plasma membrane.

3. Carbohydrates

The plasma memb .
are hexose, hexosamine, fucose and sialic acid. Tl

combinations :-

(i) attached to lipids—glycolipids;

(i) attached to proteins—glycoproteins.

Fluid Mosaic Model of Cell Membrane

The fluid mosaic model was proposed by Singer and Nicholson (1972).
According to this all the biological membranes possess a quasifluid
structure. In such a membrane :

I.  The lipids and integral proteins are amphipathic in nature, ie.
these have both hydrophobic and hydrophilic groups. Their
hydrophobic or non-polar groups are situated inside the bilayer
and hydrophilic groups are directed towards the water phase.
Lipids and integral proteins are arranged in a mosaic fashion.
The fluidity of membrane is associated with the fluidity of lipids.
Unsatuuated fatty acids having double or triple bonds have a lower
melting point than saturated ones. Most biological membranes have
sufficient unsaturated lipids so that the lipid bilayer is quasifluid at
‘ body temperature.

4. The lipids, proteins and oligosaccharides are held together in

plasnia membrane by non-covalent interaction (Gitler 1972).

Intrinsic Boundary S
P ein '~ Lipid Inwinsic gy v ophilic

rane contains 2 to 10 percent carbohydrates. These
1ese found in two different

2

Fluid e
mosaic structure of plasma membrane.

Fig.
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5. The integral proteins exhibit three types of movements inside the
fluid layer : (i) lateral diffusion, (ii) rotational diffusion, (iii)
rotational diffusjon. - C S
6. The lipids and protein molecules are able to perform lateral
‘movements within the lipid bilayers. The lipid molecules may
show (i) intramolecular movement, (ii) may rotate about their
“ axis, (iii) Rarely these exhibit ‘flip-flop’ movement which
“includes transfer from one side of bilayer to the other.
7. Because of quasifluid structure protein macromolecules are able to
* diffuse through the plasma membrane. |
Functions of Plasma Membrane,
1. Regulation of Passage of Materials or Selective Transport of
Substances | ‘ 3
The plasma membrane is selectively permeable. It facilitates the
entrance of needed nutrients into the cells and permits the exit of nitrogenous
wastes and prevents the exist of substances from the cell. The transport of
materials into and out of the cell found :
1. Passive transport : It includes transport o
osmosis and facilitated diffusion. ' ,
2. Endocytosis : It includes pinocytosis and phagocytosis by which
solid material is taken in. . - e |
3. Active transport.
4. Exocytosis : It expels out the waste
2. Maintenance of Differential Distribution of lons

Plasma membrane controls and maintains the differential distribution of

ions inside and outside the cell, eg.. potassium-ions are concentrated inside a

living cell, and sodium and chloride ions are distributed.outside. The unequal

distribution of ions leads to a potential difference. This electric potential

energy in all living cells is called membrane potential.

The distribution of ions between inside and outsdie of living cell is in a
state of low entropy. . , :
- 3. Contact with Neighbouring Cells _

: The p_lasma n:lembrane maintains structural and chemical relationship
with the neighbouring cells, Several glycoproteins of plasma membrane help
in recognition, maintaining communication and exchange of material.

-4, Response to Environment '

" The plasma membrane responds to changes in its environment with the
help of receptor proteins. These receive chemical messages from other cells
and help in cell recognition. the receptor protéins respond to ho
growth factors and neutro-transmitters. ¥ o

5. Communication between Neighbouring Cells

Animal cells communicate with the neighbouring cells th}ough gap

Junctions. Salts, amino acids, sugars vitami m
. ol itam
g4p junction. e lns,‘ho ones, etc, pass through

f substances by diffusion,

or cell secretion.



‘wastes either by diffusion or by emiocytosis.
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6. Cell Recognition e the self and nonself and

of body recognize the sell an nd by

Cells of defence system
recognizing the foreign intru¢

7. Protection . L
Plasma membrane protects the cell and may be involved in cell

movement, cell secretion and transmitting l‘mpqlses.
8. Cellular Adhesion

All cells of body remains in close asso
many types of cell contacts and adhesion.
9. Excretion

Plasma membrane permits th

jers like bacteria etc. help in self protection,

ciation with other cells, There are

e exit of nitrogenous wastes and other
?

@ Q.. Discuss the different models of.cell membrane or
plasma membrane and explain which of these models
is dynamic and why.

- Or _ -
Discuss one experimental evidence in support of fluid
mosaic models. - Pd

 Ans. 1. Danielli and Dawson Membrane Models

(Lamellar Theory)

Danielli and Dawson, 1935 proposed a lipoprotein model. The plasma
membrane is formed of a bimolecular layer of phospholipids with a layer of
protein on both polar surfaces. The non-polar hydrophobic ends of
phospholipids of two layers lie facing each other, while the polar hydrophilic
ends are associated with protein molecules by electrostatic interactions
between polar ends of lipid molecules and charged amino acid side chains.

2. Garter and Grendel’'s Bimolecular Lipid Leaflet Modei
In 1926 Garter and Grendel measured the lipid content of haemolyzed
RBCs from mammals and concluded that the cell mem

formed o_fghosphbiipids arranged to form bimolecular tip
ends of: lipid molecules of one layer were directed outw
were directed towards cel] cytoplasm. a

brane was mainly
id sheet. The polar
ard and other layer

o g Pler Shes e Sma g, U g(g:

ig. Bimolecular |j ‘ ‘ - -

model of Gartea: a:l:?;;drf:aﬂet Fig. Molecular sfruct
; Jrendel.  plasma Membrang al:t:;::::;ic,f p!as_mai lii
: ng to Dsnie

ameliar theory
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When lipid molecules are surrount%m)y \P er,_lhey bury hydrophobic

tails towards centre and their hydrophilic heads remain exposed to water. By -

these-arrangement either they form spherical micelles or form bimolecular
layer with hydrophobic tails sandwitched between the hydrophilic head ends.

Modifications of Danielli-Dawson Membrane Model
~ (i) - -Some plasma membranes have folded chains of proteins on both

the surfaces of lipid bilayers. o
(ii) With globular proteins on both the surfaces. N
- (iii) Coiled chains of helical protein on both the ;urfaces of lipid
- Dbilayers. - | ¥ - -
- (iv) With folded chain protein on one side and globular protein on the
- other side.. o> ) ‘ ' :
{(v). With folded proteins on both the surfaces and helical proteins

extending into the pores. _ :

Fig. Structure of plasma mambrane according to micellar theory. -

3. Robertson’s Unit Membrane Model

- In 1959 Robertson described trilaminar structure of plasma
membrane consisting of two parallel outer dense osmophilic layers, which
correspond to the two protein layers and a middle light coloured osm ophobic
layer to the hydrocarbon chains of the lipids.

.. Robertson and others demonstrated that all biomembranes present
_nside the cells and around several cell organelles had similar trilaminar
structure. . On the basis of the similarily, for all the cell membranes
Robertson, proposed ‘unit membrane model’, :
4. Micellar Theory s \

In 1953 Hilleir and Ho

; ffman porposed th 3
contains of a mosaic of globy] o 2 the plasma membrane

ar subunll‘rtgé ilIln each subunit hydrophilic polar

S Ty
O iy

‘Fig. Transformation between micellar

states of plasma membran:nd lamellar

fe o
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ends of its lipid molecules are directed towards the periphery of the subuyni,
The globular proteins form a mono layer on either side of the lipid micelleg
The space between globular micelles shows pores bounded partly by the pola;
groups of micelles and partly by polar groups of assoqiated proteins.
Different membranes may show different types of structures or there

mdy be transformation of lamellar structure to micellar state.

5. Fluid Mosaic Model . . g

This model was proposed by Singer and Nicolson (1972). The lipid
molecules form a rather continuous bilayer that forms the structural
frame-work of plasma membrane. The protein molecules are arranged as
extrinsic protein on the surface of lipid bilayer and as integral or intrinsic
proteins that penetrate lipid bilayer partially or wholly.

 The integral proteins are intercalated in the lipid bilayer, with their polar

regions protruding from the surface and non-polar regions embedded in the
lipid bilayer. . _ 3
Freeze-Fracture Membrane to Support Fluid Mosaic Model

The fluid mosaic model of membrane structure is supported by a visual
evidence provided by freeze-fractured samples of erythrocytes. Branton
represents that membranes rapidly fracture along specific planes. When the
plane of fracture intersects the 'p[qhe of membrane, the membrane is splitted
along the centre of the lipid bilayer, producing two ‘half membranes’, are
called E-leaflet and, P-leaflet. The E-half faces the cell exterior while P half
faces the protoplasm. Visible on the fractured face are numerous small

Glycaprotein

Glycocalyx it N
" Exoplasmic Or ‘1 . ,,_Qﬁ §§
B AT
¢ e i eray WEs
£ EF Face
‘ Integral
Protein

Peripheral Protein

. Face
Fig. Diagram of an ‘erythrocyte membrane freeze-fractured. -
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" Glyeo d!em + E-Half
Carbohydrate Chain il ' d@ £
[V

Integral

: " Proteins
-

Plasma ”

Membrane lmegr_nl, !

Pmle‘m :

!

“
\\

; /
,

/ 7
f /

/ 7 1p|d Bilayer

/
/
P-Half

Fig. Diagram of an erthrocyte membrane freeze-fractured. .

P-Face

particles‘ These repre§é|1t protein molecules embedded within the lipid.

- bilayer. °®

- Q? Discuss how ‘materials “are tranSported into the cell

through cell membrane
: QK -
Explam mechanism of pinocytosis, phagocytosns and
. active transport through plasma membrane.

Ans The transport of substances mto the cell i is brought about by following

methods : . Pore. Semipermeable
o o\U/ Membrane
. o.
More Water O ,
Molecules move
. *In this du'ecuon
. . Fewer Water Molecules
Move in this direction ‘— . O Mm
. Wztcr _‘ Sugar _So[utlon
B

 Fig. § " :
9. Simple diffusion of Substances through plasma membrane



=

48 www__dreamtopper-in' B.Sc.Biotechnology

—3)

I. Transport of Water
1. Osmosis
Il. Transport of ions and small molecules
2. Passive Transport
(1) Simple diffusion
(2) Facilitated diffusion
3. Active Transport
lll. Transport of solid particles
4. Phagocytosis
. Sis ' o .
: OSOT;oéis is the diffusion of water or solvent molecules throqgh plasma
membrane from low osmotic pressure to high OSlantiC pressure ie., from a
region of low solute concentration to a region of higher solute concentration.

itting - wate
It acts as a-differential membrane permitting the movement of water
molecules in and out and retaining the metabolites.

2. Passive Transport

The passage of molecules of. different substances through the. plas'm'a
membrane from a region of high concentration to low concentration i.e.,

s Hydrophilic
> % 2 -Molecules and Ions
Hydrophobic - ‘ © Channel in
molecules - ' protein molecule -
2 ' / A
IR (aereane QINIt2
Pl LRI ST
= '/ Major route for Carri
Major route for H,0, CO,, urea, Pra;tréfrl;
Oy, Ny, Steroid glycerl and some ,
KEnoEs - logs Major route for
b o large hydrophilic
molecules and
most ions
Fig. Different route

s through plasma mem
hydrophobic molecules, (b)

substances, (c) for j
along concentration g

brane (a) for fat soluble
for lipid insoluble hydrophillic

ons and large molecules,

radient is called passive transport, In péssive transport

the concentration gradient.
¢ accomplished by the following
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,K_etgns Dmen.ntmlly Permeable Munbmm.

o E/

| » B .O p~/ Trapped | Fah, i
*o, Cytosolisil ' " O (_/ O:ylmc ions - 3§ |
A\ W -

O K
® Cl.

Outside Cell *,
‘ O I.j

e' | S v
g o | |

Ct lOﬂS" \ v . % |

Pom

- ANIOHS = 5P" + aC1T, .° ~ AMNIONS = 6CT"

CATIONS = 9K"* CATIONS = 6K~
JNTERNAL = INTERNAL : EXTERNAL = EXTERNAL
" ANIONS  CATIONS | = |  ANIONS CATIONS .

Fig Donnan effect on the differential distribution of K* and CIT. ions.

1. Simple diffasion : Transport of metabolites across the membrane
|long the concentration gradient and without the carrier molecule is
:nown as simple diffusion. The molecules of substances pass through the
saps or channels of membrane tmnspon proteins, known as channel proteins.

. Transported Molecule

' Channel

Carrier '.909

: Exlr-accllul;ar AN Protein ‘ P"‘"?_‘-"‘ 1\ ..9.0
' I G
‘ b:la)‘er fﬂ/ ﬁ ﬂ@ ﬁf“@ f"g'"V g’mdleml

Cy‘toplasm i

- l
]
O (5]
Simple-  Channel Carrieer l N"‘L:?'

_Diffusion Mediated :
Diffusion Mediated

! Ditfusion
d e ¥l
Passive Tra 1
(Facilivied Diffsion) *  Tranper

Fig. Diagram to show difference beteen differen

transport of substances through plas t types of diffusion and

ma membrane,
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. (a) Diffusion of lipid soluble molecules : Lipid soluble hmlecu‘
diffuse rapidly by dissolving through lipid bilayer of plasma membran
(b) Diffusion of small lipid insoluble ; |
molecules : Small molecules that are
insoluble in lipids move slowly and pass

integral protein molecules.

(c) Diffusion of ions : It depends on
two factors : on their concentration gradient
and on the electrical gradient. The diffusion

‘of ions is a balancing act between these two
forces because negatively charged organic
anions and extracellular fluid or interstitial
fluid contains more positive inorganic
cations. ‘ -

Internal  anions favour inward
diffusion of cations like K* . But a higher-
concentration of ‘K* ions in the
intracelfular fluid causes their diffusfon

- outward. The final result of these 0pposIng
forces when cations and anions reaph a
stable. stage *js known as Donnan Fig. Transport of metabolits
equilibrium. ' facllitated diffusion throug

2. Facilitated diffusion : In protein carrier complex.
facilitated  diffusion, diffusion  of 4
metabolites across the plasma membrane is facilitated by proteins o!' plaf
membrane. These proteins are known as permeases. These act as carriers.
process involves following steps : N Iy ;

1. Diffusion molecules combine with the specific carrier prol

molecules forming carrier-protein complexes. "

2. The shape of carrier protein molecule changes in responst
diffusion molecule, allowing the molecule to cross the plas
membrane. 51

3. The shape of carrier protein molecule changes in response 10

* diffusing molecules so that the membrane bound carrier pro
complexes form channels. _

4, After the release of diffusing molecule, the carrier-pro
molecule resumes original shape. - :

5. Once the diffusing molecule has reached the other side, the chd
in shape of carrier molecule (conformational change) lower
affinity with the diffusion molecules, and allows it to be releasé

"
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and forms a carrier-trans

. Opposite side of plasm
re ™
. called as trangloeqge o:n ﬁ,b;ﬁ;ha".ges a'°nge?vsietd cw ol

www.dreamtopper.in ) 51

The facilitated diffusion enables molecules to cross the impermeable or
poorly permeable membrane. '
" The transportation continues as long as there is a concentration gradient.
It is similar to simple diffusion in that it does not require energy and takes
place alohg the concentration gradient. But it differs from :
(a) It shows saturation Kinetics. -
(b) Facilitated diffusion is stereospecific.’ -
(c) Facilitated diffusion requires a carrier for transport across the
membrane. The carrier protein molecules move to and fro across
the membrane by thermal diffusion. | |

Pomssitgl ion Exterior
® @ : :
e .0 0. é ® 0 ./So_(hum
o) %a 23 @ @ ion
Bl -
tCam'cr& _ *AD :
. ' ATP }—Plasma
T Carrier ; Membrane
possiact iy h : BE8——} Carrier
C@Ie:;\TP A Released
ADP e : ;
@ .O K7 O 4 © @@ Interior
%@ .0 © . .-:‘_.. .l>km '
® /o 09 . Tq® . 4
Transported fon : ‘ '

Fig. Diagrammatic representation of the 'rocess
of actlval transport dqmonstratlngp

3. Active Transport

Active transport is the mover.n ¢ ecu]
7 ent of molecules the molee i
: : _ olecule
;1_1}:):; frr‘)(m region of low concentration towards region of high concesn::'gtl'ons
ovement of molecules can be compared with the uphjil mbvemenltogl; |

water. Therefore, durin activ : :
provided by ATP g active transport Energy is required. The energy is

“'Mechanism

ions, Mg** activated ATP - €.8. in the actjy
X : ase acts ag . € transport +
from the interstitia] fluid formin a carrier, Th_e sodium jo Portof Ng +

ra
transportant undergoes ? Membrane gng is
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<l i
- o8
L F TEE
, y: 7
P T
d& &
Substrate CCarrie ' - 0= 1‘8 e )
) Y Carrier ‘
- *J Conformational o C;
Outside % . 4 o Oz‘o ____) e of
of Cell — ol (x::::O:O o
‘ . el “\Memh'ane/OL" 4’0 %’ T

———>  Lipid Bilayer
‘ “Na*+C -——}Na .
" Na*C+ATP ——> ATP-C+Na®
+ ATp- C AT ,ADP+C |

where C is carrier. _ 3 !
2. Revolving door model for active transport : Monod and Coher

" have described that.during’ the: transport of lactose across the plasm

membrane in E. coli, the carrier protein has a slot facing outside. The carriel
protein changes its shapes as the substances enters the slot and rotates so tha
the slot comes to lie on the'inner side. The substance is released in the cell and

. the protein rotates back to its original form.

4. Pinocytosis ok |

- Siibstances of high molecular weight like proteins, etc. which canno

pass through the plasma membrane by osmosis, are taken up by this method
~ The plasma membrane with macromolecules of such substances invaginate:
_into.tiny pockets or invaginations and finally pinches off into small vesicles

.. Known as pinosomes. These float fieely, invaginate in the cytoplasm an

distribute food. ;-
5. Phagocytosis .~ : 4
~In this process. solid particles are picked digh: y-the
| this process. 5ol icles are picked up and digested by-the cel
th__rough plasma membrane similar to-that as Amoeba ihgeéts- its :;'ood

Example : W.B.Cs pick up foreis tei ‘ s .
this procesd®, * 1 pick up foreign proteins frorp the blood stream by
‘

@ Q8. Describe the uitr u '
- . astructure, ¢ i .
* and functions of golgi complex. - Co PO

Golgi Complex

ﬁ:ﬁ‘“ﬁ’__‘)f the vacuolar system of the cell, Bot
¥ yitis related to the endoplasmic reticulum Of

| It is the differentiated
morphologically and functio
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} .+ vesicles on the other side. Golgi complex w2
l;)éiV;S 1898 in the nerve cells by silver staining

one side and to the secreto
t ‘is known as Golgi complex, Golgl

" discovered by Camillo Go !
method. After discoverer’s name |
"_apparatus or Golgi element.

-Occurrence e b
Golgi complex found in all living ce’l!s excep!
" R. B. Cs, mature sperm and sieve.tubes In pl_an.ts,
known as dictyosome. i . X
‘Ultrastructure - P i, G
"' Golei complex comprises of stacks of m'e@brane bound .spaces._lThf:%e.
“are of the following types @ ' :

plt the prokéryotic cells an.d ’
étc. In plant cells, it is -

. Secretory . Intercisternal
Space

- Vesicles

' : R Y : »
R O % 'T’“)c’.?.é J=
T | S WP (Y i
Transition Saccules ~ . - Membrane

Vesicles 25

Fig. Ultrastructiire of Golgi-complex.

1. Cisternae : Ci'ste’maé form the cel_{tral plat'e_—like_part. it comprises of
stacks of tubular or flattened coinpaﬁn;én’ts— about 20A wide.and enclosed by ~ -
unit membrane. These are stacked in parallel bundles one above'the other and -

- separated by intercisternal space of about 20-30u (200-3004).
- The cisternae in a stack are arranged in a specific order. Those on the
. convex side are small. This side shows the forming face of Golgi apparatus.
The transition vesicles and tubules that detach from E.R. fuse here to form .
new cisternae. The opposite concave face of cisternal sack shows the -
‘maturing face, It is associated with the secretory vesicl d vacu .
 are formed by the dilation of the edges of cistemée;dueiﬁg Vacuole]s. Thes?‘
Secretory products for el e A > the accumulation o
gl ry p ormed by the concentration in Golgi cisternae. .
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.crsternae These consists secretory products of Golgl and - convened ,mq

Zymogen granules or lysosomes. : 1
4. Coated vesicles : In some cell types, the secretory vesicles aré

«coated with bristly layer of protein clathrin. These are known as coateq

'vesicles and associated with the secretion of highly specialised cell products.|
S. Golg| vacuoles : These are large rounded sacs occur on the maturing

face of Golgi. These are formed either by the expanded cisternae or by the

fusion of secretory vesicles. The vacuoles are filled with some amorphous o
granular substance.

Secretory
~ Vesicles
5
S|
Maturing o0& =
Face z
(3]
LT
A
et
=)
Z
S
=
—

Fig. Diagram showing polarity and membrane flow in Golgi Cisternae.

Polarity and Membrane Flow in Golgi
The Golgi bodies are polarized structures. Their formmo face lles
close to the nuclear membrane or SER, the new Golgr cisternae continue to be

formed from the coalescing of transition vesicles. On the maturing face of
- trans face the cisternae break down into secretory vesncles or vacuoles or

zymogen granules. .
‘The association of Golgi, cndoplasmrc reticulum and lysosome is

‘reflected in the GERL region. It is the region between Golgi and plasma

membrane where secretory vesicles are converted into zymogen granules by

. the concentration of products synthesrsed in RER.
' Chemical Composition

Phosphollpxds, Enzymes and Carbohydrates :

Functtons * : |
Golgr comp]ex performs a variety of functlon in dlfferent types of cells

iy Some of them have been :
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1. Secretmn . It is mainly
assomated with the secretory activity of
the cell. Through the channels of Golgi
there is .2 continuous  traffic  of
substances from cell to the outside.
Finally these are secreted outside. These
include enzymes. "hormones, endocrine
secretion and mucus, etc.

2. Formation of lysosomes and’

vacuoles : Primary lysosomes  are
formed from Golgi cisternae in the
~same way as the secretory vesicles.

.3 Concentl ation and Storage of |

Secretory Products Golgi is
associated with the concentration,
storage. condensation and packaging of
materials. The glycoproteins and
lipoproteins  are concentrated ~and
packed in secretory vesicles.

. 4, Synthesis of glycoproteins :

. For some years Golgi was believed. to
be a passive channel for the

%

Pmlun Symhum 2-

(l’hmphmylallon 0[ s(mma]) -

Ohgosacc

-6 Removal of Mannnose | Media

<0Ad<huouof GlcNAc )I:—‘J
~~eAddition of GAL @
eAddition of NANA - &

: Sc_;rling r‘“j '
ey WL
J 2y N

~ '
(. O :
Ly‘.;gso-me Secretary Vesicle

Plasma Membrane '

Fig. 3. Diagram showing secretory
function of Golgi complex.

transportation of matrials, synthesised elsewhere in the cell. Now it is
- established that Golgi facilitates hnkmg of carbohydrates and protems in the

formation of glycoprotems

" Endocytosis f 1%
; Acid
. Hydrolases

Smoulh
Endoplasmic

i sccond.lr}
()r Illﬂ&.l h;“‘lc
a;.un]c usion of

rimary L\sosone §
Phasnsnm., c)

- ;'.-' Absorpllon
: Uf D!y:sled
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sniphs O;ma.txol? of cell plate : Golgi complex produces vesicles dring
Nk e of mitosis. -Th_ese vesicles. fus_e'_}p form the cell plate: . - o
- 6. Synthiesis of carbohydrates :-Golgi‘appara_tu‘s.is considered to be the
1ain agency of building of large molecules of complex carbohydrates from
simple sugars.. ' :
7. Formation of acrosome : Acroso

- complex. T
: 8.-F0,rmatfionlof'céll wall
necessary for thc,fonn'ationof cell wall
-_complex. g i _ »
& .Q.9. Discuss various types of endoplasmic\rgticulu_m and
explain_ the common and spec_ia_lized,_ function of
" smooth endoplasmic reticulum. - .4

me of s'perm'dei/ciops from Golgj
al and other substances

The pe_cti"c-materi 7
' d and secreted by Golgi
' ®

are synthesise

-+ "Describe the ultrastructure, development and function
- of endqpl_asmic‘.retilculum. ' ; 9

j Ultrastructure of Endoplas
m forms an elaboraté syste
<tance of the cells.
he same basic structur

mic Reticulum .
m of flattered tubules

These channels. are
e as the plasma

Ans.
" Endoplasmic reticulu
or. channels_in the ground substa
1 bounded by membranes that have t
membrane: © | :

The én‘dop!asnii
1. Vesicles : ‘These are roun
measuré from 23 to 500u. -

'.;'.-.'2'.‘__Cistemé|e . These are long and flattened lamellar vesicles about
: These are in the form of irre
r of about 50-100p. These are most common in the

¢ reticulum comprises of three different components :
dal spaces which

ded, spherical or ovoi

gularly branched tubules,
cells that

7 synthesis 0f steraid. 7
~" 'Types of Endoplasmic Reticulum
Two,_types of endoplasmic reticulum are found : -
1. Agranular or smooth endoplasmic reticulu |
o ] —— m:; SER) : Th
membranes of reticulum are without ribosomes. SER found il('l cellz that dz

not synthesise proteins like adipose % :
scls cells, . post cells, glycogen storing cells and the
~ 2. Granular or roungh end e
e e T oplasmic reticulum ;
l.?:;“':’aﬂﬁss Eol{ _.rol!gh t?ndoplasmic reticulum  are d(REB) ' T_he_
7 ribosomes. SER is occurs in all those cells that pl ?Qosned with
protein synthesis: - * - : play an active role in the
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- gnlcitbl]).‘ o
- Endoplasmic
N Retilc:u]utg:/;-:,ﬂ-.:-". . Nucleus
| Plasra A ‘
Membrane N
Ayl S
Ribosomes < e
\E

: Ha@ﬁ, “.'-Ncl&‘aa_f, El‘l;é](}pe "

.« Rough Enadplnslmc Retimluni
LI *A : s

Vesicles
B &

Fig. A Endoplasmic reiiculuni, B Components of ER :
cisternae, vescicles and. tubu_ies. ;

. Enzymes _Assqc'i_éted'__with __Ehddpiasmic' Reticulum
Approximately 30-40 enzymes are located on the -membranes of

_endoplasmic reticulum. These

surface or luminal surface. Thiese are :
L. Nucleoside pyrophosphatase - °
. Glucose-6-phosphate - - -

. Mg-activated ATPase

. Cytochrome P-45(
. P-Glucuronidase

i === TCN R~ N U S PV

' '10. NADH-doaphorase

. GDP mannosyl tansferase '
- Nucleoside diphosphatase

may be associated with ‘the cyteplasmic

a

. NADH-cytochrome bs reductage
: Acetanilide-hydm}ysing\ esterase”

11. NADPH-cytochrome Teductase

Thesg enzymes perform follo
(a) Synth sis of glycerides and

' of Plasmalogen,
(c) Synthesis of fatty acigs.

(b) Mgtabolism

Y

wing functions
Phospholipigs,




4 &

; .www.dre_ar'htoppe‘r.in -

B Se. BlOfechnotogy=

58
() BIOS}'ntheSIS of steronds and choloestrol blosynthe51s g
(e) Aryl and steroid sulfates synthesw g : ﬂ
(f) UDP uronic acid metabolism. M i
(2) L-Ascorbic acid synthesis. i -.

(h) UDP glucose diphosphorylation.
" (i) NADPH; + O3 requnrmo sterol
hydroxylation.

id transformation, aromatlzauon and

Functions of Endoplasmac Reticulum
lasmic reticulum forms a skeletal

I. \ﬁec‘hamcal function : The endop
hamcal support to the collondal

" framework and prowdes supplementary mec
matrix. -

2. Intracel!ular'transport : The endo

a kind of circulatory system for the transport 0

cell cytoplasm..
3. Exchange of material : The membranes of endoplasmlc retlculum

actasa segregatmn apparatus, i.c., these maintain osmotlc pressure within
the cell, isolate the material, synthesnsed and regulate exchange between the
inner compartments and the outer compartments and cytoplasmlc matrix.
4. Intracellular transport : The endoplasmlc reticulum prevides an
increased inner surface for several metabolic reactions and they themselves
take an active part in them by means of attached enzymes. =3
5 Synthesns of secretory protems : The microsome fractions attached

with the endoplasmic reticulum are intimately associated mth the protem
synthesns :
. 6. Glycogen metabolism : In liver cells SER is intimately associated
with glycogen metabolism. )

7. Formation of o

ther cytomembranes Endoplasmic ret:culum takes

part in the formation of other membranous stru
and Gol s cturesf of cell, like mltochondrla

plasmic 1 ret:culum is said to act as
f several substances inside the

8. ATP synthesis : Membranes of endoplasmic reticulum are the sites Of.

ATP synthesis in the cell. The ATP i
1s used as a sou
intracellular metabolism and transport of material. rce of energy for all the

9. 'l‘ransport of mess

) age from

- passage for the message ; o o
genetic material to pass fro

cytoplasm, thereb
Yy co
carbohydrates, “'-"°||mg the synthesm of protems fats and'

4

It also provides
in" the form of various RNAs from the

th |
€ nucleus to the various organelles in the|

4

N
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@  Q.10.Describe the location ultrastructure, chemistry and
| function of eukaryotic ribosomes.
- Ans. Occurrence and Locations .
_Ribosomes are submicroscopic granules about 150-200A in diameter
and occur in all the living cells either attached to the outer membrane of
endoplasmic reticulum. These are descr ctories of the cell’
because these synthesise proteins of the cell. o
In 1955 Ribosomes were first observed by

microscope as dense particles. :
Types of Ribosomes |
and eukaryotes are of different sizes

ibe as ‘protein fa

Palade under electron

Ribosomes oceur in prokaryotes
and have different sedimentation rate. | \
Ribosomes are generally oblate, spheroidal measuring 18 nm in bacteria

and 20-22 nn in eukaryotic cells. These occur in two categories :
(@ 70s ribosomes occur in bacteria  (prokaryotic cells),

mitochondria and chloroplasts. =~
(b) 80S ribosomes occur in eukaryotic cells.

Ultrastructure of Ribosomes

‘Basic design of both prokaryotic and euka:yotic chromosomes is same.
These have a small and a large subunit. The small subunit forms a cap on the

large subunit. _

1.7Prokaryotic Ribosomes (705 Ribosomes) _ T
Prokaryotic ribosomes have about 18 nm diameter and 2.8 million

daltons particles weight. Their tWo subunits are 50S and 30S.

Lake’s Model of 70S Prokaryotic Ribosomes _
R 308 subunit : The small subunit of prokaryotic ribosomes is 30S. It
. is asymmetrical and rod-like and partiaily divided into two lobes by a deep
transverse cleft or groove. The smaller segment is known as head and larger
one base, A small outgrowth arises from the base segment and is known as

platform.
- i o - Central :
A, Protuberance :
I' [} ’
/ \WN}S Subunit

Lobe'y/ == Lateral Crests

Lhels oy ()
Tunnel Vaulted
Seat
| Body >S0S :Subnnlt
J

79 Ultrastructure of a prekaryotic ribosome. "
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The 308 subunit formed of one molecule of 16S rRNA and 21 Proteins,
(b) 508 subunit : It is more or less spherical and forms the body, AJy j

flat anterior. end are present threé projections- one central projection and twg

_lateral projections. - ‘ ' s
\ It is formed of one molecule of 238 rRNA, one molecule of 55 rRN4
. and 34 proteins. :
' 165 RNA-
 (YEND)
Né—[)imqihyl
JAdenosine i
B egou Bases 925-1395 -
(Proteins.S7 89 S10 S13 519
Bases 2690'22r}0 55 RNA ‘
(Protein Ll1) _ (3'END)

308 Subunit] | N -Methyl 235 RNA
5 {(5' END) . Guanosine - * (3'END)
365 Subunit 50S Subunit -

Fig. L.ake's model of prokaryotic ribosome.

2 Eukaryotic Ribosomes (80S Ribosomes) ,
“The 80S ribosomes have a diameter about 20-22 nm and part"ic_lé‘.weight

- 4.2 million daltons. Their two subunits are 60S and 408. 4 ik
> The 60S subunit contains 288, 5S and 5.85 *RNA and about
forty. different proteins. It has a broad anterior flat s'urface_ and
_three projections, i N R
#  The 40S subunit has 1.8 » RNA and 30,ﬂifferent'polypep‘tideé,

I-’-site and A-site. The aminoacyl tRNA com plex is attached to the acceptor
site and the RNA carrying peptide chain is attached to the peptidyl or donor
site. The ‘smaller subunit receives the messenger RNA., . ki
Chemical Composition b, ) '

Ribosomes are formed of a Imately Somal apice. s e o

e it e perint L oximately equal amount of RNA and
proten}s. Prot?m.s from the periphery and RN A lies in the interior remaining

- Interwined within the two subunits, . ; : oy o]

;.
!
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sy s ot e

f“{-——- -
N
—fm e

( N
| 1!
| a4 1
: ; ’i : | Amino Acid
| 1 % : f
( It £ Large °
! ; : o R S Y Sul;umtﬁ_pS
- : (RNA
LG %) Molecule
‘_"ﬁ;@/’ N
l—mRNA

.

Smali

Codon Anticodon - :
Subunit 305 ¢ .
p.site for attachment of tRNA carrying polypeptide

' Fig. Ribcscmes . showing !
. chain, A-site for tRNA with amino ac:d
1. Ribesomal RNA : :
% Rlbosomal RNA (RRNA) found in three

(1) In prokarvotxc ribesome
38 rRNA IGS RNA and 5S RNA.

different forms as
; 20-22nm
7. WA W [g=awe
& : ? 4.0 Million

% r__h-—‘. .

: W - ss{ A
2.8 Million Daltons

e g Caltoits ~ g

Osmm% sf
i 60S 408

- 8. - 308
(1.8 Million (1.0 Million (2.7 Million (1.3 Million
\ Dal I Daltons) Daltons) ~ Dalions)

K )
58 rRNA 188 rRNA

- 58 rP NA - 165 rRNA

‘238 rRNA 21 Pol ypepudes 5.85 ERNA -30 Pol;peptide.é '
5 34 Po.ypepud«:s 288 rRNA -
b - ; 40 Pol;pcpudf.s

; 'Fig' Diégram to show the composition of proka
ribosomes and thelr dmgmncgotlc and eukaryotic

» = The 238 rRNA found in SOS
nucleonde.,. Subumt and Lontams about 3200




" different forms-28S, 18S, 5.8S, and 5S.
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- ]6S rRNA lies in’ 308 ‘subunit’ and contams abom ,;‘-
 nucleotides.- 09
> §S rRNA also lies in large subunit and havmg 1 20 nucleondes

(2) In eukaryotic ribosomes : The ribosomal RNA found m—fou ".

>  28S rRNA lies in 60S subunit. It has a molecu]ar welght 15 ] &
million daltons.
> The 18S ribosomal RNA is occur in 4OS subumt and welghm

8x10° daltons. : : Bt ,;.

> 5Sand 58S ribosomal RNA are also occur in large subunit anci
~ have molecular weight 3.2 10* and 5x 10* daltons.

2. Ribosomal proteins : About 55 different proteins are occur mu
ribosomes. At the time of dissociation of subunits into inactive core partlcles,
some proteins are released from each particle. These are called split proteins|

(SP). The split proteins are of two types, acidic and basie. -

About 28 proteins bind specifically and directly to rRNAs. These are4
known as primary binding proteins. Split proteins do not bind directly t01
* /RNA but interact with the primary binding proteins. These are also knowm

as secondary binding proteins. . ¥ N 1
' Biogenesis of Ribosomes

Small

e B 5 1
Sum:ﬁU)/Subunia, \

wn
<
[77]
i el it

A 30S
"fﬁ a i
ST |
=) oo
E [~] 00
408 SP50 - SP30 218
fé" '53\ . ﬁ“‘.“ ‘za K ....I c'. ‘s 3
; L i,
000 & © o oo ee
600 & SPsoB © 00 ©of
4 ceoo o © oe6° i
ore  SP5SCA - i
(23S)  Protein - -SP30A sp30B jCore  RNA 2
-(408) . ‘ (2«3§1)n (16S) :
X

" Fig. Diagram to illustrate the results of dlu l
. oclation bosome. s
L elmlthafonnatlm'tt»fclilforemlwesol'prot.?u'ulri
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Cell Biology

~ The ribosomes in bacteria are occur inside the cytoplasm. Because of
the absence of nucleolus, the ribosomal RNA are coded from the specific

cistrons of the genome. In the beginning 455
RNA is formed from the nucleolar organiser
region of the chromosome. This 45S RNA is
precursor of both 28S and 18S /RNAs, The
process of conversion of 45S RNA into 285
“and 188 ribosomal RNA. '
" The proteins synthesised in the
~ cytoplasm assemble in the nucleolus and get
associated  with ~ RNA 10 form
ribonucleoprotein particles (RNP). '

Function .
~ Ribosomes are concerned Wit the
synthesis of proteins. With the help of nRNA

" and RNA ribosomes are able to form long

polypeptide chain of a
" & Q.11.Give the structure,
of centriole. - _
Ans. Centriole : Centrioles are tWo spi
that lie at right ang
hyaline cytoplasm. the centrosphere.
* Centrioles are found in most algae,
~ bryophytes, ferns and in all animal cells.
Red algae, gymnospernis- and angiosperms g
and also the nonflagellated and nonciliated
protozoans do not have centrioles.
Structure : Its size varies from
' 150-250 nm in diameter and 3,000-20,000
A in length. A
A centriole is formed of nine triplets
or microtubules or fibres. These are
arranged equidistant in a circle around and
imaginary central axis.
1. Microtubules ¢ The triplet m
is composed of three subfibres,
about 250 A in diameter. |

mino acids from cytoplasm..
chemical composition and function

designated as A,

458 nucleolar RNA

43
358
28 e
285 '1&5
|

Passes out into Passes:out into
the cytoplasm’ the cytoplasm -
~ Fig. Diagrammatic
representation of the steps
involved in the conversion on
45S nucleolar RNA into 288
and 18 S ribosomal RNA.

ndle-shaped or cylindrical bodies
les to. each other and surrounded by a zone ‘of

Fig. Structure of a centriole in
' side view.

icrotubules are all identical. Each triplct

B and C. Each subfibre is

5 Linkers : The subfibre A of each triplet is linked with the subfibre C

of the neighbouﬁng-uip
‘soime cases the connection m

let by a connection of some dense material. But in
ay be betwegn'A-A or C-C subunits, N
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13 Glbbular Subumts
R -‘

) Eart—thel Structure

C-A (‘onnectwe {DM)
3 Subfubu’lcs (Subf breq)

y
7 ‘
.e ' 4
- \

Flg Cross Secti’on of Centnole

S

3. Cartwheel structure : It.is accur at lhe proxlmal end of cemnoles
and the basal bodies. It consists of a'central rod or hub in- “the: centre and 9
spokes radiating from it. Each spoke is connected to' sybfi bre-»A

'Assoclated Structures (Perlcentrlolar Structures) B  '_

Satellites : Each centriole i is surrounded by two crowns. Each crmym
consists of 9 amorphous spheres. These- are rounided bodies attached to the..
. centriole by short bridges of .dense. mater:al These f)oches are k‘ne-wn as ;?

~ corpuscles or massules. or . : R |
pericentriole  satellite. The
shape, ‘size and position of
satellites  changes  during
- spermiogenesis. a

Biochemical Compoéition

| Centrioles are formed. of |
structural - proteins, tubulin, ' e
i 4 b F| o
lipids, ATPase and RNA | | | g entnole with satelllte _

ealuhiti it

34 Crowu " C,orpusc]e E
&=~ jF -

Subfibres —1= = -

" . Functions :

.- They form basal bodles of cilia and flagella,

2. Distal centriole present in the Spermatid fi . .
orms the tof

e 1.-the ﬂagellum of the Spermatozoon, el ﬁlameﬂ :
- 3.  Centrioles playan importan

trole in the formatio ing 'éand q
ther6fore in cell dms:on S, n, ool spmdl,. :
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Ans.-_

- sausage-shaped

- These size ranges from lu to Su in.
length and 0.2 to 1.0um in diameter. |
‘A few animal cells may have several

‘hundred  to
mitochondria.

have more number of mitochondria.
" These are occur scattered in the
cytoplasm exhibiting independent

movement.
Structure
drion consists

and two. chambers:

- Shape, size and Number

The mitochondria appear as small granules, thin filaments or short rods.
"These  may ¢

be .. ribbon-like - Granule ;
', Outer Membrane
. Inner Membrane

~or club-shaped. =
: V)N Outer Chamber

thousands  of
More active cells

+ The mitochon-

of two membranes ‘ Fig. A Mitochondrion in section. |

Mitochondrial 'Membranes_

" 1:Outer membrane : Outer membrane is smooth, about 60A thick

-and surrounds the mitochondrion. It exhibits homology with the membranes

 of endoplasmic

reticulum.

(juter.Cl'lran'.aber‘ o - R
Layerof ;
Layer _Of L)lrpld Fl Particle Respu'a_tlory
- Protein : - i Chain
Enzymes - .

.4.:_,“

_ Ml()éhhondrial
—1—Inner - ; : est
Membrane ol Partlgle

Outer Membrane

e

-2, Inner membrane : Inner membrane is 60A thick

Mitochondrial membrane ‘projects into

T

Fig. Ultrastructure of mitochondrion to show

s : the
organisation of mitochondrial crests, Rl

4 and lies with; |
by a space about 60-80 A w‘iNdlthlIn o :
mitochondria] cay o

Tidges or septa, These are called mitochondrial crests ity in the form of
_ - | s or

Cristae,
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~ Outer Membrane

Matrix Confai}ﬁng -
Enzymes of Kreb's Cycle
: Fig.

The shape, size and airangement of cristae varies.

Mitochondrial Chambers rp v :
‘1. Outer chamber or intermembranous space : Itis z_ilso_knownaf
| perimitochondrial space. It is the space between two m.lto'condnal membrang
and ini the core of the crests. It is about 60-70A wide. K
2. Inner chamber or matrix space : It is a wide space surrounded b
inner mitochondrial membrane ‘and filled with a gel-like homogeneou
mitochondrial matrix. : . R
The matrix is gel-like and contains high concentration of solubl
proteins, some lipids, 70S ribosomes and circular DNA molecule. -
- Mitochondrial Particles or Fernandes-Moran Particles (F  Particles)

K particles are small stalked particles. These are about 8.5 nm in, siz
These are situated within the thickness of inner membrane at a distance ¢
100A. These are seen only when mitochondria ar

' ¢ opened by hypotoni
trea*~ent, ! pel y hyp
ANy
o 1 |
N e g e % Component .
2H' \ i
_ Inner OSCp .
Mitochoadrial e

‘Membrane

: Nl\éembrane of
Flg- A Structure and lOcation of F," e tOChO]"ldn()n

M Imger / ; .‘
(el \%___4' \
i ‘I“ k-

Membrane
’ Componem
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Chemical Compositlon

, MltOChOl‘ldl‘la consist of 70% protems and 25-30% llplds The
fesplratory enzymes such as cytochrome oxidase, cytochrome reductase,
transaminase, coenzyme octanoxidase and fatty acid oxidase are present both
in the matrix and inner mitochondrial membrane. A small amount of DNA
and RNA are also present in the matrix. Mitochondria have their own DNA,
mRNA, 1RNA, RNA-polymerase, ribosomes, amino-acid-activating
enzymes. ' : ; . |
Functlons : 1. Cellular respiration or oxidation of food
Mitochondria are sites of oxidation of food in the presence of oxygen. During
oxidation of food, mitochondria convert potential energy of different food
stuffs into a form of energy. Cellular respiration and release of energy found
“in the following stages : , ‘ |

(i) Glycolysis : It found in thu cytoplasm e, outswle mitochondria.

' During glycolysis, each molecule of glucose splits up into two molecules of
pyruvic acid and two molecules of ATP. Two hydrogen ions are also re]eased
which are plcked up by an hydrogen accepfor NAD 5 -

Glucose + 2NAD + 2ADP+ 2P; — 2 Pyruvic acid + 2NAD + 2ATP

- (i)) Oxidation of Pyruvic acid : It- found is mitochondria in the
presence of oxygen. When pyruvic acid molecules enter ‘mitochondrial
matrix, these are oxidised to Acety]e coenzyme A with the help of enzyme
pyruvate dehydrogenase complex. Hydrogen ions are transferred to NAD
which is reduced to NADH ;.
Pyruwc acid + NAD + Coenzyme A

_ Pyruvate dehydrogenase *2Acétyi COA +NADH, + €05

Acetyle CoA with oxaloacetlc acid forms citric actd and starts Krebs's
cycle. During Krebs’s cycle seven enzymatically controlled reactions found
in a definite sequence and oxaloacetic acid is produced in the end of cycle. In
this cycle 3 molecules of water, 3 molecules of NAD, one FAD and one -
molecule of ADP and inorganic phosphate are used and 3 molecules of
NADH ,, one molecule of FADH, and one ATP are formed.

. (iii) Oxidative phosphorylation : The energy rich NADH > and FADH .

» are oxidised by removmg hydrogen. This hydrogen undergoes ionization
spllttmg into proton (H™ ) and electron (e~ ).- :

H — H"+2

,,,,,,,,,
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. nesis)l: During the process of oxidatig,
duced 38 ATP molecules provide 117

‘2. Heat produciion (Thermog:?0
of glucose both energy and heatare p

1 lecule. , . i iy
KJ of energy Pe'rgluws:-:‘::- e, Wothon . has associated them with f;
3. Metabolism ol Iat .

il : ia also contaj

o Horming - mitochondri
Swetion @ According to HOMM

4. Secretion : ACC

i | ic activities.
ytic enzym i both lytic and synthetic ac
. . and actively govern Iytic ) .
e Imthen speem1 mitochondria form a mitochondrial spiral around th
St n e b . I . .

| i body of sperm. 5543 :
in the middle part of the ,‘ - |
ﬂagel;un;:c‘ording to Levi and Chevermont, the myofibrils deyelop fron

: (
itochondria. - - 7 ) _ :
!:l-oc Q.13.Describe the process of fermentation (Anaerobi
respiration). Or &
Describe Glycolysis or EMP pathway. |
Ans. Anaerobic Respiration (Fermentation)

Oxidatidn of respiratory substrates in absence of atmospheric oxygen_ls
termed as anaerobic respiration. 1t involves incomplete break down of
respiratory substrates in whicli the end products, such as ethanol or lactic acig
are produced and CO; is released. Anaerobic respiration is common among
certain microorganisms. The following equation is usually given foi
anaerobic respiration and fermentation - |

CGHIZOG —~ 2C2H5 OH + 2C02 + 36 kcal.

_ The term anaerobic respiration and fermentation should not be confused
with each other-Although both the Processes are define

of cellular oxidation-reduction reactions in which eney
ce of oxygen, While fermentation

d as a complex series
"V is made available te

, as described By the Fre O>. The overall equatibn for
| - Wy-Lussac in 1815, is g6

-Thep‘ | szHmOﬁ —
. rocess of fermentatioy, ;
| _géi;oxﬂfahm:cro,-organisms_and pllsaglt:f?l"rl[ln e
 distinguis Zd from anaeropjc Tespiration tha j¢ ma
b extra cqllular €NZymes Secreted | s
reviously it wag believed thay the procesg
roces;, but Pastey, Cstablisheq :ls'la(t)f

2C,H50H + 2C0,

®robic réspiration carri
obi on carried
e fennentatlon can literally be
CCur out side the living

Y some micro-organisms.
fermentation

it is dj
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anisms. Paste escribe _ _
.1ssociat;§i2;:l?];;e]:;arsc:$; g:lg’ﬁg)e?:bolism of Iivli;]g é::::lfra é’;ite;);s%l;;z;
:jl‘w_serv‘ei_;h;;;];; ;?E;:rfufsg:: :;?;?:b(igrcgl;i;:;r:: as compa{'gd to aerobig
;ﬁxsd?tci):;ns. The ihhi%itiqn-qf anaembichbrf:ag::g:\:;:3 oifsugafs L:::;c;rcgezr:;c
S:)!:l}:i];li‘;?‘h::as(f:aﬁ:g?::;gurd:f:‘?;;(t); ;‘hels -lz:ffect w?s fuﬂlfér confirmed by _

Mayerhof and Warburg.
~In the year 1897, th
preserve yeast extract In suga

d that fermentation s directly

living- ©

¢ German chemist Buchner, while attempting to
r media, demonstrated that cell free extract of -

yeast converted glucese to ethanol and CO,. The yeas'tte);t_rsacc;;:ra;& 1:;:‘;:
analysed by Harden and Young In 1.905.. The two scientis s k] i, S
yeast juice loses its activity when 1t 1s dlalyzed.‘lt was later noz? N
yeast extract contained an enzyme Zymasc, which is nondialyzable and 1S
coenzyme which is dialyzable. It is now well known that the zvmase is a
complex mixture of many enzymes and that several coenzymes are necessary
for their function. The activity of this enzyme was lost because the main
enzyme was separated from its coenzyme during dialyzation. Thus, it was
established later that extraceliular enzyme zymases secreted by yeast cells,
carry out the process of fermentation. -

Here in this text, we shall discuss the, mechanism of anaerobic
respiration and fermentation undey the same heading because of the following
similarities between the two :

(i) The respiratory substrate is same in both. :

- (ii) The end products are same (i.e., CO, and ethyl alcohol or lactic
' acid). However, a variety of end products may be produced in’
- different kinds of fermentations. ' Y

(f'ii) Both processes occur in absence of O, (with a few exceptions). . -

(iv) The enzyme complex zymase is found to catalyze both processes .

- and found in celis pérforming anaerobic respiration. '

(v) Phosphate is required in both the cases.

TESpirI::i‘:)cnhaig:;s(;]]lvOf Anaerobic Respiration (Fermentation) : Anaerobic
alcoholic ferme':ef) . OO glucose to ethanol plus CO; in the
muscles. of ani n lat;on and the conversion of glucose to lactic acid in the
o ! ea;na T§h and certain ’Iacuc acid bacteria. The processes does not
Embden-Mﬁer};oﬁpe glucose is first converted to pyruvic acid through
ethyl alcohol or lactica;g;::lafi:)pzfrllzvh?: ﬁgl,gcot?fsis), which is then converted to
‘ n the org ‘ od
¢ complete pathway of anaerobir? rfi:Jspiratiou 311;15;151 Silznt‘lfeh lg}?té;?::;rs.

Embden-Meyerhof- s)
cxiibad g e xsr of: Paragiag Path“fay (Glycolysis) : These steps are

~ ()Gl cule is pi '
ucose molecule is paosphory!ated in presence of ATP to form

~ glucose- 5
glucose-6 phosphate, ' The reaction is catalysed by enzyme

ang ] § 1




X *dehydrogenase.
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e =
te .(Robinson’s ester) - is = isomerized
e in presence of enzyme phosphogh

2) Glucose-6-phospha
: fructose-6-ph05phat
~ isomerase :

(3) “Fructose-6-phosp
" ATP to form fructose-
| phosphbﬁ'ucrokinasq ' [ ks
C @ Fructose-1, 6-diphosphate b;eak_s up into I mol ’
- acetone phosphate and 3-ph0$plloglyceraldehyde.. " ;
) 3-phosphoglyceraldehydg is converted to l-,3—chp?msp oglye

aldehyde. | _ ' o oy
(6) 1,3—diphosphogiyceraldehyde is  oxidised . to ort
" 1,3-diphosphoglyceric acid. NAD is reduced_ to NADH + H+

@) 1,3-diphosphoglyceraldehyde _is - then conver:cgd 3
~ -3-phosphoglyceric acid. 1 mole of ADP is converted into AT
(8) 3-phosphoglyceric acid is transformed into 2- phosphoglycei
acid in presence of enzyme phospho-glyceromutase. '

9 2-plxosphoglyc¢ric acid in presence of enzyme enolase
converted into 2-phosphoenol pyruvic acid. i &>
-.(10) This; 2-phosphoenol pyruvic acid is converted into pyruvic ac
and a mole of ATP. - . ‘& Y
Various micro-organisms, bacteria, animals and plants are known
catai?olise pyruvic acid into various organic compounds depending upon
. SP?C‘ﬁc enzymes they possess. Some of these types are described beldw -
N e g s e g
fungi, (e.g., yeast) and higher plants und

anaerobic conditions. Pyruvic acid is brok
: : , en down to eth ~
in two steps : s “ 0 yl alcohol and C(

N I? The pyruvic'acid is first of all decarboxylated tb aéetaldeh-ydt’:
presence of enzyme pyravié acid- decarboxylase : -

hate (Newberg’s ester) is then pl1ospllorylhtgjé
1, 6-diphosphate in presence of enzyn

f dihydro

?OOH '
. E=20—C0, + CH?_CHO
AR &HZ ' Actaldehyde
Pyruvic acid ‘ s

7 Reudhas sl . B i <ol

o : : to. ethyl alcohol ]
produced in  glycolysis, in presence of 2’: NADH:lo
- | . Shzyme . 8\

CH;CHO + NADH+ H* - gl et
Acetaldehyde = C3H;0H +NAD*

Ethyl Alcohol
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. fruCtokinaSe

Glucose (1mole)
ATP
Mg"*
-y ~—»ADP
Glucose-G-Phosphate (1 mol.)

1moI:

- -

Hexokinasé

Ph_osphogluco
isomerase 7
Fructose-6-Phosphate (1 mol)
ATP

+4+

ADP
Fructose 1,6 Dlphosphate (1 moI)

Aldolase |

Phospho |
Mg

l ;

2Ny Phosphotnose

3- Phospho

isomerase.
% R

“Glyceraldehyde <

(1 mol)
+ (H3PO4)
+ H,0

- 1 3-D|phosphoglyceraldehyde (2 mol.)

Dihydroxy ..
‘. acetone

phosphate
(1 mol)

Tnose phosphate
dehydrogenase

1, 3-Diphospho G

Phos‘phc‘mglg,rc—:_éric4
trans p‘hosphorylase

y /_NAD

\’ NADH + H*

lyceric Acid (2 mol.)

———-—.—.-———_———_—un—._

3-Phosphoglycerig Acid (2 mol)

Phosphogiycero
mutase

/

-
2-Phosphoglyceric Acid (2 mol)

Enolase

2-Phosphoenol
‘ : : /
Pryruvate Kinase

KHZO

; _ .
Pyruvic Acid (2 mol) . .
o ADP

/—ﬁ

Pyruwc Acid (2 mol)

...1_..-._..........._..--.----;-_.
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(l]) Lactlc acld fermentation (In bacteria). Lact:c acid fermentat
is also known as homolactic fermentation. The breakdown of Yl’uvxcaalc{zg
yields lactic acid as an end product. The process occurs in many. bacteria, for
~example, Lactobacilli, Bac1lll Str eptococc1 Clostridia etc., and in muscle'
glycolysis.
The pyruvic acid is reduced to lactic acid by NADH +H" in presence of:

enzyme lactic acid dehydrogenase : #
: COOH" COOH

|
E|§ O—> CO; + NA — (]:OOH
Hg ‘ CH;

Pyruvic acid Lactic acid 'S
- 'Q.14.Describe the nucleosome. model for orgamzatlon of
chromatm in nucleus.
' Or . |~ % |
Discuss the structure, chemical composition and
function of nucleus. F
Ans. Nucleus is described as ‘control room’ of the cell. It directs and
controls all the cellular activities. In 1931, it was discovered by Robert
Brown. During the life span of a cell, the nucleus exists in two places :
(i) the mterphase or metabolic phase, (ii) division phase.
Shape. and Size

The interphase nucleus is known as metabolic nucleus as it controls

.. metabolic activities of the cell. It may be spherical, rounded, sphero;dai
cylindrical, prismatic, branched .or lobed.

Endoplasmic Reticulum

Outer Nuclear

/ Membrane

: Inner Nuclear
Menbrane

P‘en nuclear
Space

Nucleoplasm
Nuclear pore

C .‘ ,; Nucleolus

XV LW ‘
i"’qw Heterochromatin

g Q/:‘ h.%“_& Chromatin Net
K;'_,‘__-,,./l—- R]bosome
Flg Structure of a typical

Nucleo-Cytoplasmic Ratio

There is a definite proportion in the size of nucleus and amount of
cytoplasm and represented by the nUCIEOCytDpIasmnc index (NP)
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S
NP=_/1__
v, -V,
where, ¥, = Volume of nucleus, - )
V. = Volume of cytoplasm |
N Structure

The interphase nucleus can be separated into the following parts :

(1) Nuclear envelope
(2) Nucleoplasm or ground substance
* (3) Nuclear reticulum or chromatin net

. (4) Nucleolus
(5) Chromocentres
(1) Nuclear Envelope or Karyotheca
The nuclear envelope is a double membranous sheath and separates the
nuclear material from the cytoplasm. It acts as a dynamic gateway between
nucieus and cytoplasm and regulates nucleocytoplasmic. interaction.

.

‘Amorphous .
!  Material _ Central  Periphaeral
Perinuclear Granule 7 Membrane
Spice QOuter Nuclear-

Nucleoplasm Granule

BN

1."“;‘7_;,""'
" Inper Nuclear ))l'" ) Fi_l;rous Lamina

Membrane .
; g Peripheral Dense
Filaments Layer

Flg Uttrastructure of a nuclear envelope and nuclear pore. '

4 Nuclear membanes : The mo nuclcal membranes of “nuclear
envelope are separated by a permucleal space. The nuclear membranes are
7-8 nm thick. The outer membrane has attached ribosomes. The nuclear
surtaee of inner mnembrane is coated with filaments and fibres. These from a
fibrous lamina or nuclear cortex. '

(ii) N uclear pores : The nuclear envelope is perforated by form a. At
the margin of these pores the outer and inner nuclear membranes are
continuous.

(iii) Annnlus : Annulus appears as a ring or cylinder of electron dense
material of nuclear pore. It is formed of two sets of eight evenly spaced
annular granules and a central granule. Fine fibres extend from the central
' granuleto. peripheral annular granules Annuli around the pores regulate the
exchange or macromolecules in relation to their size.




rr""., %
g . v T AT
» e
) 1

:}\ R _WWW.dreamtOppér_‘in_ c e e D O
.Gmn'a.;les ‘/.mnr'ulus /Ccntmlhole...

Central

Granule .. - Amnular
B /ﬂ, -7 Granules
\-..“_ ‘_}é‘%(/ ..
/K.’f ,:'-.",}\\\ ——— "Spac -
” S B ( Y Inner Nuclear Membrane ;
= B , ;
Fibres - . Diaphragm '

clear pore complex in surface view.

Fig. A Frank’s model of nu
al dense Jamella : The inner surface of
brous coating, known as nuclear cortex.
tin polymers. The fibres form

(iv) Fibrous lamina of intern
nuclear envelope is plastered with a fi
" ts fibres are proteinaceous and similar to ac

funnel-shapped whorls.

Functions : i R : -

1. Nuclear envelope separates the .genetic components of the cel
: R from the protein synthesis machinery. _ .
73 ' 2. Nuclear envelope provides surface for attachement to structurdl

elements of cytoplasm such as myofilament, microtubules and
microfilaments. _ | '
3. Nuclear pores serve for the trans

4. Interphase chromatin remains attached to the- inner

fer of macromolecule’s.
| ‘ pucles
s membrane. :
5. Nuclear envelope carries enzymes of elec
similar to those of endoplasmic reticulum.
6. Nuclear envelope gives rise to membranes 0O
participates in membrane flow.
(2) Nucleloplasm.or Nuclear Sap or KaryolympS .
It is the transparent ground substance. It is a mixture of proteins: * el
amount of phosphorus and .some nucleic acids (RNA)- A mumbe
. hydrolytic enzymes like - ribonuclease, alkaline ~ photo hosphat2s?
dipeptidase are also found in the nucleoplasm. ERRAN
Functions : gy gor
_ 1. Nucleoplasm. is associated ‘with the processiné of !
synthgsized RNA and their tranéport from nucleus 10 CY.“?p]asm-'

tron transport syS&

¢ ER and Golgi®®
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2. 1t contams enzymes and - protems needed in the- repllcanon of
_ DNA, synthesis of RNA and ribosomes. |
3. Nucleoplasm acts as a skeleton of nucleus and maintains the
*nucleus. : .
(3) Nucleolus

‘Generally, there are two nucleoli in a nucleus of diploid cell and only
one in gametes. The size of nucleolus is related with the synthetic activities of
“the cell.

Structure : Nucleolus consists. of following parts

(a) Pars amorpha- or amorphous matrix.
(b) Fibrillar zone formed of fibrils of 'RNA and ribonucleoproteins.
(c)  Granular zone consists of nbonucleoprotem (RNP) granules

. These are precursors to ribosomes.
(d) Perinucleolar chromatin formed of" chromatin granules: The.
: different zones of nucleus are related in the following manner :

Nuclear DNA —— Fibrillar’ zonew —> Granular zone ——
Cytoplasmic ribosomes :

Functions of Nucleolus

1. RNA synthesis : Synthesis of rlbosomai R\JA (rRNA) takes place
inside the nucleolus. The chromatin associated with the nucleolus contains
ribosomal genes. The ribosomal RNA is synthesmed as 28S and 18S RNAs
. present in the large and small RNA Fibil
subunits of ribosomes of eukaryotic g
s, Noncrystalline Part

2. Biogenesis of ribosomes :
The two types of sRNA's
synthesised in nucleolus get
associated with the proteins that
migrate into the nucleolus from the
cytoplasm. These precursors come
“out of the nucleolus  into the

cytoplasm and join together to fonn
ribosomes.

Granular Part
Fibrillar Part

" Chromatin Part

Fig. Structure of nucleous

Chromatin —— Fibrils —s Granules —> Ribosomes
'(4) Nuclear Reticulum or Chromatin Net
Embedded in the nuclear sap is the network of twisted filaments or
threads, which are called chromonemata and their network as nuclear
reticulum or chromatin net. It contracts and organlses into dlStll‘lCt
‘chromosomes during cell division. A
' Euchromatin and heterochromatin : The cell chromatin. can be
divided into two types. The fine thread-like linen of the chromatin, which:

stains lightly with basic dyes is called euchromatin. The heteroehromatm
Teglons can be seen in the mterphase and prophase

-
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The euchromatin exhibits different affinities to the dyes. The linen of
the chromatin which is in the form of lightly stained threagfs is composed of
achromatin and the darkly stained- granules present on the linen are formed of
basichromatin or chromatin proper. i L

In some cases, large regions of nucleus take dark stain with basic
fuchsin. These are known as chromocentres of karyosomes.

' (5) Chromocentres o |

In the interphase nucleus of certain cells, some areas of considerable
size take darker stain than the rest of the chromatin. The_se darkly stained
areas are actually heterochromatic regions of the chromosomes. There can be .

only one or many heterochromatic regions of scvéra! chromosomes or of all
the chromosomes of the nucleus.
Functions of Nucleus A
The nucleus is the ‘controlling centre of the cell. It controls all the-
metabolic activities of the cell by controlling the synthesis of enzyme
required there in. The nucleus control the inheritance of characters from -
parents of offsprings. It is responsible for the development of characters.
]

@ Q.15.Write an essay on Cilia and flagelia. :
Ans. Cilia and Flagella : Structure and Function-

Distribution :. Cilia and flagella are specially divided into minute
filamentous appendages which are external to the cell, but have their origin in-
the cytoplasm. These are related to the movement and are associated with a
variety of plant and animal cells, gametes and zoospores,

Comparison between cilia and flagella : Cilia .
morphologically similar but have many digff'el;;nc:slil and ﬂage}fa appear

Cilia Flagella -
I. Each cell has hundreds or|Each cell has one or two o
thousands number of cilia. rarely more nur_nber 0‘; '
e ‘ ﬂagel!a - ” (‘.emre
| 2. They occur all over the cell | They occur at a‘rtm b
surface ____{other end of cel 5 2
P — e S
3. These are short, varying|Flagelia are longer. yora | }%ﬁh’; 3%
from 5-10u ) 150 . > AP o,
4. Movement S LT
(i) Show pendular or swee- | Each  flage]ly,,, show
ping movement undulatory movem‘:e;itlowS
(ii) Show co-ordinated - | Each flagellum Shuw; &
L__'_@vement. : ""qfﬂﬁ?ﬂlji‘l}_v"l?_‘!_ement ik
. .“'““-.‘-5.
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Mtﬁ??n Nexi Bridge connecting
. [ exi . g) 1 o
Tnier ' n central singlets _
*Dynein arm . Central pair of
, . * singlet
Outer. )t

microtubuls

Dynein arm /
N B

J : H] LI 5
‘ ’ =
, Spokchead ; s_l\

kzjl;tubu]e b lubult‘j

Doublet ?_'ﬁicrotubule
: B ) '
“Fig. A-B. Flagellum : A. Diagrammatic representation of a flagellum. B.

- Structure -

The cilia and flagella have the same basic internal structure. A typical
flagellum is enveloped by a 95 A thick unitmembrane. The flagellar structure
is complex and consists of a shaft or axoneme, basal plate, basal body and
- the rootlets. ' S : '

“All eukaryotic ¢ilia and flagella are similar in having a central bundle of
microtubules known as axoneme or shaft. It is made of nine outer or
peripherzil doublet microtubules which surround a central pair of ‘singlet |
miciotubules. This is called ‘9 + 2" arrangement. Each peripheral microtubule
is about 360A in diameter and consists of sub fibres or A & B tubles. Ais a
complete mirotubule with 13 protofilaments while the tubule B contains 10
protofilaments. The central microtubule is about 250A in diameter.

The central pair of singlet microtubules are surrounded by a fibrous
structure called the inner sheath. These aie also connected with each other by
bridges. A second set of linkers, composed of the protein nexin joins adjacent
- outer doublet microtubules. Radial spokes radiating from central singlets to-

each-A tubule of outer doublets form the third linkage system. i
At its point of attachment to the cell, the axoneme connects. with the
basal body, centrioles, basal bodies are cylindrical structures about 0.4 pm
long and-0.2 um wide. Each is made of nine triplet microtubules. Each trip]et"
contains one complete 13-protofilament microtubule termed as the A tubule.
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Itis fused to the mcomplete B tubule Wl’llCh in turn is ﬂlsed o the | 1ncomp; t
C tubule. | e |

. : Movement _
1. Flagellar movement Flagella show undulatory movement ']~he$&j

~ beat independently to produce planer or helical waves which begin either it
‘the base or the tip. When the wave moves from base to the tip, the cell j is

- pushed along.

In some cases ﬂagella possess lateral hair called ﬂlmmer fi lamemg‘?
‘When a ﬂagellum shows movement towards the tlp, the cell is pulled and not
pushed. This type of flagellum-is called tinsel type while the other w1thoutr_
hair'is known-as whiplash type of flagellum. b -

2. Ciliary movement These ‘beat transversely placed cilia beat in
co-ordination or synchmnously i.e. longitudinal rows of crlla beat together.
Ciliary. movement shows following two- tpes of strokes :

- (i) Power or effectlve stroke : The cilium propels through sun'oundmg

F ﬂu1ds like anoar thus propelling the organism forwald in"the water.

(i) Recovery stroke : The cilium bends along its length whlle it lS
pulled forward.in a ﬂexed position.

- Functions :

(I) Locomotlon of cell or orgamsm '

(2) To create water and food currents. ;

(3) Elimination of solid particles. : : . °
" Q.16.Differentiate between extrmsnc (peripheral) and

_ mtrmsac (mtegral) protems of plasma membrane.
Ans. >

Peripheral Protein ' Integral Protein

——

Present on the surface of plasma Buried in the ]lpld bilayer
membrane, ,

either partially or completely.

Membrane-bound

drug ‘and hormone
rhodopsm

Spectrm of erythrocytes cytochrome
C and ATPase of mitochondria and

acetyl cholinesterase in electroplax
membranes.

enzymes,
receptors

_3. Free of lipids | Associated with llplds

4 Can " be

isolated  from plasma

Can .'
membrane by mnld U‘eatmem not be isolated easdy by

mild agents
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.« QA7.Give differences  between . passive transport,
' * facilitated diffusion and active transport.

. Ans. : : .
- Passive Transport | Facilitated Diffusion Active Transport
' | 1.[Movement of meta- | Same " |Movement of meta-
| |bolites is from high{- -~ - . '|bolites is from low to
to low concentration =0 ___|high concentration
2.|No carrier protein | Carrier protein molecules | Same
participates, plasma|pick up the met_abolitgs_
membrane remains | forming - carrier-protein
passive. : transportant complex and
> ~|carry it through" plasma
membrane to release it
inside the cell '

No ‘en_ergy is spend
during this process

d
h

Energy is spent for
‘[the process and is
obtained from ATP.

@ Q.18.Write a note on sodium-potassium pump. ° _

Ans. Pumping of sodium and potassium ions throu gh the plasma membrane
found against electrochemical gradient. The enzyme Na* — K*Na
‘ATPase are actively transports Na'and K*ions. Enzyme ATPase
hydrolyses ATP to ADP and releases energy. Three Na* ions are
pumped out of the cell and two K * ions are pumped into the cell.

3 ‘ ‘
w_—“"; : K™ and Cubain
seses Binding Site o
_ Sodium_ ' . ; gy Potassium
. Concentration 15 ‘ ﬂ,q 5 Concentration
Grltlent- r | it} Gradient
Na+ C i ’ l."‘
Binding Site ~ Pfgtr:f; :':i'-'."' :

esag?
ADP+P, %%

y%

Fig. Transport of Na* and K* ions across the plasma membrane.

- Q

19.What do you mean by membrane system ?
Ans, | '

Cytoplasmic Endomembrane System 7

¥ The cytoplasmic. endomembrane system or vacuolar system shows the
entire sysem of intracellular membranes and membrane bound vesicles that
raverse the ce] cytoplasm. Its main components are ; ;
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‘I Endoplasmic reticulum 2. Lysosomes. BN
3. Nuclear envelope. . 4. Peroxisomes

- 5. Golgi complex 6. Glyoxisomes . U

. The endomembrane system is ass_ocira‘te.d with the sequenci

- packaging and transport of substances produced either for use within the ce]
or for export to the outside. “siy: Bl 3

w - Q.20.What is ‘unit membrane concept’ ?

Ans. " Robertson’s Unit Membrane Concept

Robertson (1959) described ‘trialaminar structure of plag,
membrane consisting of two parallel outer dense osmophilic layers of2,0-2.
nm (20-2.5A) and a middle light coloured osmopholic layer of 30-35}
thickness. ' ‘ ' '

——3| Plasmalemma

4
Pinocytic Vesicles

>

“Lysosomes

Primary Lysosomes
T Blebbing
- 3| Golgi Membranes

‘T"-- Ribosomes
Endoplasmic Reticulum

h .
‘I + Ribosomes

Annulate Lamellae

1 Blcbbing
Nuclear Envelope -

Fig. Inter-relationship of different cell membranes. |

. Robertson and others demonstrated that all biomembranes prese!
inside the cells and around many cell organelles exhibit trilaminar struet™
‘Robertson proposed ‘Concept of Unit Membrane’, It indicates that V1%
membranes found in the cell are inter-related and are basically derived githe!

- from nuclear membrane or plasma membrane. S ,'
@ Q21.What do you understand by lipid fluidity O Jipld
mobility in relation to plasma membrane ? W'

factors contribute to lipid fluidity 2 | 8

Ans. Lipid Fluidity or Lipid Mobility : Fluid mosaic model ':explfi:;
membrane structure reflects that lipids form a fluid cryst'alliﬂc'bil?yg.

at normal\ temperature. This provides flexibility to plasma mem ol



—

e www.dreamtopper.in -~ 81
Cell Biology : i o

Lateral
Diffusion ~ B

: ke _l’
Rotational Djl_‘fusion

this  permits transitional ~ Lateral Diffusion

movements © of lipid and —_

- inrinsic  protein molecules ;4
inside the membrane., o i )

Factors Contributing to ] {
- Fluidity of Plasma Membrane : The . 1-’:
- fluidity of lipids depends on the 96 68 ¢
. transition of lipid molecules from Flexion  Rotation ey
. crystalli £ el-form  to. liquid Fig. Different types of movement of

ey n g B N protein molecules lipid bllayer.

. crystalline - form. - This;  in turn
. depends upon : ' . :

1

A ;
" _ .
Fy
)\ Flip-Flop
ﬁ’ 1 (Ra[i:tely Occurs) -
\\l :
..

I. The degree of saturation of hydrocarbon chain in lipids : The
- unsaturated fatty acids with double or triple bonds have lower melting point
" than saturated fatty acids. - . s o3
' Z, Cholestrol interferes with the formation of cr
The membranes containing cholesterol are flujd. -

The lipid fluidity permits -freedom for free molecular mOvemént. The
lipid molecules in the biomembranes ' '

Pid mg ‘may exhibit flexion, rapid latera]l
dlffusrpn, flip-flop and rotation. \ ; A '

¥ Q.22, Describe structure and importance
Ans, Structure : It is a thin film al| along the cel] s

ystalline gel form -

of glycocalyx,
urface except in the
_ ’ ; ! cells. It formg a

‘coat on the free surface of intest; sorptive cells and js fomlf;izf)}ti
mucopoly- saccharides, The cell coat has négatively ‘charged sialic
~acid termination which can bind Ca*+ ‘

e and Na** jops.
- . Functions of Glycocalyx ; Glycocalyx seryes f i -
' ollow s
1. Protection : : 1OWing functiong -

: It forms™ g protective ' '
| ot - ; A covering on the
| gas\tromtestmal tract preventing physical angd chemical damape ; C§!1§ of.
Membranes, 5 - T tamage to theijr gy

2. Filtration : The glycoca] , ‘
- Blomerl agts a6 fitter oy AYX SUITounding the caiffar: o
I l‘flerub acts as filter ang regulates the Passage of mo?eczlrézs " kldne'y
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Fig. Glycocalyx on the surface of intestinal eithelium

‘Lj'pid Bilayer

3. Stability st provides stability to be plasma membne.

_ 4. Enzymes : The glycocalyx on the surface of microralli in the
intestinal cells contains enzymes for the digestion of carbohydrates and

_ proteins.

5. Maintenance of microenyironment of the cell : It confers an
electrostatic charge on the cell surface and definite pH, and helps. io
establishing contacts with other cells. : '

6. Molecular recognition : The glycoproteins and glycolipids of cell

roat contain many molecular entities e.g., formation of synaptic contacl
between the neurons. . .

7. Antigenicity : The plasma membrane of erythrocytes has specific
antigens fo- A, B and O blood groups. ' :

8. C: tular recognition : Glycoproteins bacteria recognize each other

“and-niale ba..eria recognize female bacteria, the paramecia of different

mating types recognize each other and the human body tissue recognizes

grafted heart, skin or kidney as being foreign entries to reject it. e
< Q.23. Sumarise various functions of proteins of biological
membranes. :

 Ans. Rio’ugical membranes contain three different classes of proteins that

carry out different functions.

» . §-Structural proteins form backbone of cell membrane. These provide
clasticity-:and mechanieal stability to plasma membrane. These have littlé

catalytic activity:

ALY .Enzyme'~zire€.qatﬁlytic'pr_otein_s. In many parts of cells and in many
Ly'p'e" S cells-these enzymes carry cut different biological reactions.’
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T
B o ORI

Fig. A simplified schematic representation of carfier _pi"gitein and
: channel protein. B N
3. Membrane transport proteins or permeases serve for the:transport -
of polar molecules of several substances liké ions, monosaccharides, amino
acids, nucleotides and certain metabolites across the plasma membrane. in and -
out of the cell. Each transport protein is designed to transport.a particular |
[‘c}ass of molecules. These are basically multipass transmembrane proteins, = . |
projecting on both the sides of lipid bilayer and traversing it multiple times, - -
These' are of two types : . . SRSl P

e Channel proteins are water filled pores .tl_la‘t_f_;klténd across the lipid
‘bilayer. When these pores are open, they allow. specific solutes.to pass’

through them across teh membrane.

(i) Carrier proteins or carviers. ar ftrgn's_pﬁfté.ifs-' biﬁ-_cl.;_‘thr_:' specific =

solute to be transported by. active transport*ie., these undergo confor--"
‘mational change in order to transfer the solute across the ‘membrane.. -
4. Glycoproteins act as cell receptors and cell antigens.

; 3. Lipoproteins are drug receptor proteins, - | -
. Q.24,; v Discuss - the role of golgi body* .
= spermatogenesis. E _
Ans. Formation of ~ Acrosome -or Role of Golgi Body in
Spermatogenesis: The acrosome of spermatozoon is derived. from
Golgi complex of the rspermatid. Btk Satn e A
In a spermatid.the Golgi complex is formed of many v

: : asicles or small
vacuoles in the centre surrounded by certain rows of concentrically arranged
ci -

Sternae. As the differentiation proceeds, the arrangement of cisternae
€Comes nregular and orie or two vacuoles enlarge to replace the vesicles.

A
in-

M
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i
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Distal Centriole Axial Filament /’) Vi
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i : Head Midlle Piece  Tail

D \
Fig. Formation of acrosome from Golgi complex

Inside each large vacuole appears a sinall dense body, the proacrosomal
- granule.-If more than one vacuoles and proacrosomal granules are formed.
these fuse together so that only one is left in the end. The vacuole, with its
acrosomal granule enlarges in size. migratates towards the anterior polc and
_gets attached to the tip. of elongated nucleus forming a sort of cap. The

proacrosomal granule enlarges further and forms the acrosomal

. granule. It
forms core of the acrosome: The vacuo

he vacuole loses its liquid content, spreads oyer
the acrosomal granule and half of the nucleus forming a double sheath at the

1enni.na.l end of the head of Spermatozoon, is known as the acrosome cap. The
remalr}der of Golgi body undergoes a gradual regression and is discarded a
‘Qolgl rest’ together with the cytoplasm of spermatid. ' s
¥ ' Q.25.Write a note on annulate lameljate.
Ans. The membranes of endo -

G ‘ertebrates and the embryonic 2"
high rate of metabolism - :
These are double me '

: mbrane sheets, Ab E
] - form stacks. Structurally i

L 4t
i 12 lamellae are arranged”
» these are similar o g,

I8
€ nuclear membrane- It
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Endoplasmic Retu.ulum
Cisterna

Fig. Formatlon of cisternae of endoplasmic rehcumm from annulate Iarnellae

- evidenced that annulate lamellae arise from the nuclear membrane. The outer.

- membrane of the nuclear _envelope forms finger-like processes and pmched
off into the cytoplasm in the form of vesicles known as blebs. This process is

- known as blebbing. These vesicles migrate towards the periphery of the cells
in rows and fuse to form cistsernae. @

. @ Q.26.Write a short note on Mitochondrial rlbosomes

- Ans. Mitochondrial Ribosomes (mt. ribosomes)

Mltochondual ribosomes found either freely in the mitochondrial
‘matrix or attached with the.membranes of cristae: The sedimentation
 coefficient of mitochondrial ribosomes in yeast, fungi, protozoans and higher,
plants varies from 70S to 80S. In mitochondria of animal cells, the mit.
' ribosomes have 50-80S sedimentation coefficient. These contain only two
types of ribosomal RNA In animal mitochondria,.the Iarge subunit contains

16S to 18S rRNA andsmall subunit has 128 to 128 RNA.

* Mitochondrial ribosomes synthesise mitochondrial proteins which form
respiratory or oxidative enzymes. > ®
& Q.27.Write a short note on Chloroplast ribosomes.

Ans, Chlo:jOp_last Ribosomes (chl, ribosomes) : - Chloroplast ribosomes
are similar to prokaryotic ribosomes. These have sedimentation

;:::if:' :;Zr;tn(l)lfcz)(:ia?::isage ;;);n;{eg :f two subunits- 50S and 30S. The

and small subunit has 168 RNA.

‘These are similar in all groups of plants.
®  Q.28.Define polysome or polyribosom '

e

Ans_ Polysome or Polyribosome : During protein- synthesss when a
- number of ribosomes are alibnrd in line on 2. molecule of nRNA, tm: ‘
‘sjtll:lscture is known as a polysome or polyribosome. The rifosomes

ociate off the nRNA aiter symhesxsmg protem molecules e
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&  Q.20.What is photosynth
s the'minimum number of pigment mohcule”
n

Ans. A photosynthetic unit i :
a chloroplast and act co-operatively to evolve one moleciile of
during photochemical synthesis of onc molecule of glucose, |; ;

known as a reaction unit and comprises of approximately 300 Pigen

molecules. Park and Biggins in (1964) isolated structures the p;

“membrane of the granum, is. called quantasomes. A quantasop

contain nearly 230 chlorophyll molecules and other pigments,
Granum Thylakoid :

etic unit or Quantasome ?

RN

- | Photosynthetic Units
(Quantasomes)

Pigment Molecules
~ (Chlorophylls and ﬁt,‘““‘" & :
* Accessory Pigments)

DAL
LM N JRI S
%g&::’.b

. Structure of a Single Granum Thylakoid RN
Fig. Single granum disc and photosynthetic units and its reaction centre.

A quantasome have one or two molecules of photosystem (P-700) 2
“about 230 molecules of photosystem II. The molecules of pigment 1 abs?ﬂ
li.ght energy, light harvesting unit. It transfer light to long wave absorbir:
plg_ment P700. P700 thus get oxidized and release and electron.
Two photosystems PS-1 and PS-1I are said to be associated with ]?gh i
reaction of, photosynthesis. The pigments of reaction centré and of 13
harvesting molecules together form one' photosynthetic unit. ,
& Q.30.Explain the phenomenon of cyclic electrons t
_ pathway. _ ;
~ Ans. Cyclic Electron Transport Pathway : Cyclic electrons tra_US?‘::
found only when synthesis of carbohydrate is curtailed due 10 ]'mllli;
_supply of CO,. As a result NADH begins accumulating c
electrons transport pathway is completed in the following o
(i) Light harvesting pigments of PS—] absorb solar energy and tra"® ,etb[
to reaction centre P19y Electrons of its outer circle get excit® wi
energy and are captured by primary acceptor of PS-I. |

ranspoﬂ

—
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(ii) Primary acceptor transfers these electrons to ferredoxin. .
(iii) Ferredoxin is unable to reduce NADP " and returns electrons to

- pS-I via electron acceptors of the chain, cytochrome b , plastoquinone (PQ),

cytoclirome f and plastocyanin. -

This electron transport in PS—I is known as' cyclic because electron
transmitted from PS—I returns back to PS—I passing through carriers. At each

. step, the electrons lose potential energy. The proton gradient helps in ATP

synthesis. Therefore, this is also known as cyclic photophosphorylation.®
@ Q.31.What is photophosphorylation or photosynthetic .
phosphorylation ? '
Ans. It is the procéss of transfer of phosphate group to ADP for synthesis
ATP utilising solar energy. It is synthesised on ATPase complexes,
present on the surfaces of thylakoid membranes.

In this period photosy’nthctic electron transport, hydrogen proton (H™ )
released by photolysis of water accumulate in the intermembranous space of
thylakoids. Their accumulation increase, proton gradient in the thylakoid
space., Therefore, protons flow out through ATPase complex along the
concentration gradient. During this flow, enzyme ATP-synthetase carries out
synthesis of ATP from ADP and inorganic phosphate P, . In this process one
ATP molecule is generated from 3H.° ‘@

* " Q.32.Discuss a few common diseases produced due to
- defects in the normal functioning of lysosomes.

Ans. Abnormal defects in the normal functioning of lysosomes produce

following diseases :

1. Silicosis : In industrial workers inhalation of silica or asbestos fibres
causes silicosis disease. The macrophages in the lung ingest silica fibres to
remove them from the air we respire. The fibres become enclosed of silica
fibres in the lysosomes make their plasma membrane leaky. The hydrolytic
thZyme causes damage. - . '

2. Rheumatoid arthrities : Rheumatoid arthrities is inflammatory
disease of body joints. This is caused by the release of lysosomal enzymes
from the cell into the extracellular space, causing damage to the material. ®
- Q.33.Differentiate between autophagic vacuoles and

digestive vacuoles. | - »

Ans, Autophagic'Vacuoles and Digestive Vacuoles : Autophagic vacuoles
digest intracellular cell organelle and formed only in special
Ph)!siological conditions. These contain hydrolytic enzymes of
Primary lysosome and some cell membranes of their own cell. These
result in autodissolution or autodigestion. ‘
Digestive vacuoles digest some foreign substances or organism. These

are formeq by the fusion of primary lysosomes a and phagosomes. [
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T Q.34. Write a short note on peroxlgomes

Ans. These are found in all eukaryotic cells. These were first ohservedb ‘
Rhodin (1954) in kidney cells of rat and were named peroXisomes by
‘deDuve in 1965.
~Structure : These are re microbodies having a diameter 0.5-1.5um, These

are bounded by single membrane and enclose enzymes peroxidases ang

catalases. They produce hydrogen peroxlde by their degradative activity. The
enzymes present are

1. D-amino acid oxidase, 2. NADH-glyoxylate reductase, 3. catalse,
4. uric acid oxidase, 5. h}drolync acid oxidase. :

Functions : Peroxisomes are associated with following activities :

1. Oxidation or respiration : Mitochondria, peroxisomes also help in
cell respiration. In green plants, these carry out phomresplratlon .The
peroxisomal enzymes are of two types :

(i) Peroxisomal oxidases : Such as urate oxidase, OcholatP oxidase and-
amino acid oxidase catalyse oxidation or varlety of substrates and transfer
hydrogen atoms to molecular oxygen forming hydrogen peroxide is highly
t0x1c . ‘ A

(ii) Peroxisomal catalase en7yme immediately breaks down H » O') to

H-O and oxygen or uses H,O, to oxidise substances uUCh as phenols,
formic acid, formaldehyde and alcohol, etc. e

5 + O') — R+ H‘) O‘)
(Reduucd Substrate) ~ . hydrogen peroxide

Q.H"p O‘, catalysed 2H7 O+ O-;

H, O PR H, e, o +2H30

B Permeablllty Membrane binding the peroxisomes are hlghl)’.

permeable’ and allows inorganic ions and substances with low molecular
welght pass through its membrane. o

@ Q.35.Write a note on nucléolar cycle.

Ans. The nucleolus as an mgamsed bdy is lacking in continuity. During
- mitosis, it undergoes cyclic changes and disappears at the starting of -
cell division and is formed again at the end of cell divisin in telophase.
The nucleolus is formed at a definite region by oen or mor¢
chromosomes of a haploid set. These chromosomes are known as nucleolar |
chromosomes. Diploid species majority possess two nucleolar chromosomes
in each diploid or somatic cell. But in man chromosomes ‘numbering 13, 14- -

15,21 and 22 participate in the formation of nucleolus. The specific region of

these chromosomes active in nuclelar formation is called as nucleolar

- 6rganiser zone oOr nucleolar zone. The nucleolar organiser carries genes for

18S and 28S nbosomal RNA
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Fig. Different steps in the biogenesis of nucleolus after celldivision.

During prophase, the amorphous part of nucleolus disappears, and

- chromatin loop is withdrawn into the nucleolar organiser. During telophase

nucleolus is reorganised in the following two steps : :

I The convoluted chromatin loop uncoils from the nucleotar
organiser and gets surrounded by fibrillar and granular material.

2.~ The nucleolus matrix and its basic proteins and RNA are produced

within the chromocentre and are liberated in Sn_lall per‘inucleolar

bodies. '

*  Q.36.Write the difference between non-cylic and cyciic
electron transport pathway. \

Difference between Non-cyclic and Cyclic
Electron Transport Pathway

" Ans.

Non-cyclie Electron Transport

Cyc_lic Electron Transport

.- It involves participation of both

PS-II and PS-I. -

It involves. participation of only
Pa-1. W

Electron transfer’ occur - from
31 to PS-I through an elec-

«tron_transport chain_and from
" PS-1 to NADP* . Thus transport

of electrons is noncyclic. .

Electron “transfer occurs from
PS-1 and returns‘back to PS_}
through electron transport chain.

So the transport of electron is
cyclic. :

3.

Phote-oxidation or photolysis of
water results in splitting of water

into H* and e~ and O,.

Photo-oxidation of water does not
oceur,

4. It produces ATP and reduction of | It produces only ATP. o
NADP to NADPH, which are B il '
used by dark reaction for sugar
—_Synthesis. Rk ; : :
|3+ Itfound under normal conditions. { It found only -when NADPH is |
oty accumulated, idna s @]
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e Q.37.Give the difference between peroxisomes and lyso.

so_mes.

_ Lysosomes
Peroxisomes :

Pe [ y ur in animal
-oxisomes are occur in animal | Lysosome  are O(ic -,
: llls and in leaves of higher|cells and a few plant cells.

ce L : -

plants. : . et
ide tain tissue dissolving or
i xidases and catalses | Con _
> Comﬂzspem ‘ ' hydrolytic enzymes. 5
‘ en . . .
3 Hzl}[; in release of energy Help in-intracellular digestion or
- € : . :

| cell dissolution

4. Carry oﬁt photorespiration in | Are responsible for hydr_olysis' of }
. re‘::z plants ‘ ' organic molecules and dissolving
i of hydrolytic enzymes.

@ Q.38.Compare Calvin-cycle and Hatch-Slack Cycle.

Ans. Comparison between Calvin Cyclé
~and Hatch-Slack Cycle

Calvin Cycle Hatch-Slack Cycle

I The primary acceptor of CO is
RuBP; a S-carbon compound.

The primary acceptor of CO, is
PEP, a 3-carbon compound.

2. Ttcan not operate under very low

It can operate under very low CO3
CO» concentration.

- _ | concentration. soai]
3. .The first'stable product is 3-PGA, | The first stable product is OAA, 2
a 3-carbon compound, 4-carbon compound.
4.- CO; once fixed is not released | Fixed CO » is released back in
back. bundle sheath cells where it i
finally fixed and reduced by Calvin
_ | cycle. S
5. There is a net gain of one he Th ' o
" B X0sg ere i i
sugar of 6 CO 5 molec P
and reduced,

ules fixed

- X - . 4‘—_‘-"-"
6. It operates in all the plants. - |y Operates in C4 plants only. |
——'-’_'—/
—-'—‘-——-____

_—'._"—"——-—_._
17. It has a slower rate of CO,
fixation, : g

[thas a faster rate of CO ; fixation

e T SR
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8. Fixation of one molecule of CO,

requires 3 ATP and,2 NADPH 5
molecules.

Fixation of one molecule of CO?
requires 2 ATP m?)egul-es Cm'
addition to that required in C3
cycle._

Optimum temperature  for the
operation of C 5 cycle is 10-25°C

Optimum temperature for the
: o o
operation of C 4 cycle is 30-45°C.

*  Q.39.Compare peroxisomes
Ans. '

@
and glyoxysomes.

Peroxisomes and Glyoxysomes -

Peroxisomes

Glyoxysomes

. Peroxisomes are found in animal
- cells and leaves of higher plants.

Glyoxysomes are found in plant
cells and are abundant in
endosperm of gei minating seeds.

are oxidised to hydrogen peroxide
- (H, 05, )which is degraded into H
20 and oxygen;

2. It contain enzymes-peroxidases | It “contain enzymes peroxidases,
and catalases. ' catalases and enzymes of gloxylate
. |cycle. :
3. They carry out photorespiration, | These are  associated  with
triglyceride metabolism. _
4. In peroxisomes hydrogen atoms | Transform - stored  fat  into

‘carbohydrates by glyoxylate cycle.

*  Q.40. Write the difference betw

e _lysosomes.
- Ans,
e

°
een primary and Secondary -

Primary and Secondary Lysosomes

Primary Lysosomes

—

' Secondary Lysosomes

I Primary lysosomes or lysosomes
are newly formed lysosomes,

[ ———

-
Secondary lysosomes are formed
by the fusion of phagosome ang
primary lysosome -

2. These are also
granules

M

called storage

These are also called heterolyso- |
somes, phagolysosomes | or

heterophagic vacuoles,

| 3¢ These contain hydrolytic enzymes

Sl

These contain lysosomg enzZymes
and substance o organism to he

digestion or dissolved; | '
Y
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e Q41.Give the difference between Centrosomes ang

Centriole. ] b

Ans. Centrosome and Centriole Lentmﬁo;‘iln :ilsoth:DOWn. 2
. n‘ﬁcl-ncentl-um i the clear zone of cyt'nplas?nl_lsi; o " ,j; ! centriole
Centriole also known as cell centre Is 2 .B).r!:nn;;::? | 2iriie0med of 9
microtubules of fibres that are arranged equidistant:in arounq 4

s ol ation during celi divisio
imaginary axis. These help- in spindle formation during celi div N and form

‘basal bodies of cilia and flagella. : j

& Q.42.Compare ribosome and lysosome.

Ans. Ribosome and Lysosome : Ribcsomgs are the granules of protein anq
RNA occur in the cytoplasm. These are often attz%ched to endoplasmic
reticulum. These are the site of protein synthesis. P

‘Lysosomes are cytoplasmic organelleg oi ce]i§ and contain s’,.hgestive_
enzymes for intracellular digestion of bacteria and other lﬁ:.)relgn bodies those
enter the cells by the process of phagecytesis or pinecytusis. They may cause
celi destruction. e 5y ‘ ]

@  Q.43.Write the difference between SER and RER.

Ans. Difference betwzen SER and RER |

SER -~ : RER

L. Ribosomes- are not associated | Ribosomes are associated.
with this type of ER. °

These are made of vesicles and
" tubules.

N3

Mostly made of cisternae and a few
tubules. ' '

8 If Develops from RER due to
.movement of ribosomes,

4. Ribophorins absent. .

Generally formed by the cuter nuclear
membrane. :

Ribephoriiis help in association of
| o ribosomes with RER. el
{ 3. Mainly presen}in lipid forming Mainly occur in protein forming cells: |
cells. e.g., adipocytes. <., goblet cells, plasma ceils, etc. |
: e : s #
®  Q.44.How would you disl‘inguish-bétween microtubules
. and microfilamerits. - i

Difference Between Microtubi;les
and Microfi!aments ‘

Microtubules T

—

' Micrdﬁl.a\iments

Ll occur_ .m centrioles, bas,"‘l It oceur below the cell membrane:
bodies, cilia,flagella, astra] rays,

spindle fibres, etc. T _/l
) e e i B i :

P ——— L —
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Its is hollow and made of 13
protofilaments and consist of ¢
& B tubulin protein

It’s diameter about 25 nm,

Its  functions  are Non-

contractile, Microcirculation,
No role in endocytosis

Hollow, and Longitudinal _s.ub-ur.a_itsi'
lacking and Formed of protein actin.

Diameter about 6 nm.

Contractile, Cytoplasmic streaming,
Involved in endocytosis.

intussuception or addition
of materials

between primary and secondary
- Cell wall, I -

Ans. Difference between Primary and Secondary Cell Wall
Characters Primary cell wall Secondary cell wall
I._Distribution |1n all plant cells Only in some plant cells,
2. Position Formed inner to middle Deposited  inside  the |

: _ lamella, | primary wall.
3. The process|Materials deposited. by |By apposition or
of deposition

deposition of material on

inside the | materials already present.-
wall, _
4. Chemical (a) Low cellulose content. (a) Relatively high amount
nature ' , of cellulose.
G () High amount of (b) Relatively low amount
proteins __ | of proteins. ;
(¢) High amount of (c) Relatively lesser in
hemicellulose, amount.
e (d) Deposits of other|(d) Additional depo-
substances not common. sitions of lignin, $ube- rin,
T W ' €le, are common.

5. Thickness

Thin

Thick

¥ Q.46.Discribe the detailed acco

unt of the structure and

function of chloroplast.
| Chloropiast it
The -chloroplasts in ‘green plants ct_mstitute_ the photolsynghetic ‘
Apparatus, Typicaily, the chloroplasts of higher plants are discoid or
ellipsoidal in shapes. 4-6 p in length and 1-2 p tth]'C. The_chlorgp!ast is
bounded by two unit' membranes each app. 50 A thick and consisting of
. Proteins. The thickness of the two membranes including the space

Ahs.
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enclosed by them is app. 300 A. lnte_rna“)/.th‘ chloroplast is filled wigf ;-
hydrophilic matrix called as stroma 10 which are embedded grana, Ea cﬁ
granum has a diameter of .25-.8 p and consists .‘of 5-25 disk shapeq
granalamellae placed one above the other llkf_: the stack of coins. In rode ¢

ac like structures and have begy

section these lamellae are paired to form s ! .
‘called as thylakoids. Each grana lamella or thylakoid encloses a space, the |

loculus. The ends of disk-shaped thylakoids are called as margins (which are |

fused to form sac like structure) while the contiguous membranes between
two thylakoids form the partition. |

The grana lamellae or thylakoids consist
f lipids and proteins. o |

of alternating layers 0 _ ,
Some of the grana-lamellae or thylakoids of a granum are connected

with thylakoids of other grana by somewhat thinner stroma-lamellae or fret

membranes. These also encloses spaces which are called as fret-channels.
Intercisternal & ik 4
connection isternae

Granular -

Ribosomes

,Matrix

Granular
Fig. (A) Internet structure of a chloroplast,
(B) Frew enlarged thyllakoids from two grana. -
a.

Chlorophylls and other photosynthetic pigments are confined to gra" y
: n

" The latter are the sites of primary photochemical reaction. Weier 4 i

Benson (1966,.1967) have also included chlorophyll molecules in the "5

" Besides necessary enzymes, some ribosomes and DNA have als befi‘;
found ‘in »chloroplaStsr_‘gwhich give them (chloroplasts) a palj'tial‘ 8" 0

_qutonomy.
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