CELL: STRUCTUREAND FUNCTIONS
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O-N. Ramnciiaxnuay, an cusianding Deoe n Qs Odld ol proteln
strocture. was lhe founder of the "‘Madras school' of
confrmalional analyss of opgolymers. His diseovery of the Lriple
helical stmicture of collagen publisbhed in Nature in 1954 and his
analysts of the allowed conformaiions of protetns through the
mse of e “Reamschandrmmn plot? ik amorng the most ouisianding
vomtributions in siructural blology. He was bom oo October 8,
1922 1t 4 small lown, ool Gir from Cocliln on tee soulnvestem
coast of India. His father was 8 proflessor of mathemalles at a
lidizal eollege and ms bad eonsiderable influeriee in shaplng
Ramnehandran's nterest th muthemsaties. Alter compleitng hits
schiool vears, Ramachandran pradiated in 1842 55 e top-
ranking student i the B.Se. Honors) Physies course of the
University of Madras, He recetved g Phol). from Cambridge
University in 1944, While at Cambridge, Ramachandran mel
Linms Pauling and was deoply influencad by his publications en
mixlels of e e-ludix and B-sheel struciures that dimeted his
attention o solving the structure of collagen, He passed away al
the age of 78, an Aprll 7, 2001
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CELL: THE UI'TIT OF LIFE

When you look around, you see both living and pon-living things. Yau
must have wondered and asked yoursell — ‘what 1s 1L that makes an
crgantsm living, or what is it that am inamimale thing does not have which
a Iiving thing has™ ? The answer to Uus s the presence of the basic anit of
Ife— the ¢ell n 81 Iiving oreanisms.

All organtams are composed of cells. Saime are composed of & single
cedl and are called unleellular organtsms while others, like us, composed
of many cells, are called muliicellulnr organtsms,

8.1 Wuar s a Cenn?

Unieellular organtsms are capable of (1) tndependent extstence and
(tf) performing the essential functions of life. Anything less than a complete
siruclore ol 4 cell does nol ensure Independent living. Hence, cell is Uie
fundamenidl struciural and funcional unl of all iving organisms,

Anlon Von Leeuwenhoek first saw and descrtbed a live eell. Robert
Brown later discovered the mucleus. The tovention of the microscope and
lis mproverment leading lo the electron microscope revealed all the
structural delitls of the cell.

8.2 Crmiu THrEcRY
in 1838, Matthias Schielden, a German botanist. examitned a large munber

ol planis and observed Lhat all planis are composed of different kinds ol
cells wideh lorm the Ussues ol e plant. Al aboul the same Hme, Theodone
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Schwann [183%), a Bniish Zoologist. siudied different types of animal cells
arid reported that cells had a (hin ouler layver whitch s loday known as the
‘plasma membrane’. He also concludied. based on his studies on planit
tissues, that the presence of cell wall s o anlque characier of the plant
cells. Om the basis of this, Sclwann proposed the hypothesis that the bodies
ol animals and planls are composed of cells and products of cells,

Stchietden and Schwann losether lormulated the cell theory. This theory
however, did not explain as to how new cells were fomied. Rudoll Virchow
{1855 firsl explatned (hat cells divided and new cells are formed from
pre-existing cells (Omnds cellula-e celluda). He modified the hypothesisof
Schletden and Schwann Lo give the cell theory a final shiape. Cell theory
as undersiood loday 1s;

{1 all ving organtsms are composed of cells and products of cells,
{1t} all cells arse from pre-existing cells.

8.3 Ax Overview or CeiL

You have éarller obgerved cells in an onlan peel and/or hiiman cheek
cedls under the microseope. Let us recollect thetr structure. The onlon cell
which ts a ypical plant cell. has o dislinel cell wall asiis outer boundary
and jost within it is the cell membrane. The celis of the human cheek
have an oulermembrane as the deltmiting stmicture of the eell. Inside
each cell'ls a dense membrane bound structure called nuclens. This
nuclens contatns the ehromesomes which In tum contain the genetic
material. DNA. Cells thal have membrane bound nuclel are called
cukaryotic whereas cells that lack a membrane bourd nucleus are
prokaryolic. In both prokarvolic and eukaryolie cells, a semi-lluld matrix
called cyioplasm occuples the volume of the cell, The evtoplasm s Lhe
main arena of celhilar activities in both the plant and antmal cells, Vanous
chemical veactions ceourin il to keep the cell n the “living state’.
Besides the muclens, the eakaryolic cells have other membrane bound
distinet structures called organeltes ltke (he endoplasmic reticulum (ER.
the golg complex, lysesomes, mitochondria, microbodies and vascuoles,
“The prokaryotio cells lack such membrane bound organelles,
Ribosomes are non-membrane bound organelles found in all cells -
bolh sukarvolle as well as prokarvolle. Within the cell, ribisomes are
found not enly tn the cyloplasm bul also within the two oranedles -
chloroplasis (in plants) and mitochendrta and on rough ER.
Antmal cells conlatn another non-membrane bound organelle calied
cenlrsaitie whilch Ielps in cell division.
Celis diifer greally in stere, shape amnd activitles (Figure 8. 1), For sample,
Mycoptasmas, (he smallest cells, are only 0.2 pm in length while bactera

=EAIS



Caaaz Toe Ui ot Lire 89

10 5 & -
D |

I:,_‘_,:..:' I,-':_‘
- e ) '_"’:"qu
O (D) = gL
. i Whitte il cells Cotmmnnr epithelin erls
fed blood cells [ moeboid) llong and narrow)

fround and bBfeoticave

Mesaphyll eells
{rommed amd ol

' A trachosd
{elongaimd)

Flpure 8.1 Huermn shyswlop dillérent shapes of the orlls

couild be 3 th § pm. The largest solated single cell 1s the ego ol an osinch.
Among multicellular organtsms, human red Blood cells are about 7.0
pm I dismeter. Nerve cells are same of the longest cells. Cells also vary
greatly in {hetr shape. They may be dise-like, polygonal. columnar, cubotd,
thread ke, or even vegiilar, The shape of the cell may vary will the
lunction they perform.

8.4 Pronarvoric Cruis

The prokaryollc cells are represented by bacteria, blue-green aluae,
mycoplasma angd PPLO (Pleuro Ponewmonta Like Organisms). They are
gencrally smaller and muliiply more mpldly than the eukaryolle cells
(Flgure 8.2), They may vary greatly tn shape and stze The (our basic
shapes of bacterta are bacillus (rod lke), cocous [sphierical), vibno (comma
shaperd) and spirithim (spiral).

The organisation of the prokaryotic cell 1s fundamenialiy similar even
though prokarvotes exbitbdl a3 wide variety of shapes and unctians. All
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T G —(ﬁ?j: cell membrane excepl in myvéoplasma, The Muid
] C “a me =\ -’;@;{:ﬁ' ~ matrix filling the cell 15 the cytoplasm. There s
{[;--\_ LA o .ﬁ't*:'r‘ 7 no well-defined nucleus, The genettic material s
=L > 2 ' Typrleil bacleria - .
L {?"E::E".&% :ﬁ' (1-2.ur) basicaily naked, not enveloped by a nuclear
s % ‘:'"*ﬁ' I meribrane. In additicn 1o the genonilc DNA [Hhe
| fpilln_»‘ L ] P single chromosome fetrounlar DNA), many
A {f aniEEEds ? 2059 i hav NA [
L { 15._5.,. e PO bacleria have small circular DNA outskde Lhe
.'Séf'_.,, PG genomile DNA These smaller DNA are called

plasmids. The plasmid DNA confers certaln
untgue phenotyple chamcters Lo such bacterta,

N . A L:?E_:,_ One such character Is reststance to antbiolics.
N i In hitgher classes you will fearn thal this plasmid

" 5 . Virmses i : = M
A l}p1tt.fu€;§::11tlr cull 00, 0F2-03.2 urmi) DINA 1s used (o monitor bacteral transformation

wilh loretun DNA. Nudlear mestibrane is lound
in eikaryoles, No organclles, like the anes tn
eiikaryotes, are found n prokaryolic cells except
for ribosomes. Prokarvotes have something
untque n Lthe form of inclustions. A specialised
differentiaiet] form of cell memibmane calléd mesosome 1s the chamclerisile
of prokaryales. They are essentlally infoldings of cell membrane.

Flgare 8.2 [Diagmm showiog comparison ol
eukaryolie cell with  othdr
organisms

8.4.1 Cell Envelope and iis Modifications

Most prokaryotic cells. paricularly the bactenial oells, have a chemically
complex cell envelape. The cell envelope consists of a tghtly bound three
layered struclure Le.. the oulermeost slycocalva followed by Lhe cell waill and
then the plasma membrane. Although each layer of the envelope performs
distinet fimction, they act together as a single protective unit. Baclerta can
be classified inlo wo groups on the basts of the differences in the cell envelopes
and Lthe manner In which they respond to Uie stalning procedore developed
By Gram vtz those thal take up e gram statn are Gram positive and the
uthers thal do not are called Gram negative bacteria

Glycocalyx differs in compostilon and thickness among different
bacterta. L could be a loose sheatl called the slime layer in some. while
In athers il tay he thick and (oueh, called the capsule, The cell wall
determines the shape of the oell and provides a strong siructural support
o prevent the bacteriium from bursting or collapsing.

The plasma membrane is seleoctively permeable tn nature and interacts
with the outside world. This membrane Is stmilar structurally Lo thal of
the cukarvoles,

A spectsl membranous strocture 1s (he mesosome whitch Is formed
by the extensions of plasma membrane tnfo the cell. These extenstons are
i the form of vesicles, tubules and lamellae. They lielp n cell wall
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[ormation. DNA replication and distribution Lo daughter eells. They also
help in esptration, secrellon processes, Lo Increase the surface area of
the plasma membrane and enzvmatic content. In some prokaryoles ke
cyanobaicieria, Uhere e othermembrminous sitenslons inio the crioptasm
called chromatophores which conlain pigmenis.

Badlerial cells may be miollle or non-mollle, [Tmolile, they have thlin
liamemninis exiensions frmom Wisr cell wall called laselia. Bacieria shiow 4
range In the number and armangement of fagella. Bactenal Nagellum s
composed of three paris —fllament, hook and basal body. The filament
Is the longest portion and extends from the cell surface to the outside.

Bestdes flagella, Pill and Fimbriae are also surface struclures of the
bacteria bul do nol play a role in motllity. The pill are elongated lubular
structures maide of a special protein. The fimbriae are small bristle ke
fthres sprouting out of the cell. In some bacterta, they are known (o help
aliach the bacleria Lo rocks in sireams and also (o Lhe hosl ilssnes.

5.4.2 Ribosomes and Inclusion Bodies

in prokaryotes, rthosomes are assoctated with the plasma membrane of
the cell. They areabout 165 nm by 20 nm m-size aml are made ol (wo
subunils - 505 and 305 untts which when present logether form 705
prokaryolic ribosames. Ribosomes are (he stle of protein synthesls. Several
ribosomes may allach o a single mRNA and form a chatn called
polyribosomes or palysome. The ribosomes of a polvsome iranslaie the
mENA Hilo prolains.

Inclusion bodles: Reserve malental in prokaryolic cells are siored (6
the cytoplasm tn the formn of ncluston hodies. These are not hound by
any membrane sysiem and lle free in lhe oyioplasm, eg. phosphate
granules, cyanophyoean granules and glveogen granules. Gas vacuoles
sire [ound in blue green and purple and green pholosynihelle bacleris.

8.5 Eurarvonic Ceuis

The enkaryoles include all the protists, plants, amtmals and fung, In
cukaryotic cells there is an extenslve compartmentalisation of cytoplasm
through the presence of membrane bound organelles. Eukarvote cells
possess an organised nucleus with a nuclear enwvelope. o addititon,
enkaryolic celis have a vanety of complex locomotory and cyloskeletal
structures, Thelr genclic material is organised mio chromosomes.

All etikarvolic cells are ot Identical. Plant and antmal cells are different
a4 the former pessess cell walls, plastids and a large central vacuolewhich
are ahsenl in antmal cells. On the other hand, antmal cells have cenirloles
which are absent in almost all plant cells (Figure 8.3),
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Let us now look al mdmidual cell organelles 1o understand thetr
siruciure and fuhctlons.

8.5.1 Cell Membrane

The detatled structure of the membrane was stutited only afler the advert
of the electron microscope mn the 1950s. Meanwhile, chemtcal studies on
the cell membrane. espectally in human red blood cells (RBCs), enabled
the selenitsis (o deduce the possible siruetire of plasma membrane,

These studles showed that the cell membrane s mainly composed of
ltptds and proteins. The major lpds are phospholiptds that are armanged
m i bilayer. Also, (he lipids are arranged within the membrane with the
polar head lowards (e onler sides and Uie ivdrophoblc tails lowards
the mner part.This ensures thal the nonpolar tall of salurated
hydrocarhons ts protected from the aqueous environment (Figure 8,41
in addition (o phospholiplds memimrane also conialns cholesterol.

Later. biochemical investgaton clearly revealed that tie coll membranes
also possess piroletn and carbohyidrate. The ratlo of prot=tn dnd ipld viades
considerabily tn different cell types. In human betngs, the membrane of the
erythmeyte has approxtmately 52 per cent protetnand 40 per cend lipids.

Depending on the ease of exiraction, membrane proieins can be
classifled as tntegral and peripheral. Peripheral proteins lie on/the sardace
of membrane while the tntegral proletns are partially or tolally burnted in
the memibnane.

Sugar Periphivmal
Prodein

Cholesstern)

Flgure 5.4 Flubkl meale melel o plasimn membrane
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An mmproved model of the structure of coll membrane was proposed
Irv Singer and Nicoison (1972) widely accepled as fluild meosaic model
(Flgure 8.4), According (o Lhis, Lhe quasi-fluld nature of lpid enables
lateral movement of protetns within the overall hilayer. This ability to move
within the membrane 1= measured as (s Muatdity.

The flud nature of the membrane is alsa mporiant rom the point of
view of functions Uke cell growth. lonmatlon ol inlercellular junclilons,
secrelion, endocviosts, cell diviston ete.

One of the mest important funotions of the plasma membrane (s the
iranspori of the molecules acmoss it The membrane is selectively permeable
Lo some molecules presenl on elther side of 1L Many molecules can move
brielly across Lhe memibrane withoul any requirement of energy and this
ts called the passive transport. Neutral soliles may move aeross Lhe
membrane by the process of stmple diffuston aleng the concentralion
gradient, Le.. from higher concentmation o the lower. Water may also miove
across Lhls membrane from hphier o lowsr coneentration. Movement of
waler by diffusion is called osmosis, As the polar molecules cannol pass
through the nonpolar iptd bilayver, they réquire a carmter protein of the
membrane to factlitate thelr transport across the membrane. A few fons
or molecnles arse Uransported acress Lthe membrane agamst thelr
conerntration gradient, e, rom lower o the higher concentmiion. Such
a ltansport 1s an enengy dependent process, m which ATP 1s utilised and
is called active transport, e.g., Na' /K" Pump.

8.0.2 CellWall

As vout miay recall. a non-Iving rigld strocture called the cellwell [orms
nn ouler covering for Lhe plasma membrane of fung and plants, Cell wall
nol only gives hhﬂ:pt‘ to the cell and protects the eell rom mechantcal
damage and infection. it also helps in celi-to-cell interaction and provides
barrier Lo undesirable macromolecules. Algae have cell wall. made of
cellulose. salnctans, mannans and minemsls ke calctum carbomalte, while
in other plants 1L constsis of cellulose, hemicelluloee, pecuns and profeins,
The eell wall of a young plant cell, the primary wall Is capahie of growth,
which gadually dimatniishes as the cell maiures and the secondary wall ts
lormed on the trmer (Lowarnds membrane) side of Qe cell

The middle lameila 1s a layer matnly of caletum pectale which holds
or glues the tilferent nelghbourtng cells wgether. The cell wall and nuddle
lamellae may be traversed by plasmodesmata which connect the cytoplasm
of nelghbouring cells.

5.5.3 Endomembrane System
While rach of the membranous organelles ts distinet m terms of s
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strucinre and [uncilon. many of these are
considered togetheras an endomembrane sysiem
because heir [unciions are coordinated. The
endomembrane svstem Include endoplasmic
reticulum (ER), goly complex, lysosomes and
vacuolss - Stnce the fnctons of the milochondia,
chloroplast and peroxisomes are nol coordmated
wilth the ahove components, ltHese are nol
considersid as part of the endomembrane svslem.

86.3.1 The Endoplasmic Reticulum (ER)

Electron microscopic studies of sukaryotic cells
roveal Lthe presence of a network or retticuhom of
Liny tubular simiciures scatlersd in the cyloplasm
that ts called the endoplasmie reticalum (ER)
(Figure 8.5). Hence. ER divides the intracellutar
space into two distinel compartments, Le., lnminal
(irizide ER} and exira luminal [cyloplasm]
Conpartmerits.

The ER oflen shows ribosomes attached o
their onter surface. The endoplasmic reficulun
bearing nbosomes on thetr surface 1s called rough
enidoplasmic reticulum (RER). In ilie absenee of
rbosomes they appear smooth and are called
smonth endoplasmic reticulum (SER).

RER s frequently observed in the cells actively
trvolved s prolein syolliests snd secretion. They
are extensive and continuous with Uie ouler
membrane of the nuclens.

The smooth endoplasmic reticulum is the major
site for synithesis of Iipid. In ammal cells pid-ltke
steuidal hormiones are synilhiesised in SER

8.5.3.2 Cuolgl apparaius

Camillo Colut {1 898) firsl observed densely slamed
reticular struchures niear the nucleus. These wore
later named Golgl bodies afler hini. Thiey conslst
of many al, disc-shaped sacs or cisiemae of
0.5pm to |.Oum diameter (Figure B.6). These are
stacked paralle] to each other. Varied mumber of
cistermae are presenl m a Gol@ complex. The Golm
clstermae are concentrically arranged nwear the
nucleus with distinel convex cis or the forming
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face and concave (rans or the maturing Tface.
The ¢fs and (he trans Gees of the organelle are entirely different, butl
interconnectsd.

The golygl spparaius principally performs the function of packaging:
materals, (o be delivered elther to the tnira-cellular targets or secreted
ouikslde the cell. Materials o be packaged tn the form ol vesicles from
the ER [use wilh the ofs face of the golg) apparilus and move lowards
the matuning face. This explains, why the golg apparatus remains in
close assoctation with the endoplasmic reticulom. A nmumber of proieins
synthiesised by ribosomes on the endoplasmic reticulum are modified
in the cislermae of the pol@ appardtus before (hey are released [rom s
trans (ace. Golgt apparatus Is the imporiant site of formalon of
glhveaprotleins and glycolipids.

8.6,3.3 Lyscsomes

These are membrane bound vesicular strogtures formed by the process
of packaging in the gol@ apparatus. The 1salated lysosomal vesicles
have been found to be very rich in almost all wpes of hydrolytic
enzymes [lydrolases - lipases, proleases, carbohydrases) optimally
active al the acidic pH. These cnzymes are capable of digesiing
varhohydrates, proteins, lipids and moclelc aclds.

&.5.3.4 Vacooles

The vacuol: s the membrrane-bound space [ound inthe eytopiasim. [ contains
waler, sap, excretory product and other matisals nol useful for the cell. The
varuole 1s bound by a single membrane called lonoplast. [n plant cells the
vacuoles can voeupy up 10 90 per cent of the volume of the cell,

In plamts. the tonoplast facllitates the transpaort of a number of tons
arid olhiey malertals against concentrallon gradients into the vacnole, herice
thetr concenirailon is signtficanily higher in the vacuole than in the
eytoplism.

‘In Amoeba the contractile vacuole 15 imporiant {or osmoregutation
and excrelion. In many cells. as tn protists, food vacuoles are [onmed by
enguliing Lthe food paricles,

B.5.4 Mitochondria

Mitochonidrta (stng - mitochondrion), unless spectfically stained. are nol
eastly visible under the microscope. The number of mitochendria per cell
1svartable depending on the phivstological activity of the cells. In lerms of
shape and stze also, constderable degree of vartabilily is observed. Typically
1l 1s sausage-shaped or eyliimdrical having a diameter of (0.2- 1, Opm faverage
0. 5pm] and Jengih 1.0-4.1pm. Each miigchondrion is a double
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Figure 8.7 Slimctore of mifteehondrion (Lomgluding] section)

membrane-hound structure with the ouler membrEne and the inner

membrane dividing its lumen distinetly muwo two aqueons eompartments,

f.e., the ouler compariment and the Inner companment. The ioner
compartment 1s flled with a dense homogencons substance called the
matrix. The outer membrane [orms Uie continuous Bmitng boundary of
the grganelle. The tnner membrane forms a number of infoldings called

the cristae {sing.: crista) towards the matrts [Figure B.7). The crislae

increase the surface area. The two membranes have thetr own spectfic

erivmes assoctated with the mitachondnial funcbon. Mitochondria are

the stles of acToble respimiton. They produce cellular energy in the form

af ATP. henee they are called ‘power houses' of the eell. The matrix also
possesses single cireular DNA molecule, a fow RNA molecules, ribosomes:
(705) and the components required for the synthesis of proteins. The

mitochondria divide by Qsston.

8.5.5 Plastids

Plastids are found m all plant cells and in euglencides. These ane easily
abserved under the micmscope as they are large. They bear some spectfic
plgments, thus mparting specilic colours Lo the plants. Based on the
type of plgments plasilds can be classiffed into ehloroplasts,
chromoplasts and lencoplasts.

The chiloroplasts contain ehlorophyll and carotenold pimments which
are responstbie for trapping ighi ruergy essential for photosynthests. In
the chromoplasts [al soluble carotenoid plgments ke carolene,
xatithophylls and olhers are present. This gives the part of the plant a
vellow, orange or red colour. The leucoplasts are the colouriess plasiids
of vaned shapes and sizes with stored nutrients: Amyloplasts store
carbohvdrutes [starch), e.g.. polato; elaloplasts store olls and lals whereas
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Ouier membrane the aleuroplasts store proletns,

/ Inner membirane Majority of the chiammpiasts ol the sreen
A plants are found M the mesophiyll cdlls of
the leaves. These are lens-shaped. oval,
_~Twlakold  gpherical, discold or even ribbon-like
. Stroma  organclles having vadahle length (5- 10um)

 lamiellh ynd wadth (2-4pm), Thetr mmmber varies
'] from 1 per cell of the Chlamydomenas. a

greerl dlga Lo 20-40 per cell tn e niesoplivil

Like mitochondria, the chlomplasts are
also double membrane bound. Of the two,
the tnner chiooplasi membrane s relatively
less pemuesibile, The space mited by the
nner membnane of the chioroplast 1s called e stroma. Anomber of organised
Eatirned membranois sacs called the thylakolds, are present o the stroma
(Figure 8.8). Thylakolds are arranged in stacks like the plles of coins called
grana [gngular; granum) or e tnlergmnal thvlakokds. 6 addition., (esse ane
flat membiramons tabuks called the stroma lamellae connecting the thylakolds
of the different grana. The membrane of the (hylakoids enclose a space called
a hmen. The stroma ol the chiloroplasi contsins eneymes required [or (e
synthests of carbohvdmies and praleins. [ also contans small, double-
strinded ciroukir DNA molecules and ribosomes. Chiomphyl plgments are

present tn the thylakoids. The nbosomes of the chioroplasts are smaller (705)
thar the cyioplasnilc riboshmes 1805,

58.5.8 Ribosomes

Ribosomes are the granular structures first ohserved under the electron
microscope as dense pariicles by George Palade (1953). They are
composed of ribonucleic acid (RNA) and protelns and

- Ciranm

Lorge
subandt are not surrpunded by any membrane,
The eukarvotle ribosomes are BOS while the

prokaryolic ribosomes are 705, Each ribosome has two
subunits, larger and smaller subunils (Fig 8,94, The two
subunits of 805 nbosomes are 60S and 405 whtle that
of 705 nbosomes s#re 50S and 305 Here 'S (Svedberg’s
Eni) siands for the sedimentation coefficient: 1t 1s
indtrecily a measure of density and stze. Both 705 and
BOS ribosaomes are composed ol iwo subumnits.

8.5.7 Cytoskeleton

An elaborale networl of Qlamentons proletiaceous structures consisiing
of mcrotubules. microflameni= and mtermediate (ilamenis present in
the cyloplasm is collectively referred to as the cytoskeleton. The
cvtoskeleton 1ha cell are Involved i many funcilons sach as mechanical
support, motlity, mamtenance of the shape of the eell.

=EAIS



Gz T U o L

Peripheral
mirrniubules
(ilerigtadicta)

(a) spoke 1§]]

Figure 8.10 Section of cilin/ngelln showing different parts : (@) Slectron microgrmaph
L) Diogrammuil e reprodentation of internal sirtieture

8.5.8 Cilia and Flagella

Cilia (sing.: ciltum) and Nagelia {stng,: fagethim] are hatr-lke outgrowths
of the cell membrane. Cilta are small struciures which work ltke oars,
causing the movement of etther the cell orthe surmonnding futd: Flagella
are comparatively longer and responsibie lor cell movemeni. The
prokaryolle bactena also possess flagella bul these are structurally
different from that of the eukaryoule lagella.

The electron microscopic study of a cilium or the flagellum show that
they are covervd with plasma membrane. Thelr core called the axoneme,
possesses a number of microtubules runming parallel to the long axis.
The axoneme usually has nine doublels of radtally smranged peripheral
microtubules, and a patr of centrally localed microtubules, Such an
srrangement of axonemal micrptubules is referted (0 as the 92 array
{Figure 8.10). The central fubules are connected by bridges and is also
chcloséd by-a central sheath, which ts connected Lo ore of the tabules of
each peripheral doubléts by a radial spoke. Thus, ihere are nine radial
spokes. The peripheral doublets are also tnlerconnected by linkers. Both

the cilltfum and flagellum emerge from centriole-like structure called the
basal bodies:

B.5.9 Centrosome and Centriocles

Centrosome Is an organelle usually contatning two eylindrical structures
called centrivles. They are surrounded by amorphous pericentriolar
malterials, Both the centrioles in a centrosome |te perpendicular (o each
other 111 which each has an organisation like the cartwheel. They are
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made up of mne evenly spaced pertpheral fibrils ol mbulin prolein. Each
of the peripheral (thril (s a (rplet. The adjacent (riplets are also Inked.
The central part of the proxtmal region of the centriole 1s also prolelnaceous
and ealled the huab, which 1s connected with tubules of the pertphersl
triplets by radial spokes made of protein. The centrioles [orm the basal
body of cilla or flagella, and spindle bres thal give r1se Lo spindle
apparilus during cell division inantmal cells.

8.5.10 Nucleus
Nucleus as a cell organelle was first descrtbed by Robert Brown as early

-as 1821, Later the material of the nucleus statmed by the basie dyes was

given Lhe name chromatin by Flemmitng

The interphase nucleus (nucleus of a
cell when 1L 1s not dividing) has highly
extended and elaborate nucleoprolein
fibres called chromatin, nuclear matrix
and ane or meie spherical bodles called

Nuleaplasm : _
nucleoll (sing : nuclenius) (Figure 8.11)
frdlootiin Electron microscopy has revealed (hat the
R eiie, Pﬂﬂf nuclear envelope. which conststs of (lwo
parallel membiranes wilh a space betwesh
) (10 Lo 50 nm) called (he perinuclear
I:::m]r; L. Space. forms @ barrter between Lhe
malertals present inside the puclens and
: Y o A - = that of the cytoplasm. The outer
Figure 8.11 Siruciore of macleus membrane wsually remalns continuous

with the endoplasmic reticulum and also
bears rthosomes on 1. At a number of
places the nuclear envelope is mterrupted by minuie pores. which are
formed by the fuston of (s two membranes. These nuelear pores are the

passages Lthrough which movement of RNA and proteln molecules lakes

place in both directions between the mucleus and the evtoptasm, Normally,
there 15 only one nucleus per cell, varations In the mumber of nmuaclel are
also frequently observed. Can you recollect names of argariisms that
have mare than one nucleus per cell? Some malore eells &en lack
nucleus, e, erythrocyles of many mammals and sieve tube cells of
vascilar plants, Woidd you consider these cells as ‘living™?

The nuclear mairix or the nucleoplasm contains nucleohis and
chromatin. The nuocleoll are spherieal structures present in the
nucleoplasm. The conlent of nucleolus 1s conunuous with the rest of the
nucicoplasm as it s not a membrane bound structure, I 1s a site for
acitve rihosomal RNA symthests. Larser and more numenons nucleolt are
presenl in cells actively carmying oul proleln synthesis.
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You may recall that the interphase nucleus has a loose
and Indistinel network of nucleaprolein fibres called
chromatin. Bul durng different stages of cell diviston, celis
show struciured chromosomes n pace of the nugleus.
Chromatin contatns DNA and some basic proteins called
histones, somic ton-lilsione proleins and also IWNA. A
strigle human oel] has approgimalely. two melte long
thiread of DNA distributed amony 1s forty stx ((wenly three
patrs) chmmosomes. You will study the detatls of DNA
packaging i the form of a chromosome In ¢lass XI1.

Every chiromosome {visible only in dividing cells)
essentially has a primary consirciton or the centromere
an the sides of whitch dise shaped stmolures called
kinetochores are present (Figure B: 12), Centromere hoids
e chromallds of a chromasame. Based on tue postiion
of the centmomese, the chromosomes can be classified ito
lfour types (Figure 8.13). The metacentrde chromosome
has middle centromere forming two equal arms of the
chromosome. The sub-metacentrie chromosome has
cenlromere slighlly away from Lhe middle of the
chromosome resuliing tnto one shorler armm and one
jonger armi. In case of acrocentrie chromosome the
centromere is situated close to iis end forming one
cxlremely shorl ‘and one very long arm, whereas the
telocentric chromosome has a lerminal centromers.

— SHecomdiry
consiriction

Satellite —

Short arm
s

#

i

Contromore

.
1
.,
‘—Cmirnmt-r:-‘,“ -
H"“./'// f
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Flgure B:12 Chroancanme with
Rinstohire

Shorl arm

—
I -
o

Long arm

Figure 8.13 Typis of chromosomes bosed on the position: of contromere
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Sometimes a few chromosomes have non-stalning secondary
constrictlons at a constant location. This gives Lhe appearance of a small
fragment called the satellite.

85.5.11 Mlicrobodles

Many membrane bound mimite vesicles called microbodtes that contain
varions enzymes, are preseni in both plant and antmal cells.

Sommanry

Al organisms are made of cells or aggresates of cells. Cells vary in their shape, size
and actvitles flunctions. Based on the presence or absence ol a micmbrane boand
pucleus and ollier organelles; cells ‘and hence ofpanlsms can be named as
eukaryollc or prolamvollc.

A typical rukaryotic cell consisis of a cell membrane, nucleus and evioplasm.
Plant cells have a cell wall outside the eell membrane. The plasma membrane 1s
selectively permeable and f(actlitates transport of several molecules, The
endomembrane system includes ER, golgl complex, lysosames and vacuaoles, All
the cell organelles perform different but spectilc functons. Cenlrosome and centriole
form Uie basal body of cllta and flagella thal etliate locomolion. [h antmal cells,
centrioles also form spindle apparatus during cell diviston. Nucleus conlains
nucleolt and chromatin nétwork. 1t nol only controls the actvilles of arganelles
bul also plays a major role in heredity.

Endoplasmic reticninm conlains tubules or clsternae. They are of two Iypes:
rough and smooth. ER helps in the transport of subslances, synthesis of
protetus, ipoproteins and glycogen. The golgl body 1s a membranous organelle
composed of fattened saes. The secretions of cells are packed n them and
transporied rom Lthe cell. Lysosames are single membrane siruclures
containing enzymes for digestion of all types of macromolecules, Ribosomes
are involved In protein .'E-;}"I'H_hl.'ﬂlfp. These ocour freely in the cyloplasm or are
assoctated with ER. Mitochondria help in oxtdative phosphorylation and
generalion ol adenosine trdphosphale. They are bound by double membrane;
the outer membrane 1s smooth and mner one folds into several cristae. Plasuds
are plgment contatning organclles found In plandl cells only. In plant cells,
chiloroplasts are responsible for rapping ligh! eneréy essential for
pholosynthests. The grana, 6 the plastid. is the site of light reactions and the
stroma of dark reactions. The green coloured plastids are chloraplasts, which
contam chiorophyil, whereas the other coloured plastds are chromoplasts,
which may coniain pigmenis ke caroiene and xanthophyll. The nucleus is
enclosed by nuclear envelope, a double membrane struciure with nuclear pores:
The tmner membrane cnclases the nucleoplasm and the chiromalin matertal.
Thus, cell 15 Lhe structural and functional unit of Ue.
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ExErcises

Which of Lhe fallbwing Is nol cormoct?

fd) Robert Brown discovered e cell.

11y} Sehioldien drd Schwann formulated e cell theory,

fe) Virchow explatned (hal cells are formed from pre-existing cells.

{ch) A unleellnkir organilsm carmiies oul s He activities within 4 single cell

New colls generale from
fd) bavlerfal fereerniation (L) regenerslon of old colls
[} pre-exisiug colls i) abiloble malorials
Malch the [ollowing
Colummn I Colummn IT
f{] Crisiae (1) Fial membitsnouns sics in stromi
) Cistermae (1} Infoldings In:i:ultﬂr.huullda
() Thylikoids () Dise-shaped sas in Golgl appamins
Which of the following Is cormect:

fd) Cells of all Uving organisms liave 3 piclons.

() Both antmal and plant cetis. have a well defined cell wall,

() In prokaryoles, there are o membrane bound arganclies,

id) Cells are [ommed de novofrom ablotic matertals.

What s a mesosome 10 a prokarnyottc cell? Mention the fimetions thal 1t performs.
How do neatral solutes move across the plasms membrane? Can the polar
malrmtes also mrve acrmss 10 the ssme way? I oot, (hen how 2 thesse
transported across the membrane?

Name two ur!.l—nrgﬂm!l'lm thil. are double membrane bovmd. What are the
charactenstics of these two organeies? State thetr mmeitons and dw labellod
thagrams of bolli.

What are the characteristics of prokarnyotic cells?

Mulbiveilular orgintsms have diviston of labonr. Explatn,
Cell 15 the Basic sl of Le. Mseuss i el
What are mmiclear pores? State therr imetion.

Both Wsosomes and vacnoles are endomembirane struciures, yel Hiey differ in
torms of thotr fmmetioms. Comanenls

Describe the structure of the (ollowing with e help of tabelled diagrams.
[l Nuclous () Cenfrosome

What 15 a centromere? How does the postiton of contromere form (he basis of
classification of cliromeosomes. Support your answer with a diagram showing
the position of conttomere on differen! types of chiromosomes.

SEEas



