
renance.app  •  Download Renance on Google Play

R E N A N C E

FEDERAL UNIVERSITY OF
TECHNOLOGY, MINNA

BIO 111 — Past Questions & Materials

by Renance

Course: BIO 111
Institution: Federal University of Technology, Minna

Papers in this pack: 1
Levels: 100

This study pack was compiled and restructured by Renance for BIO 111 students at Federal
University of Technology, Minna. It brings together 1 past paper(s)/material(s) into one
clean, readable document so you can revise without chasing scattered PDFs. Practise these
same questions interactively on Renance with instant answers, AI explanations, and full
CBT mock exams — over 235,000+ questions across JAMB, Post-UTME, WAEC, NECO and
university courses.

Study online: renance.app
Get the app: Google Play — dev.renance.renance

Generated by Renance AI



BIO 111  |  FUT MINNA Renanced

by Renance
renance.app  •  Download Renance on Google Play

2

Paper 1 of 1 — BIO 111
Level 100 • First Semester • Handout

COURSEOUTLI
NE

BI
O111 Cel
lBiology 2Cr edi
ts
Cellularbasisofli
fe/cellheor
t y.Hi st
oryofmi cr
oscopy ,
Schleiden&Schwann
Str
uct ureandul tr
a-stuctureofplantandani malcel
ls.(Typical/gener al
i
sed
l
cel)Funct ionsofcel l
sandcel lul
aror ganel
les.Special
ised&un- special
i
sed
l
cels.Ani mal s:
-epit
helialcels,muscl
l ecells,bonecel l
s,nerv ecells,bl
ood
cell
s e. t.
c.Pl antcel l
s:-mer istematic cell
,parenchy ma,chl or
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enchyma,
chollenchyma,sclerenchy ma,siev etube&compani oncell,v esselelement
e.t
.c.Celldivisi
on,Heredity

WEEK1

WHATI
SACELL?

A cellmaybedef inedast hebasi cstructuralandf uncti
onalunitofal i
ving
organism.Allliving organismsar ecomposedofcel lsjustasal lmat t
ersare
composedofat oms.Acel li
sf undamentaluni tofli
fejustasanat om i
st hebasic
unitofallphysicalmat t
ers.Ast heatom iscomposedofsev eralconsti
tuentssuch
asel ect
ron,proton,neut r
on,et c.thecelli salsomadeupofv ari
ouscel l
ular
component s(cellor ganell
es)such as mi tochondri
a,ribosomes,Gol gibodies,
l
ysosomes,endopl asmi creticulum,per oxisomes,etc.Asanat om consistsofa
nucleus,mostcel lspossessanucl eussuspendedi ncytopl
asm.

BRI
EFHI
STORYOFCELLBI
OLOGY’

Rober tHooke( 1635- 1703)wast hef irstt oobser veanar rayoft i
nypor e-l
ike
struc t
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ur es( ce l
l-l
i
k es tuc
r tures)inapi e ceofc or k( apl
antt issue)wi tht hehel pof
hiss elf-
madepr imi tivet ypeofmi croscopei n1665, andnamedt hem cel ls'.
n1676,
I Ant onyv anLeeuwenhock( 1632- 1732) , aDutchl ensgr i
nder ,obser v eda
var i
etyofl i
vi ng uni cellularor gani sms wi t ht he help ofhi s sel f
-assembl ed
mi croscopeandcal ledt hem ' ani mal cul es'.Now i ti swel lk nownt hatt hos e
ani
' mal cul es' we rebac t
e ri
a,prot oz oaandot he r'uni
cel l
ul armi croorganis ms '
. I
n
1833,Rober tBr ownobs er v
edadi s tnctst
i ruct uresuspendedi neac hcel land
namedi t'nucl eus' .
Ont hebasi soft heseobser vationsandf indingsofsev eralot herwor ker s,t he
Ger mansci ent ists,M. J.Schl ei den( 1804- 1881) ,abot anist,andT.Schwann
(1810- 1882) , az oologi st,proposedt hei rfamous' Cellt
heor y'in1838.
Ac cor dingt ocel ltheor y,'cellsar et hes truc turalandf unct i
onaluni t
sofl iving
or ganisms' (bot hpl antsandani mal s) .
n1859,Rudol
I fVi rchow ( 1821- 1902) ,aGer manphy sician,f urthermodi fiedt he
theor yt hat( i)
All l
i
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v i
ngor ganismsar ecomposedofcel lsandpr oductsofcell
sand
(i
i)'newcel lmustnecessar l
iybeder ivedf rom pr e-exi
sti
ngc ells'.
Af t
erSchl ei denandSchwannandRudol fVi r
chow' sobs ervations,muchmor e
informat i
onhasbeenaddedt ot hek nowl edgeofcel lst r
uct ureandf unct i
on,
par ti
cu¬l arlyaf terinv entionofc ompoundmi croscope( 1710) ,ultra-
mi cros cope
(1900) ,el
ec tronmi cros cope( 1932) , phas e -
c ontrastmicros cope( 1940) ,r
e fl
e c t
ing
1

c
miroscope(
1943)andf
luor
escencemi
croscope(
1945)

WHYSTUDYCELLSTRUCTUREANDFUNCTI
ON?

Theansweri smostoft hebi ochemi calr eact i
onsandphy siologicalf unctions
necessaryforli
fe,i.
e.f ornor maldev elopment ,met aboli
sm andf unctionofbody ,
takeplacewi t
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hint heext remel ysmal ldimensi onsofal llivi
ngcel ls.Inli
v i
ngcel ls,
thebiochemicalreacti
onsoccuri ndifer
f entcel lul
arcompar tment sofmi cr oscopic
volumes.Thesebi ochemi calr eacti
onst akepl aceincy t
oplasm anddi fferentcel l
organell
eslikemi tochondr ia,ri
bosomes,Gol gibodi es,peroxi somes,l ysosomes,
etc.Forexampl e,gl ycolysisandt r
icar
- boxy li
caci dcy cle( TCA)t akepl acei n
cytopl
asm andmi t
ochondr ia,respectivel
y.Thest epsofur eacy clet akepl acebot h
n cy
i topl
asm and mi tochondr ia and β- oxi dati
on of f atty aci ds occur si n
mitochondri
a.The pr otei
n synt hesist ak es pl ace on r ibosomes and r ough
endoplasmicreti
cul um.Gol gibodi espar t
icipat einsy nthesis," post-tr
ansl ati
onal
modi f
icat
ion,'
package' and' secreti
onofpr ot ei
ns’.

Typesofcell
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s:Pr
ok aryoti
candEuk ar
yoticcel
ls
There ar
et wo cat egori
es ofcel ls-the prokar
yoti
c cells( al
so known as
prokar
yot
es)cont ainingno' welldefinednucl eus"andeukar yoti
ccells(also
known as eukaryotes)cont ai
ning "wel ldefi
ned tr
ue nucl eus".The terms
prokar
yot
icand eukar yot
ichavebeender i
ved from Greekwor d(Greek:pro
meansbef e.Eumeanst
or rueandkar yonmeansnucl eus).Theterm pr
okaryoti
c
means'beforenucleus'andeukaryoti
cmeans' t
ruenucleus'.

()Pr
i okaryoti
ccells:
Pr ok aryotesare
simple,
small(1-10µm i nsi
z e)and
pri
mitiv
et ypeofcell
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s( Fig. 1.3).
Prokaryoti
ccellsconsi stof :
No'well-defi
nednucl eus' and
thegenet i
cmat eri
alisf oundscat er
t edwit
hinthecyt
oplasm ofcel
l
Thesecel l
sdonothav emembr aneboundcellor
ganell
essuchas:
mitochondr i
a,Golgibodi es,lysosomes,per
oxisomes,ER,et
c.
Escheri
chiacoliisthebestk nownpr ok
aryot
e.

(i
i)Eukar yoticcell
s:Ascompar edtoprokar
yotes,t
heeukaryoti
ccell
sare
highlydev eloped;
relativ
elylarge( 10-100µm si ze)and
mor ecompl exi nstructur
e(Figs.1.
1).
Euk aryotesconsi stof'
wel l
-definedt ruenucleus'surroundedbya
doubl elay erednuclearmembr ane.Inaddi
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ti
ont onucl
eus,
theeuk aryoticcelsal
l soconsistofmembraneboundcel l
or ganel
l
essuchas:
mi tochondr i
a, Golgibodies,l
ysosomes.peroxisomes,ER,etc.Atypi
caleukar
yot
ic
2

celli
salway
slar
gerthanaprokar
yot
i l
ccelforex
ample,Hepatocyt
es(
cel
l
soft
he
l
iver)hav
eadiamet
erof20-30µascomparedto1-2µf
orbacteri
a.

Eukary
oticcell
sarepresenti nall
mul i
tcel
lul
arorganisms,bot hpl
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antsandanimals.
Theunicell
ularmicr
o-organismssuchaspr otozoa,y
east,greenalgae,eugl
enaetc.
areEukaryotes.Eukaryoticcell
scanbebr oadlygroupedi ntoplantandanimal
l
cels.Although both animaland pl antcel l
s have‘ welldefi
ned nucleus’
and
membr aneboundcel lorganell
es,buttheydiff
erinstruct
ure.

f
Dif
erencesbet
weenEukar
y i
otcandPr
okar
yot
iccel
ls

Eukar yoti
ccel l(Eu=t r
ue,Kar yon=Nucl eus) Prokarot
y iccell(Pr
o=Ear ly
/Pri
mitive)
1.Nucl eusdist i
nct,wit
hwel lformednucl ear Nucleusnotdisti
nct,i
tisi
nt hef
orm ofnucl earzone
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membr ane. ‘
nucleoi
d’.Nuclearmembr aneabsent .
2.Doubl e-membr anedcellorganel l
es 2.Singl
e-membr anedcell
bodieslikemesosomes
(Chloroplast
s, mi t
ochondrianucl eus)and present
.Endoplasmicreti
culum andgol gi
bodyabsent
singlemembr aned( Golgiappar atus,
l
y sosomesv acuol eendoplasm r eti
cul
um)
arepr esent
3.Ribosomes80s 3.Ri
bosomes70s
4.Distinctcompar tmentsinthecel li.
ethe Nocompart
ments
cy t
oplasm andt henucleus.
5.1–10µ mi nsize 5.10–100µmi nsi
ze
6.Exampl ePlantorAni mal cell
. 6.Exampl
eE.Col
i
(Hepat ocytes)

Eukary
oti
ccell Pr
okary
oticcel
l
Sisthecoeffi
cientofsediment
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ati
onofther
ibosomesofProkary
oti
candEukar
yot
iccel
l
saf
tert
het
wo
cel
lmembr anear ebrokenbycent
ri
fuge.

3

WEEK2

DI
FFRENCESBETWEENATYPI
CALPLANTCELLANDANANI
MALCELL

CELLORGANELLE ANI
MALCELL PLANTCELL
l
CelWal
l Cellwalli
sAbsentcy t asm
opl Cellwalli
spr esent .Cyt
opl asm is
i
sboundedbycel lmembr aneboundedbycel lmembr anecel l
only. walli
smadeupofcel l
ulose
ast
Pl ids Plast
ids (chl
oropl s) ar
ast ePlast
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ids/chloroplastarepr esent
absent becausepl antsusechl oroplasts
tosynthesizefood.
Centri
oles Centri
olesarepresent
. Centri
olesar eabsent .
Lysosomes Lysosomesar epresent Lysosomesar eabsent
Vacoules Normally found absent. I
f Majorit
yofpl antcel l
shav el arge
pr
esenti ssmall
. vacoulesthatpushescy toplasm
totheside.
Fl
agel
l
a Present Nof l
agell
a

4

ShapeandSi zeofCel ls:Vari
ouski ndsofcel l
spresenti
nhumanbodyexhi bi
tawi de
rangeofshape,s
izeandot he
rfeatures(Fi
g,1.3)
.Asfarasshapei
sc oncer
ned,
thecel
lscan
bedivi
dedi
nt womaingroupsont hebas i
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softhei
rshapes.
(i
)Cel l
swithirr
egularandeverchangi ngshape( Amoeboidtype):Thesecell
shav e
abil
it
ytochangetheirshapes,e.
g. macrophagesandwhitebl
oodcells.
(i
i)Cell
swithconstantshape:Mostoft hecell
sinhumanbodyexhi bi
tconst
antshape.

Thesecell
smaybespher i
cal
,cyli
ndrical,col
umnar,ov al,spi
ndle,cuboi
dal,poly
gonal,
fl
att
ened,rod-l
i
ke,bi concave,rodshaped,ci li
a,micro-vil
liorfl
agellaorthread-
li
kei n
shapedependingmai nl
yont heirfunctionaladapt
ati
ons( Fi
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g,1.3).Thesi
zeofv arious
kindsofcellspresentinhumanbodygener all
yvari
esf rom 10-100µ.Thesizeoft hese
cell
smaybe3- 4µ( diameterofleucocy es)atoneex
t t
r emeandatot herext
remei tmay
beov erameter(lengthofneurons).

5

Car
diacc
ell

STRUCTUREANDFUNCTI
ONOFVARI
OUSCELLULARCOMPONENTS

Cel
lmembr
ane(
Plasmamembr
ane)

1Cel
lmembr
ane(
Plasmamembr
ane)

Each cellhas a l i
miti
ng boundary,the cellmembr ane,plasma membr ane or
plasmal
emma.
ti
I sal
ivi
ngmembr ane,outer
mostinanimalcel
lsbutnextt
ocell
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wal l
inplantcel
l
s.
I
ti sfl
exi
bleandcanf ol
di n(asi
nf oodvacuolesofAmoeba)orf ol
dout( asint
he
format
ionofpseudopodiaofAmoeba)

The pl
asma membr
ane i
s made ofpr
otei
ns and l
i
pids and sev
eralmodel
s wer
e

6

proposedregar
dingthear
rangementofpr ei
ot nsandlipi
ds.Thefluidmosaicmodel
proposedbySingerandNichol
son(1972)i
swi yaccept
del ed.Iti
sr epr
esent
edint
he
fi
gurebelow.
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STRUCTUREOFTHEPLASMAMEMBRANE

Accordi
ngtot
hef l
uidmosai
cmodel,
i) The pl asma membr ane i
s composed ofa lipi
d bil
ayerofphosphol
i
pid
mol
eculesint
owhichavari
etyofgl
obul
arprot
einsareembedded.

(i
i)Eachphosphol i
pidmol eculehast woends, anout erheadhy drophil
ici.
e.wat
er
attr
act i
ng,andt heinnertailpointi
ngcent r
all
yhy dr
ophobi c,
i.e.waterrepel
li
ng
(i
ii
)Thepr otei
nmol eculesar earrangedintwodi ff
erentway s:
(a)Per i
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pheralprotei
nsorext ri cpr
nsi otei
ns:theseprot ei
nsarepr esentonthe
outerandi nnersur f
acesofl ipidbil
ayer.
(b)Integralprot
einsorintrinsicproteins:
Thesepr oteinspenet r
atelipi
d
bil
ay erparti
all
yorwhol l
y .
Funct i
ons:

i)Thepl
asmamembr
aneencl
osest
hecel
lcont
ent
s.

(i
i)I
tpr
ovi
descellshape(i
nani
mal l
s)e.
cel g.t
hechar
act
eri
sti
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cshapeofr
edbl
oodcel
l
s,
nerv
ecell
s,bonecell
s,et
c

(i
i
i)Cel
lpossessesvar
i as
ouspl mamembraneboundrecept
orsfort
hephy
siologi
cal
acti
ons of var
i¬ous hor
mones,neur
otr
ansmi
tt
ers and drugs,e.
g.adrenergi
c,

7

chol
i
ner
gic,
glucagon,
ins n,
i
ul opi
oidr
ecept
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ors,
etc.

i
(v)Di
ff
erentmucopr
otei
nsofmembr
anesofRBCsconst
itut
ethebl
oodgr
oups

(v)Ital
lowstransportofcerai
t nsubst
ancesintoandoutofthecellbutnotal
lsubst
ance,
soitistermedselectiv
elypermeable.
Transportofsmal l
mol ecul
es(suchasglucose,ami
noacids,water
, miner
ali
onsetc)
Smal lmoleculescanbet r
ansport
edacrosst hepl
asmamembr anebyanyoneoft he
foll
owingthreemet hods:

(i
)Dif
fusi
on:mol eculesofsubst
ancesmovefr
om thei
rregi
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onofhigherconcent
rat
ion
totheirregi
on ofl owerconcentr
ati
on.Thi
s does notrequi
re ener
gy.Example:
absor
pti
onofglucosei nacel
l.

(i
i)Osmosis:mov ementofwat ermol esf
ecul rom theregionoft hei
rhi
gher
concentr
ati
ont ot her egionofthei
rlowerconcentr
ationt hroughasemi -
permeabl
e
membr ane.Ther
ei snoexpenditur
eofenergyinosmosi s.Thiskindofmov ementi
s
al
ongconcentrat
iongr adient

(i
ii
)Acti
veTr ansport:Whent hedir
ect
ionofmov ementofacer tainmol ecul
esis
t
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opposiethatofdi ff
usi
oni .
e.fr egi
om r onoft heirlowerconcentrati
ont owardsthe
regi
onoftheirhigherconcentr
ati
on,i
twouldrequirean“ act
iveeff
ort”byt hecellf
or
whichener
gyisneeded.Thi senergyi
sprovi
dedbyATP( adenosi
net r
iphosphate)
.The
acti
vetr
ansportmayalsobet hr
oughacarri
ermolecul
e.

Transportoflar
gemol ecules(bulktr
ansport
Duringbulktr
ansportthemembr anechangesitsf
orm andshape.I
toccur
sint
wo
ways:
(i
)endocytosi
s( t
akingthesubstancein)
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(i
i
)exocy t
osis(passingthesubstanceout)
Endocytosisi
soft wotypes:

ENDOCYTOSI
S
Phagocy
tosi
s Pi
nocy
tosi
s
1 nt
I i
akeofsoldparti
cles. Int
akeofflui
ddropl
ets.
2 Membranefoldsoutgoi ngroundthepar
ti
cle, Membr anefol
dsinandformsa
or
f mingacavityandt husengulf
ingt t
hepar i
cle. cupli
kestruct
uresucksint
he
dropl
ets.

Cellwall
nbact
I er
iaandplantcel
lstheout
ermostcel
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lcov
er,
presentout
sidet
hepl
asma
membr aneisthecellwal
l.
Bacter
ialcel
lwalli
smadeofpept i
dogl
ycan.

8

Str
uctureoft heCel lwal l:
–Outermostnon- living, ay
l erpr esenti
nal l
plantcel
ls.
–Secret edbyt hecel l i
tself
–Inplant ,i
tismadeofcel ul
l osebutmayal socontainot
herchemicalsubst
ancesuch
aspectinandl i
gnin.
–Thesubst anceconst ituti
ngt hecelli
snotsi mplyhomogenousbutitconsi
sts
offi
net hreadsorf ibr escalledmi crofi
bri
ls.
–Itmaybet hin(1mi cron)andt anspar
r entasinthecell
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sofonionpeel.I
nsome
casesitisv erythi
ckasi nthecel lsofwood.

Functions:
–Thecel lwallprotectst
hedeli
cateinnerpar tsofthecel l
–Beingr igid,i
tgivesshapet othecell.
–Beingr igid,i
tdoesnotal l
owdi st
ensionoft hecell,
thusl eadingtotur gidi
ty
ofthecel lt
hati susefuli
nmanyway s
–Itfreelyallowst hepassageofwat erandot herchemi calsintoandoutoft he
cel
ls
–Ther ear ebreaksi nthepri
mar ywalloftheadjacentcel l
st hr
oughwhi ch
cyt
oplasm ofonecel l
remainsconnect edwi tht
heot her.Thesecy toplasmi c
str
andswhi chconnectonecel ltotheot heroneareknownaspl asmodesmat a.
–Wal lsoft woadj acentcel
lsarefi
rml yjoinedbyacement ingmat eri
al call
ed
middlelamel l
amadeofcal cium pectate.

WEEK3

THECYTOPLASM ANDTHECELLORGANELLES
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Theorganell
esfoundinthecy t
oplasm aregroupedast hus:
1.Thosethattr
apandr el
easeener gye.g.mit
ochondriaandchl oroplasts;
2.Thosethataresecret
oryorinvolvedinsynthesi
sandt ransporte.g.Gol gi,r
ibosomes
andendoplasmicret
icul
um
3.Theorganell
esformotil
ity-ci
li
aandf lagel
la
4.Theonesassociatedwiththedest r
uctonofwor
i noutor ganell
es: i
.e.Ly sosomes
5.Thenucleuswhichcontrolsal
lactivi
tesoft
i hecel
l
,andcar ri
est heher editary
materi
al

CellOrganell
es
Aeukar yoti
ccellconsi
stsofvar
iousdi
sti
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nctmembraneandnon-membr anebound
cellorganell
esand adoubl emembr anebound nucleussuspended wit
hinthe
cytopl
asm.Themembr aneboundcel
lorganel
l
esandnucleusaref oundabsenti
n
prokar
yoticcel
ls.

Membr
ane bound cellorganel
l
es:The st r
uct
ure and functi
ons of v
ari
ous
aneboundcel
membr lorganel
l
esofeukar
yot
icani
malcell
aregivenbel
ow.

9

Mi
tochondr
ia:

l
Als(exc
eptRBC’
s)containmitoc
hondr
ia.Si
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ncemi tochondr
iaarethesi
teofATP
nt
sy hesi
s,t
heyareal l
socaled'
powerhouseofcell
'.Theshape,si
zeandnumberof
mit
ochondr
iavar
ygreatl ngont
ydependi het
ypeofcellsandspeci
es.

Shape:Theshapeofmi
tochondri
aisgreat
lyvarabl
i e,f
rom r
od-shapedt
ospher
ical
rshapemayal
Thei sobespiral
,cyl
i i
ndrcal
,t
hreadorfi
l
amentli
ke.
Number:Nor mal l
yat ypi
calcellhas500- 800mi tochondri
a.However,the



BIO 111  |  FUT MINNA Renanced

by Renance
renance.app  •  Download Renance on Google Play

29

metabol
ical
ly acti
ve cell
sl ke car
i diac musclefibre cell
s,neurons (
axon
er
t minal
s),etc.havelar
genumberofmi ochondr
t i
a.Someeuk ar
yoti
ccell
slike
sper
m cell
s,y
eastcell
s,et
c.cont
ainonlyafewlargesi
zemi tochondr
ia.
Str
uctur
eo fmi tochondr
ion:Eachmi tochondri
onish oll
o ws ac-
li
kes t
ructur
e
fi
l
ledwithdensep r
otei
nousgel-l
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i
kef l
ui
dc al
led'matr
ix’whichisboundedb ytwo
untme
i mb ranek nowna so ut
ermi t
ochondrialme mb a
rn e(OMM)a ndi nner
mitochondr
ialme mbrane(I
MM) ,eacha bout7n mt hick.Th espaceb etween
thet wo me mb ranesisc al
l
edp er
i-
mitocho ndi
rons p ace The OMM i s
permeabletomo stme t
aboli
tesandionsa ndissmo otha ti
nn rs
e ide,however,
tma
i yb er ougha tcytosol
i
cs ide(i.
e.ato uterside)du etoa tt
ached8 0 -
S
ri
bosome s.TheI MM isselect
iveperme abei
l nnaturean dc ont
ainselect
ron
carr
ierprot
einsa ndATPs ynt



BIO 111  |  FUT MINNA Renanced

by Renance
renance.app  •  Download Renance on Google Play

31

hesizn
igs yst
e m.IMM i si nt
ernal
l
yf ol
dedin t
o
fi
ngerli
kes t
ructur
esknowna sc r
isa
te.Then umb erofc r
ist
aev ar
¬ieswiththe
ty
peo fcell
sa ndthei
rme a
tboli
ca c
ti
vit
ies.

St
ruc
tur
eofmi
t
ochondr
ion

10

Func
ti
onsofMi
t
ochondr
ia
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1.Vari
ousbi ochemicalr eact
ionsandmet abol
i
cpat hways,e.g.TCA cy cl
e,β -
dat
oxi ionoff attyac i
ds,ketogenesi
s,ket
olysi
s,ureacycle,gl
uconeogensi
s.et
c.
occ
urin mi t
ochondrialmat rix.
The enz
ymes ofthese pathways are pr
esentin
mit
ochondr
ialmat ri
x.

NoneMembr aneBoundOr ganel
les.
Thestructur
eandf unct
ionsofv ari
ousnon-
membr
aneboundcel
lor
ganel
l
esof
aneukaryoti
canimalcel
lareasfoll
ows.
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Funct
ionsofRi
bosomes
ot
Pr ei
nsy
nthesistakespl
aceonri
bosomes,.
ie.thegenet
icinf
ormat
ioncont
ained
nmRNAi
i stranslat
edonrbosomest
i ofor
m poly
pepti
dechain.

Endoplasmicreti
cul
um (ER):Al y
leu¬karot
iccel
ls(exceptmat
ureRBCs)cont
ain
ER.Insmoot h,skel
etalandcar
diacmuscl
es,ERisalsoknownassarcopl
asmic
ret
icul
um (SR).
ERisat hr
ee-di
mensionalnetworkoft
ubul l
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arandsac-i
kecavi
ti
escalledcist
ernae
boundedbyauni tmembr ane.ERisdi
str
ibutedthr
oughoutt
hecy t
opl
asm andalso
exi
stsincon¬ti
nui
tywiththecellmembraneandnuclearmembr ane(Fi
g.1.2)
.ER

11

devel
opspr
ofusel
yingr
ow¬i
ngcel
l
s,wher ti
easi sdi
str
ibut
edscant
lyi
nmat
ure
cel
l
s.
Therear
etwotypesofER:(
i)Roughendopl cr
asmi et
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icul
um (
RER)and(
ii
)Smoot
h
endopl
asmi
cret
icul
um (
SER)
(i
)Roughendoplasmicret
iculum (RER):I
nRER,theCytosoli
c(t
hesideincontact
wit
ht hecyt
oplasm f
ig1.2and1. 1a)membranesurf
aceofERi sstud¬dedwith
ri
bosomes(Fi
g.1.1&1.2)
.Thepr esenceofri
bosomesont hemembranesurfaceof
RERgivesi
taroughappearance.

RERi sfoundi nlargeamount sincell
sacti
vel
yinv ol
vedinsy nt
hesisandsecr eti
on
export)ofpr otei
ns.Forex ample,hepat
iccell
s,pancreaticcell
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s,β-lymphocy t
es
l
celsar er ichinRER andar eact i
vel nv
yi ol
vedi nsynthesisand' secret
ion'of
secretoryprotei
nsl i
keplasmaprotei
ns,di i
gestveenz ymes,anti
bodies,r
espectiv
ely.
Thepr oteinssy nthesi
zedont her i
bosomesat tachedtoRERar e' packaged'in
secr
' etoryv esi
cles'andsecret
edorex por
tedoutsidethecellwit
hthehel pofGol gi
bodies(Fig.1.2)

(i
i)Smoothendopl asmicretcul
i um (
SER):TheSERi snotstuddedwi thri
bosomes
and has ' r
ibosome f ree'smooth membr ane surface.SER i st he si
tef or
osy
bi nthesi
soft r
igl
yceri
des(TGs),phospholi
pids,glycoli
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pids,chol
est
eroland
ster
oids.I
tisfoundabundant l
yinst
eroi
dhormonepr oducingcell
softest
es,ovary
andadrenalcortex.

FUNCTI
ONSOFENDOPLASMI
CRETI
CULUM
1)Networ
kofER divides t
he cytopl
asm i
nto manycompar
tment
sand t
hus
pr
ovi
desanaddi
ti
onal
mechanicalsuppor
t.
2)RERtakespar
tinSy
n h
tesi
s'
package'and'
expor
t*of'
secr
etor
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y
pr
otei
ns'
3)SERta k
espa rti
nb i
osynt
he s
iso fli
pi
ds(tri
gly
cer
ide,p
s hosphol
i
pids,
gl
ycol
i
pidsandchol
est
erol
)andster
oidhor
mones.
i
anl
4)SERofmammal i
vercel
l
spar
ti
ci esi
pat ndet
oxi
fi
cat
ionr
eact
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ions.

GOLGIBODI ES( GOLGIAPPARATUS) :
Nearlyalleukar yoti
ccel s(
l exceptmammal i
anRBCs)ar ek nownt ohav eGol gi
bodies.
ti
I sacol lecti
onofsev almembr
er anoust ubul es(3-
30innumber s)andnumer ous
membr anebound sacsl i
kespher i
calv esi
cl es(knownas' secretoryvesicles'
Thesev esicl
esbudof ffrom membr anoust ubulesofGolgibodi es(Fig.2.15).The
Golgibodiesar esuggest edt obeder i
vedfrom ER.Anumberofi ndivi
dualGol gi
bodycloselyaggr egatetoform a'Gol gicompl ex'.
PresenceofGol gibodiesispromi nenti n'
secr et ycel
or l
s'li
kehepat i
ccel l
s,whi ch
areact ivelyi nvolved in' export'('secr
etion')of'secretor
ypr ot
eins'such as
asmapr
pl ot
eins( bloodclotti
ngpr oteinset c.)anddigest i
vee nz
y mese tc.Th e

12

s
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'ecretoryp r
oteins'synt hesi zedont her ibosomesofRERpassi nsidet helumen
oftheendopl asmi cr et i
cul um andar est oredi nmembr anev esicles( t
ransit i
on
vesicles) .Ont r
ans ittot heGol gibody ,the sepr ote i
nsunde rgopos t-
transit
ional
modi f icat i
oni nGol gi l
umen( carbohy drateandl ipidmoi etyareat tachedt othe
prot
ei ns t of or m gl y copr oteins and l i
popr ot eins,r espect ively) and ar e
pac
' k aged'i nto' sec retor yvesi cles' .Thes ev esiclest henf usewi tht hec el
l
membr aneatandr eleas et heircont entsout sidet hec ellintoex tr
acellularspace
byex ocy tosis( Fi
g.2. 15) .The' secr etoryv esicles'al sor el
easet heircontent s
especi all
ye nzyme si ni nter nalc el
lor gane l
leslikel ysosome sandpe rox i
some s.
naddi
I ti
ont oglyc oprot einsandl i
popr oteins, t
heGol gibodi esal sotakepar tin
secretionofot hersubst ancess uc hass er
t oids, l
ipids,compl expol ysaccharides,
etc.

FUNCTI
ONOFGOLGIBODI
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ES

gibodi
1.Gol esare‘secr
etor
ycellor
ganel
l .Theypl
es’ ayi
mpor
tantr
olei
n‘st
orage’
package’
and‘secr
eti
onofvari
oussecret
oryproduct
s.

2.Post-
tr
anslat
ionalmodif
icat
i ot
onofpr ei
ns(
addi
ti
onofsugarandl
i
pidmoi
etyt
o
prot
einmolecul
es)occursinGolgil
umen.
gi
3.Gol bodi
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esgi
ver
iset
opr
imar
yly
sosomescont
aini
ngaci
dhy
drol
ases.

13

g2.
Fi 15.di
agr
am showi
ngpr
otei
n‘sy
nt s’
hesi i
tst
ranspor
t,‘
package’
andsecr
eti
on
byGolgi
body

4.Golgibodi
esand RER t
akepar
tin sy
nthesi
sand secr
eti
on ofenzy
me i
n
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l
ysosomesandper
oxi
somes.

5.Theacr
osomeofsper
m cel
li
sder
ivedf
rom Gol
gibody
oi
kuytcd
Joij
ij
;kJm;
k

Tfi
biul
k
Hlnj
i;
jl
Eawerstx

14

Uj
gub

Lysosomes:
Red blood cel
ls(RBCs)and pl
antcell
s do notcontain Ly
sosome.Theyar e
prominenti
nl i
ver
,spl
eenandr l
s,macr
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enalcel o-phagesandpoly-
morpho-
nucl
ear
(PMN)leucocyt
es.
Lysosomesar efil
ledwithpower uldi
f gestiveenzymes.Enzymesl ikeproteases,
i
lpases,Carbohydrasesareknownt obepr esentint
helysosomes.Thesedi gestiv
e
enzy mesarecapableofdigesti
ngessenti
allyall
biomol
eculesthatareengulfedint
o
thecellfrom outsi
dedurngphagocy
i t
osis.Theseenzy mesalsodi gesttheagi ng
cellorganel
les('wornoutcellor
ganell
es')thatarenolongerrequiredbyt hehost
cell
,andt hepathogenssuchasbact eri
aandv ir
usthatareengulfedintot hecell
duringphagocytosi
s.

Funct
ionofl
ysosomes

1 Het
erophagy
:Ly
sosomalenz
ymes dest
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roy t
he f
orei
gn subst
ances and

15

pathogensli
kebact eriaandvir
ust hatareengulf
edbyt hecellsofimmunesy st
em
(macrophagesandPMNs)andspl een.
2Aut ophagy:Ly sosomalenz ymesal sodestroyagingcellor ganel
les( '
wornout
lor
cel ganel
l
es'
)t hatar enolongerrequir
edbyt hehos tcell
.Ly sosomesar ealso
capableofself-destructi
onofcellcal l
edautolysi
s,theref
ore,thel ysosomesare
al
sot ermedas'suici
debags'.

Cent
riol
es:

Centrioles,alsok nownascentr
os omes,werefoundonlyinani
malc ell
s.
Theyarenotpr esentinpl
antcell
s( exceptfungalcel
ls)andprokar
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yotes.
Centr
iolesarearr
angedatri
ghtanglestoeachother.
Funct
ionsofcent
ri
oles:

1.Ce nt
ri
olespl ayv
eryimport
antroledurngc
i el
ldiv
is oni
i nani mals.Dur
ingcell
div
isi
on,t heydupli
cat
eandapai rofc entr
iol
esmov estoeac hpoleofthecell.
Each pairatoppos it
e poles produces the spindlefibres (composed of
microtubules),whi
chr adi
atetowardst heequatorofcel l.Thes pindl
efibr
es
att
acht hec hromosomesandhel pt hem t
omi grat
et owardsbot hpolesofthe
cel
l(Fig.1.2).
r
2)Centi
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olespr
oducet
hebasal
bodi
esf
rom whi
chci
li
aandf
lagel
l
adev
elop.

Basalbodi
es,
Cil
iaandFl
agel
la.

Basalbodi
es:
Centri
olesdi
videtoproducebasalbodi
es.Si
milartocent
ri
oles,
a
bodyi
basal salsocomposed'tr
ipl
et ofmi
s' crot
ubulesi
n"9+0"ar
rangement.
Cil
ia andf l
agell
a:Cili
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a( singul
arcium)andf
i
l l
agell
a(singul
arfl
agellum)ar ehair
i
lke,long( 10-200µm i nl ength)andmot i
lest ructur
est hatori
ginat
ef rom basal
bodiespr esentbeneat hthecellmembrane.Ci l
iaandf l
agell
ahaves amedi ameter
butdifferinlength;cil
iaar eshoreri
t nlength( about10µm inlength)thanf l
agell
a
(about200µm i nl ength).Bothcil
iaandf lagell
aar ecomposedofmi crot
ubules
showi ng "9+2"ar rangementand ar es urrounded by a uni t membr ane in
conti
nuat i
onwi t
hc ellmembr ane.

Func
ti
ons
bodyi
1)Basal sast
ruct
uret
owhi l
chacii
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um oraf
lagel
l
um i
sanchor
ed.
2)Humans permc el
l
shav
eal ongfl
ageum (
l
l t
ail
)whi
chhel
psi
nlocomot
ion.The
ci
li
ary and f
lagel
l
a movementre r
quies cel
lul
arener
gy,whi
chc omesf r
om
hydr
oly
s i
sofATP.

16

Cytoskelet
on:Inmanyani malcell
s,thenon- membranouscellorganell
esnamely
microtubulesandmi crofi
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lamentsconst i
tutethecytoskel
eton.Becauseoft he
cytoskel
eton,many cel l
s are capabl e of changing theirs hapes duri
ng
endocytosi
s ,exocy
tosis,mus cl
ec ontracti
on-
rel
axati
on and loc omotion.The
cyt
osk el
etonalsoparti
cipatesi
nmov ementofcellorganel
lesfrom oneposit
ion
tootherwithint
hec el
l

Mi crofi
laments:Themi
crof
iament
l sa rel
ong,non-
membr anous ,non-tubular
hi
t nt hr
ead-li
keprotei
nousstructures,e.
g.neur
o-f
il
amentsofneur ons,tono-
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i
flamentsofdesmosomes
sandmic
ro-f
il
aments,
inmicr
ovi
l
liofi
ntes
tinalepi
thel
ial
cell
s.

Funct
ionsofmi
crot
ubul
esandmi
crof
il
ament
s
ngcomponent
1)Bei softhecytoskel
eton,bot
hmi cr
ofi
l
ament
sandmi
crot
ubul
es
pr
ovi
demechani
calsuppor
tandgiveshapetothecell
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lor
2)Cel ganel
l
esnamelybasalbodi
es,cent
ri
ol ndl
es,spi efi
ber
s,ci
l
iaandf
lagel
l
a
ar
ecomposedofmi
crot
ubul
es.

Nucleus:Nucleuswasf i
rstofall discoveredbyRober tBr own( 1833).I
tisadoubl e
membr aneboundcel lorganell
e.A' t
rue'nucl eusi spresenti nal leukaryoti
ccel l
s
exceptinmat urehumanRBCs .Iti sthel argestcel lor ganell
e,andcanbeseen
underlight-
mi croscope.Typi cally,acel lhasonenucl eus,butsomecel lsmay
contai
nmor et hanonenucl eus.Nor mallyanucl eusisspher icalinshapebuti n
somecel lsitmaybepol ymorphic, g.i
e. nWBCs.Thenucl eusisbi -
lobedormul ti
obed.Thel
l ivingmat ri
xofnucl eusi scal lednucl eo-plasm.I Tisboundedati ts
outside bya doubl elay er
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ed membr aneknown asnucl earmembr ane.The
nucleusi scharacteri
zedbyt hepr esenceofsev eralpor esi nnucl earmembr ane,
knownasnucl earpor es.Var iousmacr omol eculessuchashor mones,r RNA,
mRNA,pol y
mer ases,et c.cant r avelbet weency toplasm andnucl eust hrough
theseporesonl y

Funct
ionsofNucl
eus
1)Chr omosomes pr esenti n nucleus ar
e genet
ic mater
ialofthe cel
l.Each
chromo¬somei scomposedofgi antaDNAmol eculeandbasi
cprotei
n,hi
stone.
Chro¬mosomesser v
et ost or
e,expressandt ans¬f
r erthegeneti
ci nformation
fr
om onegenerati
ontoot her.

2)Nucleolus i
st he si
te ofrbosomalRNA (
i rRNA)sy
nthesi
s.r
RNA i
sthe
st
ruct
uralandfuncti
onalcomponentofr
ibosomes.

3)Repl
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i
cat
ionofDNAt
akespl
acei
nnucl
eus.

17

CELLDIVI
SION: -
oduct
Repr ioni nvolv
esthemul tpl
i i
cat
ionofcell
s.Thef or
mati
onofabudina
si
mpleani
mall ikeHydr
a,thedevel
opmentofsexcell
s,andthegr
owt
hofayoung
mal
ani orplantintoanadultal
li
nv v
olecell
mult
ipl
icat
ion.

Inordert omul t
ipl
y,cel
lsunder gocel ldii
vsion:onedi videsintot
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wo, twoi ntofour,
fourintoeight,andsoon.Thewor ddi i
vsi
oni smi sl
eadingi nsomeway sbecausei t
mpl
i i
est hattheprocessal way sinvoleshal
v vingthecel landi t
scontents.Infactwe
nowknowt hatcelldi
visioni saccompani edorpr ecededbyt heformat i
onofnew
cellcomponent ssot hatt hepr oductsofcel ldivisi
on,t hedaught ercel l
s,are
essentiall
ysi mil
art ot he par entcel .Under
l standing celldivi
sion islargelya
questionofappr eci
ati
nghowt hisuniformityi spreserved.
Inanydescr ipti
onofcel ldivisionthechr omosomesoccupyacent r
alposi t
ion.As
thev ehicl
esofher edi
ty ,theydet er
mi net hechar acteri
sti
csoft hecel landi t
s

18

progeny,andi tisessent i
althatt heyshoul dbecor rectl
ydi stri
butedbet weent he
daughtercel ls.I tis known t hata cel lnormal ly has a f i
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xed numberof
chromosomesandt heseoccuri npai rs:theso-caleddi
l ploidcon¬di ti
on.Twot ypes
ofcelldivi
sionar erecognizedaccor dingt othebehav ioroft hechr omosomes( Fig.
1).Inthef i
rstoft hese,t hedaught ercel sf
l i
nishupcont ai
ni
ngex actl
yt hesame
numberofchr omosomesast hepar entcel l
.Thisiscal l
edmi toti
ccel ldivisi
on( or
ustmi
j tosi
s)andi sthetypeofcel ldivisi
onwhi cht akespl aceduringanor ganism' s
growth.Intheot hertypeofdivisi
on, knownasmei oticcelldivi
sion( ormei osis)the
daughtercellsfini
shupwi thhalfthet otalnumberofchr omosomespr esenti nthe
parentcell
.Thi skindofdi vi
si
ongener all
yt akesplacei nthef ormat i
onofgamet es,
thoughinthemor ecompl explantslater.

toccur
i si ntheformati
onofspor es.It
sfullimplicationswi l
lbediscussed
Fi
gur e1.
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Mitosis
Forpur poses ofdescr iption mi t
osisi s divi
ded i ntof ourst ages:Pr ophase,
Met aphase,AnaphaseandTel ophase.Ateachoft hesest agescer taincr ucial
eventst ake place,particular
lyi nr egardt ot he chr omosomes.Howev er,i t
si
i mpor tantt oreali
zethatmi t
osisisacont inuouspr ocessandt herear e;shar p
breaksbet weenonest ageandt henext .Typicallyt heent ir
epr ocesst akesabout
anhourandi sf ol
lowedbyar esti
ngst age( calledI nt er
phase)dur ingwhi cht he
daughtercel lsgrow andpr eparef orthenextdi vision.Thi sinvolvessy nthesisof
new mat eri
alsandr epl
icationofor ganelles.Inact ivelydivi
dingcel lsi nt
erphase
l
astsbet ween12and24hour s.

OBSERVI NG MI TOSI S
Oneoft hebestplacestoseemi t
osisi stheti
pofagrowi
ngroot
,youngbeanroots
forexample.Ther ootti
piscutoff,secti
onedormacerat
ed,
andtreatedwithadye
suchasacet icorceinwhichstainst hechromosomes.Ingoodpreparat
ionsthe
vari
ousstagesofmi t
osi
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scanbecl earlyseen.

mt
Theendosper i
ssue,t
henut r
it
iveti
ssuesur
roundi
ngtheembryoi
nsi
deseeds,to
mosti
beal dealf
orobser
vingcel
ldivi
si
on.I
tscel
lsdiv
idepr
oli
fi
cal
l
yand,
andarather

19

softr unnyt issue,at hinsmearcanbemadeonami croscopesl idewi thout
harmi ngt hedi vidi
ngcel ls.
Letusnowf ollowwhathappenswhenadi ploidcel lunder goesmi toticv i
sion.For
conv eniencewewi l
l t
akeacel lwhi chhappenst ocont ainonl yfourchr omosomes:
apai rofl ongonesandapai rofshor tones.Theev entsar esummar i
zedi nFi g.2,
whichshoul dbeconsul tedwi tht het ext.
INTERPHASE
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Duringi nter phase( Fi
g. 2A)t hecel lhast hesameappear anceasanynon- dividing
cell
.Thechr omosomesar enotv isibleasdi st i
nctbodi esei t
herundert hel i
ght
microscopeort heelect ronmi croscope.Att hi sst aget heyar est r
ungouti nt he
form ofl ongchr omatint hreadsswol lenati nt er valsi ntov isiblechromat ingr anules.
Not unt ilpr ophase do t he chr omat int hr eads condense t o f orm v isibl
e
chromosomes.
Todescr i
bei nt er
phaseasar est ingst agei sacompl et emi snomer .Farf rom
beingi nact ivet hecelli sgr owi ngandpr epar ingf ordiv ision.Dur ingi nterphase
twot hingshappen,bot hofwhi char eessent iali ft hecel li stodi vide.Firstly
,t he
genet i
cmat erial(DNA)r eplicates,i e.doubl
. esi tself ,sot hatsuf fi
cientDNAi S ma de
avail
ablef oreachoft het wodaught ercel ls.Acel lnev erdi vi
desunt ilthisnew
genet i
cmat er i
alhasbeenf ormed.Secondl y, thecel lbuildsupasuf f
ici
ent l
ylar ge
storeofener gy ,akindof' ener gyr eser v
oir'
, t
ocar ryt hepr ocesst hrough.Thatt hi s
accumul ationofener gyt akespl acedur ingi nt erphaser athert handur i
ngdi vision
t
iselfcanbeshownbyi nhibi ti
ngr espi rati
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onatdi fferentst agesi nmi tosis.Ifacel l
st
i reatedwi thamet abol icpoi sonsuchascy ani dedur ingi nterphase,mi tosi s
fai
lst otakepl ace.Ont heot herhandi fthecel list reat edwi t
hpoi sonaf termi tosi s
hasst arted, thepr ocesswi llstil
l got hr ought oc ompl eti
on.

At hir
di mpor t
antev entt hatt akespl acedur ingi nterphasei st hef or mat ion'new
cytoplasmi corganell
es-mi tochondr ia,r i
bosomes,chl oroplasts,andt hel ike.If
thisdidnothappensuccessi vecel ldiv si
i onswoul dr esultinast eadydepl et
ionof
the cel l
s'contents.For mat ion ofnew or ganel l
es t akes pl ace ei therbyt he
product ionofnew mat erialsi nt hecy toplasm,orbyt hedupl icationofex i
sting
organelles.Ei
therway ,thesy ntheticact ivit
yinvolvednecessi tatest heex pendi t
ure
ofmuchener gy,andahi ghmet abolicr ateistypical ofcellspr eparingf ormi t
osis.
Oneoft hemostpr ominentor ganellest or epli
catedur i
ngmi tosisi st hecent riol
es.
Foundi nt hecell
sofal lanimal sandcer t
ainpr mi
i t
ivepl ants,thecent ri
olesconsi st
ofapai rofshortrodslyingj ustout sidet henuclearmembr ane.Thecel lsofhi gher
plantslackcentriol
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esandy etunder gonor malmi tosis,sot heyar enotessent i
alfor
thepr ocess.Howev er,incel lswher et heyar epr esentt heirmov ement sar ean
nt
i egr
alpar tofthemi toti
csequence.Byi nterphaset heyhav ealreadyr eplicat
ed, so
nFi
i g.2At wopai r
sofc ent r
iolesar eshown, onepai rbei ngdest i
nedt ogoi ntoeach
daught ercell

PROPHASE
Ifi
nter
phaseisconcernedwithprepar
ingthecellfordi
v i
si
on,prophase(Fig.2,
C)
canbedescribedas'mobil
izat
ionforacti .Cer
on' tainclearl
yvi
si
bleev entscanbe
seenunderthemicroscope.Themostt heygraduallybecomeshor terandfatt
er.

20

Ast hechr omosomesshor teni tbecomesi ncreasingl ycl earthateachconsi stsof
apai rofbodi eslyingcl oset oeachot her .Thesear ecal ledchr omat ids.Theyt end
toliepar allelalongmos toft heirlengt hbutar epar t
ic ularlyc l
oselyas soc i
atedi nthe
vicinityofaspeci alizedr egi oncal l
edt hecent romer e.Weshal lseel aterthatt his
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repr esent st hecent r
eofmov ementoft hechr omosome.Thechr omat i
dsofone
chromosome ar e usual l
yr efer r
ed t o as si sterchr omat i
ds.I ti s essent ialt o
appr eciatewhatt hesechr omat idsr epr esent .Initi
al y(
l i
.e.ine aryi
l nterphase )eac h
chromos omec onsistsofas ingle ,hi
ghlya tt
enua tedt hread.Dur i
ngr eplicati
onoft he
genet i
cmat eri
alanex actdupl icateoft hissi nglet hr eadi spr oduced.Thet wo
threadst oget her(theor i
gi naloneandi tsnewl y-
for meddupl i
cate)ar ecompl etely
nv
i isibleunt ilprophasewhent heymaket heirappear anceast het wochr omat ids.
Thet wochr omat idsmaki ngupachr omosomear ei dent i
cal:Theycont ainex act l
y
thesamegenet i
cmat erial pointf orpoi ntal ongt hei rlengt h.
Condensat i
on oft he chr omosomes i s one oft he mosti mpor t
antev ent si n
prophase.I fitfail
edt ohappeni twoul dbei mpossi blef orthechr omosomest o
mov ear oundwi t
hi nt hecel lwi thoutget ti
ngt angl edup.Whi let hisishappeni ng
otherchangest akepl ace.Aser i
esofpr oteinf ibresar ef ormedi nt hec ytoplasm.
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Thes es pant hec ellf rom endt oend,f ormingas truc turewhi ch,bec aus eofi ts
appear anc e, iscall
edt hespi ndl e.Thet woendsoft hes pindlearek nowna sitspol es
andt hemi ddl eregionasi t
sequat or.Inc ell
swhe rec ent riolesarepr esent ,t
he senow
i
leoneate ac hofthet wos pindl epole s.Thi sisac hi
ev edbyoneoft hem s kir
ti
ngt he
nuc learmembr anes ot hati tc omest ooc ¬cupyaposi tionatt heopposi tesideof
the nucl eus.Meanwhi let he nucl eolus di sappear s.Pr ophase ends wi tht he
breakdownoft henucl earmembr ane.

METAPHASE
Whent henucl earmembr anedi sr uptst hechr omosomesmi gratetot hecent ral
planeoft hecel landar ranget hemsel vesr oundt heequat oroft hespi ndle(Fi g.
2,E).
Thisi sachi evedt hrought heor gani zat
ionofaser iesoff ibreswhi chr unf rom the
centromer eofeac hc hr omos omet ooneoft het wopol es.Att hismomentt he
chromat i
dsofeachchr omosomemov esl i
ghtlyapar tatt hecent r
omer er egion,the
sisterchr omat idsbei ngor ient atedt owar dsopposi tepol esasshowni nFig.2E.
Fig.
2 mak es i tqui t
ec lear t hat homol ogous c hromos omes behav e en¬t i
rely
ndependent
i l
yi nt hewayt heyar ranget hemsel vesont hespi ndle.Asf arasi s
knownt he ydonoti nfl
ue ncee achot herinanyway , andt heyc ert
ainl
ydonotassoci ate
withoneanot her.Thust het wol ongchr omosomesar eat ¬tachedt odi ff
erentf i
bre
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systems, asar ethet woshor tchr omosomes.
ANAPHASE
Suddenl yt hec hromat idsbel ongingt oeachchr omosomepar tcompanyandmov e
towar dsopposi tepol esoft hes pindle. .
Inrecenty earst her ehasbeenmuchdebat eont hepossi bl emechani sm bywhi ch
this migrat ion ofc hromat idsmi ghtt ak e place.I tused t o be t houghtt hatt he
centromer esr epeleac hot her ,caus ingt hechr omat idst omov eapar t
,butt hereis
now ev idence t hatt he chr omat i
ds ar e pulled t ot he pol es oft he s pi
ndle.
Obser vationsont hespi ndleappar at usofl i
v ecellsi nthepol ari
zingmi croscopehav e
revealedt wot y pesofs pindlef br
i e( Fig23. 4).Onet yper unsr ightacrosst hecel lfr
om

21

onepol etotheother;theothertyper unsfrom thepol est othecentr
omer eofeach
chromat i
d.
Itispossi bl
et hatt hel att
ert peoff
y i
bre shortensand pul l
sthechr omatid,
centromere'fi
rst
,towar dsthepole.Wi ththecentromer einthelead,therestofthe
chromat i
dwi l
ltendt ot railbehind.Energyiscer tainl
yr equi
redfort hisunique
process.Mitochondriahav ebeenshownt ocongr egater oundthespindl
eapparatus,
andc hemi
calanalys
isofi sol
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ateds pindl
eshass hownt hem tocont ai
nanact i
ve
enzymewhi chspli
tsATP.

TELOPHASE
Thechr omat i
dsar edest inedt obecomet hechr omosomesoft hedaught ercel ls.
Onr eachi ngt hepol arendsoft hespi ndlet heybecomedensel ypackedt oget her.
Meanwhi let hecel ldi v i
desi ntotwo( Fig.2H,I ).Inani malcel lsthist akespl aceby
meansofaconst rictionoft heplasmamembr anewhi chcut sacr osst heequat orof
thespi ndl e.I npl ant sanewwal l,thecel lpl at e, growsac ros sthemi ddleoft hec e l
l:in
roott ipc e l
l
s ,whe ret hes pindlei saboutt hef ullwi dthoft hecel l,t hepl at eis
deposi tedasscat ter eddr opl etsandv esi cleswhi chcoal esce;i nlargercel lst hisi s
followedbyex pansi onoft hecel lpl ateout war dsunt ilitf useswi tht hewal l.Whi l
e
thisi shappeni ngt hespi ndl eappar atusbr eak sdownandt henucl earmembr anei sr e
-for med.Thenucl eol usr eappear sand t hechr omosomesgr adual lyuncoi land
ret urnt hei ror i
ginalt hr ead- lik
ef or m.Mi t
osi si snow compl ete;t hedaught ercel ls
ent eri nt erphaseandpr epar ef orthenex tdiv ision.
THE ESSENTI ALPRI NCI PLEUNDERLYI NGMI TOSIS: -Ther eallyimpor t
antt hing
aboutmi tosi si st hatt hedaught ercel l
sr ecei v epreci selyt hesamenumberand
typesofchr omo¬somesast heor i
ginalpar entcel l
:t wol ongonesandt woshor t
ones i nt he ca. se descr ibed her e.I n ot herwor ds t he di ploid const i
tut i
on i s
mai ntai nedf rom onegener at i
onofcel l
st ot henex t.
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Twosal ientf eatur esofmi t
osisensur et hatt hechr omosomeconst i
tut i
oni s
preser ved:
(1)Thef actt hatt hechr omosomesoft hepar entcel lr eplicatebef or et hecel l
div ides, and
(2)Thear rangementoft hechr omosomesont hespi ndle.
Asar esul tofr eplicat i
onoft hechr omosomest hepar entcel linef fectcont ains
twi cei tsnor malnumberofi t
ssi gnificancewemustpausef oramomentt o
consi dert hef unctionoft hegamet es.Bydef initionagamet eisacel lwhi chcannot
dev elopf urtherunt ilitf useswi thanot hergamet e.Thusasper mat o¬z oonandan
egghav enof ut ureunl esst heyuni tet of orm azy gotewhi cht hendev elopsi ntoan
adul tor gani sm.I nt hepr ocessoff ertl
ii
zat iont henucl eioft het wogamet esf use
tof ormt henucl eusoft hez ygote.Nowi ft hegamet eswer et ohav et woofeac h
typeofc hromos ome,t hez ygot ewoul dobv ious lyhav ef ourofeacht ype,t wicet he
nor malnumber .Letusassumet hatt hiszy got edev elopsi ntoanadul twhi chi tself
pr oducesgamet eswi thf ourofeacht ypeofchr omosome.I ftwooft hesegamet es
wer et ouni te,az ygot ewoul dbef or medwi thei ghtofeacht ypeofchr omosome,
andsoon.I not herwor dsi fgamet eswer ef ormedbymi tosisr athert hanmei osi s,
thechr omosomenumberwoul d doubl ewi theachsucceedi ng gener ation.By
hal v i
ngt hechr omosomenumbermei osisensur est hatt hisdoesnothappen.

22

When gamet eswi tht hehapl oid numberofchr omosomesuni te,t henor mal
diploi
dcondi t
ioni srestored.
THEESSENTI ALPRI NCI PLEUNDERLYI NGMEI OSI S:-Howdoesmei osisachieve
thishalvi
ngoft hechr omosomenumber ?Theanswerl iesinthebehav iourofthe
chromosomes dur i
ng pr ophase and met aphase.Mei osis consists of two
successivedivisions:theparentcellspli
tsi
ntotwo( fi
rstmei oti
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cdivision)andt he
productst hen di vi
de agai n(second mei ot
ic di
visi
on) ,givi
ng a t otaloff our
daughtercel l
s.Int hefir v
stdi i
sionhomologouschromosomesgetsepar atedf
rom
eachot herandgoi ntodi f
ferentcels.Theseconddi
l visi
oni sconcer nedwith
separati
ngt hechr omat i
ds.

Wit
ht hesebasicideasinmindletusexami neindetailt
heev entst
hattakepl
ace
nmei
i osis.Asinmi tosi
stheprocessisdividedforconv enienceint
oaser i
esof
st
ages.Thesear egiventhesamenamesasi nmi t
osisbuteachi sf
oll
owedbyIor
I
Ii
ndicati
ngwhetheritbel
ongstothefi
rstorsecondmei ot
icdivi
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s i
on.
ophaseI
pr :-Pr
ophaseonei sdi
videdi
ntofivedeferentstages, t
hus:

LEPLOTENE: att his ear
ly stage ,t he nucl eus increase in si ze and the
chromosomesappearasl ongslenderandsi nglet hreadsdiploidinnumber .The
thr
eadsar epr esentinexactlyidenticalpairsonebei ngpat ernalandt heother
mat ernal.Theynowbegi ntocoil.Ineachthr eadt hereappearanumberofsmal l
beadlikegr anulesknownascent ri
oles,whichr epresentst heti
ghtestcoi lsofthe
chromosomes.
Zygot ene:itisseent hattheidenti
calchromosomesdev elopast rongaf fi
nit
yfor
eachot her,andtheysooncomet ogetherinpai rs,par tbypart,throughoutt heir
whol elengt h.Thispairi
ngiscal l
edsy napsis,andev erypai ri
scal ledabi valve.
Thepai ringchromosomesar ehomol ogous.

Pachytene:-
Pai
ri
ngchromosomesbecomesshor t
erduetothei
rincr
easedcoi l
ing.
Eachchr omosomessplitlongi
tudi yandt
l
nal husfourchr
omati
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ds( t
wof rom each
homologue)areproduced.Thehomologouschromosomescanbecl ear
lyident
ical
atthi
sstage.

23

DEPLOTENE: -
Att hisst agehomol ogouschromosomesbegintosepar atefrom
eachother
.Howev ertheyr emainconnectedatoneormorepointsthechiasmat a.
Ateachchiasmataphy sicalexchangeofgeneti
cmater
ial
stakesplacebycrossing
over
.Aspecialfeatureofmei osi
s.

DIAKINESI S:
-Atthisst aget hechr omosomesbi valentsmov et ot heper i
pheryof
thenucleusandbecomessepar atedfrom eachot her,exceptatt hechi asmat a.
Thechr omosomesar et husr eleasedintothecy toplasm af tert hedissolutionof
thenucleolusandnucl earmembr ane.
METAPHASE1: -Asi nmi tosist hechr omosomesmov etot heequat oroft he
spindl
e( Fig 23.6E).The i mpor t
ant dif
ference f rom mi tosisi st hat her e
homologous chr omosomes do t hi
st ogether;in ot herwor ds each bi valent
behavesasauni t.Mor eovert heyar r
anget hemsel vesi nsuchawayt hatsister
chromatids or i
entatet owar ds the same pol e,wher eas the t wo homol ogous
chromosomes or i
entatet owar ds opposite poles.So t he posi t
ioning oft he
chromosomesatt hi
sst agei squi t
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ediff entf
er rom whati ti
si nmi t
osis.Thecel li s
nowpoi sedr eadyforthesepar ati
onoft hehomol ogouschr omosomes.

ANAPHASEI:
-The homologous chr
omos omes,each made up ofa pai
rof
chromati
dsjoi
nedatt hecent omer
r e,mov etowar
dsopposit
epol esofthe
spindl
e.Thesist
erchro¬matidsnol ongerremai
ninparal
lelali
gnmentbut
div
ergefr
om oneanother

24

TELOPHASE I :
-Whent hechromosomesr eachthei
rrespecti
vepolesthecell
general
lydiv
idesacrossthemi easi
ddl nmi t
osi
s.Usual
lythedaughtercell
sgo
nt
i oashor trest
ingstat
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e(int
erphase)
,butsometi
mesthechr omosomesr emai
n
condensedandt hedaughtercell
sgost rai
ghtintoprophaseoft hesecond
meioti
cdivi
sion.

THE SECONDMEI OTI C DI VI SION: -Separ at i
onofhomol ogouschr omosomes
hasal readybeenachi ev edbyt hef irstmei oticdi v i
sion,andt hepur poseoft he
seconddi vi
sioni smer elyt osepar atet hechr omat idsf rom oneanot her.I n
prophase I I anew spi ndle appar atus i sf ormed.I n met aphase I It he
chromosomesmov et ot heequat oroft hespi ndl e,t hechr omat idsor i
ent ating
towards opposi te pol es as i n mi tosi s.Anaphase I Isees t he chr omat ids
se¬par atingandmov ingapar tf r
om eachot her .Thechr omat idsbecomet he
chromosomesoft hedaught ercel ls.Onr eachi ngt hepol est hecel ldi vi
des
acrosst hemi ddl eint heusualway( TelophaseI I).Char acter isticoft elophase,
thespi ndleappar atusdi sappear s,andt henucl eol usandnucl earmembr anear e
reformed.Thechr omosomesuncoi landr egai nt heirt hread¬l ikef orm.Mei osis
scompl
i ete:fourcel ls( somet i
mesr ef erredt oasat etrad)hav ebeenf ormed,
andeachcel lhast hehapl oidnumberofchr omosomes.
From t hisbr i
efdescr i
pt ionofmei osi si ti scl eart hatoft het wosuccessi ve
divisi
onsi tist hef i
rstwhi chi sr esponsi blef orsepar atingt hehomol ogous
chromosomesandhal vingt hechr omosomenumber .Fort hisr easont hef i
rst
mei oti
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cdi vi
sion i sdescr ibed asa r educt ion di vi
si on.The f unct ion oft he
secondi stosepar atet hechr omat i
dsf rom eachot her.
CHI ASMATA: -As was ment i
oned ear lier mei osis gener al l
yi nv olves t he
format i
onofchi as-mat a(chi asmat emei osi s).Int hecour seofpr ophaseIt he
i
nt i
mat eassoci ation•bet weenhomol ogouschr omosomesweak enssot hat
theymov esli
ght l
yapar t.Itcannowbeseent hatt hechr omat idsar eat tachedt o
eachot heratcer tainpoi nts.Thesear et hechi asmat a.Chi asmaf or mat ioni s
veryv aried.Ev erybi valentf ormsatl eastonechi asma,buti nf actasmanyas
eightmaybepr esent,andt hesecanbef or medbet weenanyt wooft hef our

25

chromatids(Fi
g23. 7).Thechi asmatarepresentplaceswher ethechromat i
ds
maybr eakandr ej
oin,apor tionofonechr omatidchangingplaceswi tht he
equiv
¬alentporti
on ofanot her.This enables exchange ofgenes to occur
betweenhomol ogouschr omosomes, apr ocessknownascr ossi
ngov er.Since
the t
wo homol ogouschr omosomescont ain dif
ferentgenes,crossing over
promotesgeneticvar i
ety,whichintur
npl aysani mpor t
antpartinthepr ocess
bywhichev ol
uti
onhast akenplace.

26
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COURSE OUTLINE

BIO 111 Cell Biology 2 Credits
Cellular basis of life/cell theory. History of microscopy, Schleiden & Schwann
Structure and ultra-stuctureof plant and animal cells. (Typical/ generalised cell)
Functions of cells and cellular organelles. Specialised & un-specialised cells.
Animals:- epithelial cells, muscle cells, bone cells, nerve cells, blood cells e.t.c.
Plant cells:- meristematic cell, parenchyma, chlorenchyma, chollenchyma,
sclerenchyma, sieve tube & companion cell, vessel element, e.t.c. Cell division,
Heredity.

WEEK 1

WHAT IS A CELL?

A cell may be defined as the basic structural and functional unit of a living organism. All
living organisms are composed of cells just as all matters are composed of atoms. A cell is
fundamental unit of life just as an atom is the basic unit of all physical matters. As the
atom is composed of several constituents such as electron, proton, neutron, etc. the cell is
also made up of various cellular components (cell organelles) such as mitochondria,
ribosomes, Golgi bodies, lysosomes, endoplasmic reticulum, peroxisomes, etc. As an
atom consists of a nucleus, most cells possess a nucleus suspended in cytoplasm.

BRIEF HISTORY OF CELL BIOLOGY’

Robert Hooke (1635-1703) was the first to observe an array of tiny pore-like structures
(cell-like structures) in a piece of cork (a plant tissue) with the help of his self-made
primitive type of microscope in 1665, and named them cells'.
In 1676, Antony van Leeuwenhock (1632-1732), a Dutch lens grinder, observed a
variety of living unicellular organisms with the help of his self-assembled microscope
and called them 'animalcules'. Now it is well known that those 'animalcules' were
bacteria, protozoa and other 'unicellular microorganisms'. In 1833, Robert Brown
observed a distinct structure suspended in each cell and named it 'nucleus'.
On the basis of these observations and findings of several other workers, the German
scientists, M.J. Schleiden (1804-1881), a botanist, and T. Schwann (1810-1882), a
zoologist, proposed their famous 'Cell theory' in 1838.
According to cell theory, 'cells are the structural and functional units of living
organisms' (both plants and animals).
In 1859, Rudolf Virchow (1821-1902), a German physician, further modified the theory
that (i)
All living organisms are composed of cells and products of cells and
(ii) 'new cell must necessarily be derived from pre-existing cells'.
After Schleiden and Schwann and Rudolf Virchow's observations, much more
information has been added to the knowledge of cell structure and function, particu-
larly after invention of compound microscope (1710), ultra-microscope (1900), electron
microscope (1932), phase-contrast microscope (1940), reflecting microscope (1943) and
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fluorescence microscope (1945).

1

WHY STUDY CELL STRUCTURE AND FUNCTION?

The answer is most of the biochemical reactions and physiological functions necessary for
life, i.e. for normal development, metabolism and function of body, take place within the
extremely small dimensions of all living cells. In living cells, the biochemical reactions
occur in different cellular compartments of microscopic volumes. These biochemical
reactions take place in cytoplasm and different cell organelles like mitochondria,
ribosomes, Golgi bodies, peroxisomes, lysosomes, etc. For example, glycolysis and tri-
carboxylic acid cycle (TCA) take place in cytoplasm and mitochondria, respectively. The
steps of urea cycle take place both in cytoplasm and mitochondria and β-oxidation of fatty
acids occurs in mitochondria. The protein synthesis takes place on ribosomes and rough
endoplasmic reticulum. Golgi bodies participate in synthesis, "post-translational
modification, 'package' and 'secretion of proteins’.

Types of cells: Prokaryotic and Eukaryotic cells
There are two categories of cells-the prokaryotic cells (also known as prokaryotes)
containing no 'well defined nucleus" and eukaryotic cells (also known as eukaryotes)
containing "well defined true nucleus". The terms prokaryotic and eukaryotic have
been derived from Greek word (Greek: pro means before. Eu means true and karyon
means nucleus). The term prokaryotic means 'before nucleus' and eukaryotic means 'true
nucleus'.

(i) Prokaryotic cells: Prokaryotes are
simple,
small (1 -10 µm in size) and
primitive type of cells (Fig. 1.3).
Prokaryotic cells consist of:
No 'well-defined nucleus' and
the genetic material is found scattered within the cytoplasm of cell.
These cells do not have membrane bound cell organelles such as:
mitochondria, Golgi bodies, lysosomes, peroxisomes, ER, etc.
Escherichia coli is the best known prokaryote.

(ii) Eukaryotic cells: As compared to prokaryotes, the eukaryotic cells are
highly developed;
relatively large (10-100 µm size) and
more complex in structure (Figs. 1.1).
Eukaryotes consist of '
well-defined true nucleus' surrounded by a
double layered nuclear membrane. In addition to nucleus,
the eukaryotic cells also consist of membrane bound cell organelles such as:
mitochondria, Golgi bodies, lysosomes. peroxisomes, ER, etc. A typical eukaryotic cell is
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always larger than a prokaryotic cell, for example, Hepatocytes (cells of the liver) have a
diameter of 20 -30 µas compared to 1-2 µfor bacteria.

2

Eukaryotic cells are present in all multicellular organisms, both plants and animals. The
unicellular micro-organisms such as protozoa, yeast, green algae, euglena etc. are
Eukaryotes. Eukaryotic cells can be broadly grouped into plant and animal cells. Although
both animal and plant cells have ‘well defined nucleus’and membrane bound cell
organelles, but they differ in structure.

Differences between Eukaryotic and Prokaryotic cells

Eukaryotic cell (Eu = true, Karyon = Nucleus) Prokaryotic cell (Pro = Early/Primitive)
1. Nucleus distinct, with well formed nuclear Nucleus not distinct, it is in the form of nuclear zone
membrane. ‘nucleoid’. Nuclear membrane absent.
2. Double-membraned cell organelles (Chloroplasts, 2. Single-membraned cell bodies like
mesosomes present.
mitochondria nucleus) and single membraned Endoplasmic reticulum and golgi body absent
(Golgi apparatus, lysosomes vacuole endoplasm
reticulum)
are present
3. Ribosomes 80s 3. Ribosomes 70s
4. Distinct compartments in the cell i.e the No compartments
cytoplasm and the nucleus.
5. 1 – 10µm in size 5. 10 – 100µm in size
6. Example Plant or Animal cell. (Hepatocytes) 6. Example E. Coli

Eukaryotic cell Prokaryotic cell
S is the coefficient of sedimentation of the ribosomes of Prokaryotic and Eukaryotic cells after the
two cell
membrane are broken by centrifuge.

3

WEEK 2

DIFFRENCES BETWEEN A TYPICAL PLANT CELL AND AN ANIMAL CELL

CELL ORGANELLE ANIMAL CELL PLANT CELL
Cell Wall Cell wall is Absent cytoplasm is Cell wall is present. Cytoplasm is
bounded by cell membrane only. bounded by cell membrane cell wall
is made up of cellulose
Plastids Plastids (chloroplasts) are absent Plastids/chloroplast are present,
because plants use chloroplasts to
synthesize food.
Centrioles Centrioles are present. Centrioles are absent.
Lysosomes Lysosomes are present Lysosomes are absent
Vacoules Normally found absent. If present Majority of plant cells have large
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is small. vacoules that pushes cytoplasm to
the side.
Flagella Present No flagella

4

Shape and Size of Cells: Various kinds of cells present in human body exhibit a wide range of
shape, size and other features (Fig, 1 .3). As far as shape is concerned, the cells can be divided in
two
main groups on the basis of their shapes.
(i) Cells with irregular and ever changing shape (Amoeboid type): These cells have ability to
change their shapes, e.g. macrophages and white blood cells.
(ii) Cells with constant shape: Most of the cells in human body exhibit constant shape.

These cells may be spherical, cylindrical, columnar, oval, spindle, cuboidal, polygonal,
flattened, rod-like, biconcave, rod shaped, cilia, micro-villi or flagella or thread-like in shape
depending mainly on their functional adaptations (Fig, 1.3). The size of various kinds of cells
present in human body generally varies from 10-100µ. The size of these cells may be 3-4µ
(diameter of leucocytes) at one extreme and at other extreme it may be over a meter (length of
neurons).

5

Cardiac cell

STRUCTURE AND FUNCTION OF VARIOUS CELLULAR COMPONENTS

Cell membrane (Plasma membrane):

1 Cell membrane (Plasma membrane)

Each cell has a limiting boundary, the cell membrane, plasma membrane or plasmalemma.
It is a living membrane, outermost in animal cells but next to cell wall in plant cells.
It is flexible and can fold in (as in food vacuoles of Amoeba) or fold out (as in the formation of
pseudopodia of Amoeba)

The plasma membrane is made of proteins and lipids and several models were proposed
regarding the arrangement of proteins and lipids. The fluid mosaic model proposed by Singer
and Nicholson (1972) is widely accepted. It is represented in the figure below.

6

STRUCTURE OF THE PLASMA MEMBRANE

According to the fluid mosaic model,
(i) The plasma membrane is composed of a lipid bilayer of phospholipid molecules into
which a variety of globular proteins are embedded.

(ii) Each phospholipid molecule has two ends, an outer head hydrophilic i.e. water
attracting, and the inner tail pointing centrally hydrophobic, i.e. water repelling
(iii) The protein molecules are arranged in two different ways:
(a) Peripheral proteins or extrinsic proteins: these proteins are present on the
outer and inner surfaces of lipid bilayer.
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(b) Integral proteins or intrinsic proteins: These proteins penetrate lipid
bilayer partially or wholly.
Functions:

(i) The plasma membrane encloses the cell contents.

(ii) It provides cell shape (in animal cells) e.g. the characteristic shape of red blood cells, nerve
cells, bone cells, etc

(iii) Cell possesses various plasma membrane bound receptors for the physiological actions of
various hormones, neurotransmitters and drugs, e.g. adrenergic, cholinergic, glucagon, insulin,
opioid receptors, etc.

(iv) Different mucoproteins of membranes of RBCs constitute the blood groups.

(v) It allows transport of certain substances into and out of the cell but not all substance, so it is

7

termed selectively permeable.
Transport of small molecules (such as glucose, amino acids, water, mineral ions etc).
Small molecules can be transported across the plasma membrane by any one of the following
three methods:

(i) Diffusion : molecules of substances move from their region of higher concentration to their
region of lower concentration. This does not require energy. Example : absorption of glucose in a
cell.

(ii) Osmosis : movement of water molecules from the region of their higher
concentration to the region of their lower concentration through a semi-permeable membrane.
There is no expenditure of energy in osmosis. This kind of movement is along concentration
gradient.

(iii) Active Transport : When the direction of movement of a certain molecules is opposite that
of diffusion i.e. from region of their lower concentration towards the region of their higher
concentration, it would require an “active effort” by the cell for which energy is needed. This
energy is provided by ATP (adenosine triphosphate). The active transport may also be through a
carrier molecule.

Transport of large molecules (bulk transport)
During bulk transport the membrane changes its form and shape. It occurs in two
ways:
(i) endocytosis (taking the substance in)
(ii) exocytosis (passing the substance out)
Endocytosis is of two types :

ENDOCYTOSIS
Phagocytosis Pinocytosis
1 Intake of solid particles. Intake of fluid droplets.
2 Membrane folds out going round theparticle, forming Membrane folds in and forms a
a cavity and thus engulfing the particle. cup like structure sucks in the
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droplets.

Cell wall:
In bacteria and plant cells the outermost cell cover, present outside the plasma
membrane is the cell wall.
Bacterial cell wall is made of peptidoglycan.

Structure of the Cell wall:
– Outermost non-living, layer present in all plant cells.
– Secreted by the cell itself.
– In plant, it is made of cellulose but may also contain other chemical substance such

8

as pectin and lignin.
– The substance constituting the cell is not simply homogenous but it consists
of fine threads or fibres called microfibrils.
– It may be thin (1 micron) and transparent as in the cells of onion peel. In some
cases it is very thick as in the cells of wood.

Functions:
– The cell wall protects the delicate inner parts of the cell.
– Being rigid, it gives shape to the cell.
– Being rigid, it does not allow distension of the cell, thus leading to turgidity
of the cell that is useful in many ways
– It freely allows the passage of water and other chemicals into and out of the
cells
– There are breaks in the primary wall of the adjacent cells through which
cytoplasm of one cell remains conne cted with the other. These cytoplasmic
strands which connect one cell to the other one are known as plasmodesmata.
– Walls of two adjacent cells are firmly joined by a cementing material called
middle lamella made of calcium pectate.

WEEK 3

THE CYTOPLASM AND THE CELL ORGANELLES
The organelles found in the cytoplasm are grouped as thus:
1. Those that trap and release energy e.g. mitochondria and chloroplasts;
2. Those that are secretory or involved in synthesis and transport e.g. Golgi, ribosomes and
endoplasmic reticulum
3. The organelles for motility - cilia and flagella
4. The ones associated with the destruction of worn out organelles: i.e. Lysosomes
5. The nucleus which controls all activities of the cell, and carries the hereditary
material

Cell Organelles
A eukaryotic cell consists of various distinct membrane and non-membrane bound cell
organelles and a double membrane bound nucleus suspended within the cytoplasm. The
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membrane bound cell organelles and nucleus are found absent in prokaryotic cells.

Membrane bound cell organelles: The structure and functions of various membrane bound
cell organelles of eukaryotic animal cell are given below.

Mitochondria:

Alls (except RBC’s) contain mitochondria. Since mitochondria are the site of ATP synthesis,
they are also called 'power house of cell'. The shape, size and number of mitochondria vary
greatly depending on the type of cells and species.

Shape: The shape of mitochondria is greatly variable, from rod-shaped to spherical. Their

9

shape may also be spiral, cylindrical, thread or filament like.
Number: No r m al l y a typical c e l l has 500-800 mitochondria. However, the
metabolically active cells like cardiac muscle fibre cells, neurons (axon terminals), etc.
have large number of mitochondria. Some eukaryotic cells like sperm cells, yeast cells,
etc. contain only a few large size mitochondria.
Structure of mitochondrion: Each mitochondrion is hollow sac-like structure filled with
dense proteinous gel-like fluid called 'matrix’ which is bounded by two unit membrane
known as outer mitochondrial membrane (OMM) and inner mitochondrial membrane
(IMM), each about 7 nm thick. The space between the two membranes is called peri-
mitochondrion space The OMM is permeable to most metabolites and ions and is
smooth at inner side, however, it may be rough at cytosolic side (i.e. at outer side) due
to attached 80-S ribosomes. The IMM is selective permeable in nature and contains
electron carrier proteins and ATP synthesizing system. IMM is internally folded into
finger like structures known as cristae. The number of cristae varies with the type of cells
and their metabolic activities.

Structure of mitochondrion

Functions of Mitochondria

1. Various biochemical reactions and metabolic pathways, e.g. TCA cycle, β -oxidation of
fatty acids, ketogenesis, ketolysis, urea cycle, gluconeogensis. etc. occur in mitochondrial
matrix.The enzymes of these pathways are present in mitochondrial matrix.

10

None Membrane Bound Organelles.
The structure and functions of various non-membrane bound cell organelles of an
eukaryotic animal cell are as follows.

Functions of Ribosomes
Protein synthesis takes place on ribosomes, i.e. the genetic information contained in
mRNA is translated on ribosomes to form polypeptide chain.

Endoplasmic reticulum (ER): All eukaryotic cells (except mature RBCs) contain ER. In
smooth, skeletal and cardiac muscles, ER is also known as sarcoplasmic reticulum (SR).
ER is a three-dimensional network of tubular and sac-like cavities called cisternae bounded
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by a unit membrane. ER is distributed throughout the cytoplasm and also exists in continuity
with the cell membrane and nuclear membrane (Fig. 1.2). ER develops profusely in growing
cells, whereas it is distributed scantly in mature cells.
There are two types of ER: (i) Rough endoplasmic reticulum (RER) and (ii) Smooth
endoplasmic reticulum (SER).
(i) Rough endoplasmic reticulum (RER): In RER, the Cytosolic (the side in contact with the
cytoplasm fig 1.2 and 1.1a) membrane surface of ER is studded with ribosomes (Fig.1.1 &
1.2). The presence of ribosomes on the membrane surface of RER gives it a rough
appearance.

RER is found in large amounts in cells actively involved in synthesis and secretion ('export)
of proteins. For example, hepatic cells, pancreatic cells, β-lymphocytes cells are rich in
RER and are actively involved in synthesis and 'secretion' of secretory proteins like plasma
proteins, digestive enzymes, antibodies, respectively. The proteins synthesized on the
ribosomes attached to RER are 'packaged' in 'secretory vesicles' and secreted or exported
outside the cell with the help of Golgi bodies (Fig. 1.2).

(ii) Smooth endoplasmic reticulum (SER): The SER is not studded with ribosomes and
has 'ribosome free' smooth membrane surface. SER is the site for biosynthesis of
triglycerides (TGs), phospholipids, glycolipids, cholesterol and steroids. It is found
abundantly in steroid hormone producing cells of testes, ovary and adrenal cortex.

FUNCTIONS OF ENDOPLASMIC RETICULUM
1) Network of ER divides the cytoplasm into many compartments and thus provides an
additional mechanical support.
2) RER takes part in Synthesis', 'package' and 'export* of 'secretory proteins'.
3) SER takes part in biosynthesis of lipids (tri-glycerides, phospholipids, glycolipids
and cholesterol) and steroid hormones.

11

4) SER of mammalian liver cells participates in detoxification reactions.

GOLGI BODIES (GOLGI APPARATUS):
Nearly all eukaryotic cells (except mammalian RBCs) are known to have Golgi bodies.
It is a collection of several membranous tubules (3-30 in numbers) and numerous
membrane bound sacs like spherical vesicles (known as 'secretory vesicles'). These vesicles
bud off from membranous tubules of Golgi bodies (Fig. 2.15). The Golgi bodies are
suggested to be derived from ER. A number of individual Golgi body closely aggregate to
form a 'Golgi complex'.
Presence of Golgi bodies is prominent in 'secretory cells' like hepatic cells, which are
actively involved in 'export' ('secretion') of 'secretory proteins' such as plasma proteins
(blood clotting proteins etc.) and digestive enzymes etc. The 'secretory proteins' synthesized
on the ribosomes of RER pass inside the lumen of the endoplasmic reticulum and are
stored in membrane vesicles (transition vesicles). On transit to the Golgi body, these
proteins undergo post-transitional modification in Golgi lumen (carbohydrate and lipid
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moiety are attached to the proteins to form glycoproteins and lipoproteins,
respectively) and are 'packaged' into 'secretory vesicles'. These vesicles then fuse
wit h the cell membrane at and release their contents outside the cell into extracellular
space by exocytosis (Fig. 2.15). The 'secretory vesicles' also release their contents
especially enzymes in internal cell organelles like lysosomes and peroxisomes. In
addition to glycoproteins and lipoproteins, the Golgi bodies also take part in secretion
of other substances such as steroids, lipids, complex polysaccharides, etc.

FUNCTION OF GOLGI BODIES

1. Golgi bodies are ‘secretory cell organelles’. They play important role in ‘storage’,
‘package’ and ‘secretion of various secretory products.

2. Post-translational modification of proteins (addition of sugar and lipid moiety to protein
molecules) occurs in Golgi lumen.
3. Golgi bodies give rise to primary lysosomes containing acid hydrolases.

12

Fig 2.15.diagram showing protein ‘synthesis’ its transport, ‘package’ and secretion by
Golgi body

4. Golgi bodies and RER take part in synthesis and secretion of enzyme in lysosomes and
peroxisomes.

5. The acrosome of sperm cell is derived from Golgi body.
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Lysosomes:
Red blood cells (RBCs) and plant cells do not contain Lysosome. They are prominent in
liver, spleen and renal cells, macro-phages and poly-morpho-nuclear (PMN) leucocytes.
Lysosomes are filled with powerful digestive enzymes. Enzymes like proteases, lipases,
Carbohydrases are known to be present in the lysosomes. These digestive enzymes are
capable of digesting essentially all biomolecules that are engulfed into the cell from outside
during phagocytosis. These enzymes also digest the aging cell organelles ('worn out cell
organelles') that are no longer required by the host cell, and the pathogens such as bacteria
and virus that are engulfed into the cell during phagocytosis.

Function of lysosomes

1 Heterophagy: Lysosomal enzymes destroy the foreign substances and pathogens like
bacteria and virus that are engulfed by the cells of immune system (macrophages and
PMNs) and spleen.
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2 Autophagy: Lysosomal enzymes also destroy aging cell organelles ('worn out cell
organelles') that are no longer required by the host cell. Lysosomes are also capable of self-
destruction of cell called autolysis, therefore, the lysosomes are also termed as 'suicide bags'.

Centrioles:

Centrioles , also known as centrosomes, were found only in animal cells. They are
not present in plant cells (except fungal cells) and prokaryotes. Centrioles are
arranged at right angles to each other.
Functions of centrioles:

1. Centrioles play very important role during cell division in animals. During cell division,
they duplicate and a pair of centrioles moves to each pole of the cell. Each pair at
opposite poles produces the spindle fibres (composed of microtubules), which radiate
towards the equator of cell. The spindle fibres attach the chromosomes and help them to
migrate towards both poles of the cell (Fig. 1.2).
2) Centrioles produce the basal bodies from which cilia and flagella develop.

Basal bodies, Cilia and Flagella.

Basal bodies: Centrioles divide to produce basal bodies. Similar to centrioles, a basal
body is also composed 'triplets' of microtubules in "9+0" arrangement.
Cilia and flagella: Cilia (singular cilium) and flagella (singular flagellum) are hair-like,
long (10-200 µm in length) and motile structures that originate from basal bodies present
beneath the cell membrane. Cilia and flagella have same diameter but differ in length; cilia
are shorter in length (about 10µm in length) than flagella (about 200 µm in length). Both
cilia and flagella are composed of microtubules showing "9+2" arrangement and are
surrounded by a unit membrane in continuation with cell membrane.

Functions:
1) Basal body is a structure to which a cilium or a flagellum is anchored.
2) Human sperm cells have a long flagellum (tail) which helps in locomotion. The ciliary
and flagella movement requires cellular energy, which comes from hydrolysis of ATP.
Cytoskeleton: In many animal cells, the non-membranous cell organelles namely
microtubules and microfilaments constitute the cytoskeleton. Because of the
cytoskeleton, many cells are capable of changing their shapes during endocytosis,
exocytosis, muscle contraction-relaxation and locomotion. The cytoskeleton also
participates in movement of cell organelles from one position to other within the cell.

15

Mi crofilaments: The microfilaments are long, non-membranous, non-tubular thin
thread-like proteinous structures, e.g. neuro-filaments of neurons, tono-filaments of
desmosomess and micro-filaments, in microvilli of intestinal epithelial cells.

Functions of microtubules and microfilaments
1) Being components of the cytoskeleton, both microfilaments and microtubules provide
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mechanical support and give shape to the cell.
2) Cell organelles namely basal bodies, centrioles, spindle fibers, cilia and flagella are
composed of microtubules.

Nucleus: Nucleus was first of all discovered by Robert Brown (1833). It is a double
membrane bound cell organelle. A 'true' nucleus is present in all eukaryotic cells except in
mature human RBCs. It is the largest cell organelle, and can be seen under light-
microscope. Typically, a cell has one nucleus, but some cells may contain more than one
nucleus. Normally a nucleus is spherical in shape but in some cells it may be polymorphic,
e.g. in WBCs. The nucleus is bi-lobed or multi-lobed. The l i vi ng matrix of nucleus
is called nucleo-plasm. IT is bounded at i t s outside by a double layered membrane
known as nuclear membrane. The nucleus is characterized by the presence of several
pores in n u c l e a r membrane, k n o w n as nuclear pores. Vari ous macromolecules such
as hormones, rRNA, mRNA, polymerases, etc. can travel between cytoplasm and nucleus
through these pores only.

Functions of Nucleus
1) Chromosomes present in nucleus are genetic material of the cell. Each chromosome is
composed of giant a DNA molecule and basic protein, histone. Chromosomes serve to store,
express and transfer the genetic i nform ati on from one generation to other.

2) Nucleolus is the site of ribosomal RNA (rRNA) synthesis. rRNA is the structural and
functional component of ribosomes.

3) Replication of DNA takes place in nucleus.

16

CELL DIVISION:-
Reproduction involves the multiplication of cells. The formation of a bud in a simple
animal like Hydra, the development of sex cells, and the growth of a young animal or plant
into an adult all involve cell multiplication.

In order to multiply, cells undergo cell division: one divides into two, two into four, four
into eight, and so on. The word division is misleading in some ways because it implies that
the process always involves halving the cell and its contents. In fact we now know that cell
division is accompanied or preceded by the formation of new cell components so that the
products of cell division, the daughter cells, are essentially similar to the parent cell.
Understanding cell division is largely a question of appreciating how this uniformity is
preserved.
In any description of cell division the chromosomes occupy a central position. As the
vehicles of heredity, they determine the characteristics of the cell and its progeny, and it is
essential that they should be correctly distributed between the daughter cells. It is known that
a cell normally has a fixed number of chromosomes and these occur in pairs: the so-called
diploid condition. Two types of cell division are recognized according to the behavior of the
chromosomes (Fig. 1). In the first of these, the daughter cells finish up containing exactly the
same number of chromosomes as the parent cell. This is called mitotic cell division (or just
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mitosis) and is the type of cell division which takes place during an organism's growth. In
the other type of division, known as meiotic cell division (or meiosis) the daughter cells
finish up with half the total number of chromosomes present in the parent cell. This kind of
division generally takes place in the formation of gametes, though in the more complex
plantslater.

17

it occurs in the formation of spores. Its full implications will be discussed
Figure 1.
Mitosis
For purposes of description mitosis is divided into four stages: Prophase, Metaphase,
Anaphase and Telophase. At each of these stages certain crucial events take place,
particularly in regard to the chromosomes. However, it isimportant to realize that mitosis is
a continuous process and there are; sharp breaks between one stage and the next. Typically
the entire process takes about an hour and is followed by a resting stage (called
Interphase) during which the daughter cells grow and prepare for the next division. This
involves synthesis of new materials and replication of organelles. In actively dividing cells
interphase lasts between 12 and 24 hours.

OBSERVING MITOSIS
One of the best places to see mitosis is the tip of a growing root, young bean roots for
example. The root tip is cut off, sectioned or macerated, and treated with a dye such as
acetic orcein which stains the chromosomes. In good preparations the various stages of
mitosis can be clearly seen.

The endosperm tissue, the nutritive tissue surrounding the embryo inside seeds, to be almost
ideal for observing cell division. Its cells divide prolifically and, and a rather soft runny tissue,
a thin smear can be made on a microscope slide without harming the dividing cells.
Let us now follow what happens when a diploid cell undergoes mitotic vision. For
convenience we will take a cell which happens to contain only four chromosomes: a pair
of long ones and a pair of short ones. The events are summarized in Fig. 2, which should
be consulted with the text.
INTERPHASE
During interphase (Fig .2A) the cell has the same appearance as any non-dividing cell. The
chromosomes are not visible as distinct bodies either under the light microscope or the
electron microscope. At this stage they are strung out in the form of long chromatin threads
swollen at intervals into visiblechromatin granules. Not until prophase do the chromatin
threads condense to form visible chromosomes.
To describe interphase as a resting stage is a complete misnomer. Far from being inactive
the cell is growing and preparing for division. During interphase two things happen, both
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of which are essential if the cell is to divide. Firstly, the genetic material (DNA) replicates, i.e.
doubles itself, so that sufficient DNAiS made available for each of the two daughter cells. A



BIO 111  |  FUT MINNA Renanced

by Renance
renance.app  •  Download Renance on Google Play

85

cell never divides until this new genetic material has been formed. Secondly, the cell
builds up a sufficiently large store of energy, a kind of 'energy reservoir', to carry
theprocess through. That this accumulation of energy takes place during interphase rather
than during division itself can be shown by inhibiting respiration at different stages in
mitosis. If a cell is treated with a metabolic poison such as cyanide during interphase,
mitosis fails to take place. On the other hand if the cell is treated with poison after mitosis
has started, the process will still go through to completion.

A third important event that takes place during interphase is the formation 'new
cytoplasmic organelles - mitochondria, ribosomes, chloroplasts, and the like. If this did not
happen successive cell divisions would result in a steady depletion of the cells' contents.
Formation of new organelles takes place either by the production of new materials in the
cytoplasm, or by the duplication of existing organelles. Either way, the synthetic activity
involved necessitates the expenditure of much energy, and a high metabolic rate is typical
of cells preparing for mitosis.
One of the most prominent organelles to replicate during mitosis is the centrioles. Found in
the cells of all animals and certain primitive plants, the centrioles consist of a pair of short
rods lying just outside the nuclear membrane. The cells of higher plants lack centrioles and
yet undergo normal mitosis, so they are not essential for the process. However, in cells
where they arepresent their movements are an integral part of the mitotic sequence. By
interphase they have already replicated, so in Fig. 2A two pairs of centrioles are shown, one
pair being destined to go into each daughter cell.

PROPHASE
If interphase is concerned with preparing the cell for division, prophase (Fig .2, C) can be
described as 'mobilization for action'. Certain clearly visible events can be seen under the
microscope. The most they gradually become shorter and fatter. As the chromosomes
shorten it becomes increasingly clear that each consists of a pair of bodies lying close to
each other. These are called chromatids. They tend to lie parallel along most of their length
but are particularly closely associated in the vicinity of a specialized region called the
centromere. We shall see later that this represents the centre of movement of the
chromosome. The chromatids of one chromosome are usually referred to as sister
chromatids. It is essential to appreciate what these chromatids represent. Initially (i.e. in
early interphase) each chromosome consists of a single, highly attenuated thread. During
replication of the genetic material an exact duplicate of this single thread is produced. The
two threads together (the original one and its newly-formed duplicate) are completely
invisible until prophase when they make their appearance as the two chromatids. The two
chromatids making up a chromosome are identical: They contain exactly the same genetic
material point for point along their length.
Condensation of the chromosomes is one of the most important events in prophase. If it
failed to happen it would be impossible for the chromosomes to move around within the
cell without getting tangled up. While this is happening other changes take place. A series
of protein fibres are formed in the cytoplasm. These span the cell from end to end, forming a
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structure which, because of its appearance, is called the spindle. The two ends of the spindle
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are known as its poles and the middle region as its equator. In cells where centrioles are present,
these now lie one at each of the two spindle poles. This is achieved by one of them skirting the
nuclear membrane so that it comes to occupy a position at the opposite side of the nucleus.
Meanwhile the nucleolus disappears. Prophase ends with the breakdown of the nuclear
membrane.

METAPHASE
When the nuclear membrane disrupts the chromosomes migrate to the central plane of the
cell and arrange themselves round the equator of the spindle (Fig.2, E). This is achieved
through the organization of a series of fibres which run from the centromere of each
chromosome to one of the two poles. At this moment the chromatids of each chromosome
move slightly apart at the centromere region, the sister chromatids being orientated towards
opposite poles as shown in Fig. 2E.
Fig.2 makes it quite clear that homologous chromosomes behave entirely independently in the
way they arrange themselves on the spindle. As far as is known they do not influence each
other in any way, and they certainly do not associate with one another. Thus the two long
chromosomes are attached to different fibre systems, as are the two short chromosomes.
ANAPHASE
Suddenly the chromatids belonging to each chromosome part company and move towards
opposite poles of the spindle. .
In recent years there has been much debate on the possible mechanism by which this
migration of chromatids might take place. It used to be thought that the centromeres repel each
other, causing the chromatids to move apart, but there is now evidence that the chromatids
are pulled to the poles of the spindle. Observations on the spindle apparatus of live cells in the
polarizing microscope have revealed two types of spindle fibre (Fig 23.4). One type runs right
across the cell from one pole to the other; the other type runs from the poles to the centromere
of each chromatid.
It is possible that the latter type of fibre shortens and pulls the chromatid, centromere' first,
towards the pole. With the centromere in the lead, the rest of the chromatid will tend to
trail behind. Energy is certainly required for this unique process. Mitochondria have been
shown to congregate round the spindle apparatus, and chemical analysis of isolated spindles
has shown them to contain an active enzyme which splits ATP.

TELOPHASE
The chromatids are destined to become the chromosomes of the daughter cells. On reaching
the polar ends of the spindle they become densely packed together. Meanwhile the cell
divides into two (Fig .2 H, I). In animal cells this takes place by means of a constriction of
the plasma membrane which cuts across the equator of the spindle. In plants a new wall, the
cell plate, grows across the middle of the cell: in root tip cells, where the spindle is about the full
width of the cell, the plate is deposited as scattered droplets and vesicles which coalesce; in
larger cells this is followed by expansion of the cell plate outwards until it fuses with the wall.
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While this is happening the spindle apparatus breaks down and the nuclear membrane is re-
formed. The nucleolus reappears and the chromosomes gradually uncoil and return their
original thread-like form. Mitosis is now complete; the daughter cells enter interphase and
prepare for the next division.
THE ESSENTIAL PRINCIPLE UNDERLYING MITOSIS:- The really important
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thing about mitosis is that the daughter cells receive precisely the same number and types
of chromosomes as the original parent cell: two long ones and two short ones in the ca.se
described here. In other words the diploid constitution is maintained from one generation of
cells to the next.
Two salient features of mitosis ensure that the chromosome constitution is preserved:
(1) The fact that the chromosomes of the parent cell replicate before the cell divides, and
(2) The arrangement of the chromosomes on the spindle.
As a result of replication of the chromosomes the parent cell in effect contains twice its
normal number of its significance we must pause for a moment to consider the function of
the gametes. By definition a gamete is a cell which cannot develop further until it fuses
with another gamete. Thus a spermatozoon and an egg have no future unless they unite to
form a zygote which then develops into an adult organism. In the process of fertilization
the nuclei of the two gametes fuse to form the nucleus of the zygote. Now if the gametes
were to have two of each type of chromosome, the zygote would obviously have four of each
type, twice the normal number. Let us assume that this zygote develops into an adult
which itself produces gametes with four of each type of chromosome. If two of these
gametes were to unite, a zygote would be formed with eight of each type of chromosome,
and so on. In other words if gametes were formed by mitosis rather than meiosis, the
chromosome number would double with each succeeding generation. By halving the
chromosome number meiosis ensures that this does not happen. When gametes with the
haploid number of chromosomes unite, the normal diploid condition is restored.
THE ESSENTIAL PRINCIPLE UNDERLYING MEIOSIS:-How does meiosis achieve
this halving of the chromosome number? The answer lies in the behaviour of the
chromosomes during prophase and metaphase. Meiosis consists of two successive
divisions: the parent cell splits into two (first meiotic division) and the products then
divide again (second meiotic division), giving a total of four daughter cells. In the first
division homologous chromosomes get separated from each other and go into different cells.
The second division is concerned with separating the chromatids.

With these basic ideas in mind let us examine in detail the events that take place in
meiosis. As in mitosis the process is divided for convenience into a series of stages. These
are given the same names as in mitosis but each is followed by I or II indicating whether it
belongs to the first or second meiotic division.
prophase I:- Prophase one is divided into five deferent stages, thus:-

LEPLOTENE: at this early stage , the nucleus increase in size and the chromosomes
appear as long slender and single threads diploid in number. The threads are present in
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exactly identical pairs one being paternal and the other maternal. They now begin to coil.
In each thread there appear a number of small beadlike granules known as centrioles,

21

which represents the tightest coils of the chromosomes.
Zygotene: it is seen that the identical chromosomes develop a strong affinity for each
other, and they soon come together in pairs, part by part, throughout their whole length.
This pairing is called synapsis, and every pair is called a bivalve. The pairing
chromosomes are homologous.

Pachytene:-Pairing chromosomes becomes shorter due to their increased coiling. Each
chromosomes split longitudinally and thus four chromatids (two from each homologue) are
produced. The homologous chromosomes can be clearly identical at this stage.

DEPLOTENE:-At this stage homologous chromosomes begin to separate from each
other. However they remain connected at one or more points the chiasmata. At each
chiasmata physical exchange of genetic materials takes place by crossing over. A special
feature of meiosis.

DIAKINESIS:-At this stage the chromosomes bivalents move to the periphery of the
nucleus and becomes separated from each other, except at the chiasmata. The
chromosomes are thus released into the cytoplasm after the dissolution of the nucleolus and
nuclear membrane.
METAPHASE1:- As in mitosis the chromosomes move to the equator of the spindle (Fig
23.6E). The important difference from mitosis is that here homologous chromosomes do
this together; in other words each bivalent behaves as a unit. Moreover they arrange
themselves in such a way that sister chromatids orientate towards the same pole, whereas
the two homologous chromosomes orientate towards opposite poles. So the positioning of
the chromosomes at this stage is quite different from what it is in mitosis. The cell is now
poised ready for the separation of the homologous chromosomes.

22

ANAPHASEI:-The homologous chromosomes, each made up of a pair of chromatids
joined at the centromere, move towards opposite poles of the spindle. The sister chro-
matids no longer remain in parallel alignment but diverge from one another.

TELOPHASE I:- When the chromosomes reach their respective poles the cell
generally divides across the middle as in mitosis. Usually the daughter cells go into a
short resting state (interphase), but sometimes the chromosomes remain condensed and
the daughter cells go straight into prophase of the second meiotic division.

THE SECOND MEIOTIC DIVISION:-Separation of homologous chromosomes has
already been achieved by the first meiotic division, and the purpose of the second
division is merely to separate the chromatids from one another. In prophase II anew
spindle apparatus is formed. In metaphase II the chromosomes move to the equator of
the spindle, the chromatids orientating towards opposite poles as in mitosis. Anaphase
II sees the chromatids separating and moving apart from each other. The chromatids
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become the chromosomes of the daughter cells. On reaching the poles the cell divides
across the middle in the usual way (Telophase II). Characteristic of telophase, the
spindle apparatus disappears, and the nucleolus and nuclear membrane are reformed.
The chromosomes uncoil and regain their threadlike form. Meiosis is complete: four
cells (sometimes referred to as a tetrad) have been formed, and each cell has the
haploid number of chromosomes.
From this brief description of meiosis it is clear that of the two successive divisions it is
the first which is responsible for separating the homologous chromosomes and halving
the chromosome number. For this reason the first meiotic division is described as a
reduction division. The function of the second is to separate the chromatids from each
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other.
CHIASMATA:-As was mentioned earlier meiosis generally involves the formation of
chias-mata(chiasmate meiosis). In the course of prophase I the intimate association •
between homologous chromosomes weakens so that they move slightly apart. It can now
be seen that the chromatids are attached to each other at certain points. These are the
chiasmata. Chiasma formation is very varied. Every bivalent forms at least one
chiasma, but in fact as many as eight may be present, and these can be formed between
any two of the four chromatids (Fig 23.7). The chiasmata represent places where the
chromatids may break and rejoin, a portion of one chromatid changing places with the
equivalent portion of another. This enables exchange of genes to occur between
homologous chromosomes, a process known as crossing over. Since the two
homologous chromosomes contain different genes, crossing over promotes genetic
variety, which in turn plays an important part in the process by which evolution has
taken place.
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