
ANALYSIS OF CELL SURFACE CORTEX 
DURING CILIA REGENERATION 

Dissertation Submitted to the Jawaharlal Nehru University 

in partial fulfilment for the degree of 
MASTER OF PHILOSOPHY 

1982 

PRATIMA RAY 

SCHOOL OF LIFE SCIENCES 
JAWAHAR LAL NEHRU UNIVERSITY 

NEW DELHI-110067 
INDIA 



CBRm!CATB 

ACICROWL~fl'~3 

DI'I'ROI1JC!IC4t 

MAT~Jt!AU Nfl) M :1HODS 

DPBRIMHW.rAL 1&11LTS AHD OltSERYA'l'ICIIS 

DisaJSSI~ 

SJMMARJ 

BIILIOORAPR'f 

r•• 
1 

11 

1 

12 

21 

!18 

l8 

50 



!be ....,..., •* ..._ .. Ia tia dlsaertaU. 

baa 1Me oarrled w:t Ia 'tile salllol et We Scd.etoea. 

.Jawaharlal Ratmalalver"'d.1t'1 lew Delhi. '.ftal• wl'k la 

odfllaal .ad baa •" ..._ .... tW Ia put •r Nll 

tor _,ether ...,_ w -~ fd _, UMverd"Y• 

.nnm *2 
SC!Mol et Lite Selet018 
JaWibaJtal RtllN Uld.verld.~ 
Rw DeUd. 1100671 nl' 1lA• 



u. 

or. s.ar a.,~., ., ..,~ ..... haa .,_.. 

• ..,. t~oura wltb .. sa aaa.aaat.aa _. .tdal 1M illtr.I.OftOt.ea 

of 11le probt-. 1 t...t ._.fa& tbe •lk pre..-d iD au 
O.Nl .. l • INWld. to Ida tw 1:bJ.a aad betDI DCIIt'fti'F 

Dl• • • 1b.IDU!tt •' •• wl'k. 

I • thdtd1 • Prot ... r P.O. lt ...... Dlllllt 

SObeel ot We Sol.,.. tu pN'Il.u.aa all the tatd.Utlea 

tor 1lle reaMfth. 

Polka d .._. wre ...,... ... ot llatlf pdftlepa 

... -., 1-. ........ ot ••••• t - JactebW to ... 

t wt• t.e thldl A.f!'-.GJt M. Riba11 M.K. Da*, 

_. nr. B.K. Btbera ,.,. ihtd.r '181Wible balp _. •a-t~.oaa. 

I • alao ~ to Mr. M.M. Relat &at Mr. La1 

ot 'lad&• lae1d:tute ot 1'1JIB1Jlo• tor 11l•1ir _,..... 't:eGlBdoal 

belp. 



':tho •evelOpaet, lld.lnfltW'lce .ad ..-~ et 
to.raa are the te'l..,.•• 'tllbieh are .,.._ to bo1b tbe ad.tl.• 

oellutar aa well u 1iM wd.oell\Aar orprd.••• s.• \8lt.

oe11t4u ortaasa.. tNdl •• .., pl'MDID .. ~'blt a w.l.de 

41••~si't:J ot n~ ..s ~ r • .,. .. nret, 

.. .,.teNd 111 _, aiftll• cell ot .ultleellllla• o.rs-'-· 
The ..tsa.et of all 'the .ttal-.! ._,1a ._,. •• 

'W11hlll \be lJalt ot • wuoe11t4ar to• ot llfe p19'1Uu 

ua • '1.&\lqae e.dvantage, tor the t.a•eaU.:~atloa ef l»iolopoal 

o.raalzat1oa. at the eell1•lar 1 ... 1 • 

._., t.be td.lia'ted -pro---. idll1aJaW b118 lt

extenld.WlJ llaed ill afteral t.iolodoal d1adp11Me like 

....... oell .ad Mlecalu td.oloe, 6rlet•u•W .._,., 

•to• •••••• 1't 1• •••• 1rt tasdlo tb.ls org.Ua, tor 
tta rapl4 ,..,.., Jr•ftl• fltabU1- ..s .-d dlaftne ... 

In •\ll.tl<t$llul.ar •.rpftiee, the pm..r:r feature *'* 
df!t\er1~1ftea fora 

-rh!s 11 in to.na ot :tibt~~N:: aa'trlx Ia pl•t• ed ClbiU..a 

ad 'bolly •tJtrix 1n aa!llala. However, 1ft 81DIA.._11 .. 

orpn .: •• tht.a is aeOtapli8he4 -.,,. 1tle etMrat.lea of the 

cellultl.r arGMteoture ~1eh Natfl,4tiJ tt'le hl(fleat de,vee ot 
O~ll,;~d:ty 1rl c.1l13\te 1n the foftl ot ~lax t1'br111ar 



' ool'tell • 'lhe cortex 1a a h1&b].y diffarMtiatad oell 

aur.taoe oc:apr1dag of eo1;0pla•1o aGllptu.rMI. aul.tiple 

pelliOlllar aerabl'aJlea, J!OWII of ld.neto .. es aad o1ber 1'1brl• 

llar .-truotur••· 

'ftle oertioal pattem, 1ta che1stry, moropholosr 

and 1ta clnelopmmt in 1be ciliated p.rotoaoe have beert 

one of the areas of 11a.jor interest ot study. Thus, there 

have been several in depth studies of 1 ts fifte atl'Uc'bl.re 

md devalop;l\et. 

'lbe cortex and 1 ta ciliary ecapCilen.ts appeared 

to be very simple to the early bloleg:l.sta, using the lil#lt 

ll1oroaoopea. Ho""'evu, the electton m1oraacop1o 1nveat1gatia 

has revealed thct cortex ms a atructurca of antirely unexpected 

ocaplexity (Lvot:t, 19.501 Corliaa, 1952J Meta and Westfall• 

195/tJ Gibbolla an4 G.riDaatoae, 196o). 

The ciliate oor·te:~t: is divided 1n1x> a saraat1c cortex 

conoemed vd.th proteotion an.d adhesion and oral cortex 

for acqu1s1 t1oa and 1ngesU6D o! nutrimta. However, the 

oortioal aroh1teo1:llrtt is fuaclaDetltally ldailar J.n both. 

It can be interpreted as a fabric oapesed p.rimarlly of 

a larp nUIIber o:t fuadaaetally aJaUar and unltor~~ly 

spaced olliary Uftits or kinet1dea (Pltelka, 19691 Bhret, 1960) • 

so the killetlde or d.lla-ltlftetee~~~e oeplex are the tuada• 

men.tal oaapon•t• or the o111ate cortex ( Graift, 1969t 



Pltelka, 19itl Benaellom, 1970). Ill add1Uoa 1e a ellb 

aacl kiaeie- o.r llaaal body tbe kiafl't14t lacl\ldea a aet 

of .-r .. a •d aaaoolatecl tadlla. oaaplead 1rate • 

a.,..et.rte ~ w11h a w11 4etlrle<t ••t'lar penertor 

ed lett 1'110\t at.. (Lym, 19'0). '!be ell.la.rp ~ts or 

ldaetlda l!lr\1 th•Mlft ordered 1ftto a eharaoterl.Uo 

pattem, 1:be •n ._,.,....t et 11fb1ob la 'ttle liMa.....,.,., 

et ldae"J' or tbe dllu7 tDW parallel to ille .-...,. 

penel'lo.- axla of the Mll (Let, 1950) .... , 1M • ......, 

••rUl•· Otbel' aaaofd.aU. ot aG~~ftbat Mfttled dll.a17 

\lll1 ta oe-.r lrl ...,._. or.-.llea wltb apealallaed mae.._ 
tGI'f t\aoU••• r-, :J . .1) 

!be .Uiate •na la a hlltllY orpliaed IIJ'atal 

ahlb1tlas a lara• INI'IMI' ot dltter•t o'tlh,·.r tltNotMrea 

ltu14e 1be dlla,. \M1 '• 8lleb aa ••oyat perea located 

beW.. the ollie aloag tbe p.ftaaJ7 aed.U.. aDd al• 

Midas vp 'tile aeeoa4a17 •..S.M.•• tbe p........t aaoa 

lll~ea, contr~toUle ftCMd.e pore• 'lbree ae'ta of 

•••r••a, tbe eater pellleulu (wter al'feolar), &JuMr 

pellMIIIhl' (inner alv•lar) aa4 11le taler aoat .,..,la.S.o 

••rae• al• aon.VJ.lNte 18 the oorUeal pattem of ellla'M 

(1'oiDIJ'a.a 6 sebe,._. 1965t Pl'telka, 1961). 'lhtaev.,..tile 

et.Noturea of olllate ~rta o't.rdetaa1.7 eontJti.b1ate • 1he 

41ve.rae f\a..Uoaal properU.ea 11\lah aa tbe P1 ....... .r 
tbe tJptoal olllate .... japel'llealtlllty 1D dledoal 



••taaoee, oillate P~• aeretype ~ ot 

dl.latea 81ld ••••t etteoted 'tty ilhe ollla. 

• exeell•t oppoi'1Siai'J tor -l)'da of ertleal pattena. 

It la 1\atea~'tallJ aaO.a.r .._ tbe olliate •rtex Ia _.... 

Oral arta ot ,..,...., la Mra apeoie11ae4 btd.blUQ 

:tour ana et a81brtaellea Ia o.haracterlstlo patte.fne \fb.t.e 

llYea tetftll,.-. lta ..,... ~t~~::ag 'tlbese the •dQ'laUDa 

a•braae la ••t pl'llda•t ,__,.4F.~-i) 

'!be ld.aa110- or 'tile baael ~ 111ftg at the 

onsaa ot ... cdtb la ............... eeat.N. X. add1t.t• 

w •• ttaaotioa ot p.I'Wfldtaa 1be orlll8 ot tbe loe .. torr 

talt o.rpaell 1·•• •• ell'-• lt al• pJI09idea the at.te 
for 810lea1d.oa ot ••er al~a.r ..... tla i·.e. aw 

hllal 'bo41 (All•• 1969t I>lppe)t, 1918). 1M kiaeto-ea 

are a.U ...,.._~ lledl.ea (L·ct, 1950) haYSq .-.uo 
u't&rlala v1e.Ja ._ .. .., 'bual bfldiea are added •wrJor 

1D tbe pr...S.nt.aa - (I....,, 19?1b, 1m). Tea basal 

botll•• Sa clllataa an -..1.,.,.. 110 1ba Mfttriol~• of 1lle 

INltl.eellular orpal•a (Pi'telka. 1969). they are arrt~Dged 

Ia •rU.oal ....,. \fd.ob are 17-8 Ill .... ,. Ia tetnhJIIea 

(l81tft8J'• 'f9it.;t i'IWI1te11 1•0). 1M ..-..rot aorttcal 

Wl1 'b or ltl.a•tU• ill Wtrab,.-. are fal.rl)' oonataat ill 
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a parti.e.tla.r 8Vaift lNt 11le ...., ... ot •rtical rew or 

ld.aetlea..,. Yfl'l'1 wJ.ibla oertam raage (H.-ey, 1971b.). 

1.\ua J'all&4t ot •matlon t.a at• GDRstaD't ter a puUcula.r 

atnJ.a. 'Dda certloal etaldl.l111 patte.ra la nrdna ot 

te'\rabJII .. ia eoaddered u petaltlally a \IMf\4 a.-a 

ot 41110daiftaU. of atraifta (Ram.,, 19(8). 

'!be oll.t.a are 'the •et pJW!ne,t at.ruetural 0CIIf18-

a•t• of the •l"tex. It le ane of 'the tS.rat cell ortll'lftelle 

ta be 1avent.gatad rith the eleot.lwl alofttaoope (Pavoett 

aDd Perter 1954). Aaoas tbe •st G'a'J)lete 4esor.lpt1• ot 

~~- oilla la 'that .. acrlbed laJ Cib~ ( 19ti.,) 8l'ld 

All• ( 19f8tt). 

Tbe outer Uai1d.lla aaab~Wte .-4 the 9 • 2 UN'/ 

or alo~.lbtJltts of tb.e ..,.. p,..._laate ill tbe o••• 

eeetion ot these erllllftella. 'lbe lWUDa a.tt.rarae ia a 

OOBtiaUaUcm ot tbe oater pelll(Ular ••b.L:Wle of the eorta. 

1he 4etalle4 atluoture .taclude.~ 9 pairs of perlpbr>nl •1.,._ 

~es, ftC pair ODIU.d.at.t.DI of a aubt1bre-A aDd aaalatlltre-8 

.ad a ~·t .. vat Ill~•• aclosed by a ••tral 

••*• 1be o1ber ._,..•ts ot the oil!-. iftalUde the 

.radlally orlen'hd apeke• ~g t.rea .-.tnd atleattl te 

l~.- ~OJ....-A. Tbe deae pertl.• at 'ttle alddle ot Mtb 

radial apeike otiaa 1aterpre'tetl u the sec<Dtary tDre1 

oriented lllllll1Md1al&l1)' aloftg the cd.lilll• '1'wo rovs ot lhort 

projeoUoaa. the d71M1B aas havifts A'Waae activity are 



Inter doublet link 

Radial econdary fibre 

spoke J '---t entral sheath 
Cer'tral microtubule ( 9) 

F'i,g. 1 A- TPtr'1hvmrm11. pyrifor'rnis 

B .. T.::, .. of a cilium 

C - T.s. of a basal body 

6 

Undulating membrane 

Oral me. m b raneHe 

Primary meridian V tn 

Cilia 

Secondary merid:an 

( c) 



•• .... ual art.NotuJte at bOUt the ons. and 

the ltaaal bciQ' la the •10N1ai1Nle • However, 1ft 11aad 

body, they are pr•~~t 1ft 9 peripheral triplets of~-
1Jl 

aabflbre-A and ~il'r.re-8 a.te "eon'U.JlUaus ld.th the deuble1: 

ll1o.tO'tU'bulea o:f e111'•• 1he lalbtlb.N-C terminates at 1be 

orlgl.n o:t the olli\11 sad ttla ctntr&l pair ot atcrotdbule 

ls abem.t 1ft the bas«U body. 

At tbe j\acUoa ot 'the o.Ub ad ld.M1aa-•• 
theN an various acoe••I'J atruoturea eoanect *• 
\d. th tbe ... ,... (Daai:ler 1m) • the .-trat a1ore1U1Nl.e 

cap C~DMeata the oetral lllcm'lrllibUlea and the denal ttl•tat 

lJJtka the outer deublet to tbe • .-,..... Bealcles tbese1 

t'ari*la otbar ti'brea aad tubUles aN aaaooiatecl lld.th tbe 
'( 

kiaetoiJIOfle a.plex wnid'l oon.\ibute to tbe oort1cal patteN 

aad 1D.vol '1*1 ill the dliary beat ( .Alle 1gt.Bo). 

'lbe blechaliatry or ellla ad ldaeto_.a baa ..,_ 

raore el\lelve than thell" aerphelo§• Aaalysla ot ollia has 

1a41ca1:M tbat tbe lJa1k et 11J'lated aater.t.al la p.rotela 

(QU14, 19$9) 1 \Cliah aoeunta tor 90' of 'ttle weifllt ot 1:be 

traotJ.oa. '!he llala pNteia la a 1101Nlar pntte.f.a 1•••• 

1Ub\llia ot IIOleoul.ar •laht 55,0)0. Eaeb aieftJtdbule ls a 

liaea.r aaaaably ol: t ibulin •l'&ull ts \thioh 1s a heterodJaar 



...S.RI.fttl ot tw apnll.hfttl7 _. ict.tleal pilfteiaa l.e. 

c\ •1it.IIUlill aa4 f3 •tu.bdl.Ja (Brye & wn.-, 1971). •• 

add aecp.aeting revealed atslllarity ot tub.ll.t.n w1 tb aeta. 

It la rl.ab. 1l'l llu'-lo sad aspat'U.o aoJ.tt. '1\lblllia f

va.rleua ID\lrcea has D8'lrlJ lturtl.cal p.ropeJ'tlea but 1'~7 

the .u.tf vence ot cd.llal')' 1Uiki1Sa aDd ftapllar tubullll 

baa b<?Cl .found (Stepbca 19'71 & 19\1). 

1ate o1beJ' P"'ttdB GC~~pGDeata o! tbe a..- lrtel\td• 

dyaeln, nCJld.rl, ca1Jio$11.1ll do. DYflda ha'f!Rg M;• • ATPa• 

aot1rity1 led.tltetm at dif'fereat mtas ( 14S dyne!n Bad l~ 

dyftdlt) d1Lb WJltt<Ular w!&bt Gt:lO.(X)O (GiblJoaa and GrS.ateae 

1963 6 1965). Re:d.n jo!fta the -*fibre-A of tvtt a4jaet81t 

clou'blet •1c.ro'\UlJUl.e ( Stepbas 1914 ). C~lm baa Mill 

fOdftd 1» be associated with the 14S ~ and alao h~ta 

oalot. ttep.Sent aot1Yity w11tl aoleoutar wl~t, 15,000 

( QeNall .11 AI.• 1979). 

At presli!ftt, JRO.'M1 a t.pts havo 'beel'l made to ...... 

atad the a!Mbete of 1dbUlm asMably tor tba fonaatt.on 

ot NleJO'tMbtlle ~ch la only l'artlally mdtJr•tood• Aa!lalb11 

ot 'tUbtlllft lllbUnits 81itll"tfS v11:b aeUVtJttld 1llbU11R raul·!aulea 

CO!lt3iftta,; ....... U.14.., ~4 crt!' aole ule-. M•t to eadl of 

the._.. 'IUb\tl!a tllllJdnS.ts(~a84 (3 ) .• It p~.a ~ 

8 

b01b latAJNl Md 1_,_1114hta1 es.-tat.ton of tllbul!n IIOleeulea. 



·tile aequ•oe of eventa *ieb U* the dtaera to to111 the 

aiCII'01IItall.e la nlll 110t d1MJ'l1 ,_,,. aa all 1he ....... 

't.oa• wn doae Ja 1&\D• !Nt tbe role of eal.cilll SA tb1a 

pro•u of u-bly la • ..,._t taportant m4 ls a180 taol

lltated 'b1 _.ther protata s.e. alONtul.Jdle 8'l80ol,I]W 

plOtdD~ (MAPa) • 

Fer the .tur1tber wulera~ of 1be oa~pla ucm•t• 

m•l vCMI Sa the aaaealtl'J preeeu of 1:dbllllft1 ¥ar:l.au ilweat;i. 

3!,._,..,. have -.. Vytag w11b dltt..._t typee ot llltOWl ..,.... 

aad ebedcaala. 'fbe pS.eer wfll Ja thla upec't was lty 

Borl.ay alld TaJ'l,er ( 1967) lM t..ad Gllt 1be ldadias et 

eoldlloiae to tbe 111CII'01IItall.e .....Ut pNte.la 1·•• 1alt\Mlla. 

How, 1 t la ole;u•ly IIDMl 1taat ool.ehlolae c.a 'b took the poly. 

••rl•tloa of ..._,la .ad "ttua iabl'bi t c411a re.-erati• 

1n :r.,.aw (Re.....,_ and Cart.-, 1969). mtbflau'11ate 

U.Na la al• bo'llll to Sahlblt the pelyaerlzatioa prooeaa 

aad ellS. nge.eratien (Hiaes lUld Rilles, 1~0). The t.Naillaat 

ot allla n.-.rauaa eells vlth a..u.-yotae D, 41alt.Nph...ol, 

pua..,.ua .-4 oyolab._.1de haveprfted 11bat ollla resaaeraUna 

oella to ... extc!t require p,.Wla 8Jil1bea1a and llfA dep..Sent 

RNA ayathe.S.• (a.ne~ 19741 Cll1141 1965). llchNrler, •at 

ot tbe oUlarJ p.N'teiall oc.e t .... *• ertoplaaalo pool. 

'M dltteND't b,.....U.a hatle 'be8l pea1Ulate4 110 

ttJ~Plaia 'tbe •Hb•l• ef e1Ua.17 'bea't. OM aplalaa the 

__.rd1rlated, ,.....ua1. acrtl"¥e oe~ttracUoa ot 1be ouwr 



tilt ... -..ln. (M lcjaJ.a, 1"'' B.Nikaw, ""'' Astl:Nry A• .11• 
19,). 'lbe o1:ber llhieb ls 1Ddio 1ted alao '-7 hlltl re.auu.t 

sleot~M alON8GOPJt tlhowa 1be palra of 'tadMlea Jaatead ot 

_._.,.., _, cballp Ia 1engtb1 aU4e al•g •• o'tbe.r 

beiaa attaebed at Ute ba•• ..._.Riaa the a1.1c1lrllf-f1l•ent 

•del ..tl!Gh la dtlilar to ausola ocmtrnctton (llrottaw, 1971 

Set!r, 19(8 ). 

'!he ollla "-Uch an the most Japortaat atNotura1 

aa wl.l aa ~ eo.jiOIMftt of cortex have gDt tbe 

wd.cpe pJ'Opel"ty of rtt~ratin. 1he syst.a et rqteuaUna 

ollla ill tbe p,..._. have ahOWl to otter •all7 adYBfttagea 

tor th• lnv..Ugatioll et nrs.eus aspects Gf 'tile 8Jiltheala 

and a::;..-ly o~ elllaJ7 ~w. These aspeata of o111a 

rea•eraU• haft bee studied b7 889eral. ilweatiaato!'s 

(~--... Carl_, 1969t Ca.VO .d £• 19731 Raftnestad, 

19'741 Rodrlgn.ez elld REeau 11 19JOI Bln:l an:l ZJala.na•, 19101 

Ka•u• • Rice, 19l0t ~t1JIM 6 cb.rov•y, 1930). 

lhe preaeat 1nve:stigat1on baa lloa undttrtak• •t 

onl.7 to tirld cs..at tbe cl.lla regencratica ld.ftet.lea under our 

exper.t.m Em tal coadi t10l'l wt alao to OOt"l"alate d.Uteroftt -ropbo

logloal c:hangea of c»rt1cal Rl'uO'tll.N tho• oecw- dllrillg tbe 

p.rooe• ot cilia repaeratt.oa. '1b.1a •IIY \8travel ac.ae aapeota 

ot the aecbaai• aftd oontrol process et Ule develepraent ot 



oeUllla.r or.-.lla 1ft a-erat. Pvt'ber \Dlern.dlas ._ 

H ol»talae4 ,,. tbe attHt ot O)'tiiHiud.ula B 'ltllch ls al• 

laloWl to tatelf•re 'laJilolla pb7eiololloal ,.._ .. ot oell 

Dol.U&Urll the •11 •UU.1ly. 'l'b.f.• _, pJIII9f.de - addltleaal 

iat~L tD aplala tht1 refJila1d.• at o111a ng .. raU. 

ed the 818tbeda at Yar.toua _,__.. ot 1be o1llai'J' 

apparatlla Ia teVab.,. ... 



,.,.,.._ arrUmd• 1• a dngle oelled Oillated 

preteaoa. It la a tNell'llRI ( a rev ar-e paraaltlo), 

trellh water orPJd.• aeat!JU.I'1q about 50 .)tl 1a l•llttl •d 

~.ftl • in vld1b. Rorull!' ta log J)ba• or g~ewt:h1 lt 

has a •all pear shaped ttody aot dlatln~td.lllable with 

...,... .,., lNt the atr•e plaatlcd.ty ot 'the tetrab,. ... 

pelUole pe.ftdu ocmd.derabla t•orarr cllete.rtt•• 1he 

body la unl.temlJ' cd.llated ill 1--. ttad1na1 rewa er 

ld.aett.ea 1be _.. • .r ot lhlcb 'IIU l'lea t.raa 11 • 2J 8M 

alt.e.mate C.11h ~ Mrla...a of nooOJ"St perea. !be 

oral area la lOOllted olose to 'the •terler pole or the 

oe11. A oetrallJ' pctaltloaed oval aaoreDdclM18 la atwa.,. 

pruest. But the 111G.NI8ldl..., ••Y be •-t ta ... 

at.ralaa. A ooat..rac1dle vaat&Ole 1• t..S 1n the poaterter 

pan or the oell • 

.btll. PYltatr.t• 
For the pre.-t l!w..UaaU•, the o.rsaal• und 

la i,t:I;JWl•• .,., .. ,. (v) •lo.tWallol.ate ~). 

'!be.,.,_.. •• are ed.tll.Nd -~call)' at 24 .t. ~c la tbe 

laboratory 1D ~ proteo• pepteae aapptemetect w.t.tb 8.oac 
liver extract. For 1be prep 1J"a ttoa Of Odl tare •edt• 2 11 

~ p.reuoae pep'tt:ae W11h00.02 81 liver extraot la diuol•ed 

1ft 1Q) •1 et dDuble disU.lled water in a 2!JO •1 oonloal 



"~ tl.•*• ft.l tared. oenped wltta •ttaa plug aad ~rapped 
' 

wi'tb .,.lal\11 toil IJld then the n ... are autoclaved 

tor ao laJ.INtea 1n 15 pat. Fl•*• are Wollated 

aaeptiloally w1 tb 2 111. ot a 2-daya old Otl1ure v11tl 

the help ot a 2 •1• aterlllaed traaater pipette and le 

allowed 1» gteW tor 2 days. ibe ;cere:tion I c_,,,L ot 

tetnhym~-. 1n our experlllen'tal coftd1t1aa has been 

fo\81 

sdautea. 

§aW1e•aJ s(l l:tbaM 

§ll.IPMta gt St aU.•• 
For ov aperia8lta1 pUrpose le hours log pbaae 

oul. t\U'ea are alway a selected •• the cella are heel thy 

8Jld aoUvely ~· 1he cella are harvested at ,.,_ 

t.perature (24 £ ;zttC) _,. cetl'ltugatiea at 20:> - 300 ,_ 

1lldfll a R..S. oaatl'ltuge tor J - 4 a.t.autea llftd ar-e COI'lo.atrated 

twice 'tty d._'ta'Uoft ot 1:he -.ematant •d rttsWJinMded 1ll 

tbeir e.rl~ govth •••• ifhe cao•tr,ated cella 

c-i.N illfle4lately uae4 tor the experluuatal pt.U'pO ,~. 

GP&I wva~· vatRMYrt• 
'!he p.rroee4\lr'e for e111a eeapvtaUon la used aa 

desorllted b7 Roatlllb.. and Carl .a ( 1969). Tbe tlbete 

operatt• la oarr.led out at 4•c ualftg • lee lNoket. 



.. ! ,, 

2 al. et the ooaoetrated cella Ol'e added to 5·0 111. ot 

a.U.. A (101ft m>TA + 50 111M 013 OOOHa. pH 6.0) 1a a 15 Ill. 

ao.rew oauped oetrifuge tube ( oo.ms.as) aad tbeJ'OW#ll7 abed 

'by s-tle llhek1al• A.tter a ainute, 2 111. of ice cold double 

dlaUlled water is a44e4 and after 2 ldlaltes 0.25 al. ot 

0.2 MCaCJ.2 is added. 'lbeft the 8llapea1Gn is ldxed \)y 

lBYertlag tbe oetn.tuge 1aa~Je M'leral tt.ea. Attar 

5 ldluW. tbe oell Slaptll81Gft 1a a&b3acrted to 3 • 4 ~~ 

vlth a 10 111. g'lau q!1Jl&e fitted wltb a 10 puga uedle. 

I ~mediately after deo111aUGft p~re, the cell au.speldoa 

ia oeatritupd tor 2 • 3 aiml'tea and the INpelftatlmt la 

decan-ted ott and ~flftflad mto the orildaal srowtta 

•edt•· 
~lin'ea\141 at li1" "•tmSIM t'mmc a I9Jlll) wl.l• 

Tbe cleclllated cells are kept at roc. t.peftt\ara 

(24 ,t. PC) all4 aS.ftoct 4eo111at8d cells are not taOtile, 

ollia reseneratloll is a.U teNd dllpl'J 1r.r ...,_ialas 
1lhe pei'08rltage of cella rega.S.airlg ll0t111t7 with uae. 
At each hour tellowiftg 4ecd.liat1ara • allqYO"t et cells 1e 

o'baeJ'hd lade.r tbe aloroacope uelng a ha:•aOJtoa..tter 

and the ..aer o! aot.Ue and ,.._..tile cella are couated 

per o.1 o.u.a.a. of the cell 8tlap..S.cn. '!he pe.ro.ntage ot 

cella ••tag at a parUO\dar tsae, thtls oan 1M oaloulated 

a't ditterant hours waUl bwldNd paroeft't ot eella regaSa 

their aoUltty. Baoh aperlaent is repeated at lea·1t tor 

:tour ttaes. 



9JI'RSdUilti1P I SIM:ta• 
l»M :Jid.J1:8•t 
Before •3ectiag the oella to oytDcb.alalda 11 
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trea1ment. 1tte ate't of •18111..-, ot the cella at dltt .. 

rent .,..et.ra'tleu of the oh-.lcal 1a take lfttO acotUtt. 

'lhe ... toleran.oe 'test has b.- done VS.tb cytecbalaat.a a, 
o.oo17C to o.~. For eadt oollGaltratiCJD ot tbe oh•1oa1. 

the dealliated oella are kept in the broth aonta1alrll tM 

oh8'll1cal fer eft8 hour aft4 tbe peroentage o.t 'liable oelle 

1e noted ttaing dye QXa11181ca ust (o.-. tr7P• blue). 

In this test. tile 11v1ag cella tlrat take tbe dye 'but 

immediately 111fter a few almatea the clye will \te 8Jl01uded 

out, lhe.reae 'the dead otlla wlll retda the d.,. pat~tan•tlJ• 

1be steek •ltttlen ot cytoahalada I ls prepared ill IJ4~ 

( 10 mg/Jtl) •d s1&N4 1ft the r~rlcerator. '!'he flMl 

solution ie prep 'tl'ed ln 1he tcrtl'ah1118fta Gllltw'e ••• 

at tbe tille o:t aperJaent. The oell BW"'dval at varioue 

oonoa'ltrat181'18 is take u • index to 4*natae, llllether 

at a p 11rt1cular ccmoentratiorl, the cb&Mt.oal had delne!'i

efteot or •t• On the ba&t.a of dOse tolerance test tbe 

ooaoetrat1on of 'ttle oh•1oal 81ld the dUratt.• or treatll•t 

are • aeleoted aa not to have 8J'tl lethal efteot on the 

all late. 



"'""18 _. ~•• at r.&:M111eta 
To detetta1De tbe dUration and the title ot treatlleft~ 

tour as.ultaeeous aperllaets are oar.rlM OUtJ 

1. 'lbe oells are pretreated w11b ~a81n B tor 

2 hour befoNt the o111a alpUtatl<e procedure 

and tbe the drUg 1a 1 •e41ately va:r~ oft. 

2. 'lbe •lla are pretreated tor tw hours before 

deoil1at1oa ae ''~~ell ae thrc:ullt out the ollta 

regaleratt.on pel'i.od. 

'. 'Ibe cells are treated tor one hour 1maed1atftlY after 

4ec.t.111lt1<aS and the ah1tte4 to trellb •~d1•· 

4. Cella are oaly pOs't tnated th.l" 'uab out the o1U. 

reo••raU. per1od. 

" . 
Wtl11111iuSia sa&, ctW\1'&»~ "&Dif.lcA &Qt: ·iDllzl!ctsl AllJ.a 

':tbls (/.) deterrn.t.ntld 1ft dailar 11ethod as is dDDe 

iD oaae ot control cella. The peroentat;e of ll0t11e cella 

ia ob~ at d1!terent hours after 4ec11iatii)Jl by count-

1n6 the tNated oella, both 110t11e ..S non •tile WlUl 

about ~ired percent of cells regrd.D their motility. 

Fo\U' dl~f'eren-: seta o:i expertmants are carried out te 

obt<l.in tha avttra.:;• t.Ualftg. !~or each aet of experiaeftt 

twelty Cl'uets are tak•• 



QIIIM!ajitM a& MU IW'flll Mrs*»11111 

B:J:
1
1t Mil a marl• IN. l&lb:a •l~m..ae 

ror p.Nl1mtacuy ob_,.aU• o:t oet.l merpbolo11 Ja 

relat1• tD their oo.rtd.cal pattem, ooaYMUoaallllb't 

alea sc :l))lo atudlea are oar.rled out wdas dUteNftt 

ataiJllag teahaiques w1 tb 1be help of Cut Ze.lu A8p11va1 

ld.uoaeope (aalftl,tloatloll x 160). For 1:bls routltse 

fibs.-.aUODa ot cella. ( 1) nol"Ml ol.l.leted tetnhJIII.,. 

(2) oella iuaedlately after deoillaU• ()) oella with 

.N&e~teratifts dlla l·•· 2 bow' at•r deoiliat.la and 

(4) cella ot Cal treated at t ID.lr a.Her dec:l latl• aN 

studied. 

SJ&•• .,.., •••• 
For the preparaU.-. ot 811d• drop •'"' allquote 

la "*• Oft a -.abbe4 slide (prepared td.1h'?O.!I' platift) 

leapt Ja a alaniag paaits. tor taw ~ tor parUal 

d.I'Jinlf• Flxat1• la dorle wJ:tb 113 a•ttc at:d.d a1ld ..._.1 

tor 5 lliau'ha •d deb'Jdrated w11:b ••lute end 9c»' ~ 

tor te ldmrtea la ••• F1Jlally1tle attdes llN artaS.DM: 

"111:b 'tlutteNd Cll•aa (pH 7.0) and .....n.d w11b IPX. 

Ucsa»n .3l1Ja3a& ll:lllnl1as 
1he prooettw-·~ tor preparatt• et aegatlvel7 ataSned 

al.1dea ls acne as that tolloved tor 'PI'ap&ratioa of Ol•aa 

staln1na. Bttt hen, th~~ S'biniftg la dofte 1rJ' 'f)U'tt.t.ag a tlft.'P 



III!IC wa~~~a;J;IfiiUMit 
'lhe p~ la tol \eWII u deMI'lbed 1r1 Cllattaa

Lw.tf 1111YeJ' tllpre&ftatle teahn1rr~• Cella are praflxetl 

with ~a tlxatl'M ( 7 parts. "'r.2crj'7 + 1 parte 

176 cr;P, + 4 parts- OIIJ4) tor 2-3 Jdaltes aM~ pen 
tbed v11b Da raJtd a tlxaU.ft (1 • cottalt D1va1:e + 1 lJI• 

MaCl + 10 al. tomal!a + 90 al. 4ldlle dlstllled •tar) 

tor two bo\lra. a-plea are prepared uldas •)bed al14ea 

kJft ill JJ' atlwr Jtltrate •lut.t. tor 15-20 a~Ju-. Sa 

•ld ed 4al1.c. Debydratl.a la ctoae td.111 ?0'1 801&1 ,S 

and a'belute ....._1. th• w11h XYltat .a fiaally ... w 
1ft ~x. Modnted slUes are 1lb8l 1118Nt141&17 apoaed 'to ttl'i•t 

ld!llll#lt tor 1/he ~a. of ldlver lllt.rate to IHtalUo 

s.t.lvett. 

E.ce•r•tQ• At ••o»m tat •ema&s t11C\rOD rMAIUARDil &111\1' 
ler detailed ot>servaUoa ot oall aw. .. '"ace IIOrphC\lOO't 

"the oolla ob&e.!"Wd. 1ft acanalrag etec't.foa m1ontacope with 1lle 

h•lp of a C•'brldae ater• sec -Sit-10t opfU'a'ted in 'o KV. 

Cell $~!plea of ( 1) nonatd ~lllatGd cells (2) deolliated 

cella at aero hour (5) call ,CJ '.d. th repaerat!Ds c111a, 

2 bour after deailiatle llld (4) CCB WM'tfJd O'!lla 



at t bO\U' after dttcd.l1aU• are pNpared. PN.fs..tloa 

is daae wlth 2.!1' gl\lta.r41aldlhJde (ia •ldta oatedflate 

lN.tter, pH ?.2) ia celcl tor oae how'. Cells are ~~., 

144abecl 1ft •dlt.a ....,:Late lN:tter and pen fixed ill toe 

told • ••• tetledde tor •• bow-. O.t• te't.fttld.M 

la oa.pletel'J ......ed b7 tboJIO'III#l waahiJlg \d.tb ••dJlate 

bu:tter. Deh.yd.PaUan is carJ'led o.n a't roc. taaperature Sa 

5«1', ?0', • & eaolute ethanol -.1 t!Mll'J tbrou• -. 

changes ot aoe1loae. '1hia 11lJ'8r ot oells are tat• Oil 

a aover aJ.asa. lyephlli_. tor 15- 20 111a&tes aDd placed 

en IHtalllc .....,ba. Call AJ~Pl• la oeated w1 tb allve.r 

200 A • tbldt. Photo-tdoroii'8Pha are talc: an at 41tferent 

aagnJ.tioat10fta. 

Ml&Cat" stalm..l!Wt'll 

Oela'tla (Ba0Wr1olod.cal) Afi'O,, fftbanol, acettc acl4, 

:ll'rlee, aoetm~•• IPX, EDTA, m,OOONa, CaCl2, NaHaP04• 

KH;f04• r:. 2e.r2o,_ c&O,, CD(K03) a- NaCJ., to.naa111l aN all 

Aaala.r grade IBld ob~ aiDed t7ca M/s Dill, ladla or M/a 

&u'abhei M. Ch<lllJ.cata, Iadla. 

DtSl, aodlt.a .. dfla'te, hoi llve.r at.racrt, oso4 
are puraha,:utd trca SliJila O..Soal, u.s.A. Pre'Moael:u•ptoae 

o.:-r" o'btairltld f.fOII Dlteo Labo rateJ"les, U. s. A• Md Ol•aa 

at.ratn la pJ8CUre4 tiOla Brl. U.sh DNI H-.ase Ltcl. !Bs].an4. 



Ol.utaNlaldehJde ls purGhaaed ,,.. Rl•l• IWWaag 

aeelae-Hann.over ed ~a.S. B la pnteu.red f..._ 

Aldrldl Ol.S.oal c.., u •• A., T~ lJl\18 1a ebtaiaed t,. 

O.rp '1'. Cbr9e Ltd., Lclft4oll ted alpo81ae fNI Lo'ba 

~'·· .. ..,.. 
MaHi04 

KRf04 

KzC~'/'7 

- llltyl .. tU.•SDe tetra aoetic acid 

- ~ pbeaphate dll>aalc 

Potaal'tll phosphate dl Halo 

.. Petaal• 4lobi'CIIate 

eaa.2 • Cal.U.. dllol'lde 

C,P, • ~ trioxide 

e&(Ho,) 2 - Cobal' a1 tl'ate 

~ OlOOa • sedl• aoetate 

A-.co, • S11'Hr rd:V.te 

1]4il) DilletbJl aultblde .. 



A. a.. .... at.t.oaa • the oell -.rtaoe eertex et z.,.... • ...,,.,.~ 

j 

A aeJ"lea «t O)"tttlodoal preparaU.. us1Jt« nneua 

ataildaa ...... qaea have 1Mt.a aade tw • aaalyala ot tile 

ae•Nl. •rpholeiF ot 'the oartloal ~· Ia WtftthJia
tor '11•18llaaUon. of tbe oona: under 11fllt alo.Naoope. 

•• oHerwat.t.ea are 1llrther nr•l'tb• 'tty a detailed 

analyala of Ule oortloal MebJ:teoture of the olUate witb 

the help of ~ el~ alONaooplc ob..,..,.tl ... 

'1'be or...S.• bu a ap1a41e lhaped cell body, tb€t fltlrlace 

of which 1a .UoNtlly olllated. 1be aUla are tbe ••t 
p,_la•t ~ «aponat: of the oell aurtaoe ODrtex 

aacl are U'Nftpd la parallel rewa ot Jd.ne'tlu u ~~how 

in tbe pbo1Dd.orop..._ ot a DOIIHl. WtNh,,._. (Pip. 2 • 

3)• staoe 11be cd.Ua are very at.aute Mad e4aiorotl00l)1o 

stNotur-. 1t1.cty are aot •'*' Sa the lllbt u_....,s.o 
ob..-.aUoa lNt thd.r poelU•• are rep.res•te4 1ty 1:he 

e11lal7 .,..Vea ti'C8 ,..,... tbey orlllaate (Fla. 4). *!be 

kiiMtlea are arl'Wlpd ill • atlteftor po:rtfllior ~ 

aelac 1be pi'UlarJ' ae.r.l.clla altematlal w.lib the .. ~.., 

aerlf~J.a ot -.oyat porea ... aa JIOW8 ot pl ta. 1he oral 

area la loca-ted close tct thll! aa'terior pole (Fq. 5). 
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•• lla•»••' k»M RR-£Aj;1MI 

haedlatti.J afte!t decd.llaU.on all tbe oells are 

t__. 'tio be .._Ul• aad tbey aettl.ed at the bota. 

However, w11tda Yery lllor't tllae alter the cd.lia ••ta
tl.a a '"" cells ~bow acr.JWlt type ot •••• t. 'lbeae 

oella llovlJNtate 011 1helr ladtudllaal ala and a tw 

ot 'tb• display a elrcl.4ar aotloll IMW1Q alOftK a l!lhort 

olroular patb. 8111.11 a lew IIbov noa-dlrected. jerky 

••--t. HoW¥er, all theM oella are aet ooaaldered 

to be 180ti18 ealls fer OW' Mll IIO'tlllty C!Ola1:e A Mllt 

tor our aperialctel ~-. la a..S.dered to be 110t11e 

vh• lt ahow 1be tY!'loal ot.lilll7 110U. u t0\8! ta a 

DONal tetNhynuJna. At-. hOt.ll' attar dec111atloa 

•• 1"' ot cells haft NaaiMd their 110U.llty *lle by 

aeoand hour the IM"tdll'I;J lada reaches up to oa 50'. 

Bv aext bow'• &beN-t~ ot oella lMCOM aot11e lad allest 

all oel.la 41sp1ay tbe typ.loal cd.UaJY l..,..t1• at the 

ead ot fourth how-. However, ew- o1t..,..tion at tlttb 

hour ot 4ecd.llat1Gft lhowa almost ao ~· oella)1adloat

illl a ..-plete clllo.-.da 1n about 10()1)& of deolllaW 

teVehJIIala8 (Flga. 6 A 7). 

It baa bee obMrnd 11\at 'the deolllaUGD p.rooed\lre 

oau·•ried out 1D •14 (ea. 4•c) is •n •. d:t•t• la ..vast 

to the l'l'Ma t.-peratw-e (oa. ~C), 1btre a cell lyala 

b..W.Itll 20 • ~ baa beet found 'to OOCNr• 
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Timin~ of cilia regener8t1ong in T., nyriforrni''• :-,.,h. c ri 
r~r~r;ent four tyP1c8.l experjments shliiWln-:~-t:~e .rP.,~•'rv~~-~lti on 
kinPtiCS• 
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Fig. 7 Summ~ry of experiments on cilia regeneration 
in I.etrnhJT'o.Tl'l EL!:_ifotmis. 



c. l::};lr.ol! ll ... JIJe ktlll du11RI C&llJ 

Oeaeral •lphole&lcal pa":tem ot the cortex showa 

'181'10\la tdad s ot a1 teratioau after Ute ot.lla are rtnOved. 

Iaatead of the typical apiftdle lbape, Mil)' cella ahiblt 

a apherloal tom u depicted ill Pll'• 8 & 9. Ja the 
O.f 

deoil1ated eella, ~evafld.Detlea are Jadlstlnet c• obse"ed 

\Dier ll•t Jd.c.rea<»pe. !his iftdlcatea, tb" abaeace ot 

e111a. But, in the aaanniag electron Jd.OJIOaaoplc ob....,_ 

Uoa the cllial"J groves look QU1 te p.-maat an4 devoid 

ot oll1a (Flea• 10 6 11). 

Ill the oilla re.-eratiaa cella, Bt 'be hour atte.r 

deoJ.llaU.., thot.llh ••t ot the cella regaJa their typ1oal 

cell ~·• a few are still see to be a'bnoNal (Ftg. 12). 

\tle the cell a.plen1t t.hia hour are obae.rved, it haa 

bee tOWld that the oell pGpltlat.I.Oil ooata1Jl.._') a U.xtw'e 

of both oll.iatad and deeil1ated cella. However, 8C8ftl'dal 

eleotrca •lONaoopio atudy abo* that •st ot the cella 

\th1eb are obse.fl9ed at 'tbia hour do not poueas the Ml 

cwapl•ant of cd.llary _.bera. In taot, 1lbe tet.rahyra

~ 1h1a bov betl!' a few ollia Oft 'the eell surface 

(Via• 13) • 'lhla a11'Aln'Uell ught have 'beaR pOaalbly dtae 

1D 1be trq:Ue aatu.re of the affttly teraaed ollla. ~idl are 

aore -81Uve, aa oorapat'Gd to the c111a of 'the neftlal 

eella, 1D tbe tlxau..t p~a aea4ed tor •cann1al 

eleot.roa •1o.roHDplo obaerYatioaa. 



•• 
• • 



Fig. 11 A dec1l 1at . 
1· avrattm1.s lB50J. 



Fig. 13. Scanniftg eJ.,actJ'Ull nd.orograph of l!JtYJ#tnlli• 
two h ours atter dee1l!at1on of XBT15· 

:10 



D. Q!Mda•J•IIP, B Cga) ~-~ 

'l'he drug cca, \'lhloh ls well latt!ltel tor preducd.al 

varl.ou ld.Bds ot cellular cbaaps baa beal adlltftlstered 

to tet.nb•111ea Sa order to 1ravesUpte 1 ta effect oa 

o:J.lla regaaentSMa process. It baa lJ._ tOWMI out that 

1tut dlla.tea ,_ tolerate h1~ dose of COt ll'ftlilte the 

•asaatl• cella tor a pNloaged period of tllle. Per 

aaap1e a oon.-trut!on ot 25 pt/al of' CCB pt'Oducea U tt'le 

ett...t on te'tftbymen.a and oausee al!IO:~t no letballty. 

tl 

Oa tbe baaia ot a doe tolenaoe exp~}rt.mcte a cne•traU• 

ot 20 p "1•1• (o.ooZ') ot CCI haa beem tOUDd to be •at 

auitablc tor wr ._.J'imllfttal purpoae. At tbla deae, 1-

ot oell au"fl\fal haa bee olJtailled ad u alteraU• 11l 

tba oell •rptaeloSY hsa bee! detect.!, eve •• the oella 

are tnated w1 tb tbe dNI tor 24 hours or •• 

, ..... types ot EDCP•riaumta have 'tttNil OOikll.leW vltb 

(:CB • deolllated tetftbya-.aet 

1. WhGft the ol11atea are pretNatad tor w. ho\lra w.ttb 

C1'» prior to their deoilJ.atioa, the res-erat1• 

kJ.Det.tos ot the ollia r•alft unatfeoted l.e. areuae 
fO\lrth hour after tile ddUation, alllost tatal .reoeve17 

1ft cell IIOt'J.U ty haa b .. ft8t1oc~d adll.llar to that 

ot the W~treated. cella. 



2. Wha the tetnhya8Ule are 'treated w11Jl CCB 

S.edl.at.ty after ded.llaUOil prooeclure aa4 k41pt 

ira the 4Na thro\lab out 'llbe dlla Pelltlft81'attoll 

period l·•• tor five hour•• a lq pel'lod of OD<t 

hour la aettoad before _., eell .. repla lta 

aotllltr• However, at later hour .. the cella 

al0\47 recover .,..,.f:lt t,.. t.hia !Jd:ttal lar~ ..._ 

at aboUt t1t11h hollr attar deolllatioa they ahow 

abovt llOre Ulab \116 •ttlt ty ldJdlar to that ot 

tbe COAt.rol. 

'• 'lbe pr..,'tree-1alatt tor 'be hnura ad post-.,._111_.. 

(alter deol.l1aUon) tor five b~• ahow • ldetloal 

reS\llt like 'that of IUilJer a 1·•· fMl1 • lD1tt.al 

lag ot OM hour 1ft cell aoti.lltJ baa b~ obse"ed• 

4. Post-treataen't W1 th CC3 tor one ht.a.tr aleae• &.eclla'tel'f 

at'ter deoill:ttlon alao flhows al.m11sr t:?P• of n8\ll.t 

a a that ot 8\t"1l»er-3. SO ln eftecrc, the one hour treat

meat ot Cal immediately after deoil.S.atloa trea't:meet la 

6nGUgh tD prodUce the 1Ditial lage of one hour 1ft the 

.U1ary t10tl0ft Sa tetnhJIIma• 'lhe .rteot ot caa 

tl'ttai.:m.,t on the preoess of olUa repnerat10ft baa 

b8Cl ~P.~BH.riaecl •d depleted 1ft tb.e Ft.g. 14. 
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Fip.;. 14 Thf!> effect of cytocht1lasin B on cil in. 

r~generation timing., The fi.':SUre denicts 
the S\Jmrnqry of four exp0riments w1 th 
cytoch31Asin B together with the apnropri-;te 
controls. 



A1 tbO\lljl CCI deea Mt pret~aoe _, 'llld.lde .rfecrt 

en oell •1'pNileiJ ta aeNal wtnh,.-.. lt pro-..a 

a reaaable effect • 1he deolllated oella. Ia • .., 

deoillated anA Cal V.W oella • p...,..... alterat1011 

1ft tbe cell aoJipboloiJY ha• bi!• ob..,.ed. !heo cella 

1n Hll7 •- 4a0'1Urtnte a abaage Ia their oell llllape 

and 1::bese obaft- ar-e quite .S.dble ill llllt .a aoann&aa 

eleotrca miore..,... Ill ••t ot the oas-. 'the ......_ 

of tbtt :al tftated decd.llated tetrabYII-• appeared 

to be twlated ad aa a reaul t. -.tae anaac-•t ot the 

ldaetlea are al• tO\Md 1D be quite dlatoned. Ia 

unt.reated oel.la rarely tNeb ab~1"'.r.t IIO.rpb01e8loa1 tea1MN 

hu be• •countered. The MOrphelolical ohaapa la CCI 

trea-ted Mlla toptbe.r w1 th the chaagea 1ft the e»rUod. 

U'ehJ.~• are IJho"iD 1ft Vis•• 15 "* 20. 



Ftg • . 1s. Deoil1ated 
l· axr~tonau U645 

Fig. 16. D c11tat.ed 81\4 
cy'tochalasJn B tJ'· ted 
'1' * pyttUol"mf.a. Rote 
the steel cellulas
apparane ot the cnl tea 
X 31SO. 



Fig. 18. 



Ftg. 20-• Qaudal regloa 
or a ...S.l1ated and 
cyt»ch:alasm B ~ted 
T. pyr o a. Rote the 
dls:torted caudal regloa 
and tbe rows ot k1net1es. 
Soanllillg electron mlc.ro• 
graph X2CIS 25. 



'~here an MNftil atudlea oa 1\he N-Ntt.l 

prooeu ot cd.Ua .ad tlqella Wlioh bave b .. tried w 
\lllraft1. 1be pb-eoa ot olllo-eaia 'both at _,..ltt
sloal u well as b10Gb.Uoal leYel ( Ol114. ,_,, Ataolalr, 

··-· 19661 ......... ad.l4, 196'7, ----- and 
Cttrl.DM1 1969t Caatte, COloB d. al.• 197.5 I Ramelta41 19141 

/9 so; 
Bird ctd :U..e.l'ft-./ <ltt11B•JS. Oor-o'Ydty. 1919; Jt.._ and 

Rlce1 19!9 J Redl'itD&z and a.aud, 1910) • llewlwer 1b.e 

pr:~ee"s Gt as .. blJ ot olllaJ7 oa.poa•te1 their traaater 

and 1oea.t1• at apec1tlo a11Mta • the 81.11ate •rtex la 

at111 •t oletal'ly Uftderatoed. MerfiOtler ,the variOWt 

ooaplex aoleo4ar 1Dte.rao'Uoa8t '\CJ1Gh a.Nt lllwlved l1l the 

reculaUoa ot c11.1a naaneratlOD u rwealed fi'Oa t.be 

wotlc ot 'tale ...,. uua'Uoaed inw.Uptora, still J-81al.ft 

la.raely ~1 vt!ff!. 

ow- atudy on the Uralng of ellla re.-erauoa la 

~ aytUIJP'I 1a aere or l•a oonatateat v.S.'tb 

that ot Ret~• ed Cad..,.(19fi9) sad Clcai:tlue aact 

Oonv•y ( 1919). Under ov aperS.metal oeadl uoa.. a 

to'tal ..... u. of cell •t111'ty l".u bee ob•r¥ed 

!la.U.aWy aft4lr the cleo111atieft treatment. iDdlcaUaa 



• .-.n taW ,..val at cd.llll tJW tbe oell -.rfaoe. 'lhia 

bas "• .eatlaad t.,. 1be .---. et..._ ld.uoaeoplo 

o11__..a1:.1.oaa. Aaeu't • llellr after cleaillaU. of tbe tetra-

hJII ... a ..all JII:Ailatl• ot oalla '"'*'• 1!10 ..., • .....a.; 
Howwer, a tw oella .. 1te ... aniaa .,. wJ:tl'bln 50 1111Ml•• 

attar deeillaU• 1:.rea11a•t• At later period, 'tbeN le a Npld 

iao.reaae Sa 'the .. bar et •tU• oella aa4 at 1:bird tMNr after 

ciM111aU-. appJ'Odlaate17 7" ot oeUa b...e fully •tO.•• 
,....., upilo alaen 1oa6 1we1. ..._. tO'W'tb hoar. Re•••• 
atd Carl- (1969) 8ld ~ et 0.ftW*7 (1979) have observed 

a oa.plne etlia ,.,_ratS.• la tetnbJII- w111da 90 1lilattee 

attar Moll1aU• *lob la tdrly a ~honer perlod ocapared 

to our C~~Perilletal n,d ta. '!b1a dlfte!Wloe lt:. 11be cd.Ua 

.., .. rau. ldlletloa Olll prebaly 1M att:ftbu'hd to the 

4ltfe!Wlce ill apedaastel ....UU.. via., lf'OW11l coad1tloa, 

tepera1Mre1 pH, 1tte -pu"t10lllar 8"tnda of tetnbJIIflla llaed etc. 

We .......... 1bat theN meta quite alar .. 

~Wtae of dU.t••oe in the 1:lla1ag of re-...pt.l• ot lDOUll:ty 

of 'the lad1 Yldtlal 0811 at .ay ll •• ttae. Fo.t exa~ple, 

,... cella re.-ente tbel.P ollla u early u W1 tbJa '0 

lllautea after dec111att..a •erea• othe.ta aeed aa l•a as 

3.4 hours. otber iaveatl.gatera have at• obM1'¥ed almllar 

varlatloas SJl the timllll of ol11a ftgGileraU.. !beae 

dltteMDeea .,_ peaalld.y lM apla1DCI4 _, 'the a~ 



a'b'te ot 1be apttrlllartel oella. It is qult4t pl•ld.ltle 

tbat aiaoe tbe oel.ls Nl8lD at ftri-. pbaaea et Mll 

oral.. ..,. wlll bave dlttereaou al• ill U\air Jlh7de-

1elloa1 nawa (aetdollo GOildJ.U•a), ublch are htleoted 

.ta eaJflJ er tlelapd ,.,.....tlf8 pro-• ot the oiliarr 

apparatwl. 

11wt al!t.wiWlt IHtbaviour ot cel.l •vet~t~Dt 'thich. baa 

'b .. eltauved 1ft ... cella at eaJ'ty phase after the 

tiHlliau.& la ew- apenaeata GO\G.d M .twt to 1M aort 
_. par1d.al or preferet.t.el cd.Ua ,._.rau. at pa.rt,lo4u 

uea ot ibe oertex tlhieh oauaea the oella 1D rotate •re 

tl\un 'to p.tOtJNU• U.Ual' Jdad ot M_,...U.a hatle al• 

., ... NpOrtad 1Jr Qa~ and Gorovtlq (1979). 

t.edla'-11 aftefl dedllaU• ... ebaapa of oall 

•J'pbo1of6' have ..,._ •tioed SA ........... D!ftte~s. 

ihe oella 'beGCIIellttle ._aal Sa abape and aiatlY tb8J 

as ... a tlpherlcal oor.rfliJ.U'at.f.ca. Vl1b1a a'botlt two h.oura, 

bowve.r, •n or the oella nlldn their normal apladle 

abaped to.-. 1tda MOf1)holog1oel a1 teration could peaslltl.' 

be due • •• ..u... ot oertaSa dlcioal ..,._ta pream 
a tbe dedllatilr.g ea-t• Aa 1bare are aevaral IJU.l't"ace 

......... dl.Uoala •••• BlTA, ea++ no. preset 1a tbla 

a.u., p..-...e'bly theae -.teals Jdfllt promee .-. 

v.at•t efteob reeatt.tag ia 'the d'la1lge ~ ~ cell tbape." 



'!he ••• of actioa of the deoiliaUag agaRt is •t 

olearl.y \8lderatood. It is 'beliwed that EDTA plaY~~ the 

aa1a role 1n the detachment of o111a ftoa the cortex aa4 

addi tioa of Ca ++ to the deo111at1rlg a.ga1t eauaea the 

daatald.llaation of the cortu, as •'the no.l'llal atalti11ty 

of the cell surface requires a on tical level of Ca ++. 

1'he famatioa of eill\IB, which requires the 

aya'theaia. localiaatioa and aas•'bly of freah ciliary 

-..pon8lts1 is tb.ousbt to 'be still.ula'ted 'by the deoil.iatJea 

treatmet. It haa 'beat reported that the synthesis of 

tulNlill ( 1be aa1a proteill o.paaent of cilia) is 1hi&hlJ 

sed tlve w deo111at1oa trea11Bent {Bird and z.t.e.naan, 

1980). For the fo.naati• of cilia al tb.oll&h 110at of the 
b 

pretda •!•1ts are available t..- OJ"''plaadc pool, a 

aiftor portiOil is synthesised freahly duriag the repaerat!at 

p.reoeaa (Melaon, 1975). 

Many \ltOrltera bav~:: used various ld.Dda of 1Dhi'b1tora 

for a 'better uaderataading of et.l.iopaeais. For the ayathe

sia ef oiliarJ protetaa such aa tulNlia. dyae1J'l eto., the 

tranaoriptioa. of specific aRMA and theiJ' tl'aftsla'Uoft 1lt 

the protem subullits are requ1re4.; 'lhese proteia •llM.anJ:te 



~· w toM 1be ltlote'tMitulea .ad 'tbell' tlnal 

arrans•ent leada 118 the .to.na.atlOB ot o111a. 'ftle .re.-era

U• of ollia, t'hWit c. he ttlookM at _., ot these stepa. 

Roaelb.. aad Carl.- ( 1969) bave llb.cNl that the trea1:1lat 

ot oolcblo.tae .,. lnblblt the ollia rea-eratloa 

lrreverd'blJ• Other iaveatlgatera 1ft thla tleld bave 

tft.ctd v11tl 11\e labl'bltora ot pNteia ayadbeala Mid al• 

vi th a~ D 18 aptala the regulatl• of thla 

ns..-atlea preoeaa (adl.A. 1965t Rel_., 1915). Caat.N 

&l aJ..• ( 1975) lilo* tbat tnataet ot mela'fllaJ.ft. a 

pl~ho...., • the decl.llated oells 08\lna a delay ta 

thecd.lla ,.._.rau• ttaias. 

OW" .ta•eatt.aatJ.ea w.t. tb a '-181 aetalloU te, 

OJ1Dcbalaal.arB • tbe cdlla .re.-eraUoa bas ah.Owa ~·at 

1:bls dal atteota 'tile cdlia regaeraU. ldaetlu. 'Ia 

• earlier at\lcly W."a cad Rilles ( 1930) bave used trtib:yl 

aefttl aorylaw_ aa ..tog ot oytDchalald.ll-A ...tttdl 

.t.nh11.t1 ts the aaa•'bly proeeas ot tr.t't~Ul.la. 

Cytoohala.S.B has t.e• kao'wa • pntd'taoe a .... ,. 

ot dS. verae oeUUlar ettttota (Carter, 1981). It oauaea a 

IHdc..t a1 teraU.. et oel1 •rpbolOIJ• Caner. ( 1967) 

hu rttperted flat't,-.ed llhape ot tlltletlan oella caused 

'by cat at a .,_of 1 pa/111. S.pr IWl Holtaer (1972) 

ob....,ad a brand'led oellula.r eontlguratloa .ad lahllt1tioa 



ef Mll aofta•t ltrou.•t alloQ lJr CCII tn t11tNltlaat tad 

aJO'tt'last eella. Reoen't17 in 1979• 0..7 A A•• 1ft 1bell' 

aperiaet • ohltk ..... ,. •lla ba'l*~ tola4 ....,..logloal. 

alteraU•• ... _. 1rJ cas. JloaHrreJI• theee ettecrta aH not 

obaerved for all eell tJJMt•• so lt haa ...._ •aesW 

that •• dt.tfaren.eea Ia refiPIIls• to cas _, ..nen 
tund••tal titfe,.oea Ia ..U .....raoea (Copeland, 197J). 

c,tiOC!Ilalaaia B baa al• .., .. taMt• 't8 afteet the 

oellular .._ •• ft&oti• <-.... .- Hol..._.. 1972) 

aad 11t -• aaolear ~ (CI\rteJt• 1967). 'l'he tablldU. 

of •OipOlJMdlaride blo8Jiltbeda Ja J&1D -., ca. haa 

•• b-. o'baaftecl (s.tger e4 Holtzer, 1972). 

Beaidea 11M -~lelloal atwrau.eu the dNI al• 

bt'iap a'DI\l" a let ot alwraU..a ill 1be pbyalOloar ot 1bt 

oella. It o.aaea a depreai• ta ~· aot191~ Ja 

lui• ltloocl laa•arte• (Malawiata. 1971). 1bia 4NI al• 

baa 'be• ..,_ t8 1ftdtaoe - .. lllalltlea Ia 1he llit.Uo 

pl"'oeaa v11b abi'b1 u.on at er..,ldaeda N8l1l 't1lla 1ft 1he 

to•~~u. of .alt.lmlole:Jtf!d oel.la (Caner, 1967t l.rlebe 

and Ra7 Cbo~, 1969). 

May Jlweat1ga1Dra aleo llava • ...,... ilhat cat baa 

m-r aciYerM etteO'b • 1he ai.CNtll••t .. etJpeolallJ' 

staadied • tbe eytelkeletal ...S aotltraotlle el•eta 



(Clo16ae AS•...&•• 19'1.SI Edda, 1930a 1' ldl and Spiele, 

19:11). 1be dNa blocks the po1YDt•r1aat1eft ot actia 

fil••t by biadlag to 1 ts md ( ~ah &. LJA, 1972J Bro111l 

and Sp\ldioh1 19'191 Fox 8lld Phillip., 1931). 

Our resul ta w1 th C(]J on the o111eseaea1a ot 

%atrahYI'D D:rdtct•&• deloaatrate 'that •• tbe dNg 

ls •iftitftared p.rlo.r ~ 1:ha 4eo.111atifln t:Hate.n, lt 

does not brla.~ abmlt _, alteratiftn ill tbe ttaSag ot o111a 

res-entl•• 'lhla pl0bal4y iadioataa that tbe oella with 

lataot o111a, cell ••nae •ct the mu.poly•ocharlde 

ooat dD not peNit the 4Nc to mter ln:dde tba cell, or 

aay be tbe blndJa,~ alta tor CCB is DOt exposed. This 

ahelcal be«~~ea effeot.lve only when the cl11atu are 

d-.adad. It ls quite obvious f'ro~~ our data tbat the p.rooeaa 

ot aUla .regeerat1oa rea1na J.nhlbited tor about an haw', 

._ ~ ia appUad ilaediately after dacl11atioft. However, 

at la-car pad.ods they ebow iaoftaaed Mtlli ty al'bel t at a 

lower level oompared to 1tle •V.ted cella. A.rouad titth 

hour .tw,r deoJ.l1at1oa, the reoovary .ta oall •ti.lity 

prooeu 1e wah aooelai'Ated 8ftd baoomea allleat ccaparable 

to Ul~t ot the canti'Ol.-oella. 'l'be pre & peat treatlleat with 

ccs doe a not bring about -., addlt.i ve effect reaul 1:taa a 
ey &nater Ulbl.'blt.t.oa Ja c111a ,..,_.ratJOD. Moreover, 



Cat post tN111IIent tor lOil"~er 1han oae bour also doea 

_, oatae .,. areater .appresaloa 1B oeu tllOtiltty. so 
we o.a ooacltlda 'ttlat peat treatrlent of Cal for one hour 

immediately att•r decl11at1oa ia •at etteotlve 1ft oawd.RC 

al teratloa 1ft the tUWas of c11la re.-eration. tn tbla 

onntat, lt ts ilrterestiftg to ob......,e '\hat ayn'tbeldl ot 

• so.O'>O da1 tea pro'tein ( d60lllaU. iftduoed proteln, DIP) 

beiJins abortl.y after 'the cella are dec111ate4. The 

ft·Jfttlv~sts of this ,.,roteJa deeliaea around one bour atter 

dectlL"\·t.S,t•llt. 1.he sya'theals of tubulia ( 55,000 da118B 

px.tein) can be d~ oal.v one hour after dete111a:tloll 

( (Juttnum and Ooro"'Osky, 1979) • tt ia 'II taapUng to 

specul:~te •~t Cal Wi1oh la only ef'tective 4tuiag 'the 

t1rst hM&r after dec111aU. alAbt .lateffere w11:h this 

DIP proteift1 there1t7 08\ltd.ag a lag 1n the oilla re.-eratiea 

preoau. 

A t'flla.rkable effect of Cal t.reatl&eftt V\1dl is 

revealed by our scamiag eleo'tJ.'leall1oreaoop1e obserwat1oaa. 

1a the a1 teratlell ot Mll IIOI'phol8BJ• We have COl'lalst.G.y 

obaene 1d that CCB pOst treatmet preduoea l:tlazare cell 

lhape. Mey of the trea'ted oella display a distorted 

_.._... ..S Mated ..,..araaoa. H.1F rea·~tu +J.oa aoanrdal 

eleotraa ld.o.roaeopic a1tAady .l*tWeala that tbe oell Sl.l!"tace 

oorta is alao d18111rJbetl .ad the orderly rows of lda.U• 



'b.... dlaarrayi~ cNe .._, the treatm•t of the tiNs• 'lhi8 

klad ot abe.r.NDt cell •rpbolo§ baa aelcto. bee ••watered 

lrl the 4N& wtt.Na'ted eella. 1hla klftd of eon1Drted 

appearance of ~t'll t.Nated cella ara reaulated back to the 

normal 8hape at later' per1o4. Many kinds of auch aorpllo

loglcal ~··have also be• repor'tacl by var!O\.la otber 

ilweatisltora. ~]for .G &•• ( 1979) obat\'ed a ro1.Dl1JaS 

up otf oella ot cbldl. •••dena treated with this chemioal. 

Cal Qmlll@s • S.edlate 41atortlla 111 cell •.rpMlogy 1a 

c»eltaeoyte cella (Bdde,, 1930). Brltch tad All• (1~1) 

have cltset"'ed aorpbolegloal cbang~a with dlaruption ot 

a1orotl.l•eat in nomal rat liver cella and bepat.otaa 

dal'ived oell-1.11\t:!• cal is also la.low 1'D cause a chaage 

in cell MOrpholota ef 3'1'5 cella ('f..._. aD4 Splela1 1931 ). 

'1b1 s 1d.ftd 8f s:tt eot '*' peulbly \te oorrelated w1ththe 

ante of r;ca on the oell surface OOIIpOft•ts of t.-trahyla ... 

Reoartl.y the taaJor OJ'tO*eletal p.rote1U ot the cell 

IIW'f•u• 1ft tetrab.,..-a have boel 1dcmtlt1*' 8lld obeel'Yed 

under eleat.Nallic.rei180p8e It baa also bee fowad that 1t1e 

• epipla_. ls a ~· la.yer of fibrous •••ta t-.d 

jtlat below the IIW"faoe 11-'traae. It baa al• b.- 1acU.oatetl 

tbat the aotia proteia aigbt alao be preacat iR thla 

eplplaadc la78r (WU.U.a &. Vawtax 19191 and VaudaxY\fllU., 

1979). It is al......, ..._'that cat greatly iftte:rteNe with 



the pol)Weriaatloa •d e1-sat1oa prooesa or the aatla 

t11--ta ( Sp\ldlch and Lift, 19121 ..... tD1 Spud!Gb, 19791 

FolC Bl'1d Pb.illJ.pa, 19.\1). so lt Will net be ~1• to 

ooacl\lde 'lllat the alterat1oaa la the aurtaoe arcb.lteoture 

of' the alllate cortex OINld 1ta due to 'the act.ioft ot CCI 

on. the CJ1't0*4etal. pteteiaa iac1u41ftg lilCtla• Howt'!ft.ll, 

a atmUar 1d.Dd of apctQ.llatioa haa u• be• aade t'bat 

't':'be morphological alte.rationa are to be due to am ..rrect 
o:t CCB on the o;rtolllelet. ~1ch could 'be a dil"eat UaNpt1Ye 

Gf:f'ect or d1aruptioa ot 8J.o.rof11act of the 0811 surface 

(tJolaaan .li~•• 1973; D•~Jx-~and AA•• 1979). 

\le oan conclUde that the dlar.lpd cell aurtace topography 

mo.y the.retore_ affect the preat.se steps o! 3'1ftthe81a, 

as..Uly aDd t.raapo.rt of the clllaJ.-7 CMpO!lMta by a1 te.r1q 

th:e apat1a1 al'IWlie!Hiftt ot cilia Oft th111 oort~ 1bia, 

1rdam, leads 1n the dlap ot cilia rea-aratlun kinett.oa. 



1. Clllated pro1D-.ne ldDtll•• UlUR"'U ( w) 

are deollldfld 111 EDTA 8'td Ca ++ pulse ••thed 

tbe •rphole&r ot tbe oell SW'face OD1'tex du.riq 

the o1Ua rQCel'atlca aN ....... with 11&bt 

lllONaoope •• m .. ,.. ctftdl ., aoewd.ft& aeovoa 
111oloaaopy. 

2• It has"-..,..,.., .. that a ea'll 'POP'llaU. of 

Oltlla &loWly start llft1Jia at about OM b«Mr atte.r 

4eGlllaU• .ad after tbl•• thft ..Ulity 1D4ett 
hr" 

~~ ~) 
' \ 

alowly ~ atoh 'Olat. after fOUJ','i.. ot deoillaU. 

at.oat all Mlla re__..te tbelr o.UlaJ7 appara111a. 

3• 'lhe e1taeftatle at Mll -.rfaee •l'PbDlO&Y lhows 1bate 

S.edla'tely at'W dea&llats- all the oella are 

Cl*plet.ty dft014 of cd.Ua and a tw oella IIbov a 

ipherloal .... 

4. c,toabaladll B 'lldoh ta wall kllotel to .,.. .. val'lo.aa 

pbpiolollcal as well as •rpbolesioal. a1. te.raUoaa 

of 1be oella via., pba8JiertDdae plnooytodae 0811 

•1:0.1"1 ed polJIIeriaatt.on ot aa1da til,.. t eto. 

baa 1Me adld.rl1stered to ... tbe ettect et the d.rq 

oa the cd.lia repn()ratl• ot tetftbym~. In our 

atudy lt baa b .. eonata•ltly ••"• 'that tbia 



dNa ,..,.._ a las p...s..od ot .. hour la 'tile 

cdlia --~ t:t•t••· IMt ........ 

ettwt ta -.,.....,., e! after the las perle4-

the oella llloWlJ reeover to the DONallwel 

at ab<M't tlftb bOIU' after de<d.ll.U... 

5. c,.ted\a'lada B al• __.. a raaa.rkable abaal8 

1a -. •l'pholG~ et 1lhe 0811 8\lrfaee •rta• 
Mat.Al.J 1 t cauoa a t:td.e-.4 ooatlt11rat1• ot 1be 

oortloal patten& w111l d1a11Dn.t rowa ot ldaettea. 

6. It 1a pea1Mla_. 1bat these *...-ved eft..U ot 

ortocbalaala D • 'the ollla re,...-au.. U.t.q 

eM the •fPbol.OIY of the •na oaa he dlle tD two 

ftUOila. 'lbe dNa may lntw.fer w11b 1be BY'l1:beala 

ot DIP pfttteina or the p~tala Ot.tlpOIICta of cell 

IIW".faoe via., act.t.n. It lbQ' be 111• peald.ble tha-t 
I 

iba 4Na ••7 a..."'fect bo1b ihue pretlda ocapoMD'ta 

ataul~ly to brJag ttut~• ot.aet¥ed alteftltl.oaa. 
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