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ABSTRACT

Changes in the organizatloﬁ of lyrphocyte sicrotubule or-

ganizing centers (centrcscmes) were gtudied by electrcn wi-
_ . .

crcscopy usiog .serial sectioned intact cells. Ccnputer4gén?‘
. 13 . -.______'?

_erated three dimersional reconstructions (Mcens and MoeDnE,

';1981)‘ vere'hade tc exarine the arrangesents cf .the centrc-
soM€ coBpcnents: a pair of dﬁstricleé, pericentriolar ma=-

_terial anc  dense aggregates cailed gféellite u:odIQE\Q?ich

ére bcunded by the periceptriclar ra'terial.

The reccnstructicns shcv that the satellite btodies of tthe
- - * \ .

test;nd cell.cengrosoneé are preferentially asgoclated vith

G e —————

~
o

on€ centriole c¢f the centro;pné. Electron Eicrographs cf the

P r

Centrcsomes shcw that‘{hese satellite bedies are connected-

to the centricle by short stalks. The majority cf satellite

bodles of stirulated C%ll.CEntFQSCIQS are sftuated be;ueen:

the tvo centricles withcut any direct ccanecticn to elther.
s ) N ;

Thik centrosose alsc has sore, and somevhat larger -satellite
bodies which ray account in part, -fcr the¢ increase in sicrc-

tibule content in stimulated cells. The sterec pairs alsc

+
N

indicate that bcth centrcsose types are cveld ir shape. The
stimulated cell ceﬂtrcsongﬂis slightly larger due tc the be-

ginpning cof centrlole ‘railr separaticroe.

1
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Changes 10 cént:csone microtutule’ initlaticn aétivfty.

-

vere tested 1; 111:9 usinq Triton X-100 per‘fabilized cells,’

_pretreated to relove endoqenous .nicrqtutnles, _and phosphc-

trcn RiCICsCOEYe

tellulose-purified tovipe hraia tutulin and assayed hy elec-
Resting ‘and stinulated ~cells p:etreq;ed
v;th‘cold éo,disasenble nicrctubules-also _lacked‘satelliie
todies u@iEy retorned_upcniihcubat;onhag=;7°c cnly 1if nicré-
tubule asgenbly occurred. in -ceilslpretieated vith colfhi-

cine to disassemble sicrotubules tﬁe.satell%}e ‘bodies vere

preserved. At Img/nl ‘and 2mg/ml .of tubulir ip the reacticn

L

pirtures the centrososes of stimulated .cells assembled .mcre

"microtubules than reétinq cell céntiosqiés paralleling the

-

o - ' N
increase 3in picrotutule content during stisulaticn in intéct

-

cellse BAe well, mcre microtubules 'uefe ésseibled iz vitrc

than jp ylye suggesting that there are,ncre‘initiation sites

than are used it intact cells. This observatiofi, along witk

-

the tubulin ccntent determipaticns of Waterhcuse gt g],,.\

(19€3) further suggest that tubulip wsay be 1liritilig in in-

tact cells. UMcre microtutules vere asserbled 1p ¥itlio usirng

~

cold-treated cells suggesting thai dasaggreg&ticn gna‘refcr-,

saticn cf the satellite todies wmay expcee or activate addi-

ticnal :1c:otubule 1n1t1at1nq sites.

The reeults suggest that the change in centrcsoie organ!-

-zation and the increase in microtubule 1n1tiaticn'capac1ty

°
are related events important*ln regulating +the developrent

of the microtutuvle netvwork during lysphocyte stimulation.

- 111 - '
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o ‘ | RESUNR

~‘u.yoé;Aavo;§ étudié les changements-dans l'ﬁrtﬁngelent du
centre crqanisateuf des‘nicrgtubuleé dans -les lysgphocytes,
“par nicrcschpig électronigue au mcyen Ge coupes slnces en
sé;ie de celiuleé intactes. abes reccnetructicnoe tridilen317
onelleé};nt été.réhligées pac :ordinateu: (Hoens' et Moens,
498])‘ afin d'étudler 1'cpq;n13at1cn des co;posantés du cep-
troecae: | up ggire' de centrioles,-_ ‘Je _natériei

péricentriclaire et les corps satellites, agréqits denses

entcurds par le aatériel péricenmtriclaire.

Al

les reccnsttucticns mcntrent que les corps satellites du

"centrcsome des cellules au repos scnt pré&ferenticllement as-

"soc1és 3 1'un des centricles du centroscme. 1ds microgra-

phies &lectroniques du centrosome désontrent gue les COTEs

sqtellites icnt reliés;au centriole gpar'de pgtits*hras. Daps
. les celluleé stisulées,. la‘prﬁpnrt " des corps satellites du
centtEBClE.Se retrcuvent entre les deux centriclés saps ae-
scciatlon directe avec 1%in ou i'autre; Ces COIps sételiiteé
sént‘égalvent ilus ncrebreuxr et un peﬁ p}us volysineux: cela
ﬁourrait, ‘en partie, éxpiiquér l'augnentatién du nombre de
li:totubuies'dans .les ceiinles st{sulfes. Les.geconstruc-

les deux_types'de

‘ticns en =t&rfoc. montrent,.. dq plus,

ceptrcscse ont un fcrme cvolde. Le
. o i e

entrosome des cellules °
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stirulées. est 1&gdrenent plas gros parce gue les deux cen-

-
L

tricles ccampencent 3 se sfparere - - °

Ibba-avons €tudipar licro;gopie'électronique,.leé ckhange~

mants dape 1%'activitd. du centrcsome 3 initier les microtu-’

bules . ip ¥itrge. .Ncué"a?éﬁk utilisé des cellules

pers€abilis&es “avec le triten 1-100, rrétraitées povr |

, L)
Eliminer les ;1crctutu1es‘-endcgénea, ‘et de la tubulinpe

1sclée 3-partir du cervean de boeuf, purifiée sur phosphe-

>

cellulose. Les cellules au repos et les cellules stisulées

qui ont subl un traitement way froid" pcur d&sassembler les.

aicrctubules scnt dépourvues de corps satellites: ceux-cl se -

Feténlgpt.durant une ipcubation 3. 3§°t 5euielent.s'1l' y a
asseatlage des micrctubules. Dans les'cellulee prétraitéés
avec la cclch:cine.pour" désassqnp;er les licrctubulés. les
COTEE satellife; scnt préservés. ﬂ 1|q/|i et 2l§/li de ;utu-
lipe dape les eclutiops de réactioés. le centrcscme des céel-
lules sti:ulées“assgftle plus de ticrofubules.que'célni des
'qfllules au repos: cela 'cortobo:e-l'auqlentaticn dans Jle

conteru er microtubules durant la stisulation de cellules

Antactes, Egqalement, plus de sfcrotubules ont &té asséab;ée

"y n

in ¥itrg oue ip ¥iyo: cela gugglre dn'il y a plus de sites
N L] R
diipnitiation que <ceux utilis8s dans les .cellules intactes.

Cette observaticn, de lElg'que les détersinaticns du contenu

_en tubuline effectuées par Waterhouse et collab. ' (1983)

suggere de plus que la tubuline peut etre un facteur limi-
. 1 -

tant dans les ge};ﬁlés intactes. Plus de amicrotubules cnt .

~

+

—————



&t& assestlés ip i;;xg dans 1les cellules tra}tées au froiéd:
il seible-ainsi que la désagrégation et 1la reforsation des
COrgs satellites peuvent, exposef cu activet des sltes adai;
ticpels 1bitlact les wicrotubuless .
les résultats suqq%reﬁt qpé les changements ﬁans.z'brgak

nisation au centrcscse €t l'augmentation de sa .capacité 3
( . -

initier les microtubules solent deg-processus reliés, impcr-

tants dape la ré&gqulatioen du dévéicppeuent du réseau de pi-

crotubules durant la stisulation des lysphocytes.

"
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.Chapter I

INTRODUCTION

Ir his 19¢€¢ reviev Pcrter guggestec the exlstence «cf
wfccim® carpable ¢f lpitiating microtubules. Fickettjﬂeaps
(19€9) 1ater?suqqested the ters @1crctutu1e crganizing ser=
ter (FTOC) for these focle He aavancet the .1déa‘tha;'tre
MTCC would ccptrzsl micrctpbule aséemtly spatially and tempc~
raliy. - o

Hﬁch research has teen dona on microtukules because they
are invclved with chromcsome movewent (reviewved by Fickett-
keatrs, Tipgitt and Forter, f952), cytoplasmic transpoft ire-
viewed Ly Hyans anﬁ Stebbings, 1§79}, mainéenance of cell
shape {reviewea by.; Tucker, 1979;'Ercwn, Stearns and MacEae,
1963) ancé flagellar ano ctliary sction (reviewed by Warner,

1979)

The ability of micrctubules to carry out these functicrs

depecds con how they are drdanized.into srecific arrays. Ac=

cordingly much research has involved investigating nTCCs‘jn

order tc determine the role they have in governing microtu-

-

bule crganizaticn (reviewed by; ©FEaff, 1579; Tucker, 19765;

Feterson acd Ferns, 19b0U; Brown ﬁ; gl., 1583).

o7
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1.1 °'THE DIVEBSITY QF MIOCS .

Carp the structure cf ap ETOC regulate the spatlal organi-

zation cf micrctubules? The MTOCs of lower eukaryotes exhit-

i1t varying deqrees cf structure and tqhs Serve as 900 sys-

tens in which tc study the contribution of the XICC to

. epattal- -¢cntrel of microtubule assembly.

BErcwn &and. Becuck (1573, 1974) shoved that there are two

MTOCs that orqanize Frecisely arganged'séts ¢f cytoplasric
.:icgptubules 1n.ggbx5193§§ danica. One 1s called tne kine=-
tobeak ané the other is kﬁcun as the fhizoplast. The cytc~
plaselc microtutﬁles emapating frog the MTCCs were shcwn te

have differentieal, and reversible, sensitivities tc tte

anti=-gicrctubuvle agents cclchicine, hiéh'hydtcstatic pres—

sute. and the herbiclde 1sopropyd N-phenylcarbanage. After
- ,

loss ¢t the ncrsal fusiform cell shagpe duve to treatwent with

such agents, cells were allcved tc recover in fresh medihn.
'Hicrbtubules initially reappeared frore tlLe MTOCS in the pat-
tern seen pricr tc the disasseubly treatment suggest1n§ that
the MNT pattern uas iﬁposed bf the MTCC.

Anc£her bighly structured NTCC 1s fcupd in the quadrifla-
gellate alga i;lx;gngllg 391lils. Eiqh; rcotlets of the La-
sal tcdy complex Initiate the assembly of precisely ordered
sets ct cytorlasmlc micrctubules. Micrctubule reassembly af-
-ter various nicrotubulg disrupting treatzents duplicated the

original rattern (Stearns and ©Brown, 1981}, Stearrs and

Brcvn alsc showed (1981) that these complexes,  develd cf

[ERU—— -
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. ¢rigipal micrctubules, .cculd assesble microtubules fros ﬁu-“

rified brainm tubulin in zl;xglin -a patternr that clcsely re-
saibleo ihat seen 1L ¥YivgCe. ‘ L |
Tucker (1982) «ccepared ths cytopharyngeal basket MTOC ct
'1355313 and“fhe axcpecdlal MTOC of Eghlngﬁghagxijxq The'bas-
ket MICC 1s ccoposed of FHO paralle]l] dense layers attaéhed
to tasal bcdies. _Arrqfs '6f parallei‘ ricrotubules emanate
frox the lowver censellayer. Cross ;ecticnal vievs. of the mi-
crcthbule;arta;s clcse tc the NMTOC ?eveal the presence ;f
dense interwmicrctubular caterial, Ficrotubule disassembly/
regrcvth experigents shoved tnat thé MTCC 1initizted miéfotu—

bules in the same regular pattern seén in untreated cells.

[

. . . ,
In E¢kbinesch yYE the arxopodial MTCC 1s nct structured. -

Instead, amorrhous blcts initiate the assembly of microty-
tules 1o an'apparenilf randos fashicn. The blcbs come into
close asscctation and - the appearance éf _1ntermicrotubude
linkers ipposes a péttéfn on - the microtubules after thelr
initiaticr. Tucker hags called the taskft HToﬁ of Naggula a
pucleeating templéte. That of E;h;nggggagzlﬁn could be cco-

sidered sclely 2s ab initiating MTCC.

T ct Dictygcsteliur digcoldeuns and Fglyspbondilive
L) * ;
- ¥1g9la ¢ kpown as Nucleus Asscclated Bcdles; NAEEg)

h]

are sade of a layered discoldal ccre, a fitrillar satrix
and ncdules (Fccs, 1982}, Roos ccnsiders the NABs to be cf
the nucleating template.type pecause cf the spatial arrange-

rent cf the’nodules, each of which 1nit1ates one or tvo Ei-
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;rotubdleé; ot the core. H;crotubule-gigassenbly/regrouth
experilenté shcw that some bf the licrotubulesAcontribute tc
maiptenance of the nucleus® pear shape, hovever the the rest
of the ericrotukbule distrihutlbn is nct as regular laspthat

seen in Qchroscsas. Eelystcmelld, or dazgyla.

12 MIQCS IN PFABMALIAN CELIS
MICCs Lty defipiticn crqganize aicrotubules. Therefore bcth
-

centrcscmes and kinetochores are MTOCse. While 1t 1s well ac-

certed that centrosores are HTOCs that initlate microtubule
asserbly, there 1s debate vhen ccnsidering kinetochores.
The next three secticns will 1llustrate; 1) the cormonly

1 - .
held view cn centrcscme function, 2) scose of the jp ¥ivc

gata reqafdinq 1icrotubule initiaticn by kinetochcres acd,

f3{ the lack cf agreerent between the ip ¥iyo apd ln viiIc
data as 1t relates to the microtubule initiating cgkacity cf

kinetcchorese.

.

1.2.1  Ceptfosomes as BIOCE

-

.. Ibmupnofluorescence sicroscopy using antitodles tc tubulinm

and a wide variety of cell lines (Cstorn, Webster and Weber,

197&; Watt and Barris, 1980; Brinkley et al., 19681; and many

cthers) as test systems have shovn extenéive networks ¢f si-~
crotubules asscclated with a brightly fluorescing &pote In

disassembly and regrowth experiments ip ¥1yo Osborn ang Wetb-

er {1976) shoved that microtubules eranate froz these trigkht -

spcts which likely corresvond to the centrosowmese.

— e e — .



Centroggnal HTOCS_;n anlmal cells are cp-posed cf a pair
of centricles and aeorphous,: osmicphilic pericéniriola; ra-
terfal. Fericentriplar satellités have also heéh detected in
sore cell types.l Centrcsomes are less siructured‘ than the
MICCs of lcver ehkaryote; (see secticn 1.1) Aué consequent-
1y, 1t-1£ difficult {d izagiae bhcvw éﬁe MTOC cculd exercise
spatial ccntrcl over ;reciselv'pattérned arrays of  microtu-
bules. ’ . . |

Cne of tﬁe eafliest electron -nicrosccpic.studies of cer-
trcscpes was carried out -byl Stutbléiield and Brinpkley
{1967). They described the structure of centricles fror Chi-
ﬂeée Hamster Dcn=-C cells and..suqéested that the centricle
wag the initiater ht nict&tupules. Pericentriclar satel-
lites vere ﬁlsc described in these céllé. and vere prcposed
to anchor microtubules and allow their elongation after iﬂgb
tiation by the centricles. More recent experinenial studies

have shovh that this is not the cases

Perns €t 3les, (1977) carried out a series of exferiments

‘using acridine corange-treated mitctic PtkK2™cells to oeter-

mine wvhat corponents of the centrosome were necessary- te
have prcpér sSpindle functione. Even 1n mitosis these large
cells remain fairly <£flat making the spindle easy to see Ly

phase'contrast Eicrcscopye The-centrosore, which is dupli-

"cateq pricr tc mitcsis, 1is seen ag twc dots at the ends cf

the spinbles. By rrcrhase the dots representing the dupli-

cateé centrosoxe have separated far enough so that one can
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be irradiated with a‘laser'liérobeél. The dye absorbs marxi-
_lalli at the vavelength used and tte heat resulting froa ghe
1rradia£1cn darages é ‘h;ghlynlocalized fegion’of the cell,
. 1n this'case tPé;spindle fole. The cell 1is ihgn cultured tc
see 1f 1t w11l proceed ;hrdhgh sitcsis ﬁetore being prepared

for electrcn Ficroscegye Electron sicrographs of the irre-

~

" diated srindle pole reqion shoved that perlcentriolar ma-

terial was distupted ana that microtubules vere apséntrvhcp

comfared to the ncnirradiated spindle pcles Even though tle
centrcsozes haa separateﬁ cenly a kalf spindle wvas left ard
anarhase roverent had ceased.

. In a second Tpaper Berrs and Richardscn (1977) reported
that the specific lrradiation of <ceptricles in acridine E:?
anée-treated Ftk2 . cellé‘at prorhase caueea their displace-
ment fror the pcles of the spindle but that mitosis Preceed-
ed ncraally. This vas takenlto'nean'that the pericentriclar

saterial is the true micrctubule initlating structure of the
pitctic ﬁentrcscmal MTOC. .This interpretation has téen'su;-
ported by in xitIo assewbly studles (see below).

.2.2 ° Kipetockores as BIOCs

Kinetochores of mamné;ian'cells.are,t:ilaninan structufes
tound at the ccnstriction of condensed chromcsormes. Telzerx,
Moses and Rosenbaum (197%) reﬁorted ‘that chremesomes 1431at-
ed frcm mitotic Hela cells could ©Le used in ip yiiro sicre-

f . \ .
tubule assembly assays with chick brain tubulin. ¥Whcle mourt

.




electron sicroscopy of chromosomes 1sclated at lov tempera-

structures. When the chromosomes vere incubated vith'the

.chick brain. tubulin'lictofubules vére seen radilating frce

»

" the ccnstricted regicn of the chromcsose, ' presumably at-

tached to tﬁe'kinétcchores.
Nccodazole, an antimicrotubulé drug hhgse depclrseriza-

" tior activity ;s aCTe €easily reveréibie,than .colchicine (3 o

cdlcelid (Ce Brabanfer et ale, 1976) vas used by De Braban-

der and his:éolleaques 119810)  16 éxperiyents‘1nyestigat1ng
kinetccﬁpxg:kunction in living sitctic PtK2 cells. ' Microtu-
. bule redssembly was detected by impupocytocheristry and
€le cnsmpicrecsecory at -scindle poleé and in the vicinity_qf
kinetcchores facing spindle poles shortly after reioval ct

DOCCGAZ0le s It reassertly occurred in the presence of A1E

~vinhibitore kipetochcre nwmicrotubule aassembly uas prevented.

ipstea& ¢t a spindle, only large_centrcsonai asters formede
Thev'cbncluded that inhibiticn of kipetcchore initlated mi-
crotutules prevented the 1§teraction betveen épindle poles
‘*and kinetccheores and resulted.in falilure to fors 2 spindle.
In crder to test if Kkinetochores cculd imitiate microtu-
bule aésembly 1p ¥ivyg ¥itt, Ris and Eorisy {198C) used ccl-
cesid-treated CHO cells tc collect mitctic ce11c uhcse chrc-
mascsal kinetcchores had never beer expcsed to nicrotubules.
'

After ‘the cblcelid vas reroved, micrctutule grevth occurred

.and vas assayved at various tises by high voltébe electrcn

@«

. o S . * - :
tures shcved the kinetochores as differentially staiping
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li:toécopf, Splndles vere :econatructed fron serial thick

, Sectlons and the kinetochores of chtonosones that vere far

J

'auay trcl the centtoso:es vere exalined. .It vwvas rqasoned

that any nicro\uhules assoclated with these kinetochores

-ﬁould not have been initiated by the~cen£rosone. Their‘re-‘

sults sbosed tbat in this systes kinetcchcres vculd serve as
1n111at1ng WTOCE. o o o
Fesulte related to those of De Brabander et ale. (19%(,

)

1981) were reported by Rieder .and Borisy (1981) for mitotic

- FtK1 celles reccvérinq'fr01 'cold treateente. ‘In the early

Eta;es of reccvéry_miqrotubules vere assoc;ated. cnly with
the spindle ﬁole. L tit later micrctubules vere‘associated
with the kinetcchpres closegt tc the poles. The other kine-
tocfctes cf \thé sase ChICROSORES Vere ﬁot as Elese to tbe‘
poles and had nicrotuﬁules'atiached to then only at a later
tise. 1t wasg sugqested th;t the sequence of ricrotubule ag-
soclation events cculd be explained apst readily by assuling

that centrosone-initlateu mlcrotubules interacted either di-

rectly vith the kinetochores or vith small micrctubules ipi~

tilated by the kineiochores.'

The prctccol used by Biit gg ale, (1980Q) alloved3n1croth-
bule assesnly from Loth ‘kinetochcres lof the chromcsores
uitiout any ‘tile delay as noted. by De Brabander et gl;,
(5981) and by’ﬂieder and Borisy. (1981{. This difference
could be attributed tc the ditterent nicrotubule disassenlly

treatsents that were used.
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1.2.3 D¢ Einetochorss Initiate lzstgthpnlsl? i

There is Do questicn 1n the 11tetature‘th§t kinefocpores
can 1n1t1ate- liCtotubnle assembly 1p 11;;9  (HcGili and'
Erinkley, 1975§ Snvder ana H&Intdsﬁ; 1975; Pepper and Erink-f

ley, 1979)% There 1s -alsc evidence to_=upport kinetochore-

initiated nicrctubule asseuhlv 1n ¥iyo (Hrtt et 3le, - 198C; °

Ce Erabander et 31., 1981; Rieder and Eorisy,"1§81). 1f .

this is tke Case then one wvould expect the strnctural pélax-

ity of ticrotuhgleé cf the mitotic half.spindle to pe anti-

rarallel. However this does not agpear to be the case.

Iwc techniques.baVe been develofed that deccrate microtu-
bules and bv‘dcinqlsc ipdicate thelr structural polaritye.
Ihg_tqbulin._hcckQGéccrating techniquei(ﬁeidénann and MciIp-
tosh,'i980) and the dynein dacordt1n§ftech§1que (Telzer and
Halmec, 19€1; HBaisc, 1582) have shcwn that nicrc;ubules ct
the mitotic half spindle ¢f .PtK2 éells (Euteneue;‘and McIp-
tosh, 1961) and of the meiotic half sgindle c¢f surt c}at
€9ge (Telzer and Hairo, 1981) shov a single polaritye This

~—

suggests that kieetcchores do ‘ot initiate microtutules tut
may anchor centroscue-initiatgd cnés. If they do initiate
licrctubules i1t 1s suck that the grcwth polarity cf kinetc=-
chore sicrotubules 1s oppcsite to that cf centrcscmal micre-

tubules. This second viev is favored by lLe Brabander {1982).



|105 CHANGES 1IN 95!1!959!5 SIBUCTURE l!D ACIIVIIX
Te301 maﬂnnghm of Struciural Chapaes to Pitosls
An.early study concerned with qhanges occurring’ in the
centrcscge.du:ing fPe cell cycle wvas reported by Rohb;nk;
Jentzsch and. Micall (1968)¢ Usihq syncﬁrbnizéd BéLa Eells
centrcsomes weére otserved during dltferen£ phaéesvoi_ tke
celi cfcle”bv €lectron microscopy. ' They touﬁd that the pa='
rant ceﬁtrioles. ccumenced replicaticn soretime in S phase

. _ . :
~and terzinated teéfcre the end of G2+ As the cells proceeded

thrbugh 6z tc prophese the pericentriclar materisl becase

more.prdminentL kckbins and conorkers suggested that chang=- -

v

€s 1in tne péricentriclar material were causally 3re1ated-tc
initiatior of gpindle miérotubules.

Weisenterg and hosenteld (1975} carrigd out the first }ip
¥1trc assembly exreriments using KTCCs with bcmogenates cf
activated and unQEtivated surft clas egq;. They exasined the
develcﬁnent of the MTOC as well as increases in initiaticn
cﬁpscity..Pellet éhd surernatant ftactioné ffon the tvo cell
preraraticns vere pade énd mixing experiments were done.
They found that the pellet fraction (vhich contained the
MTQC) f:cm homcgenates of activated eggs initiated the asg=-
sently of mic:ctubules to iorn asters ‘when mixed with either
supernatant fracticni If the pellet fros the unactivated egg
tratt;on ;as used microtutules did not asserble. This demcon-
strated that tbhe suﬁeruatantskvere functionally the same and

led tc the ccnq&ﬁsicn that MTOC activation wds cne of the
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results of eggqg activatiop. Thin-seéﬁicn electron nitroscctx‘
of ﬁsfersﬂprepated froms eggs homogenized 245 _rinutes-after

~activation showed few microtubules gndflitt}e periceptriolar
materialy nofiuete the centftoles cbv;dus. §égp1es preparepn
4,5 rpiputes after activation shbied ﬁtoninent centricles
surrounded by pbre pe;icenttiolar sateriale . Many microtc-

‘bnies'uere éeen’enanatinq ffom the pericentriolar mate;ial.
- _Stﬁdies tsing qicrctuble-f:eé-centrcsones in ip yitro as-
sestly assays: have sho;n 'that the pericentriclar naterial
initiates @sicrctubule assembly in mitctic and interphacse
cells. If the periceptriolar saterial cf mitotic CHO cells
was removed qnly a'fev_ picrotubules assembled from the ends
of the centricles during 1p 3¥iiro asseably assays (Gould and .
Eorisy, 1577). .The 1solated.pgffcent:iolar paterial, vhich
could be identified by the ' presence of virus-like particlés
in negatively stained electrbn iicroscope freparations,
st11]1 4initiated micrctubule asseably 1D ¥1tro.

Electrcn microscoplc observations of centrcsoses frer
ly=e¢d mitctic Bela «cells Shoued that they vere capable cf
Lﬁ YitIo nicrotupule assembly wheteas thcse frer igterphase

T . ceils‘geren{t ({:lzer and Rosegbauu;:1979). These researct-
eré é#ncluded'tﬁpt:the rFericentriolar material tecare compe-

tent to assélble picrctubules at sxitosis. The 1ﬁab111ty ct

- " interthase centroscne?,to assesprble micrctubules 1n thelr Jp-—

1

Yitrc assay systep seeas cdd since interphase cells do cop- .

taip sicrctubulese. They sugjested that interphése centrc¢-
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sones of Hela cells retain a -ainisal initiating capacity.
thgtiuay be ccnpietgli abclished during thewcentro§01e }sc-
" lation procedure.

Ibé clcse‘associatioﬁ tetveen the centfosbneéand the nu=-""
cleus has. bqeﬁ“nottﬁ by—-a‘hunber!ot researchers (Bornens,
1977: .Maro ang Bcrﬁens, 5980;‘7Nelscn and Traut, 1982) ard .
ha;'suégested that cgn;riplér and puclear replicg?ion migtt
b; linked. Tc test EEis possibility Kurlyama .and Eorisy
{1987a) devised a genkle cell lysis.prccedute that alloved
. then t6 ccilect centrcsomes that  Wwere sfilL‘asscc;ated vith
nucf%i; Centrlolar changes, as a fupcticn of the cell cy-
cle, were studied bty whole mount electron sicroscopy of neg-
atively stained PrTeFaraticonse. .The centrosomes were élass;-
t1ed intc six catéqd%ies based ‘or centricle ofienta;idn apd
the length rati¢c between daughter and parent centriolgs_and
tnese cClasses wefe related*to the different phases of the ‘\;
tell ¢cyclee They fcung that the additioﬂ of thyridine to
synchrenize the cells had no effect on daughter centricle
1n1t1at1cn.ie1cnqation or disorientation. 1f cytoplasts cgn-
tainiﬁq centrcscmes were prepaged and fcllowed thriough tle
cell cycle ‘it was found that elongaticn and ﬂisgéientatiqq_, ®
vere unaffected but that daughter centtioie. initiation was
inhibited. Kuriyapa and Borisy suggested fhatvthe nucleuvs
pay be needed tc signel centriole replication. |

e 1nvestigate.changes in centrosose Eicrotubule initiat-

ing capacity.during the <cell cycle Kuriyama and Forisy
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,{1981b) prepared cytoplasts frca CHEC cells apd treated them

-

vith colcemid to disassexblé micrctubules. The cytoplasts

vere lysea to free the centrososes and used to assenble ri-
crotubules Ln lexg using purified brain tubulin, 'Cuaptifi-

caticn cf nicrctubules at different =tages ot ‘the cell cycle

" shcwed no sigpificant changes until &itosis vhen they re-

corded a five fclﬁ increase. ° -

A very detailed'studv cf the changes in the structure cf
the centrescroe durinq the Cell.cycle was carried out by vee
robjev and Chentsov (19862) through electron microscopic ct-

servaticns of ncnsynchronized pig kidney embryc cells. These

cells possess frirery cilia attached to one of the cen-.

tricless The presence of a primary ciliue has teen shoﬁn tc
serve as a morpholcgical marker for .cells that‘are in Go cf
the cell cycle (fucker, Pardee'éﬁd fujiwéra,_1979)- Vorot~-
jev and Chentsov showéd that pericentriclar satellites are

asscclated witbh the rarent centriole in G1 <cells. Markhap

rotatlion micrographs of thin secticns of parenfal and daugk-

. ter centrloles showed aprendages cn the parent and none cn

the daughter. The satellites,’ which have nicrotubules radi-

ating from then, disappeared Iin G2 tc be replaced by fibril-

lar material surrourding the parent ceptricles at €ach pole

as the spindle forszed. It vas determined that the spiﬁdle
nicrotubules ccnverge orn this material during mitcsise. Frem
their observaticns cf centrioles, Vorocbijev and Chentsov con-

.\ Fd
c¢luded that a daughter centriocle matures fully and becomes a

e M el L e et e e m wm e G e e e e
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parent centriclé cply cne and a half cycles sfter its repli-

caficn. Very =imilar tindings con the asyrmetric distritbuy-

.tion cf periceptriclar paterial in miltotic FtK2 centrcsomes

~ - , .
vere reported bty Fleder and Borisy (1982) after serial thick

and.thin secticoing €lectron micfcsccpe studlies cf inter-
rhase ana mitctic cells.

kFeceatly 1t wvas sbhown that change; ir the ¥T 1pitiaticn
éctivity cf mitctic cenfrosomea cculd by pinfointed to tthe
metarhasesanatphase t;ansition {Snyder, Hamilton and Mullicps,
19&2)} Snyder arid1 her covecrkers us?d PtK1 cells Lecause they.
retain relatively flat during siltcslse. Careful examinatich
of the cells bty phase «ccntrast microscecpy allcwed them tc
aeternrine that anaphase~:?¥emen£ started 30%2 rioutes after
nuclear remtrare breakdowvn. The transiticn c¢f late metaphacse
to early anaphase was cseparated by crly cne to twec minutes.

Cells yerertreated with ndcodazole ip ¥ive rrior to ana-
phase conset or ét 'uetahhase/anaphase fransition. Microtu-
bule regrcwth frem the centrcaomes was initlated Lty remcvircg
noccdazcle. Ttey fcund that a complete spindle cculc forrn
aand mitosls cculd te successfully-completed:JP\‘Peqrouth ct
picrctubules irn cells éreatea vith fn¢ccocazcle 'at the cnset

of sister chrcrmatld separation in anaphase, hovever, vas re=-

‘guces and the cells vere unakble to ;onplete ritcsise Snyder

et al., (1962) alsc oemoqstrated this decrease in MT initia-
tion capacity at the wmetarhase/anarhase transitlcon in 1p ¥i-

trg studies aro cecrcludea that once the cells haa passed

-
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.anarhase the centrcsomes vere ccmpitted to a microtubule ir-

itiation capacity typical of interrhase cells, even if amitc-

sls wés_atcrted.

'1.3.2 Rapid Noppitotic Chapges

The changes that cccur in MTOC~zicrotubule ccrplexes dep=~
ocnstrate that the syséem is dynamic yet 1little 1s knc5n
abcut the triggers that cause such changes 1n tte cytoskele-
fon: ihe triggers, or signals could te insice cr cutside the
cell. 1Internal triggers may core froe the cytcplase cr tke

nucleuss. External triggers zay be due tc changes in culture

nedia for tissuve culture cells ip ¥iltrc, the asscciation cf

cne cell type with éncther 1p 3¥l13¥c, cr thke presence or ak-

sence of Lcrmones, amorg other facterse.

Studies of angelfish melanophores have shown that dramat-

ic changes in cenfrcscme'activity can take place wilithin sec~

onds, Schliwa et gl., (1979) -showed that pigrent distribu=-

tico was a furction cf the state cf the central apparatus

- {the MTOC «cf thls «c¢ell). When the pigment was dispersed

about Z4CC wicrbtutules radlating froe a large diameter per-
icertriclsr clcud cxuld te <counted in electron ricrographes.

hggregateu plorent wvas correlated with a auch reduced micrc-

tubule nusber and a sraller pericertriclar cloude. The aggre-

gatior and ' disfersal of pilgment takes Fplace in less than
than a minute - a3 dces microtubule disassembly and reasseg-

tlye
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Cells with aggregated and diéperéed figrent vere treated

with colcemid or c¢cld temperature t¢ disassexble vicrotu-~

bules and then lysed intc purified brain tubulin socluticros

] ¥

"to test ip yitro MTCC assembly capacitiese. MTOCsS df cells

dith dispersed. rigeent assembled rore microtubules in vitro

thar the MTOCs of cells with aggregated rigrment. It was cco-

cluded that varlaticns ¢f the atility of the central appara-

tus tc requlate spicrctubtule assepbly are a functign ¢f tlte

ei?2¢e ¢f the rericentriclar clcud which 1s cerrelated with

chacqges 1in rigrent oistritutione.

/E\'
"The rcle c¢f micrctubules 1in pigrent nmovemert was alsc

\\\iifdied ry torter and KcNiven (1982). Pigment oranvle move-

rent Qas. forigczdl in 1living squirrelfish eéfhyrophorss
thrcugh cycles cf adqreqaticn aﬁd dispgrsion ancg demonétrat-
ed that each qranule-dispersed to the same position in tte
cytcplast (their terr for the structure.consisting of pig=-
nent, mwbicrctutules arnd a fibrous network called the micrc-
tra}ecﬁlar lattice)f They found that rigeoent aqgregatign
(and cytp;last contracticr) wvwas mest likely due to shorten-
ing cf the ricrctrabtecul ae. Dispersed granules returned tc
the same lccation bechusé‘of lengthening of the micretrate-
;ulae. The ricrctubuies, thch d1d not appear tc undergo ma-
jor chapges,' served as gquides for the radlal expansion cf
the cytorlasts. Fcrter and McNiven suggest that the dis-

crepanéy tletveen thelr results and those of Schliva's grouyg

could be due tc observaticns of "a relatively srall popula-

1+



-

. 17
ticno ct.nicrotubules cepntral tc the-cytcﬁlaét that 1s less
stabtle and does depolyrerize as the pigrent aggregates.”
The aisparity retween the tvo sets cf rééults indicates that
wore work cculd be dcpe tc determine i1f there are ‘different
sets ¢t ricrotrbules cr ;ust speclies differences.

Undifferentiated nelirctlastoma cells are round cells that

can ke induced to difjfferertiate by the remcval cf fetal calf

serur (external rtrigger) fror the zedium. Immupostaining ct

undifferertiated cells (Splegelman, Lorata ard Kirschner,

1979) with antitubuiin antibodies have shcwn multiple

flucrescent spcts wilth assccliated alcrotubules. On the basis

of disassemtly/regrcwth e:perinehts Spiegelman and cowOrkers

identified these spcts as ETOCs. Upcn differentiation these,

spcts migrate apd ccalesce 1into one '1arge spet pricf tc the

extensicn of a2 wmicrotubule-filled neurite. Disassenbly/re-

groswth experirerts shcved thag thlis larqe spof served as an
MTC(«. They suggested thqf this large spct represented an ag-
greqate of all the initliation sites of the cell., Starp, Cs-
born and keber '(19B1) later showved by irzpuncflucrescence mwi-
crésccpy and electrcn nmicroscopy of the sase cell that the
sultirle dinitlaticno sites 1in undifferentiated cells were

multirle centricles. The large fluorescernt spot was shown tc

ke an aggreqgaticn cf the‘pqltiple centricles.

A different type cf external signal was demcnstrated by

the 1omuncstaining A  of scleroblasts detached frcem, or at-

tached to fish scales frcm squirrelfish (Byers, Fujlvara and

B PP RS TR e o §



e i A s m o o e B B e e e M B e e A e e e T e em s - e mm e e A e b — e A e W L e e e e sa e s P e ]

18
Forfer, 1980). If the cells wvere stained while still at-
tached tc thg'scales‘the ricrotubules in adjacert cells ex-
hikbited a pattern <¢f linear microtuktules radiating from an
MTOC. Evers et ale., (1980} claimed that the_paftern ¥as
superimposatle from cne <cell toc the next vith qoqg matches
in atcut 50% cf the cells. However, if the sclerotlasts
vere rescved frecs the scales and cultured before 1nq3ncsz
tainipg tle linear pattern of micrctubules was nct cbserveé.
In‘its place théy sav microtubule lcoﬁs runoirg throughcut
the cell &nd the pattern was variatle. The results sujgest
that the. arrangqunt 0f Ecleroklacsts 1n‘£113 SeLVES as an
external signal that ray be required-b; the MTOC to maintain'
tﬁe reqular racial microtubule pattern.

Iexunctluorescence uic;oscopy, phaqe contrast microscopy,
and clneniérophctography vere used ﬁy Gotlleb et al., (1981)
to study MTCC behavicr 1in woundéﬁ culfures ¢t pcrcine aortic
endfthelial cells. An external signal was intrcduced Ly re-
moving a porticn ct célls frcm the substrate‘(vcundinq). Ia-
suncfluorescence and thase ccntrast’- time lapse reccrds shew
that the cells closest to the wound Legan tc¢ migrate into it
abcut four hours Jater with the centrcscme between the leac-
ing edge and the ndcleus cf these cells. 1In ccrparisor, in-
munctlucresceni staininq ct confluenz layers shcved micr?tu-
tules radiating frocm MKTOCs that were randcely \pcsitiéhﬁﬁ'

wvith respect tc the nucleus. The centrosome recrientaticn

vas Rcst cbvicus 1n the cells closest to the vound. Treat-

,/////' I_ .. | ‘. -  /
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pent cf ;he_cells vith cytochalasin E to inhibit cell migra-
tice did'not/p:evenéinToc réarientatidn, but ‘colcerid treat-
pent digd (GCflieb, Subraberanyan apd Kalpnins, 1982). They
cencludeé that intact microtubules wvere required for MICC
recrientaticn tut‘ that reqrientation chld ocqﬁt indeper~
dently cf cell rigration. -

The existence cf 1nterpal signals wvas suggested by Solc~
eon froms Ltis stddies cf neuroblastcsa cell perpheclcgye. Ee
rrorcsed that the relatedness ‘of sister cell mcrphologles
(1979) ard the recapitulation of neurite rwcrphclcgy after.
slcrotubuie disassé;tly (1980) was ccnffolled by a "herita-
tle erdcgencus deterrinant® and suggested that the MTOC wes
a likely candicate.
. n .
1.4 CQHEQﬁIIIQ!.QI BIQES

ip adgiticn'tc ttbulin in basal bedies (Anderson and
Flcyd, 19&0), which are equivalent tc éentrioles. cther cor~
ponents such as calwcdulin, nucleic acids‘and trypsin-sensi-
tive prcteins (revieved Ly Brovn gf 3ale, 1963) have been de-
tected in MTOCe using various techniques. These ccapcpente
have teen suggesteé to function in microtubule disassertly
(calrcdulin),. functicn and/or replicaéicn cf centicles and
kinetcchores {pucleic acids) and wsicrotuvbule initiatlice
{tryrsin-sensitive prctelins). Hovever, @ﬁe locallzationlcf

t@;‘ccmponents or rrecise definiticn of their rrcpesed func-

tion(s) have not yet teen firaly established.

[ I e aaaat
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o5 * THE NMICROTIUBDLE SYSTEN QF Li!RﬂQSIIBS .
lymphccytes’ can be used as;a.loqel systen tc study'chang-
es in centroécle orgahization'aud éctivipf because thef urL-
derqc blgsthenesis in response to the additicn cf ritogenic
lectins. Restiﬁq eplenic lynphoéytes are in the Go stage cf
the cell cycle. Additiéﬁfﬁf' concanavalin A resnlts'iﬁ ip-

creacses ir DN&, ANA and protein synthesls (ling and Kay,

'197S)e. Increases in microtubule ccntent also.tave been de-

scribed fcr FHA-stiruvlated human’ perfpheral blocd’. lymphbc-

cytes {(Biterfeld, 1971) anidfor con A-stimulated rouse mixed
splenic lymphocyte'populétiqps (Rudd €t 2ler 1979)..

The ccntributicn o¢f aicrotubules 1in lysphccytes to the
redistributioy cf cell surface receptors (ratching and cag~
ring) has Leen investigated eiteﬁsively by Edelran and cc-
vorkers {Edelean, Yahara and H;ng, 1973; Yahara and Edelsmapn,
19732; Yatara and Edelman,. 1973L). Treating the cells with
high concentrations of ccn A lnhibitg‘capping of surface 11~
puncglobuline. If,the cells wer'e treated with cclchicine the

con A iphibition was relieved and the cells vere able to

- cape. They suggested that the state of assempbly ¢f the wmicrc-
. !

tubules wcdulated cell surface receptor redistrituticno
(Edelzan €% ale, 1973). .Yahara and Kakimcto-Sawmeshima (197€)

later suggesteo that patching and capring disasserbled pi-

crotutules. Their ccnclusion was based cn laguncflucrescence

micrcgraphs in which they were unakle tg detecf-micrctubules

in carpped cellse.
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Using &n irproved fixation technique Kcgers, Ktoshbaf and .

Brewn (1981), demonstrated by i1ssurcddtaining fhat microtu-
bules vere present at all stages cf the catpiﬁg pfccess and
that ‘there ;ere only subtle changes in 'their crgahizgt;on;
Cells vith intact microtutules alvays haé caps located:oéé}
the.regioi cf the cell where the centrosome uaé 1qcateé.
‘ Colchicine disassestly éf microtutules resulted 1p randce

F//A‘ cap fcrmation. .
‘ Fecently, the sicrotubule fassethlv-prcmotinémgrug Taxcl
was also shcwn tc ;tf;ct capping (Paateéc and Brcvn, 1982).
Treqfing lyzpkccytes with tarxol cause& an extepnsive recrgan-
i1zaticn cf sicrctultules intc bﬁndles:radiating fror the cetr-
trcscge, and randcr carp fqrnﬁtion with fespe;t tc the cen-
trcscre. - In addition, Con 3 1inhibition cf surfacé
. 'J impuncglctulin capring was alsc relieved Sy taxcl.
1he taxcl results alcng vith the ccl&hiclne results cf
Fogers 1 ale.r, (1981) 1led Paatero anﬁ Ercen té'suggest-that
“the nc¢real spatial.crganization cf cytorlasmic microtutules
in untreated 1lyrrhccytes 1s céquited tc get‘ car formaticn
zonsistently ccéurring cver the regicn c¢f the cell coptairp-
ing tbke cenércsdne. |

\\ Increases ir wmicrctubule contert, 'seen by electrcn »i-
croscépy. in PHA-stilulated husan gperigheral tlood lyephe-
cytes (éiberfeid, 1971) and in conm A-stizulated Eouse splep~-
ic lymphocytes (Rudd‘gg al.,.1979)' appears to be dependent,

in rart, on Increases in the amocurt of tubulin. Ueing a
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3@-colchicine tipding assay Sheflinefgnﬁ ﬁundy (1977) éhéuéd
that there vas an increaSe in tubulin'ccﬁteﬁt, relative to
total cell prctein, 1in Pﬂnfstilulatéd hutap‘beriphér;l blecd
lflggccytes. ,Eeéently iatethoﬁse, lndétson and Erovn (1983}
-accurately. detervined a différential' jocrease 1in ;tuﬁulin
content fcr cco a-siinulated . pouEe sflenic- f lynﬁh06yte§.
-They alsc shoved, tildiréct microtubule Eounts from elecgrcn
rlcrcgrapbs, thkat there was about-.a 2=-fold 1n§rease in =i~
crctutules in stimﬁlated cell populaticne gnd sugdesteé that
this ipcrease was derendent cn an 1incresase ip the amount cf
tutuline. |

Fecskerethey and Schafer (1982) measdyred tle amounts cf

trapslatatle tubulic, calmcdulin and actin messages, isolat-

ed frca resting and stirulated bcvine lysph ncde " lyasphc-
cytes, 1p.cell-free translation systers. They shcved that
the tubulin message level increased significantly as 2 r?-
sult of stimulaticn. Actin message, present In large
apcunts i resting cells, shoved a five fcld increase curing
stizulaticn while calrodulin message levels d1d nct change.

-Ihe‘obse:vaticn that the tubulin nmessage level rose dra-
matically frem pearly unhetectablé amcurts 1n resting cells

lends suppcrt tc the suggestion of waterhouse 2nd coworkers

that tubulip cc¢ntent Is a limiting facter in the 1ncrease_é5?

ricrotubule ccntente.

-

Given thpt picrotubules radiate from the cerntrcsoke ard

that stimsulatign of lflphocytes is acccnpanied by ar 1ip-
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crease in licrctubulé contént, I decided tc investigate the
"effects cf stirulgtion (] the 6rq§nization and activiiy”cf
the centrcsonmal licrotﬁbule organizing center.
There are three naig rurposes to the rTesearch fresented
in this thesis: ’- | s

T T ——

1) 1c descrite the structure;cf tbaAcentrosonelin
resting lyrrhccytes, arpd thé structural changés
ffaé cccur as a resuit cf stirulation.

2)I T¢ identify those structural changes which are
correlated with the increase 1n ricrctutule cco-
tent ¢f stisulated cells.

3) To develcp an 1p ¥Yitrc =sicrotutule assenmlly
assay tor. the nicrotubulé initiatior «cafpacity cf
the ly;phqcyte centrosore in crde:“tcziest fcr

changes resulticqg frorm stinulatipn.



Chapter Il

MATERIALS ABD EETBODS

2.1 CELL PREFARAIIOR

' Male EBalbs¢ mice, eilght tc fcurteen veeks old,  vere
killed by cervical dislccation and tﬁeir spleens removeda.
In crder to sake’a cruce suspensicn in sedlum (FPMI 164C +
104 tetal bevine 'serur; FES) the spleens vere winced through
a sta;nlegs steel screens The crude sglenccyte spSpensicn
was ther passaqed thrcugh a 20 gauvge needle several timzes in

/
order to treak up cell clumps.

2.2 T CELL PNRICEBENT | B .
Tc enrick the c¢ulture for T lycphocytes thte wheat gerr
¥ .
agglutinip (WGA)} wnethod of Bourguigrcn, Foder and McMahcrn

(1979 ) wes tused. Splenocyte cultures were treated with
10Cug/ml #Gr at a density of aprroximately 4x108 cells/ml
for thirty rinvtes ¢n ice and the suspenslons_were cverlaved
cn a2 S50% calf gerur Cushioh. The E lyrphocytes clurmp, g2leung
" with sost of_the red bldod cells, and settle.to tke Lcttcer
of the cushione After thirty pinutes on 1ce the presumptive
T cell layer was removed'§ftom the tcp'of the «cushicn and
centrifuged at 450xg fcﬁ 5 pinutes in ap 1EC clinical cen-
trifuge. The pellet was resuspended twice in 0.2M N=-acetyl-

gluccesamire t¢ wash cvt remalning %Gh.

| -2"4-
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" Repaining red blcod cells were 1lysed by resuspendirg tke

pellet in 0.16M NBS8C]l for seven minutes. The suspehsicn vas
underlayed with 1C0% calf serua and then centrifuged -at

450xg. The supernatant ccntaining'red cell lentfanes_vas as-

‘piltated ard the pellet ct 1T cells vas resuspended in rediur

and*cultured at a density of 21109cells/ll.'

.The degree cf enrichmert was determined by incutating ap
aliaouct ct cells %ith ©Fhcdamine-labeled goat arti-souse Ic€
for ten wmiputes at 37°C., The rercertage of Ig‘gogitive
cells was éete;mined ty fluorescence microscopy (FRogers g%

gles 1981). Using the wGA earichrent wmethcd 1t 1s possitble

to cbtain populatidﬁs cf the cells that are 93%=97% 1 celll

enriched. N

2.3 COE A STIBULATICK-

I1f T cells sere to be stimulated, ccncanavalin B (con B)

vas added to the culture at- a final ccncentraticn c¢f ﬂﬁg/m].,

" The cells were cultured 1n the c¢ccontinuvous presence of cch B
for 48 hcurs with sugrlepent f con A-free redluc (10% cf
originral vclure) adoed at %}{i:§;s in crder tc increase cell
viability. o

1F€ extent'ct stirulation ' vas determined by 3IH-thyriclne

(1 heur pulse, 2uCi/wl; Pudd et alss 1979) Uptake at 48

hours as well as by increases 1n cell diameter as determired

~wilth an ocular ricrometer.

-k
b
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' 2.8 CELl EBBEEABILIZIIIQI | - .

Festing andéd stimulated ce11§ vere‘pe:meabilizedl 1ﬁ the
sicrotubule stabilizing Ltuffer described by Bershadsky et

" ale, (197&) ccntaining; un_qliéerol,‘ 50p¥ Imidazcl, SOmM
Ikki;‘ 0.5mW  .MgC12, a8 EGT,  CalmN  ECTA,  1rt
2-nercapt£ethenbl, EB 6.7 (BB} with 0.0C5% Tri?kp K-1Gd fcr
thirty mictutes. If the cells were tc be used in ip ¥itro as-
sertly assays the ©rwicrotubules were disassehbled'in coe cf
tvec ways; 1)ce11\cu1tqrgg dere incubateq_ or ice fecr two
hours and thenr permeablilized 1n EB fcr thirty minutes c¢n
ice. 2) cell cultures were treated sith 10-%M cclchicine fer
six hcurs and thepn permeabllized in BHE at roor terperature

for thirty niputes.

2.5 TURULIE-EEERAFATION

Eresh‘rcvine brains were purchased frce a 1lccal slauqh;
terhkcuse {(Crabtree MKeatpackers) ,ard useé as the source ma-
"terial for ricrctutule ﬁrctgins. The temperature dependert
assenty/disassebbly methcd of EBorisy gt ale, {1974) ¥as
used to isolate microtubule proteins fror thg braln tissue.

dftter four cycles cf asseablysdisassently, the protein.
vas lcaded ontc a E11 phbsphacellu{pse cclurn (veingarten €t
al., 1976), eauilibrated vith PIPES Euffer (10CoM PIPES (ki-
perazine;h-ﬁ'-bile-éthane suifénic acid}), .1ﬁr igCiZ,. TaM
EGT2A (ethyleneglyccl-tis-(beta-amincethyl ether)  K,N' tet-

raacetlc acid) and fracticns =2lutec with PIFES were collect-

3
e . b, g



ed at 4°C., Tubullp dces not bind to the colusm and 1s elut-
ed vhile microtubule asscclated prcteins (MAPs) remain bourd
to the columr. The A280 cf %he fracticns vere scniteored us-

ing a Pye Unicam SE8-100 spectrcphctcmeter. Those fracticaos

»

. “ .
with an A280 greater than er equal tc 1 vere pcoled fcr .

cvernlqht dlalyeis a2gairst PIPES/BM glfcerol.

The fclleving wcrning the contents cf the dialysis bag
;ere diluted 1:1 with PIFES without glycerol_ ané rrocessed
thrcugh cne more cycle of assembly/dilsassesbly by the addi-

ticr cf #gCl2 tc 10rk and of GTP tc 1.8nM. Théfccncentraticn

¢f tubulin (€S) was detersined Ly the 1lovwry method and.

-~ .

stcred at =70°C at a oinimum concentration of 1C wmgs/rl in
FIFES withcut glycerole.
trior to use in 1n ii;;g assays the tubulirp was checked

for the ipability to self-assemb;e by d1luting a2np aliquot cf

the proteln +tc the desired final ccncenptration with FIFES

and l.8oM GTP in a fina} volume of SQul. After thﬁgapprcf
priate incubtaticn time at 37°C the reaction was stopped ty
the add1i10n|cf an {gual volume of 4% glutaraldehyde 1in
FIFESe A sawple of this mixture was thern put c¢p a formvar-
coated ccrper grid, negatively stained with uranyl acetate
and vleved in a £hilips EM201C. Conly thcse tubulin prepara-
ticns that 414 nct self-assemble were used in 3ip yitro as-

seckly exferivents.
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2.6 IN YIIRQ ASSENBLY CONDITIONDS

Festing and stiwrulated cells pretreated bx Foth micrcte=-

tule disassembly prccedures vere rermeabilized as descritbed

‘abcve, At the end cf the pearrealkilization stetr the cells

wvere centrifuqged at 450xg for 5 miputes and the buffer aspi-

‘Tatede The perwmeabillized cells vere thern gently resuspended

in Ce5 ml c¢f reaction wmixtur2 containing self-assembly in-
ccrpetent tutulin at 1 mgs/mlror 2 sgszl, FIFES and 1.&nb
GFE, and 1ncutated at 37°C far 15 rinutes cr five rinutes,

respectively. Fcck assemkly'contrcls wWere run using ;;% sanre

reaction sixture, tut excluding tupulin, at 27supCC ter %

tinutes. The reaction uas'stoppéd ty the additicn cf en
equal vclure c¢f prewarred #% glutaraldehyde/FIPES and tte

santles vere rrccecssed fcor electreh mlCrCcsScCEYe.

2.7  ELECTRON MICROSCOPRY
Thke ex;efiuental carfles described In the rprevious sec-

ticr as well as ccntrcle vere centrifuged and the cell rel-

lets were resuspenced 1ir 4% glutaraldehyde buffered with

Ce1® sodium phecephate (rH 7.0). ana filxed at raor temperature
tor ninety ninutes.} After a seriec cf washes (3x10 rinutes)
in thé butfer, the cells were postfixed inr 1% Ce04 buffereo
with C.05F soédiva fhcsphate on ice for ancpher ni@ety ﬁir-
utese Thils was tdllcued ty another series ot wvashes Iin C.CEM
Fuffer and then by detydration ';n a graded acetcne series

{1C tlputes each sStefp)e. Infiltratibn was dpne cvernight 1n
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Spurr's hard-resin rixture iSpurr,'19§9). The fcllcwing day_
the resinA ;as replaced uith‘a fresh vclure and six mcre
houra‘cf intiltraticn vas don2 at roca temfgrature. The sanz-
rles were placed iIn EEEM capsules an&-the.resin vdswpolfmér—

1zed at 6cifﬂg¥ef33§@{;\ ”

¢{lver [secticns (€C-7Cnm thick) WELE' cut using a Cupcrt

diamctd krife and a Sorvall Pcrter-Blux PT2-F ultraricre-
‘tore. For serial sectioninq ritbcns of silvé} sectio;s WNEIE
picked ur c¢n icrmvar-ccated slotted ccpper grids with tte
ald ¢f a Miken ricrcscore médifL@d tor use as a "third hanc®
as squestec ty Pieaerl(1981). All seécticns were stalbed

.with 2% vranyl acetate a2nd lead citrate {(Reynclis, 1963ih2

exagiped in 2 Fhilips EMZ01C.

2,8  MICEOTUEDIE CCUNIS

¥icrcgraghs were taken‘oflcentrcsEmes ip 1n?act cells ara
in ip vitro asserltly sasples at a‘ nagnificaticn of x2C00C.
They u;}e enlarged arnd print=d at a firal magnificaticn ct
160000« 1he centrcsome was ca2ntered 1nna square that corre-

spcnded tc 1.27ux® in the cells Cnly ricrotubules that vere

bounded bty thkie SQuare were countece.
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2.9 COMEUIER RECOBSTRUCIIQNS EBQ'_H SERIML SECTICONS

The centroscmeL regicns of resting in& stipulated cells
were tréced ontc acetate sheets aicng vith the cutlines cf
cell iembranes, pitochopdria and nuclel. Once a series was
corrietely traced, ;cur fiducial uqus 1n’a rectaqgle veie
intrteduced on tFe last acetate of the serles. Thg_ggxg\to
last ‘acetate was laid cn teop of tbe’lés@ OnEs. ffter achliev-
1n§ a "Lest jit“ (F:eder,' 1981) aécoréing te the cellular
landrarks, the fidécial-marks were then traced cvers In thié
ranner the ﬁidﬁcial marks were transferred ur through tle
entire,acetate cerles. Ttis procedu:é vas rgpéated for eact
seriece.

These acetate csheets seré then used tc enter the data
intc the ccrputer that wculd do t he stereo.teccnstructicns;
The eqﬁipnent tsed for the = sterec reccnstructicns 1s 1in tte
lab ¢t L[re t+ Foens cf the Departsent cf Biclcgy, York Uni-
versity.. It censists of 2 Numonics 1224 digitizer, arn QOhic
Scientific Challenger 3 =swmicrocomputer an¢ a CECwriter 1II
tereinal {Moens and.rcevs, 1361) . The fprogrars used to do
the reccpstructiors were covritten by Dre Fe PFoens and.rr.
T« Fcens.

ke d;splav unit cf the dligitizer shcws carteslan co-cr-
Ginates as.ceterained by the pcsiticn of the curscr. Once
the cursor is eligred snd calibrated the first _adetate is

laid down with its fiducial marks superisposed cn tte refer-

ence parks cn the wcrk talbtle. A prcogram called "TUESAVE® is
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éalled up frcm'disk stcrage and ptalpts the user fcr a n&le
for the FILE (the acetate series) as well as the curient
secticn numter. The cursof 1s moved to the end cf a micre-
tuktule {(fcr exarple) and that end's cccrdinates are entered
cntc the ccrputer dilsk ty touching‘the "enter™ buttcn on the
digitizer Xevyrads. - The <cursor is then soved further alcrg
the length ct thé micrctubule and the [rocess 1s repeated.
Once all the pertinént infcreation 1££§2 ricrctubules, cen-
trigles, Fericentriclar Material (ECHN), Satellite Eodies
(SEs)) 1in that, secticn 1s entered cnto the cosputer disk tte
prccess ie repeated fer tolloving secticnse Thke only change
is tc ipcrerent the secticn nurber by cCne.

In order tc get & rrintout a program called‘“SHCTPER" is
called ug frce disk stcragee. The pregranr reguests informa~
ticr co_the tile pase, the nurmber cf sectionms in the flle,
secticn tricﬁness (in nr) and the number cf cifferent struc-
tures tc te traced cut in different cclcred 1nks: Once the
~infcrsaticn is surrlied the brcg;am 1s run anc the results
are traced usirc a Calccrr 81 plotter.

The seccnd half c¢f the sterec pair 1eg made ty calling tp
a prcgram called “TUEN" fror alek stcrage. This ©preogras
jrorpts the user to supply 1infcrzaticn cn the criginal file
name, a tile néme fcr the tilted data and the rnusber ¢f de~
grees that the data shoul& be tilted e¢ither atcut the T cr

the Y axls cf the carteslan gragrhe The program then searck-

es the aisk fcr the c¢riginal data, tilts 1t the desireé nun-
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ber of degfees and stcres the tilted data back on disk under

the tilted data file name {(the second half of the sterec’
pairs in this thesis vere tilted 10° atout the I axis).

Io‘get a prinfcut_of the‘tilted data the “SMOTEEN® prc-

grar .is used adain, this tiae surplyibg tte nev file nase

bgen'pronptéd ty the corputer. The sterec effect 1s achieved

by aligning the twvo grintcuts side by side and viewling ther

thrcugh sterec glasses. The data can also(Pe called ub in

varicus ccmtinations {eqg. micrétubules anﬁ-ses;‘ see fiqure

.(5)). using the "SMCTEENY program, to 1nvestig$te relaticﬁ:

shirgs between tla co:pbnents Of the centrcscae.



Chapter III
RESULTS )
Vo y
‘3.1 DESCRIPTIQN QOF CELLl SISIEN

‘topulaticns ¢f T 1lysphocytes, enricted to a méxinum Ff
97% {(as judged ly irmuncfluorescence microscopy) apd stigu-
lated;80-11b fcld {(neasured a£ 48 hcurs by 3H—thflidine Ufp~-
take) by ccr A addificn were used tc ensure that the results
of these exrérinents, rrevious research (Haterhcuse et ale,
1383) énd cngcling hCIK‘UOﬁld be coxparable.

Figures 1 and 2 shcv the major structural changes that
cccur: dﬁriqq ccn A stiepulation cf.lymphocvtes. . Restirg
splepic acuse T lyephccytes are unlfcecrrly snail_uith a.dial-
eter ¢f 5-7ue. Fev crganelles are found in'the thin layer cf
grapular cytoglasr surrcunding the rucleus, which 1= cca-
tosed largely cf ccndensed chrormatin (figure 1). )

The additicn of the T cell mitcgen con A 1induces the lye-
rhccytes tc undergc blastogenesis. There 1s ar 1ncrepse in
cell diameter and at forty eight hours, at least cne third
of a stisvlated cell pcpulation is fully stioulated with a
sinisus dlaweter cf 1Cue. The amcunt of cyt¢rlase iéd the
nuster cf crqane%{gs.have'increased wvhile the densitf cf tte

cytcplase is reduced. The nucleus‘ie aled less den=e due to

-

the dispersion cf the cai?ensed chkropatin (figure 2).
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f;gure 1s Resting sglenic T 1yiphocyte._ lLongitudinal view
cf centricle (arrov} shOﬁs 1ts locaticn in the puclear cleft
and-1ts assoclated satellite bodies (arrcwheads)'. The nucle-
s ccntairs a2 1lct c¢f ccndensed chroratin and thke cytcplasr
is veéty derses Magnification; x325C00. The centroscame cf

this tell 1s shovn in serles in figure 3, 1in stere¢ in fig-

ures Sa apd 5t and 1in mcdel tore ir figure €ae
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Figure 2. Stirulated splenic T lymphocyte. A centricle 1s
visihle in cross section {arrow) located 1in the nuclear
cleft. The condensed chronagin is ﬁisperéed throughout tte
nucleus and the cytoplasm i1s less dense. The cytoplasaic
volume has alsc increased: magnificaticn x25000. The centrc-

some cf thie cell is shown in series in figure &, 1n sterec

in figures 5c¢ and 5d and in model fors in figure 6b.

ive .
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3.2 CENTBOSOPE SIRUCTIUBE

Eestfng and stimulated cells have oné ceptrcscne usually

located ir the nuclear cleft (figures 1 &€ 2). At the centre

-of the centroscme is a palr of centricles. 1In lytphocytes

centricles are aprroximately CeSum leng (figure 3g) and
Q«2um 1inp cuter dlameter (figur; 4); ‘Tﬁe centricles are sur-
rounded by amorphous, electron Qense PCM (figure &). Within
the BPCM dense aggregates ;alled SBé can te seenr {figures 3 &
4). Micrctubules can be seen radiating frox ;he $8s of bcth
cell types; icre MTs radiate frcm the SEs c¢f stisulated
cells. | .

The st in resting anc stirulated «cells lack definite
shage althouqh those that are assoclatecd vwith centricles af=
Fear attached to them by short stalks (fcr exasple tigure
3b)e. Cccasicrally, those SBs attachea tc ceEtricles bave a

striated aprearance which ﬁersists thrcugh perreabilizatico

. and ip viirc a2ssemtly assays (see fcr exasple figures 2L

and 13c).7 ]

The distal end c¢f the cenftiole vas originally defined
fros electrcn sicrcsccpe dbservations cf cells tbhat ﬁave
prisary cilia growing fros one end cf the centricle (Wheat-
ley, 1942). 1his end was also fcuod tc have an electrcn
den=e material 1in the lumen (Hheatley, 1982)e In longitudi-
nal secticns of lyrphocyte ;eﬁtrioles (figure 3g), t/; dis~-
tal enﬁs are recognized by the ptesence cf the electrcn

dense paterial. Thils saterial externds abcngﬂﬁ;l{g;r’aoun the

length c¢cf the centricle.
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Vieved in cross secticn (figure 4&4a-h) starting at tthe
‘distal end, the eleciron dense raterlal 1in the #entrioie ly~
.len i prcainent. Prcceedinq-uroiilally, the dlaweter of éhe
centricle incfeaseé slightly and at the samevtiré there 1s a
lesesening in the a:bunt cf the electrcn dense material in
the centriole core.-

The crthecgenel ccnfiguratior (il.e. c¢rne centriole perpen-
dtcelar te the”cthég) vac not seer fcr any of the resting cr
stimsulatec cell centrcscpes that were seriai secticned. Ncr
did #kis arrangenent aﬁpéar comzon 1n trandor views of rest-
ing and stimulated cells., | '

The positicnino cf the centricles relative to the auclecs
is guch that the diftal end cf cne cf the centrioles is
close to the* rucleus. The centricle arrangement vith re-
spect to each cther has the distal epds cf the centrioles at
'bppcsife ends c¢f the centrosonme. This feature vas found in

resting ard stisulated cells.

3.3 CHANGES IM CENTEOSOME OBGABIZATION DURING STIEULATION
Serial secticning of resting and stisulated cells makes
1t fossible tc £ee the reiationships bLetweeen the different
sutstructures of the centrosome.
The centroscmes of threé resting cells and threé stiru-
lated cells ueré serial sectioned apd three dirensional re-

cocnstructicns ‘were gade. The resting cell series (figure 3)
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Figure 3.' Centrqséle series frcm resting cefi shewn 1c figf
_;ﬁpé‘1.‘ Satellité todles (arrows) appear closely assoclated
itk one.centriole of tﬁe centroscee, Hicrotubules'(arrou—'
heads) afe distinguishahle radiating frox the satellite bée-
les. A stalk (curved arrcv) can be seen showine the attach-

rent ¢cf a satellite btcdy to the centriocle. Magnlficaticr;

all figures 1600?9.
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Eiqare 4. Centroscme'series fror stisulated cell shewn ip

tigure 2. Satellite todies (arrows) -are largely collected

tetwveen the twc centriolés. Kany micrctubules‘(arrcuheadsi

can te <seen radlating frer. the égtellite bcdles. Procer-
’ ' [

tricles (F) (tigures 4f apd um) dpdicate that thils cell 1Is

in =scme stage o©of & fpharse. agrnification; =2ll figures

x6CCCC.

1 ]
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and the stisulated cell sé:ies (fiqure 84) are represented 1ir
rcdel férl in fijveres €2 and 6b, res;ectiyely. Ttese cells
weLe chcsenl becauce ihelr centricle criertaticrs vere refre-
csentative of res{ira cell and stinmvlatec cell centroscres,
respectivelye. #T ccupts were dcne, cn é DET seéticn lasis,
for the twd refresertetive centrcscire sccelse P rearn cf 1749
was calculateé ftcr the resting cell gcdel whbile the stipu-
lated cell eodel E{c a rear of Zba.t. , .
Tke FCP cf the restirqg cell centrcecre 1t ncticeably ditf-
ferent frcr ttre surrourding cytorplasy (thils 1s particularly
eviogept 1t figures 3c-¢) ih that it aprears floer dué to tle
apparent exclusicn cf ritcsoses. In the ecdel (figure €a),
this difference 1t skcwr Lty the =cseparaticn ¢f the large aré
cmall stifplira. Tte SE=, whicl are electrcn dense agqgre-
gates bcurded ty the FCM, exhllbit a prefererntial assoclatice
with cne centricle c¢f the padr anc éppear attached Lty shcert

stalks algng thte lergthk c¢f the certricle. Mlcrctulules are

seen radieting frecr tlte SE=.

1be crganizaticr ct the stizulated cell centrcsore 1s
different fror that cf the restirg cell. FCF 1= present ard.
4s esrecially rrexirert - in filgures 8e arc 4re. Unllke the SEs
cf the resting cell ceptrcsome, thcse cf the stizulatad cell
are ccllectea 1t the regicn betweer the tvo certricles (fig-
ures 4i-1). The relaticrstip between micreotutules ard SEs
1s-clearly evicent 1f the first rcw cf figure 4 is corpare<c

to tte third. As ®zcre Sbs appear xcre ricrctubules are alsc



Y
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fresent; rowever, wvhere the SBs aprear tc contact each other
1t 15 d1fficult +tc deterzine 1f tlrere are Mis. The SEs cf
the stimulated cell‘Lcentroshme alsc agpear larger and mcre

DURELCUSE. - ' -
The stimuLated cell centrosome 1s preserted in rcdel fcrx
‘1n’f19ure‘6t. This view ¢hows the ccllecticn cf the madjori-

ty c¢f SEs in the srace tLetween the twe centricles. As wlth

the restirg cell, the spaller stippling represents the P(W

L]

and fl;luces ribosbues,"uhich are represented rty the larger
stifpling. The centfcscne of the stimwulatec cell ig slight-
ly larger thar thkat ot the resting «cell becavse the cen~
tricles bave statted.to rove aparte. fpall rrocentriocles
{figures Lt and u4x) 1nu1catg thkat this cell has enterea the
& rhase ct the cell cycle (To{uyaS!; 1972)

EicufES.Sa and ;F are sterec views (f thke restine cell
centrcscee shcu} in figures 3 and €a. Viewel thrcugh sterec
glasses the ovecld staje cf }he certrcscre can te perceivec.
It is alsc pecssitle -tc see that the »ricrotutules radlate
frcz the centrcscre at olfferent pianeé. Py selectively
céllirq uf the date frcor computer disk storace a view as
giver 1in tijure 5b can te created. Eeré it is seen thet mi-
crotubules (tleck lires) radlate rricarily from the SEs
(qreeﬁ lites).

P:qutes S5c zrd S5¢ are stereo refresentaticns c¢f the stin-

tlated cell cerntrcscme shewn In figures 4 ard €t., The rost

i

e
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Figure 5. Ste;eo ralrs showing the centrcscnés cf 2 restirg
cel{ (figure 5a) ahd a stirulated cell (figure Sc). Microtcu-
bules are represented ty tlack lines, centriqles'are_in red,
catellite tcdles =2re areen and pericenfriclar raterial is
reﬁtesented by tlue lines. Flgur;s 5t gnd'Sd stcv the fela-
tiorshirs betseen the ricrotubules and satellite lodies ir

the restirqg (figure °St) and in tke stisulated (figure St)

cell ceptIcsorese.
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cbvicus oilfference is the increase in thke nurber cf microtu-
bules. Figure 5t shcws hcv-these parts of the SEs (green
lipes) that ?re tcuching, .or are clqsesi tc the centricles,
do nct bhave micrctutules radiating fros tﬂer. Tre étilulated
celi centroscre i=s alsc Evoid.

3.4  CENTROSOME NODEILS

Tc detersine if thke centrosomes cf cells that vere cseriel
secticned are recrererntative of the gajcrity cf centroscres,
th; 3=D reccustructicns were ccepareq against :1c:oqraghs'ct
randon sicgle secticns thrcugh the certrcscmes ¢f cells 1np
resting and.stirulatec populations.

. Ceptrcscmes ccul@d te 1dent1fied in reetirg ard stimulated
cells by the fresence cf at leost cne centriole, or irn scre
iastances, ty thke rresence of Eg\$ér Sks. Instecticn cf tte
geriel secticns and rany sinjle ;ecticrs frcr resting ard
stisvlatec cells skcw that the angle cetween tle centricles
cf tcth cell tyres 1s fairly constert. €09 (9 ¢t 15) of tke
centrcscees frcs  a restirqg cell fpcpulaticn stkcved a Ceér=-
tricierarzanqewent that could te fcupd ip either a restirg
or a stigulated cell }épulatiohm Sks were used as markers tc’
disfinquish resting cell ceﬁtrcsores fror those 1 étlnulat--
ed.cells. Using this adcditional critericr €7% cf the restirg
cell csa¥ple shcvwirg centricles alsc shcved SEs in a2 centrc-
scte ccnfijuration that ie consistent with the resting cell

rodel (figure €a).

e
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Ey follcvwina the sare centriole/cepfrcsone fdentificaticn
rrocedure 67% {S5C of 74) of the randces single . secticrs
fhrcuqh tke centrcscres cf resting E lyspbocytes resembled
the reatipy cell rcdel. |

A forty. eight bcur stimulated cell populaticn, vas ana-

lyzed 1in the saze rapner apd 1t wa=z fcurd that cf a sasmple

in whkichk centricles ueﬁe rresent, the rresence and locaticr

of Sks dadlcated that 75% (21 of 28) of the savsple resemklec

the stltulaggb/iell rcdela . _

3.5 DISISSERBLY OF MICEOIUBULES
Ecrwlations cfresting aani stirﬁlatec T cells were pre-

rared anc rlacec on ice fcr twc hcurs tc disascsesble vicre-

tubules. After " this treatment the cells vere imrediately

fixed by the acolticn cf 4% 1ice cclé glutaraldehyde in C. ¥

rhcertate oufter {pbF 7.0). Filgure (7a) sﬁois a resting cell

treated Ir suct a ranhner. The cytoplass i=s very dense acd
> »

rakes detecticr ¢f asicrctubule fragements ditficult. The FCF

et1ll reteins its fire arpearance and ribcsomes are still

excluded frcm the realcrc, SEBs are nct rresect 2nd appear to

havé teen dlsagoregated as a result of the ccld treatmepts

Tge ctgervatico that cold treateent caused SE dlsaggregatico

-
’

by

Rt
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Filqure 6. Mcdels derived froe serial sections cf £bexrest-
ing céil (figure 6fa) fresented in figuree 1, 3 and Sa-t, ard
¢cf the stirulated cell (figqure 6b) preserted in figures 2, &

and 5c-~d. Large stirrle in both »cdels represent ribcsores

which appgér tc be excluded froe the pericentriclar material -

which 1s shown ty the the small stipfle. The satellite Ebcé-:
les (arrcws) afpfp22r-attached to cne centricle cf the centrc-
go8¢ In the resting cell ard are ccllected 1m- the intercer-
triclar stace in the stimulated‘ceil centrcscres Tte castec
cylicders 1a the centricles reprecert the electrcn dense Qa-

terial i the lumens cf the centricles. 1The material stafts

at the alstel ends cf the centrioles and extends preximallys

= % ol ppamgya L bl
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vas unexpected and alsc a very interesting cne since SB Ireé-
érrange:ent say be an irportant factor vien assaying chang;s
in the certrcscmest picrctubule irnitiating capacitye.

Tc deterzine if the clsajgregaticn cf SEs vas due tc tte
rescval cf MIs oI tc scre othei effect '¢cf lov temperature,
colchkicine was used as an élternative retrod tc disasssextle
MTs. Festing and stirulated cells were treated with 1C~¢¥

v

colchicine tcr ¢ hcurs at 379Z, a treatment shcwr by Rrdd et

ales (197%) tc etfectively disassextle MTIs. The effects ct

| colchicire cn frntact restiny cell certrcscees 2nd cr stiru-

lated cell certrcscres 2re shown in figures 7t and 7c, Tre-

i
ositice, ir the nuclear clefy,

spectively. 1he centrcscme's

1s vnatfected ty the cclchiclne caterent. This is partice-

larly evicent ir ficure 7t. Eoth /resting ard stizulatec cell
cerLtrescoes de¢ rot shkowv a 3lcrctubules but SEs are still

[resent and ir the arrarqgesents seen 1n intect cells.

3.6 IN YITRO ASSAXD
3.6.% Eermeatilization ErQcedures )

In crder tc study ciarces in the 1nitlating caracity cf
lysrhccyte certrcscuaer, 1t was pecessary.tc deveicp‘a‘proce-
dure whict allcsed fcr the praservation c¢f MTCCsw Ferrzealbi-
l1izetico ¢f cells using ccqcentraticns cf Tritcn Y¥=-100 rang-
ing frcr C.05% tc (C475% in PIPES nct 'cdntaininq glycercl

have teer rencrtea effective lp prcducing MT0Cs fer use it

N
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Flqure 7. The effects of cold‘or cclchicive cn microtubule
disasggpblv in .intact resting andéd stisulated mcuseAsplenic
lylchécytes. Flgure 71_§hous the centrcsome c¢f a resting,
cold-treatec cell. Cgﬁtricles (curved afross) and petfcen-
triclar meterisl (2sterisks) are visible tut there are rc
ricrctutules ci satellite bodless It resting (fiquge 7b) cr
stirulatec (fiqure 7c} «cells are treatec with 1C~ep ccichi-
cine for-'six hcurs at 37°C micrctutules are disesserbled Lut
sateliite tcdies rersict, Magpificaticn; fiqure 7a x7C0C(;

figures 7f anc Tc xEGCGO.
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ig ¥itrgc essently éssays (Pepper and Brinkléy, 1979; Gould
and berisy, 1977)e. Fermeabilizaticn of lymprhocytes in EIFES
kuffer, with cr witPcut glycercl, ccntaining C.05% or 0.25%
Tritcn %¥=10G resultéd in ccmplete lysis ¢f the cells. I rea-
scned that using a lufter system whick Freserves the Mis
{Bershadsky et 3l.., 1978) sight alse ;reserQe the centrc~
scolese. Wwhlen these concentratiors ct 1riton X-100 were tried
in EP there was extensive damage go the cellse 1In many ir-

~

starces all thet rerained vere small btlebs of cytorlasm at-

-~

tactked tc swollenlnuclei {data not shcwn). Feducing.the Tri-
ton ¥=-1GC ccncentraticn to 0.C05% in EE and perceabilizing
the ¢cells fer 30 minutes rémoved rcst cf the citcplasm in
the cells and did nct appear to greatly affect the structure
cf the certroscre; SEs were still locatec in thelr usual lc-
caticops uith ¥ls radlating frorm tlhea. Inl all experiments
repcrted tkere, €=2lls ;ere permeabdilized using BE/C.CO5% Tri-
ton -Xx-100.

Ccld treatwent cf cells, followed bty perreabilization in

BB/C.CO5% Tritcnh ¥-1C0 fer 30 piputes at rcer teyperature'

- M
wag nct suvfficient to cosplet2ly disasserble 21l the micrc=-

tubules (cata nct skcwn) =c¢ rermeabilizatlcen wvas carried cut

cn ice tor'BO sinutes.s Filgure (8) shows a resting cell cen-
trcscre ({1qure 8a) and a stimulated cell centrcscre (iiqur;
tb) after ccld treatment and cold rermeabiligaticne. SB di-
saggregaticn eand ige\ lack of #lcrctutules are ccnsistent

teatures*cf cells treated inm this way.

D

" it



£é

Figure (%) =hoss 2 resting, cclchicire-treated cell per=-
reakilizea at rocr temperature it EB/C.0G5% “Tritcn X-1CC.
The cell sertrer2, while stilll present, 1s nct 1irtact 2ra
guch cf tlte cytcplasr has bean re2gecveds The nucleus ajrears
vnaffectec but th2 mitcchecndria, reccqnf?ea ty tte PTesSence
¢f ccuble renbtranes and residual crfstee, are svecllen. Tte
centrcsorte igf stil) gfpresent anc lccatea in  the nucleer
ciefte It s3hculd te zneted that “cells that have tee% cclo
treated ard éc]c rerzeatillzed have the care apre€arance. TlLe
rajcr dlftererce 1s the lack of &Eg ir the ccld IGECATEC
cellse. The irser stewe that tn cclchicire-treated cells Sks
are stillﬁprbgent. nter stimulatec cclcticine-treated cells
are ;erne;r:lfzei*ir EF/7C.CO5% Tritco ¥-1C0C 1+t is clear that

picrctubtules are nc lerzey raalating frce tle Ske, nog have

the SEs_leeL ncticeably attectec {ftigure 1C).

3e6a2 Ip ¥itrc Micrciubyle Asseplbly

Cne purncse cf  the
X

1o
t3

¥y

=

tzo assenbkly e€xterdnments wes to
tee 1f the increase in nicretubule ccntent in vive wae ccr-
related w2th ar increase in P#T initiasticr caracity «cf tle

ETCC.
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Flgere t. The effects ¢f cold disesewtly anc cclé rerreati-
iization orn rgstlnc and stlaulatecd szcuise spleric lyerbc-
Cytess Afrer cclc éisassegblv ang c.cld }:erneatilizatﬁtke
restirg cell cectrcscné (figure Sa) anc the stirulatec cell

certrcscare (figire tr) ere devold cf sicrctubules acd satel-

1ite rtccleze *Yacpificaticro; x3€55C.

%
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.Fi3vre . Tte =ftects ct rerreatilizaticr or resting ccl=-

cnicire~treccted lymthcocytess In this restirg cell, rersealb?-
12€d at I5cCH te;terature, gitcchcroria {arrows) are swcller
&332 & lct cf cytoplase ras bear regcvet. Tie znigleuvs, . hcw-

ever, arcedrs tnaffected. The centrescae {ocuble arrcws) re-
rairs iz the nLUuClezyr Ccl=f+, The 1rset srcws that tte zatel-
lite todlezs (2ITcwheacs) 2re =tl1l]l present. “ezhiticetlcor;

frry 1sC(CC.

fn
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Figuire 1C. . The effects c¢f vermeabtilizaticn <¢n stiwulatec

colchicire~treated lysrtccytes. Ir these celle, rersreati-

’

117ed at rccr tewrerature, satellfte tcéles are still pres=-

.

eat {(arrcwes} ever ttcuagh- nlcrctutu;es ars oote. Magrifice-

ticec; x725CC.
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Mcck. asserbly contrcls-wera run us;ng restirg-qnd stizc-

lateag éellsvtrcageé ,uikh Fo;d cﬁ colchiciqe Freccecures ce-
sc;ibed IT secticn 2.8 tc test - 1f the struétur; cf the cen-
trcscnes.voulc o) ;feserved durfng tbe‘asseltly asséys‘and
deébrmine the extert, if ary, c¢f PFT reassertly frcu erdoge-
nous tﬁbﬁllﬁ £t11]1 rresent tollovwing tle perzeatilizezticr.
After pérleaﬁiiizaticn tre cails wvere recusperced in (W5 1l
cf‘reacticn ¥Txture that did mct «ccntalc Lhés;tcceliuloSe-

furifiec tutulir.

Figqure (11) chevs resting (figures Yl& and 11t) and stdn-

.ulated (fti1zures 11c aﬂc 11a) ccla=treatec cellse These viens

shew that th2 centricles are stil1l leccated clcse tc tle ru-

cleus and trat alrcet all of the cytcrlasr has leez reroved.
. ) @

Cenirioles remaln s=tructuraliy intact w1ttt FCF appcsed tc

their sfces whkile  SEs have oot retcrmed. . Cne cr two shcrt
¥Ts can ke geer (figure 11).

. - ' .
Fiqure (12) =shcws centroscmes frcm <¢clchicine-treated

o

resting (figures 1722 and 12k) anc stizcvlated (figures 1:ic

2

and 12d4) cells used It rcck assecbly assayse. Here, too, mcet

cf the cytcplase Les been removed Lty the ferreablilizaticn

prtgedupe wlthcut rcticeably attecticrg the centricles?

structure cr tteir rertruclear positicn. FCM 1s alsc pres-

. ent ard, unlike the s{tuation in the ccla-treated cells, =c

are the SEs

Fhespheccellulose~purifled tubulir was used &% 1mg/el ter
’ et
15 niputes cr <rq/ml fcr 5 minutes 1o the reacticn rixture

¢ .

P
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Figure 1. Ccld_pisigéentled and cold perleabilized.réstinq
(f1qures 112 ana 11t) and stirulated (ffoures 11c and 11¢)
cells usec 1irx 1n. ¥iire Tock assesbly - assayss Cne cr .twc
shcr{’licrctubule fragazerts (arrcws) Tgau te seen near tte

- -

centricles. Satellite tocles dc nct appear tc have aggreagat~

cd e raqnittjcn: r?CCCC._.

s
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Figure 12. Festira (fligqures 12a acd 1zp) and stimulated
{figures 12c acd Y7¢) <cclchicine-treated cells veed 1v §r

¥itIc rtcck asserbly assAVE. Micrctubtules are nct present Lot

catellite tcdles (2a1rcws=)} rersicte. Pagrificatic:;,:ECGCO.
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for ip glxgguassembly-assays. Twe ccncentraticns were tested
to see if there rmight ke a difference 1n:the rvrber cf zi-
crotubules i1nitlated ty the centroscme. Shert iccubaticno
tlses were usec in croer tc avold‘damade‘tc t he centrcécéés
due tc the absence cf qlvcerél in the reaction sixtures. In
additicn, it was fcuné that at tﬁe highex ccrncentration lcrng
micrctuﬁules were asserbled and whelL twe cells wvere cicse
togetter 1t wvas Adifficult tc.deternine whkicl centrcsome 1pi1-
tiated these Mis.

Figqure {13} shcws restinq. cclq}gréated cells incubated
with Ipys8l (flcures 13a apd 13b) cr 2ﬁq/Fi {fiagures 3¢ ard
133) cf ;rosphccellLlcse-curlffed.tubﬁlin for‘jS.mirutes anc
5 rirutesz, restactively. The certricles are clcse tc ttle
nucleil anc ire structurally intacte. hlcrqtﬁhylps radlate
ircs the (%= which rave reaq;re;afaa. mnhen tr- ccncentra-
ticr ct twreulin vwas 1ncreasad tc 2ra/unl, evern acs. he ircuta-
ticr time wes recuced ty two thircs, 1t effeared tha£ rCIF
ricrotybuys=ss wers lnjtiated Ly the reasgregaten SES;

The saFs 1TCLDItICL cCcncltlonsd sere hseu vher stimvlatec
cells (iicure 18)  ver= testei, Pt legyml lfiqur;§ 16e anc
1uf) .it gvteares that ricrotutules radiatec from tre reag-
gregated sH:-. Ftiures 1t4c anl  14¢ shce tug 1lfterent viess
cf EtiltlataE‘CEII CeéeTtrcz¢cmes incutated with Zzg/rl ¢t tu-
tulir fcr 5 -1rctecs Filgure (l4c) 1< a view cf thke intercer-

triclar rejien cf 2 stirulatel call certrcscre ccrreratle tc

trat ¢t tre irtect cell shecwn in filawres O1-1.
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Fiqure 13. Ccid disasserhled and ccld perneabilized restirg
cells used "1in in !1I£Q assexbly ascsays at 1rgs2l {figures
13a and 13b) cr Zuq/ri {figures 13c an -136) of phcshecellu~
lése-puritied fubﬁlin. The centrioles are st1l1l lccated 1in_
their rterinuclear fcsiticn and. ;he reaqgregated satelllte
bodles are zoopcsed tc, Cr vefv Leal, tﬂe centricles. Micrc-
tutules {arcoss) can bé seen radiating from the reformec

sdtellite bciles (dculle arrcws) ir all teur views. Magnifi-

catico; x€7500.
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éand ccla peraeabrlizen &tiiiﬁ

.-l
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Figure 14, Cclc Cicsasserr

p-
[ o

latec cells -useé 1n ¥itrc assertly assay: at tea/al (tic-
ures 14a anc 14t) cr 2nc/:1‘(figures f4c acc f4d) c¢f rthece-
lh;ce]lulcse—rcrified teteline. 1Tre centricles are fcura 1ir
the nucleer clete }1tr the rzagarecated :etelllte.t:dies £t

2 slicht n2istacrce IBCr TreLa The saterliite Ltcaoles artrpecer

=licttly lai1asr =1C¢ wzre npuuercus thker dn restiznc c¢elle.

-

Lol

Figure Tsc shcwes tle irntercentricler ccliectlen cf satelllte

tocles anc csscclated ricrctusules whiich 1e =trilac te tlet

tr

€€r in r+ac* gtilzulate? cellses Yary rticrctublules 1re <ce€¢n

m

.

Telcrzer Satellite Zceles (ccuble 21TCNwE}

re

]

asletirc ror teh

]

2 211 tolr viewsa raariticatica; ye75(CC.

1
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Fljure 1%. Festing (fiqures 1%a=-¢) arnd. stirmulated (fiqures
15e-g) cclchicine~treatea cells used ir ip ¥iiro asserktly
assays at Tuq/ulltquutes 15a,t and 1%) or 2ea/ml (figures

15¢c,d and 15f,q) cf ;rcsphccellulbée-pugified tubtulin. Fi-

crctutules (arrcwe) ractate primarily frcr tte s3tellite
) tcdies (dcufle ELTCwE ). Faqrnificaticn; all fiqufes €xcert
15¢ x€625(; flcure 15¢ xSCLOC. ' oot
[
- -
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Figure (15) shcws resting and stirulated ;olchicine-
treated celis used in jp xl;;glassembly a352ySe« Nelther tle
-perihuclear pcsiticr of the centrioles icb their structure
@FFsar to rave reen atfected by the cclchicine treatnent,
the {efneabili?aticn-prcceduré cr the 1ncuratﬁcn in the re-
acticn mirture. Thé.5§$,_bbich rersisted thrcuckcurt the cern-
{rcscne r1erareticen rrecreccecl sti1ll serve as tre rrimary mi-

crctutule initiatine structure of tLe centrcscoe. Arx with

- cold-treated cells used In the Ap ¥itrc e&ssays, there af-

pearec tc b= &0 increase in  the nuprer c¢f sicrctebules ini-

RN .
tiated sten the turullao cenceatraticr wes ircreesed.,
The corpariscn cf resting ana swiruletec cells, incubatec

. : ; st t =tin -
witt Tmg/cl tubuliln gihgfb7nl tubulir, shcwed tle {nulat

€1 cell centrcscres initiated acre M1Ts.

3.7 CGUMS GF IN YITRC ASSEWBLED MICRQTUBULES. . .

Bnalysis cf charges in the slcrctibule Iritlating-cajaci--

]

ty c¢f the certrcscre waz carried cut Ly ¢ifect counting cf

uicrqtuculcs crn electrco alcrograrks, ~ €ealarzec tc xt00CC.
Counts wele made it 2 1.2;umz aree Centelec Cr the centrc-
somes ot permearilized cells ana testea fcr siarificance us-
ing twc wey Stucent's T tests. The ccurts fcr cell pcrula-
ticps are sumrarizfd 1nt&able'1 ter - cclc-treated cells arc
in gaile IT fcr cc)cbic ne-tﬂfated celiesa. o

dQE first 1l%ne qf- ctt zggblég Show's micrc;ubqle counts

- -

feT sectior in'.Int&cf,ﬁ untfeated reeting apé “stimulated
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cells. 1tése velues Qercnstrate that- there ;é abcut a twe
fold increace 1n'm1crciuhuie ECntent in rcpulaf!ons of stir-
ulated cells withcut selection fcr fuily stirvlated cells..
Lp tc 2 11ve:fcf3§1ncrease can be.cppnted ter fully stilc?
lated cells. C R o

Tre etticiercy ct the buffer in,stabjliéing ricroéurules
ana centrescaes s;s tesfed Dby pergeaﬁiljzinq cells anc thern

counting nicrctudbuless This cwt ir the seccnd line ctf

etcth tatles. Lls€iro Studertle”
. . ) ol
ricrctutule ccunts ¢ ipntact resting cells with thelr rper-

way 1 test tc corpare the -

reabilizec ccunterparts thcwed nc statistically siagniticent
cifference (r >.05) irgicating tHee all .the sicrctubules

seer 1n _intact cells sere preservec 1ir the rermeabilizec
: .

cells. Eur&hermcrc, €lactron micrﬁqra;ns cf‘rerméabilized
\xella shevwed ;rat thte cenéroscme'str;;tufe arpears unatfect-
€d. Irtact stiruleted cells w2re ther tecstea aqainst'prrmea—
ti1lizen sflnujateg Cfiig and a1gain rc stetlsticelly signiti-

.cant altterence was fcurd {p >«05). - T

Tre eftectiveness ¢t tcth disassesbly treatments 1s shcwr

© ia liﬁe > cl tte tatlec, Eath coic (Tatle i) erd cclcticire

y

(Tatle 1I}) trevatmert d1zassezble alrost all mlcrctubudes in

resting ard sticulated c:llé. The values in the .last lines

4

cf tcth terlés reflect the fact that very 1llttle tubulin is

likely tcnremair in the rermeablizeqg cells. Any amcunt that
. . r LI .

s13ht reveln rrchatly doesn¥t ccntritute stch tc the in v}i-

-3Lg nicroctubule ascseslly sinc? phosphccellulose-pucified tu-
n : .

‘fulic is supblied In vast excesse.

KN . - '

e‘-v
.
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A\ , 3¢7.1 Uge of Cold-Treated Cells ip In ¥iiro ET Assenbly
{ Pt Lctl ccncentrations tested mcre Eis ‘ere assesblied Ip
111;g\hsﬂ<j stirulatecd cell cantrcscnes. Thié rarallels tbhe
.tesulté seen fcr intact celle and shows that tte.dirgerence-
“in M1 1gﬁt1at1cn caraclty between resting cell certrcscres

-ang stiuula;ed cell-centrpsomes is retzirec. N
; . when tle rermeatilized cells useé_ ic tte';E ¥itrc assen-
| - Fly assays are cctrarec with ‘“the irtact ccrtrels the mcet
¢bvicus glttferernce 1=  the apoaéent inéréase in the numteis
cf essertlec ricretiriles. The ueaﬁ:mlcrctubtle nurber fcr
the 1rg/rl test increg:zed froa 1547472 tC E.E%15.2 fcf tte
restiqq.celis. The values for stiruiated cellé fcs; Irc;
351418, tc . S7.5%17. when the telrulir cenéertraticrn was
1ﬂcre§sed tc zm3/nl  the aslcrotutule .ccntent 1nc;eaSGd te
/ 70;5222;1 fer restinq cells and 117.9#%z4.7 fcr stiqulatec
cellses 1Ir ell tases these 1ncreases'vere statisrically sic~
cificant {(p <.CC7) and represented a mininum- {.6 fcla ir-

. cféase.- : ' ' _ | . :

» .

o

3.7.2 Use of Colchicipe-Treated Cells in Ip Yitro HT
Aggerbly

Tatle 1I sunn&fivés the MT <courts rade using c;lchicinef
treated cells " in 1E 31¢;; agsemtl?‘aséays. Ir almost all
caces the étjwulatea'ggll centrcsores acserbled rcre rTs &t
toth ccécgntratioys tﬂqn A1d the restinc cé€ll Centrcsones.e
éouever, in onpe case:fhe meanﬁfcr the Jn vitro =anmrle (stﬁnj

ulated cells, 1mng/ml) was less thap ite ccntrcl. In =-cre

- . .
Ll . s
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instances the =standaré degiations are hkich 1ndicating great

variabilkity ir the «ccyrtss This variabjiity ray Le due to

the cclchicine treztient sinc2 the -incutation prccedure dic

not vary frces that useg on ccldltreateq cells.

3 ccrrarisct c¢f PT disassastly rfprccedures Ly two w2y i
t25ts shiws tf;t toth are equally eftfective; hcwever, there
is a siagrificant differencé' when ccnsidérinq inittlaticn ce-
raclitye. AThe le2ns qf -the 43 - ¥izrgc assenktly 'assays usirc
cold=-treatey cells are hiaher thar thcse using cclchiclrne-

treated- cellse. - - ~
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Tat]e.I. micrctubule ccupts for cold-treated cells.

Cclumzn cne describes how the cells were treated (rccr
tbrg in bE neans'permeabilization at rccr temfperature for 30
minutes .in Fersﬁadskv's tuffer containing C.CCSi Tritcer
¥-1CC; ccla Ciss € ccld rerm‘means microtubule dlsassenkly
cn 1ce fer twe fkcurs fcllcwed by permeabilizaticn cr ice fcer
30 riputes in EF/0.(C5% Tritoa X-10C.-

Cclumr tse Cescribes ipnpcubation ccndfficns. The ascsersltly
"tuffer ccntalng EIbe, ‘tuﬁhlin (at the inuicatec'ccﬁcwntra—
ticn} anc T.€rr GTF. TFe 1tck assezbly btuffer did rnot cén:

tain tutuvline.

»
A

The velues in tthe tablgs are presenteg as; reantstandard

‘deviation w1th the sarple sizes 1ip ‘[arentheses.
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‘RESTING CELLS -

STIMULATED CELLS

-

TREATMENT INCUBATI ON

NONE NONE _

ROOM TEMP PERM IN B.B.| NONE _
NONE

COLD DISS & COLD PERM

"

"

n

ImMe/ML For 15° @ 37°C
“ome/ML FOR'5’ @ 37°C

Mock AssemBLy 157 3 37°C

i

\

15.747.2 (N"26)

15.4+8.5 (v=11)
624,77 (=13)
28.8+15.2 (N=14)
170,5+22.1 (n=14)

5,842.6 (n=1)

35,1414.6° (N=25) .

It
I

27+18.5 (N=8)
9+,94 (N=11)

57.5+17 (v=15)

111,0424.7 (n=14)
1.3+4,2 (v=16)

-
I

\&:l
9
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-

latle 11 Hic;ctutﬁle ccunts fcr cclchicipe-treated cellse.

-

Cclusn coe describes hcw the cells vere, treated (cclchi-

clne dlss and F.T. pers Ec€ans disasseetly cf nmicrctutules ty

tne additicn ¢t 1C=®*» cclchicine tcr =s1x ftcurs at 379C fg¢r
iz hecurs ftcllcwed 1y perseatilizaticn ¢t the cells at rcca
terperature Ln EF/C.CL5® Triton X=1CC for 3C wirutes), €€

legend ter Taltle I -fcr detatl=s descrioed ir colurrn twee.

v
.
Ld

o

-

L
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TABLE 11, MICROTUBULE COUNTS FOR COLCHICINE-TREATED CELLS \\\\,;/

d 'l
¥ 1

RESTING :CELLS

STIMULATED CELLS

¢

TREATMENT

[

s

i

"

COLCHICINE DISS & R.T. PERM

INCUBATION
“zozm NONE : -,
nooz TEMP vmxz _z BB, NONE

NONE

IMe/ML For 15% @ 37°C

2ms/ML FOR 5.3 37°C
Mock ASSEMBLY 157 3 37°C

15.747.2 (N=26)
15,4+8,5 (v=11)
/79+1.3 (v=18)
18.245.7. (v=18)

34.8+20.2 (N=16)
.38+,6 (N=16)

35.1+14.6 (N=25).
27+18.5 (N=8)
34,8 (N=14)

3114205 (n=16)

61,7+32.7 (N=15)
1.2+41.3 (v=13)




Chapter 1V

~ DISCUSSION

1t has ceer susgested ty a number of researcters (Rchbbirne

et gles 1%¢t: Fleoer and berisy, 1%82; Vercodev anc-Chent-.

scv, 1687Z) that uvltrastructural chtanges ir the centrcscres.

cf eukarycrtic «c=21ls nav te causally.rejatsﬁ'tc cganqes ir
iicrctucﬁle triviatice capacify dutingrithe cell cycle.
Thelr stucles Ccescritec tre cnangés ‘1n the crganlzaticn aré
aistriputicr ¢l nericertriclar raterlal which vere cérrelat-

ed with ircreasea F1 acsertly LIn cells ernterine rltesis=.s 3

cecrease ‘n  the iritlaticr capecity ct the <centrcsores cf

pftctic FtR1 cells was rinpctnted'tc the retarltacse/sancphace

A

trarsiticr (Sryder e* al., 1%7) hcwever, structural changes

correlatec with this trercitlon were nct repcrtede.

. '

Fericerntrlciar vpaterial and -additignal arprendages wWETE

shcwn tc Le prefe?enfia]lv asscciated with the fparent cer-
tricles cf Ftkz calls (Fiéaér and tcrisy, 19862) and pig éu-

Eryc kidney ccllé‘(fcror1gv and Chentscv, ﬂﬁﬁ?). Farent cer-

.

tricles cen bpe cist:hquished-frcm daughter centricles ty tle

N

precence ¢f a ciliur 2+ the Jistal énd ¢cf tre rarent while

the cell is in interphase (Wheatley, “1962). 1The farent Is
algsec the cnly centricle tc have arrendagese. These twg stuc-

jes Showed that daughkter centricles can cerve s farent cer-

“r
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tricles nc ' earlier than cne crcle-htter tlteir ;eplicaticn.

<

fRottips ara Gcnatas\(?96ﬂ), Fleder and chisy‘11961i;and Ve-
tokdev and Ch!%tscv.(1982)l ﬁresent_ 1cfographs.and)cr dia-
gfats tc clailr that satellitas arnd ﬁ:::::?htric1a} material
are interccovertible fcrms with the sateilites teing absert

during ritcsis,. .

The te:uinclfqy vsec tcC de;crihe, centrcsores 1svnoi ccr-
sistert. Eor.eianrle, the satellites descrited ty kleder ard
Borlsy (1%82) in Ftk2 cells are different frcr thcse d;-
‘sgflteéltcr pié kidrey eaktryo cells (v0r6bjev anﬁ Cheptscv,

198%2) ané sterratog¢ytes cf the jellyfist £§1§11§1yg gregqari-

19¢0)., 1hése lLatter tvc cifferent cell tyfes
have stridted satellites attached tc cne centriole} of tte
ralr with MTs rediating froi thers. The paredt‘cGntriclé-éf”
tL3 kidpey ertryc cell centroscmes alsc has cther pgﬁjec;
ticrs called arpendaﬁgs at the cilstal ende These afpehdaqey-
did nct have MTs asgoclated with thes. ,Albtecht-Euehlernand
Fustnell (1980) descrited the isame s};igted sate;lites ate
tached tc the ciliated rarent centxi\le of;qpiescent 313
cells but called thep lasal feet. They used ‘the terr alar
eheet fcor the additicnal rrojectlicnse. In(contrast, the sat-
ellites of FtX2 cells are not striated ncr are they directly
attached .to the parent centrioles They are, bovever, associ-
ated uith éhe rarent (fieder and Bor:sv,l1982).

Striated SPe vere occasianally cseen in resting 1§tphé-

Cytes. when they were present they vere directly attached tc

-

&



. a certriocle and would persist thifcugh rerseabilization (tig;

-

ures 12k, f3c). Thus, these SBs resemtle the cpes descrited

by Szcllcsi (1564), Albrecht-Buehler and Bushoell (1980) arad

vorctiev apd Chentscv (1982)}. Most cf the SBs are rct obvi-

cusSly Striétednléadinq to the vrossibility that there are at.

least twc tvpes'of SEs in resting lylphocvtes, rFethaps with

-

difterent *1 in;tiating capacities. It gay be wvcre likely,:

hcwever, that all the resting cell SBes are striated but Le-

cavuse df thelr snallléize the Et:iations are £nly seen 1in
peffect lcnqituq;npl sections. StriatedlSBeiwere DEver seen
in st;nulated cell'?entrOSOmes inpicatinq that these SPs are
of a cifferent structure. : -

The first class «ct Kurivata's and EBorisy's six <class
schere tc _deécribe centriole orlentaticns during the Ee]l
cycle (198%a) takes intc agco;nt veriations ct 0°-i80° ct
the anqgle bé£heen the tvc centrilocles. 1his C§;$s is reprg-
septative of égntricle orientations in late M phase to early
G1 thase cells. The representative resting cell centroscre

could be placéd 1n this classe. Cnly cn¢ instance of an ex-

trewe varlaticon of the arngle tetween centrioles

-

as noted

and this was fer cne cof the three serial ned resting

cell centrosores. Ascng the randor single secticns there was

little variaticr. Classes tvo and three are dencted hy’the
forration of fFrccentriples and are :ound in S phase ce{ls:
The representative stinulqted cell certrcscre would fall

intc either of these classes. Théte was little variation 1n

R | W
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~ the saialenof randée single secticns frcs 2 stisulated cell

’;bpu;aticn. ' ' S

" futing ccn A stisulaticn there are chktanges in centroscue

grqa&i:aticn. The mcst ctvious change 1= in the lccktion ct
.- - r . s . .

the satellite Ltodles. Restingwcell centrcsomes : have their

SEs asscclated vitb one ceatriole .of the centricle pair

1

shile_rull? sfitul&ted ceils have  mcst of thelr . SBs cluc-

~tered betscen ‘the tvec centrioles. The SEs ray alsc te larg-

. -

er and BOYe nurercus 1in st;nuiated cells; serial sectionirg
cf scre stinulated cells wvould There are nc results in tte

;1t§rauure that can”@e indicate if .this 1s the case.  con-

‘pared directlv to these, althcugh felated results ¢n irc-

creases.in the &1aieter of the perlcenf&iclar clcud have:
teen fepcrte@ fcr ﬂeia'ceils ‘as they en;er ritcsis (Rcbbirs
and Gcnatas, 1964). There are at ieaét Z rossible erflana--'
ticnos fo}'the SE redistritution. Firstly, and rmcst simpiy,
they lay.just‘;cve frcm their resting cell ccﬁf;quration tc

their stlaulated cell configuraticn. This is- unllkely if

there are tvwo structurql clas3es ot S£Bs (se¢ abcvey.WhAlter-

* natively, the SBs that are attached to the certiritle 1o .tte

restihg cell centréscne may disaggregate ané thé material
may rgaqqreqate' in a new pcsftion in the stimulated cell

centrcscees This rpight invclve an ‘ipterccnversion between |
/ -' ' )

SBs and FCM as suggested ty Rieder and Berisy (1982) and Ve-
robdev and Chentscv (1962) vho cbgerved'that SPs vere absert

in sitotic cells wvhken ' the FCAN was woCst eyident’ and reag-

- -
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peared in - interphase cells coincident withk 2 decrease 1in

[ ’
r .,

slze cf the péticentriolar cloud,

" The satellites and PCP of PtK2 «cells ard cf plg x1dney

embryc cells always aprear asscclated vith the vparent cen;

tricle (see icr exasple, tigure 3¢ 1 VYorotdjev and Chentscy,

1962). A pféferepthl assoclation cf SBs vith cne centricle

! - -

cf resting lysrhccyte certrosomes, thﬁtefcre, wvould Lte ir

agreeiggt with the cbsefvations of Fleder and Berisy {1982}

and Vcrob1ev ané¢ Chentscy [198%2)s A= stated Tty Rieder and
Eorisy ard shcuﬁ b; the dlagrams and electron l!c:pqraphs ct
Vorckiev-end Chentscv, the satellite raterial 3is nct parti-
ticng& €qually tetueep thke duplicated Centrcsceesa .The-na-
jority of tthe }CP is-asscciated vith the centrcsome contair-

ing the parent centricle thag had striated S$Es attached

'durihq interphase. T1ke redistrituvticon cf SBs tc the inter-

centriclar reqicn., cf stirulated c¢ell ceptrcsores rxay 1ndi-
cate a ditferent partiticnipq of SEs tc both cemtrcsores in
lyerhccytese ) _ >

The attabhient‘ cf SBEs to one ceptricle of resting cell
H - - » L

centrcscmpes may impcse a certain "level cf spatial crghniza-

.o e

tion cr directicnality or the MTs. The MT initiation sites

‘lay nct exlst ¢r may be unavallalle in thcse parts c¢f tle

SBs that are closest to the centricles s¢ that %1s are only
assentled radiatinﬁ awa om the SEs. A similar situaticn
Ray exist 1o cthep tyres /of NTCCse. Fcr exzrple, the. basal

bcdy rootlets cf Pclytopella are ccated cnly alcng the sides

/ \\’\/

Y
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by a layer ¢f dense material. ®Ts are 1n1t1;ted ip vivo and
(q . '

_ in ritrc fros thics dense material and the NTs €ERErge frtn
‘g .

- the rcotlet Hfch.ln 4 precise, crdered array (Stearns and
brevn, 1981). The striated Sbs attached to ;ﬁe centrioles
cf resting cell'centtcecrgs zay be ;naloqou§ to the ro;tiété
that are'att;cbed'tc the tasal bodles in Eclystcerellz.

The ov;;all pattern' cf-nTs in lysphccytes 1s nct caslly

detected at the electrer microscoric level_bui 1s seen Ly

.1-:;nctlucrescence rictoscopy (Fogers €t als, 1981}, Ttre

-

pattern.isu stellate in resting cells edd 1s »wade of fes

stéiniag titere, +wkich may'.represent 4T tundles,s» réﬂiat;;q

frcn the sinqlf; brightly fluorescenf centrcso:e.. Tré Essc-

claticn ct HTE tc fcrm tubdlesb.is.seen ir the reccnstruc=

ticts trcs Ehé seriallsectlons. In the stiruleated cells T

- txndlés are.seen and thes spaces betveen the turdles 'are
~ £111ed with more NTs giving a finer 'stellate pattern whict
i seen bty inruanlucrescence uicrcséépy-(ia%éfﬁcuse €t ale.,
1983)-’and’ in the reccnstructions. Changes in »T distributice
1; stinulated-cells.:ay result.-iﬁ.part, from- the SP 63315-

trituticn tc thte intercentriolar reqion.

\ lnélysis of MT :nu&ber by direct coqntfnq intrandom SEC~
‘

lops of resting and stisulated cells gives an jnitlal esti-

sate cf the cqgnqes in M7 nug;er in thé cell ropulatfonsc.

R et . The average nurker cf MTs per =csectlcn is 15.7 fcr the rest-

o ing cell populaticn which coppares favcrably vithk the mean

e
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- -tor ghe serial secticned resting cell (11.9) presenté in
figure (1)s This sean also 1s in gocd agreerent vith ‘tte:

mean. value cf 1€.2 detereined by oiiver (34 gl.,'{1980)_uslqg

—————

a sisilar ccunting précedure tor restirg ruler'perﬁpherqlr

Elecd lysphccytess The mean for stisulated cel]'populaticns

. rises tc 135.1 rerresenting abcut a 2

fold increase rT

content ir the stirulated cell ropulation. Ir the larqge,
[

tu11v|st1|u1ated cells 1in this‘pﬂgulaticn trere 1s a 8-

fold-increase inp MT ccntentes

Ey ccunting ricrctubules in serial secticps, 1t is possi-

kle tc detersire mcre accurately the total

purter cf picrc-
\ .

tutules irc resting end stinula@ed cells. 'Iinpncfldcrescence
sicrosccpy tas shcwvn that ailcrotubules radjate frce a sipgle
t}iqhtly tlvorescent spct that correspcmnds to tle centroscre
. ' oW ’

(Rcqers €t ales 1981) and serial secticning did nct reveal
cther foc! for FIs. Therefpge, it was sufficlert tc conslder
cnly those sections that show

|
thcse MTs clearly radiating frox the SBs cr ECM.

the centrcsorme ard chly court
Lengitudi-

nally secticned MTes ending on SEs are unlikely to te ccunted

more thap cnce since the secticns are thicker than

~

Elcea

g ~
Conglderable <care was taken to

avecld counting
ticped ¢r cbliquely=secticned MTs xcre than once

ther Lack thrcugh the series of sections to their

AR

Ercn.this céuntinq prccedure it was deterrined

l‘

is an average cf fcur micrctubules that terminate

the pine SEs ir the serial sectioned resting cell’

CICSS=3¢€C~-

by tracirg

origine.

that there
on each cf

centroscile
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presented in figure {(3). In additicn, thete are about (—9

sca initiated r!s qivinq a total ot about 80=45S licrotuhnles

per restipg cell. Thie is verv likely an underestimate since
the density c¢f the cytoplaSlo ccula GbSCL[E sore shcrt, SE-
and ECM-asstclated MTe.

Frca, tte " 4=5 fcld 1ncrehsé in M1 susber seen ‘in single

secticns ct fully stimulated cells cpe wcula exrgct a tctal

MT nusber ot tetween 160-200 MTs in the serial sectlohs..Ee—.

*a

cause there are sc rany ETs in ttercenttOSOte teqicn ét tké

1

‘stinulatec celles 1t 1s difticult tc accurately detereine te-

tal ccunts and tg clearly 1dent1fy all M1Is emdlnq cn SEs. y

best estilate 1e that a sipisur of & Ms end on SEs in stir-

ulated cell centrceseres. For the centroscre shcwn in figure

’ -
» - . €

(4) uhich!has“12 SEs, therefore, at least 96 NTs end OQ’SEE.

A slgnificant number.of ¥TS, 53 in tlkis éeries. qcufd'not te

- traced Lack tc¢ the SEM and appeared .tc end ir BLHM. .This.

charge 1p 1initiaticn activity fror resting cell centrcsoszes .
, N ;

to stimulatéﬁ cell centrcsomes is shcvn in the stereo reccr-
structione (figqure  5) ﬁnd sujgests a growving 1mportance‘cf
the MI-ECF asscciaticn in the siimu{aéed.ﬁell. The MT 1n1t;-
atice capac1t§ of the FCM may contlinue tc increase as the
cells enter nitdsis since mitotic lyephocytes dc }not hgve

any SEs (Erown, personal communicaficn)e.

Increases 1o the ¥T initlation capacity cf the stisulated

cell centrcsomes ray be due tc 4increases in the numkter cf

initiation.sites, uvtilization of preexisting sites cr a ccr=

1_~/
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’ '(“ - tinaticn ¢f bcth cf these. The .increase in- the nysber un§
¢ . - R . - -
. size ct the SEg and increases in the FCP may . reflect ir-

creases ir the nusters cf MT initiation sitess, Anlincreaee
| - .

)

¢ in the size <cf tte pericentriglar cloud in Fitctic Hela
T . ‘ \ R . :
cells: vas ncted by Fobbips and Conatas (1968). Kuriyasa and

torisy (158b) alsc suggest that increases in ‘"the ascunt cf

pericentriclat clouyd cr in 1ts specific Ehcleétinq aEI:vlty"

R ' coulc acccunt fcr increased nurkers cf NIs in eitctic cells.

. T .‘f\ These lcng tere chanqqg ray be dependenf cn the éynthgéis Cfl’
nev MT 1§1t1at1nq sites.

The activaticr c¢f 2 second set ct fFreexisting MT initia-

ticop sites cn {cr in) thke cantroscse tlat may teccse acti-

-

- vated 1is suqqeefed Ly the work ¢t Eoffstein and covcrkers
{1976)e 1They ncte@ 4 large increase int ™T ccptent arising
ﬁtcu the cent;cscres ct husan pclfiorp&gﬁﬁffzgz leukocytes.
as sccn as 15 ‘Tinutes after com A"additiceo, ‘suQQestinq that
the additicn cf lectin aight activate the additicﬁel sites.
This change 1= ftcc r#pidA to be acccunted sclely by the
synghesis cf nev NMT initiating =c£iltes. Durirg 1lyephccyte
stirﬁlaticn 1t appears that tnere 1s bcth an increase 1n ttle

purber c¢f ipitiaticn sites and a uvtilization of preexisting

sites. '

In vitro MT assemtly assays have beer used tc deterrine
wyvhat structures 1n aniral cells initiate MT agsenbli (Telzer

L

€t 3les 1975; Gould and Eorisy, 1977: Fepper and Erinkley,

-
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1875; B:inkléy €t al., 1960), tc ipvestigate the cospositicn

of BTCCs (Snyder, 198C; " EFepper and.hrinklef, 1980i. and tc

. investigate changes in 1ipritiatios capacity cf PTCCs 1n s1-

totic anéscr interphase cells (welsenterg and Fosenfelc,

197%; snyder apd McIntosb, 197S; Telzer and Fcesentauwe, 1979t

Schliwa et al., 1979). Two of these gtudlies (Snyd apd
kclptcsh, 1975; Telzer ard Fosenbaus, 197%) had the camrcn

observaticn that intertrhase MTOCs badé{}ittlé or no activity
n

and tkat arn ?pcreasé in T 1n1tiat1 was seerr 1if mitctic

MTCCE Were assaved.'.Recentll.nuri(i;j anq Berisy (1981LtY),.

using centrcscres frcs irterphasé andheitotie CFRC cells in
“10 3ltrc esceetbtly eseays, shoved that {ntgrphase Centrcscres

could asserble IrTs, 2ncd.ccafirred that crly centrcscees frcr

sltctic cells shovwed any significart 4ncreasee ir T ipiti-,

atinQNcapacitv: ‘

- Jhe-fesulte of the ip -¥iiro assays. uéing pefueabilized
lylpﬁccytgs clearly.ghow_.that;incteasés in MT assembly‘éc;
"tivity cen be de;ected' durling 1ntetphase'andr’ccrrelatfd

sitt SBE nurber ahd s;ze increases and an increase in the ac-

tivity cf the FCHM. Several ‘studies have shown 1lpcreases 1in
the MT initiaticn capacity of centrcsoies cf cells enterinag
sitcsise. These ’studies.uéed cells that: vege'ccntinuouélv
cycling vhereas lywphccytes had to 'be activated tc enter tte

cell-tycle‘f}CI the Go stage,

]
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In this study the centrcsomes. ct petleabilized cellé.in--
cutated uitb 1lq/t1 ct phcsphocél]ulcﬁe-putified tutulin,in-
ltieted s!qnificantlv sore ®Ts ‘vherp cclpared against the 1:4
tact, untreated ccntrcl. When the ccncentgaticn iaS-ir-
.creased t¢ Zwg/sl the FT count alﬁc 1ncre§sed; &his result
is pn}ike anv‘ cther reported fcr Ip yiirce assewgiy ﬁssays
. . .
vhere it bhas Lteen rcscible to 'satutaté (Erinkley et ale,
1981; Stearns and Ercvn, 1981) or nearly safurate (Geola and
Eoris=y, 1977) the P71 1n1t1at1ng-:ites in the MTCCs, le. as-
serbtle the saze or nearly the sane nuster of MTs seen-in inp-
tact Eells. rf results suggest. that the Sbs, ano'probatly
the ECM, have zCre 1h1t1at1§n sltes that are actgally ccecr~-
pled 1p irtact ¢ells. These additiccal sites ray have been
aétiyated or uncovered as 2 conseauence c¢f SE disaggregaticco
due tc the ccld tfeatment. anl refe¢rszaticn during the' .ip ¥li-
tLS M1 assenmbly 1ncubat16n. ' Colchiciﬁe treatrent does nct
appear tcrattect the structura cf the SEs 1ir the sape way es
cold since fewer 2dditional T initlating sites were expecsed
cr activated. This ccrld explain wky %more ¥Ts vere assemblec
19 yitre using ccld-treated cells than 1f cplchicine-treateé
cells were used. | ‘ |
The pocssible exlstence bf additicnal MT initiation s}xes
in the Eenttcsomg that are not fully cccupled ip  ¥ivg is
suprorted Lty the tazel experirents of . Faatéro ané Brcwn

(1982) and Erown ané Little (1§82) using resting .and stimu~

lated lymprhocytes.  Taxcl has been showvn to decrease the
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critical ccncéntraticn cf tuﬁﬁlin‘ln vitrc (schiff, Fanpt and
,Borbilz, 1979). and tc prcmote randes MT assembly in !L!Q-Bt
sité;H:thcr tharc tkhe centiosdig_in severel tyres cf cultﬁred'
célls (Schitf 5nd Hcrwitz, 1930). 1In ccrotrast, 1lysphccytes

treated withk tazxcl bave increased nurters of PTs and fcrr

cne tc fev large tundles.extending fror the certrcscse.

The 1h vitIc resﬁlts.strcngly stggest that the SEs are
néjcr N1 1n1t1afianstructure;. It is pcssitle,  however, -
thai.SBs-dcnft 1h1tiate PTs out serve “és éttachrent'points
~for M7s iritiated €elsevkhere in-the centrcscoes HIe Eratander
(1982) Ltypcthesized the existgnce of a ®"dcpain® wbereih rY
initiaticr cccurs déve te a loverirng of the tubulin criticel
~concentraticn. The FTs - would thken attach directly tc tte
.5Bs ¢r become attached in the PCHM. It xight Le ﬁossible‘to
tést the hypothesis. fy saspling aé very short tires curing
ip ¥iirc assextly. [e Brabanpder alsc suggests that Fis
vhich are attacked to SBs are more stable thanm cther centrc-
-someéasscciateﬁ MTs. If +thils 1s true éhe resting cell M1s .
shculd be xcre statle andnstiﬁulated-cells shculd have "tuc
ropulations of MTs diftériﬁg in =stability. This could te
tested by exarining the tire course of T cisassémtly usica

varicus artimicrotubule treatments ip intact cells.

Thé increase 1n the huuber of MTs assembled during stiru-

lapiob 1s not due solely to inereases 1in the MT initiatirg
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capacity cf the centtéscpg. It has been clearly established
that there 15 2 2.5 fcld increase in the tubulin cqntent.ét

-

con A stixulated pcugg;spleulé‘T-lyiphccvte rcpu}eticns 2t,
48 héﬁ?s, ihe sape cells populaticné tsed in this gtqdy;
1ﬁe arount c¢f tubulln rises frecs C.ZCpg/celletE 0«S1pg/cell
{Waterhcuse e3 .gl., Jb&Bl. Eased cn the kncsn solecular

velqbt c1t tte tutulin direr, the ruster cf dirxers per ri-

crcseter, and tte average length cf ETs they shtved that tle

tubulle ccrtent cf resting Llysphccytes was nct encugh tc
td:l.all the FTs ccunted 1n f:;fv—séinulateﬂ cells, demcn=-

strating that iutulin availab111t§ is a liettirg factcr irn
the develcprent Ff the MT netvork in Etlast éells.l Tte re-
gulte cf haterhqusg_anﬁ CCwOoTKers j19§3) shewinc 2 differer-
tlal increase 1n tutulin ccotent qcr?g}ate vell with tge ée-
sulte cf Kecskemethey and Séhafet (158%2) iuhc sﬁcued that
tubtulin skNA 1C restiﬁq kcvine 1lyspbk ncée lylphccyfes is: at

an uvrdetectable level and rises trerecdcusly as iiresult_cf

) -
cco A stisulation. ’ . \
It has Leen shcwn , tor several types cf tissue culture

Mo

cells that an increase in _thz soluble tubulin fpccl, caused

ky ¥1 depolyrerizing drugs, results in décreaséﬁ tukulin

sythesis (Ben-Ze'ev, Farrer and Penwan, 1979; Cleveland gt
ALY

~@3ke, 1987%), and this has suggested an autcrequlatgry recha-

cisa. Lyerphocyte stisulation 1s a rpotentially useful model

syster to exarlpe the relationdhlf Letween increases 1in PMT

. . . -
assertly and increeses in tubulin synthesise. .Ir this thesis

F

LA —

-

S e A AR



95
avé shcwn that there 1s:aﬁ increage in thy ip vitro }T
3 1t1¥éiicn capacity of the antTCSCle duringystirulaticn.
- It )would ke of interest, now, usirqg the stizulated 1fmphc-
yte as a _modellsvgtem tc e;tabl;ah'-thE temporai're}aticn-

ships betwveen the increases 1n tukulip message, tubulin

syntkesis, FT initlaticn capacity cf the centrcscae, and the

increases asserktly cf microtubules thét-accom;aniés the ac=

tivation cf lyrrhocytes..

-~
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