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ABSTRACT

	

Our ear l i er st udi es i ndi cat ed t hat t he mi t ot i c f act or s, whi ch i nduce ger mi nal vesi cl e

br eakdown and chr omosome condensat i on when i nj ect ed i nt o f ul l y gr own Xenopus oocyt es,

ar e pr ef er ent i al l y associ at ed wi t h met aphase chr omosomes and t hat t hey bi nd t o chr omat i n

as soon as t hey ar e synt hesi zed dur i ng t he G2 phase . I n t hi s st udy, we at t empt ed t o det er mi ne

t he f at e of t hese f act or s as t he cel l compl et es mi t osi s and ent er s G, . Ext r act s f r om HeLa cel l s

at di f f er ent poi nt s dur i ng G, , S, and G2 per i ods wer e mi xed wi t h mi t ot i c ext r act s i n var i ous

pr opor t i ons, i ncubat ed, and t hen i nj ect ed i nt o Xenopus oocyt es t o det er mi ne t hei r mat ur at i on-

pr omot i ng act i vi t y . The mat ur at i on- pr omot i ng act i vi t y of t he mi t ot i c ext r act s was neut r al i zed

by ext r act s of G, cel l s dur i ng al l st ages of G, but not by t hose of l at e S and G2 phase cel l s .

Ext r act s of qui escent ( Go) human di pl oi d f i br obl ast s exhi bi t ed ver y l i t t l e i nhi bi t or y act i vi t y .
However , UV i r r adi at i on of Go cel l s, whi ch i s known t o cause decondensat i on of chr omat i n,

si gni f i cant l y enhanced t he i nhi bi t or y act i vi t y of ext r act s of t hese cel l s . These f act or s ar e t er med

i nhi bi t or s of mi t ot i c f act or s ( I MF) . They seem t o be act i vat ed, r at her t han newl y synt hesi zed,

as t he cel l ent er s t el ophase when chr omosomes begi n t o decondense. The I MF ar e nondi -
al yzabl e, nonhi st one pr ot ei ns wi t h a mol ecul ar wei ght of >12, 000 . Si nce mi t ot i c f act or s ar e
known t o i nduce chr omosome condensat i on, i t i s possi bl e t hat I MF, whi ch ar e ant agoni st i c t o
mi t ot i c f act or s, may ser ve t he r ever se f unct i on of t he mi t ot i c f act or s, i . e . , r egul at i on of

chr omosome decondensat i on .

Chr omat i n under goes pr of ound st r uct ur al al t er at i ons dur i ng

t he cel l cycl e . Dur i ng mi t osi s, i t i s super coi l ed and condensed

t o f or m t he mi t ot i c chr omosomes . Chr omosome condensa-

t i on i s a cr i t i cal event i n t he cel l cycl e t hat i s necessar y f or t he

equal di st r i but i on of genet i c mat er i al bet ween t he daught er

cel l s . The phenomenon of pr emat ur e chr omosome conden-

sat i on descr i bed by Johnson and Rao ( 13) has been ver y
usef ul i n vi sual i zi ng t he st at e of chr omat i n condensat i on
dur i ng i nt er phase . Usi ng t hi s t echni que, Rao and Hanks ( 30)
and Hanks and Rao ( 9) have shown t hat t he pr ocess of
chr omosome decondensat i on, i ni t i at ed dur i ng t he t el ophase

of mi t osi s, cont i nues t hr oughout t he G, per i od unt i l t he

chr omat i n r eaches i t s ul t i mat e st at e of decondensat i on by t he

end of G, , when DNA synt hesi s i s i ni t i at ed .

As f or t he f act or s i nvol ved i n chr omosome condensat i on,

st udi es f r om t hi s and ot her l abor at or i es have demonst r at ed
t hat when ext r act s f r ommi t ot i c HeLa cel l s ( 39, 40) or mi t ot i c
Chi nese hamst er ovar y cel l s ( 19) ar e i nj ect ed i nt o Xenopus
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l aevi s oocyt es, t hey exhi bi t mat ur at i on- pr omot i ng act i vi t y

( MPA) ' as evi denced by ger mi nal vesi cl e br eakdown ( GVBD)

and condensat i on of chr omosomes . These st udi es al so r e-

veal ed t hat t he mi t ot i c f act or s ar e nonhi st one pr ot ei ns and

accumul at e sl owl y i n t he begi nni ng of G2, i ncr ease r api dl y

dur i ng l at e G2, and r each a t hr eshol d at t he G2- mi t ot i c t r an-

si t i on when t he chr omat i n i s t r ansf or med i nt o di scr et e chr o-

mosomes ( 34, 38) . The mi t ot i c f act or s have gr eat af f i ni t y f or
chr omat i n and pr ef er ent i al l y bi nd t o i t as soon as t hey ar e

synt hesi zed i n G2 phase ; as t he cel l synt hesi zes mor e of t hese
f act or s i n pr epar at i on f or mi t osi s, i ncr easi ng amount s of t hem
ar e r et ai ned i n t he cyt opl asm ( 1) . These chr omosome- bound
mi t ot i c f act or s can be r el eased by mi l d di gest i on wi t h endo-
nucl eases ( 2) .

' Abbr evi at i ons used i n t hi s paper :

	

GVBD, ger mi nal vesi cl e br eak-
down ; I MF, i nhi bi t or s of mi t ot i c f act or s ; MPA, mat ur at i on- pr omot -
i ng act i vi t y .
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The obj ect i ve of t he pr esent st udy was t o i nvest i gat e t he

f at e of mi t ot i c f act or s as t he cel l di vi des and chr omosomes

begi n t o decondense at t el ophase. Do t he mi t ot i c f act or s t hat
associ at e wi t h chr omat i n dur i ng GZ and mi t osi s di ssoci at e, or
ar e t hese f act or s i nact i vat ed i n si t u by some ot her f act or s
newl y synt hesi zed or act i vat ed as t he cel l di vi des? The r esul t s
of t hi s st udy i ndi cat e t he exi st ence of cer t ai n f act or s ( pr ot ei ns)

dur i ng t he G, per i od of mammal i an cel l s t hat speci f i cal l y

i nact i vat e t he mi t ot i c f act or s as i ndi cat ed by t he l oss of t hei r
MPA when i nj ect ed i nt o oocyt es . An abst r act of t hi s st udy

has appear ed el sewher e ( 27) .

MATERI ALS AND METHODS

Chemi cal s

' H- L- ami no aci d mi xt ur e and ' 4C- L- ami no aci d mi xt ur e wi t h i dent i cal L-

ami no aci d act i vi t i es wer e obt ai ned f r omNew Engl and Nucl ear ( Bost on, MA) .

2- Mer capt oet hanol and Coomassi e Br i l l i ant Bl ue G- 250 pr ot ei n- bi ndi ng dye

wer e pur chased f r om Bi o- Rad Labor at or i es ( Ri chmond, CA) . Al l ot her chem-

i cal s wer e of r eagent qual i t y and wer e mai nl y pur chased f r om Si gma Chemi cal

Co. ( St . Loui s, Mo. ) .

Cel l s and Cel l Synchr ony

HE L A c EL L s :

	

HeLa cel l s wer e r out i nel y gr own as suspensi on cul t ur es i n

spi nner f l asks at 37° C i n Eagl e' s mi ni mum essent i al medi um ( Gi bco Labor a-
t or i es, Gr and I sl and, NY) suppl ement ed wi t h 5% heat - i nact i vat ed f et al cal f

ser um ( K C Bi ol ogi cal s, I nc . , Lenexa, KS) , sodi um pyr uvat e, nonessent i al
ami no aci ds, and peni ci l l i n- st r ept omyci n mi xt ur e ( Gi bco Labor at or i es) i n a
humi di f i ed 5% C02 at mospher e, as descr i bed ear l i er ( 28) . These cel l s have a
cel l cycl e t i me of 22 h, consi st i ng of a 10. 5- h G, per i od, a 7 . 0- h S per i od, a 3. 5-

h G2 per i od, and a 1- h mi t osi s ( 29) .

To obt ai n mi t ot i c cel l s, HeLa cel l s i n exponent i al gr owt h wer e pl at ed i n

1, 585 cm2 bor osi l i cat e r ol l er bot t l es ( Bel l co Gl ass Co. , Vi nel and, NJ) as r ecent l y
descr i bed ( 2) . Br i ef l y, cel l s wer e par t i al l y synchr oni zed i nt o S phase by a si ngl e

excess t hymi di ne ( 2 . 5 mM) bl ock of 20 h. Af t er r ever sal of t he t hymi di ne bl ock

by washi ng, cel l s wer e i ncubat ed i n f r esh medi um cont ai ni ng Col cemi d ( 0 . 05

ug/ ml ) ( Ci ba Phar maceut i cal Co . , Summi t , NJ) f or anot her 20 h at 37° C, and
mi t ot i c cel l s wer e har vest ed by sel ect i ve det achment .

To obt ai n a pur e popul at i on of HeLa cel l s i n S and G2 phases, we f i r st
synchr oni zed exponent i al l y gr owi ng cel l s i nt o S phase by t he excess t hymi di ne

doubl e- bl ock met hod ( 5, 29) . Ear l y- , mi d- , and l at e- G2 cel l s wer e obt ai ned by
har vest i ng cel l s at 8, 9, and 10 h af t er r ever sal of t he second t hymi di ne bl ock

and i ncubat i on wi t h Col cemi d. Col cemi d- ar r est ed mi t ot i c cel l s wer e r emoved

by sel ect i ve det achment and di scar ded. The G2 cel l s t hat r emai ned at t ached t o

t he sur f ace wer e t r ypsi ni zed and used f or t he exper i ment s . The mi t ot i c i ndi ces
i n al l t hese popul at i ons wer e never >3%.

HeLa cel l s synchr oni zed i n var i ous st ages of G, phase wer e obt ai ned by
r ever si ng t he ni t r ous oxi de- bl ocked mi t ot i c cel l s as descr i bed pr evi ousl y ( 26) .

Wi t hi n 1 . 5 h af t er r ever sal of N20 bl ock, >90% of t he cel l s had compl et ed

mi t osi s and ent er ed G, .

W, - 38 CELLS :

	

A nor mal human di pl oi d f i br obl ast cel l l i ne, WI - 38, was

obt ai ned f r om t he Amer i can Type Cul t ur e Col l ect i on, Rockvi l l e, MD. These

cel l s wer e gr own as monol ayer s i n Lux pl ast i c cul t ur e di shes i n McCoy' s 5A
medi um ( Gi bco Labor at or i es) wi t h 10% heat - i nact i vat ed f et al cal f ser um sup-

pl ement ed wi t h gl ut ami ne and peni ci l l i n- st r ept omyci n mi xt ur e i n a humi di f i ed

C02 ( 5%) i ncubat or at 37° C. Go cel l s wer e obt ai ned by har vest i ng cel l s 7 d af t er

t hey had r eached conf l uency .

UV I r r adi at i on of Go Cel l s

The WI - 38 Go cel l s wer e washed t hor oughl y wi t h PBS ( pH 7. 2) bef or e a 10-

s i r r adi at i on wi t h a ger mi ci dal l amp emi t t i ng 90 er gs cm- ' sec' at 254 nm
measur ed at t he posi t i on of t he cel l s . Af t er UV i r r adi at i on, cel l s wer e i ncubat ed

i n f r esh medi um i n t he pr esence or absence of DNA synt hesi s i nhi bi t or s

hydr oxyur ea ( 10- 2 M) or ar abi nosyl cyt osi ne ( 10- 4 M) f or var i ous t i mes at 37° C

bef or e bei ng har vest ed . I n exper i ment s desi gned t o det er mi ne i f UV i r r adi at i on

i nduced new pr ot ei n synt hesi s or act i vat ed exi st i ng pr ot ei ns, cycl ohexi mi de ( 25

ug/ ml ) was added at t he t i me of i r r adi at i on and kept i n t he medi um dur i ng

post t r eat ment i ncubat i on .
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Pr epar at i on of Cyt opl asmi c, Nucl ear , and

Chr omosomal Ext r act s

Cel l s synchr oni zed i n var i ous phases wer e col l ect ed at 4° C by cent r i f ugat i on

at 1, 000 r pm f or 5 mi n . Af t er t hr ee washi ngs wi t h Eagl e' s mi ni mum essent i al

medi um wi t hout ser um at 4° C, t he cyt opl asmi c, nucl ear , or chr omosomal

ext r act s wer e pr epar ed as descr i bed pr evi ousl y ( 1, 2) . Br i ef l y, cel l s wer e l ysed i n

a modi f i cat i on of t he buf f er of Bl ument hal et al . ( 4) , buf f er A: 15 mMTr i s-

HCI , pH 7 . 4, cont ai ni ng 60 mMKCI , 15 mMNaCl , 0. 5 mMsper mi di ne, 0. 15

mM sper mi ne, 15 mM 2- mer capt oet hanol , 2 mMEDTA, 0 . 5 mMEGTA,

suppl ement ed wi t h t he pr ot ease i nhi bi t or 1 mMphenyl met hyl sul f onyl f l uor i de,

t he phosphat ase i nhi bi t or s l mM ATP, 5 mM NaF, and 5 mM sodi um 0-

gl ycer ol phosphat e, and 0. 25 Msucr ose . Af t er cent r i f ugat i on t he chr omosomal

or nucl ear pel l et was washed once agai n wi t h t he same buf f er and t hen

r esuspended i n t he hi gh- sal t buf f er B: 10 mM Na2HPO, / NaH2 PO4, 200 mM

NaCl , 2 mMEGTA, 10 MMMgS0 4, 1 mMATP, l mMphenyl met hyl sul f onyl
f l uor i de, 5 mM NaF, 5 mMsodi um0- gl ycer ol phosphat e and 0 . 25 Msucr ose

at pH 6 . 5, t o ext r act a subset of nonhi st one chr omat i n- bi ndi ng pr ot ei ns . The

cyt opl asmi c, nucl ear , or chr omosomal ext r act s wer e f ur t her cent r i f uged at

100, 000 g f or 1 h i n a TI 50 r ot or i n a Beckman L5- 50 ul t r acent r i f uge ( Beckman

I nst r ument s, I nc . , Pal o Al t o, CA) . The pel l et s wer e di scar ded and al i quot s f r om

t he r esul t i ng cl ear super nat ant s wer e i nj ect ed i nt o Xenopus l aevi s oocyt es t o

det er mi ne t hei r MPA. For some whol e- cel l ext r act s, cel l s wer e suspended i n

buf f er B and l ysed by soni cat i on ( 3 x 10 s) and t hen cent r i f uged at 100, 000 g.
The ext r act s wer e al ways st or ed at - 70° C unt i l f ur t her use .

Pr epar at i on of Xenopus Laevi s Oocyt es and Assay

f or Mat ur at i on Pr omot i ng Act i vi t y

Al l t he pr ocedur es empl oyed f or t he pr epar at i on of oocyt es and assay of t he

cel l ext r act s f or MPA by mi cr oi nj ect i on i nt o oocyt es wer e essent i al l y t he same

as descr i bed ear l i er ( 1, 2) . The pr esence or absence of t he ger mi nal vesi cl e f or

t he quest i onabl e oocyt es was al so det er mi ned by f i xat i on i n 7 . 5%t r i chl or oacet i c

aci d and subsequent di ssect i on of t he oocyt e bef or e scor i ng f or GVBDi nduc-

t i on . For ever y set of oocyt es r emoved f r omXenopus, a bat ch was al ways t est ed

f or nor mal mat ur at i on by st i mul at i on wi t h pr ogest er one ( 10 ug/ ml ) f or 15 mi n

and i ncubat ed f or - V8 h bef or e scor i ng f or GVBD i nduct i on . As a f ur t her

cont r ol , f or ever y ser i es of i nj ect i ons wi t h ext r act s, about 10 oocyt es wer e

i nj ect ed wi t h ext r act i on buf f er .

Det er mi nat i on of t he Pr ot ei n Cont ent

The pr ot ei n concent r at i on was det er mi ned by t he use of a Coomassi e

Br i l l i ant Bl ue G- 250 dye- bi ndi ng assay accor di ng t o Br adf or d ( 6) , usi ng BSA

as t he st andar d .

Tr eat ment of G, Cel l Ext r act s

Al l t r eat ment s t o st udy t he ef f ect of pr ot eases, RNase, chel at i ng agent s,

t emper at ur e, and pH on G, f act or s wer e per f or med on f r eshl y pr epar ed ear l y-

G, cel l ext r act s bef or e t hey wer e mi xed wi t h mi t ot i c ext r act s i n var i ous

pr opor t i ons and event ual l y i nj ect ed i nt o oocyt es t o det er mi ne t hei r MPA.

Cont r ol exper i ment s wer e si mul t aneousl y per f or med on mi t ot i c ext r act di l ut ed

wi t h ext r act i on buf f er .

RESULTS

The Fat e of Mi t ot i c Fact or s dur i ng Mi t osi s

t o G, Tr ansi t i on

To det er mi ne whet her G, cel l s cont ai ned f act or s t hat coul d

i nact i vat e t he mi t ot i c f act or s at t he end of mi t osi s, mi t ot i c

cel l ext r act s wer e mi xed wi t h G, cel l ext r act s i n di f f er ent

pr opor t i ons and t he mi xt ur es wer e i nj ect ed i nt o oocyt es t o

t est f or MPA ( Fi g. 1) . Mi t ot i c cel l ext r act s di l ut ed wi t h ex-

t r act i on buf f er i n cor r espondi ng pr opor t i ons ser ved as con-

t r ol s. I t i s evi dent f r om Fi g. 1 t hat t he mi t ot i c cel l ext r act

coul d be di l ut ed wi t h t he ext r act i on buf f er down t o a 20%

concent r at i on wi t hout any si gni f i cant l oss of MPA. However ,

when t he mi t ot i c cel l ext r act was mi xed wi t h t he G, cel l

ext r act , we not i ced a r api d i nact i vat i on of t he mi t ot i c f act or s

even at mi t ot i c ext r act concent r at i on as hi gh as 66 . 6%. I n
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Ef f ect of G, cel l ext r act s on t he MPA of t he mi t ot i c cel l

ext r act s . HeLa cel l s i n G, phase wer e col l ect ed at di f f er ent t i mes

( i . e . , at 1 . 5, 2, 3, 4, 5, 6, 7, and 7 . 5 h) af t er r ever sal of t he N20
bl ock . G, cel l ext r act s wer e made usi ng 6- 8 x 10' cel l s/ ml wi t h a

pr ot ei n cont ent r angi ng f r om 8- 11 mg/ ml . Si mi l ar l y, mi t ot i c cel l

ext r act s wer e made usi ng 4 x 10' cel l s/ ml cont ai ni ng ^- 8 mg/ ml of

pr ot ei n . Whenever necessar y, ext r act s wer e concent r at ed t o gi ve a

pr ot ei n cont ent of 8 mg/ ml by ul t r af i l t r at i on usi ng Ami con YM- 10

f i l t er s . Ext r act s of G, cel l s at di f f er ent poi nt s dur i ng G, wer e sepa-

r at el y mi xed wi t h mi t ot i c ext r act s i n var i ous pr opor t i ons so as t o

obt ai n a mi t ot i c ext r act concent r at i on of 100, 75, 66 . 6, 50, 33 . 3,

25, 20, 10, and 0% i n t he i nj ect i on mi xt ur e . These mi xt ur es wer e

i ncubat ed f or 1 h at 4° C pr i or t o i nj ect i on i nt o Xenopus oocyt es .

For each di l ut i on a mi ni mum of 10 oocyt es was i nj ect ed . A vol ume

of 65 nl ( cont ai ni ng ^- 50- 550 ng of pr ot ei ns) was usual l y i nj ect ed.

The per cent age of GVBD i n t he i nj ect ed oocyt es was det er mi ned

at 2- 3 h af t er i nj ect i on by scor i ng t he oocyt es f or t he appear ance

of a whi t e spot i n t he ani mal hemi spher e . I n doubt f ul cases oocyt es

wer e f i xed i n 7 . 5%t r i chl or oacet i c aci d and di ssect ed t o check f or

t he br eakdown of t he ger mi nal vesi cl e . Mi t ot i c cel l ext r act s di l ut ed

wi t h t he ext r act i on buf f er ( i n t he pr esence or absence 10 mg/ ml of

bovi ne ser umal bumi n) t o gi ve cor r espondi ng concent r at i ons ser ved

as cont r ol s . These dat a r epr esent an aver age of f i ve exper i ment s

and t he di f f er ences i n %GVBD bet ween t he exper i ment s di d not

exceed 10%. Typi cal l y oocyt es f r om t he same f emal e wer e used

f or a gi ven exper i ment . Di l ut i on of mi t ot i c ext r act wi t h ext r act s

f r om G, cel l s at 1 . 5 h, O, 2 h, O, and 7 . 5 h, 0, af t er r ever sal of t he

N2 0 bl ock . Di l ut i on wi t h buf f er , 41 . The dat a obt ai ned wi t h ext r act s

f r om G, cel l s col l ect ed at 3, 4, 5, 6, or 7 h af t er r ever sal wer e

i dent i cal t o t hose of G, cel l s at 2 h, and hence t hese dat a ar e not

pr esent ed .

gener al , when mi t ot i c and G, cel l ext r act s wi t h equal pr ot ei n

cont ent wer e mi xed, a compl et e i nact i vat i on of t he mi t ot i c

cel l ext r act occur r ed as i t s concent r at i on was r educed t o 50%.

These exper i ment s wer e r epeat ed sever al t i mes wi t h hi ghl y

r epr oduci bl e r esul t s . As anot her cont r ol we added 10 mg/ ml

of BSA as a car r i er pr ot ei n t o t he ext r act i on buf f er bef or e

mi xi ng wi t h t he mi t ot i c ext r act s and obser ved no i nact i vat i on

of t he mi t ot i c f act or s even at concent r at i ons as l ow as 20%,

as i n t he case of r egul ar buf f er cont r ol ,

Ext r act s f r om HeLa G, cel l s col l ect ed at any t i me f r om 2
t o 7 h af t er r ever sal of t he ni t r ous oxi de bl ock wer e ver y
ef f ect i ve i n i nact i vat i ng t he mi t ot i c f act or s . Cel l s col l ect ed at

l at er t i mes had decr eased act i vi t y ( Fi g . 1) . Fur t her mor e, t hese
i nact i vat i ng f act or s wer e det ect abl e as ear l y as 1 . 5 h af t er

r ever sal of t he N2 0 bl ock when 10- 15% of t he cel l s wer e yet

t o compl et e mi t osi s . These dat a suggest t hat t her e ar e cer t ai n

f act or s i n G, cel l s t hat i nhi bi t t he MPA of t he mi t ot i c cel l

FI GURE 2 I nact i vat i on

of mi t ot i c f act or s as a

f unct i on of pr ot ei n con-

cent r at i on i n t he G, cel l

ext r act . Ear l y G, phase

HeLa cel l s wer e ob-

t ai ned at 3 h af t er r e-

ver sal of t he N2 0 bl ock .

G, cel l ext r act s wi t h

var i ous pr ot ei n con-

cent r at i ons ( ^ - 4- 16

mg/ ml ) wer e pr epar ed

by var yi ng t he cel l

GI / M Pr ot ei n Rat i o

	

number whi l e keepi ng

t he vol ume of t he ext r act i on buf f er const ant . Pr ot ei n cont ent of t he

mi t ot i c cel l ext r act s was kept const ant by t aki ng 4 x 10' cel l s/ ml

( ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 8 mg/ ml ) t hr oughout t hese st udi es . Al i quot s of G, cel l ext r act s

wi t h Var i ous pr ot ei n concent r at i ons i n r el at i on t o t hat of mi t ot i c

ext r act , i . e . , 0 . 5, 1 . 0, 1 . 5, and 2 . 0, wer e separ at el y mi xed wi t h

mi t ot i c ext r act s i n var i ous pr opor t i ons and t est ed f or MPA as

descr i bed i n t he l egend f or Fi g . 1 .
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ext r act s and we have t er med t hem i nhi bi t or ( s) of mi t ot i c

f act or s ( I MF) .

I nact i vat i on of Mi t ot i c Fact or s by I MF

i s Dose Dependent

By i ncr easi ng t he pr ot ei n cont ent i n G, ext r act s, i nact i va-

t i on of t he mi t ot i c ext r act coul d be obt ai ned at l ower di l ut i ons

( Fi g . 2) . The hi gher t he GI pr ot ei n cont ent t he l ower t he

amount of GI ext r act needed t o compl et el y i nact i vat e t he

mi t ot i c f act or s, pr ovi ded t he concent r at i on of mi t ot i c pr ot ei ns

was kept const ant .

Pr esence of I MF dur i ng S Phase of HeLa Cel l s

To det er mi ne whet her t he i nhi bi t or s of mi t ot i c f act or s ar e

pr esent dur i ng ot her phases of t he cel l cycl e, si mi l ar st udi es

wer e car r i ed out wi t h ext r act s of HeLa cel l s synchr oni zed i n

di f f er ent st ages of S and G2 . When ext r act s f r om ear l y- ,

mi d- , and l at e- S phase cel l s wer e mi xed wi t h mi t ot i c ext r act s

and t hen i nj ect ed i nt o oocyt es t o t est f or MPA, we obser ved

t hat each of t hese S phase ext r act s di d not neut r al i ze t he

mi t ot i c f act or s but del ayed GVBDby 4. 5 h . The met hod of

synchr oni zat i on i nt o S phase ( by r ever sal of second t hymi di ne

bl ock or r ever sal of N20 bl ock) or of har vest i ng cel l s ( by

t r ypsi ni zat i on or scr api ng) di d not make any di f f er ence . How-

ever , i ncr easi ng t he pr ot ei n concent r at i on of t he S phase

ext r act s t hr eef ol d ( by t aki ng mor e cel l s i n t he same vol ume

of ext r act i on buf f er ) i ncr eased t he i nhi bi t or y act i vi t y of t hese

ext r act s . Ext r act s f r omear l y S phase cel l s wer e mor e ef f ect i ve

i n neut r al i zi ng t he act i vi t y of t he mi t ot i c f act or s t han t hose

f r omei t her mi d- or l at e- S phase cel l s ( Fi g . 3) . No si gni f i cant

I MF act i vi t y was obser ved i n l at e- S phase cel l ext r act s even

when S phase/ mi t ot i c cel l pr ot ei n r at i o was i ncr eased t o 5 : 1 .

Ext r act s f r om ear l y- , mi d- , or l at e- G2 phase HeLa cel l s al so

had no i nhi bi t or y ef f ect on t he mi t ot i c f act or s .

Act i vat i on of I MF i n Qui escent ( Go )

WI - 38 Human Fi br obl ast s

Ext r act s of WI - 38 cel l s col l ect ed 7 d af t er t hey had r eached

conf l uency wer e mi xed wi t h ext r act s of mi t ot i c HeLa cel l s i n

var i ous pr opor t i ons as expl ai ned above and t he mi xt ur es wer e

i nj ect ed i nt o oocyt es t o t est f or MPA. Ext r act s f r om qui escent
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FI GURE 3 Ef f ect of S phase cel l ext r act s on t he MPA of mi t ot i c

ext r act s . HeLa cel l s wer e synchr oni zed i n S phase as descr i bed

under Mat er i al s and Met hods . Ear l y- , mi d- , and l at e- S phase cel l s

wer e col l ect ed at 2, 4, and 6 h, r espect i vel y, af t er r ever sal of t he

second t hymi di ne bl ock . Ext r act s f r om t hese S phase cel l s wer e

pr epar ed usi ng 12- 15 x 10' cel l s/ ml , wi t h a pr ot ei n concent r at i on

of 22- 27 mg/ ml , wher eas t he mi t ot i c ext r act was pr epar ed by usi ng

4 x 10' mi t ot i c cel l s/ ml , wi t h - 8 mg/ ml of pr ot ei n, t hus gi vi ng an

S- phase/ mi t ot i c pr ot ei n r at i o of 3 : 1 . Al i quot s f r om each of t hese S

phase ext r act s wer e separ at el y mi xed wi t h mi t ot i c ext r act s i n var -

i ous pr opor t i ons and mi xt ur es wer e i nj ect ed i nt o oocyt es t o t est f or

MPA as expl ai ned i n t he l egend t o Fi g. 1 .zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" , di l ut i on wi t h buf f er

( negat i ve cont r ol ) ; O, di l ut i on wi t h mi d- G, cel l ext r act as i n Fi g. 1

( posi t i ve cont r ol ) ; di l ut i on wi t h ext r act s f r om ear l y, " , mi d- , El , and

l at e, Z~, S phase cel l s .
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FI GURE 4

	

Act i vat i on of I MF i n qui escent ( Go ) WI - 38 human di pl oi d

f i br obl ast s by UV i r r adi at i on . WI - 38 cel l s i n Go phase wer e col l ect ed

at 7- 10 d af t er t hey had r eached conf l uency . Go cel l s wer e UV-

i r r adi at ed f or 10 s at 90 er gs
CM- 2 sec - ' and i ncubat ed f or var i ous

t i mes i n t he pr esence or absence of cycl ohexi mi de ( 25 pg/ ml ) ,

ar abi nosyl cyt osi ne ( 10 - ° M) , or hydr oxyur ea ( 10 - z M) . Ext r act s f r om

t he cont r ol and t r eat ed Go cel l s wer e pr epar ed so as t o cont ai n a

pr ot ei n concent r at i on equal t o t hat of mi t ot i c ext r act s ( ^ " 8 mg/ ml ) .

Ext r act s of Go cel l s f r om t he di f f er ent t r eat ment s wer e separ at el y

mi xed wi t h mi t ot i c ext r act s and t est ed f or MPA as i n Fi g . 1 l egend .

" , di l ut i on wi t h buf f er ( negat i ve cont r ol ) ; O, di l ut i on wi t h mi d G,

cel l ext r act ( posi t i ve cont r ol ) ; 0, ext r act s f r om unt r eat ed Go cel l s

pr et r eat ed wi t h Ar a- C and hydr oxyur ea; ext r act s f r om Go cel l s, UV-

i r r adi at ed and i ncubat ed i n t he pr esence or absence of cycl ohexi -

mi de f or 2 h ( CI ) ; and 4 h ( / ) ; ext r act s f r om Go cel l s, UV- i r r adi at ed

and i ncubat ed f or 2 h i n t he pr esence of Ar a- C and hydr oxyur ea

( A) . The dat a pr esent ed her e ar e an aver age of t wo exper i ment s .
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cel l s exhi bi t ed mi ni mal i nhi bi t or y ef f ect s on mi t ot i c f act or s .
However , UV i r r adi at i on ( whi ch i s known t o i nduce chr o-

mosome decondensat i on and unschedul ed DNA synt hesi s [ 7,
12, 36] ) of Go cel l s, and subsequent i ncubat i on f or 2- 4 h

i ncr eased t he i nhi bi t or y act i vi t y of ext r act s f r om t hese cel l s
( Fi g . 4) . The pr esence of cycl ohexi mi de dur i ng i ncubat i on
had no ef f ect on I MF act i vi t y . I MF act i vi t y was f ur t her
enhanced i f hydr oxyur ea and ar abi nosyl cyt osi ne wer e added
dur i ng i ncubat i on af t er UV i r r adi at i on .

Act i vat i on of I MF at Mi t osi s- G, Tr ansi t i on

To det er mi ne whet her t he I MF wer e newl y synt hesi zed or
wer e pr e- exi st i ng f act or s act i vat ed at t he M- G, t r ansi t i on, we

synchr oni zed HeLa cel l s i n mi t osi s by t he NCObl ock met hod

and al l owed t hem t o di vi de i n t he pr esence or absence of

cycl ohexi mi de . At 3 h af t er r ever sal of t he mi t ot i c bl ock, when
>95% of t he cel l s wer e i n G, , ext r act s wer e made f r om t he

cont r ol and cycl ohexi mi de- t r eat ed cul t ur es, separ at el y mi xed

wi t h mi t ot i c ext r act s i n var i ous pr opor t i ons, and t est ed f or

MPA. The ext r act s f r om cel l s t hat wer e al l owed t o di vi de i n

t he pr esence of cycl ohexi mi de wer e as i nhi bi t or y as t hose

f r omt he cont r ol G, cel l s ( dat a not shown) . These exper i ment s

i ndi cat e t hat t he I MF ar e not newl y synt hesi zed but r at her

ar e act i vat ed at t he t i me of cel l di vi si on .

Pr el i mi nar y Char act er i zat i on of t he I MF

Our ear l i er st udi es ( 1, 2, 40) have shown t hat t he mi t ot i c

f act or s of HeLa cel l s ar e hi ghl y sensi t i ve t o Ca" . These f act or s

ar e compl et el y i nact i vat ed i n t he pr esence of 1 mMCa2+. I t

i s, t her ef or e, possi bl e t hat t he i nact i vat i on of mi t ot i c f act or s

at t he end of mi t osi s coul d be due t o an excess r el ease of

cal ci um i nt o t he cyt opl asm. To r ul e out t hi s possi bi l i t y t wo

set s of exper i ment s wer e per f or med . I n t he f i r st set , a f r eshl y

pr epar ed G, cel l ext r act was t i t r at ed wi t h i ncr easi ng concen-
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FI GURE 5

	

Ef f ect of chel at i ng agent s on t he I MF act i vi t y . Ext r act s

f r om ear l y- G, HeLa cel l s wer e pr epar ed as descr i bed i n l egends t o

Fi gs . 1 and 2 and i ncubat ed f or 1 h at 4° C wi t h var i ous concent r a-

t i ons of EGTA or EDTA ( 1 mM- 5 mM) . These EGTA- or EDTA-

t r eat ed G, cel l ext r act s wer e separ at el y mi xed wi t h ext r act s f r om

mi t ot i c HeLa cel l s and t est ed f or MPA as descr i bed i n t he l egend

t o Fi g. 1 . " , buf f er ( negat i ve cont r ol ) ; O, HeLa G, cel l ext r act s

( posi t i ve cont r ol ) ; O, buf f er cont ai ni ng 5 mMEGTA or EDTA; 0,

HeLa G, cel l ext r act s i ncubat ed wi t h 1, 2, 3, or 4 . mM EGTA or

EDTA pr i or t o bei ng mi xed wi t h mi t ot i c ext r act s ; " , HeLa G, cel l

ext r act s i ncubat ed wi t h 5 mMEGTA or EDTA. These dat a r epr esent

an aver age of t wo exper i ment s .



TABLE I

Pr el i mi nar y Char act er i zat i on of I MF

" Af r eshl y pr epar ed mi d- G, cel l ext r act f r om8 x 10 7 cel l s/ ml was mi xed wi t h
mi t ot i c ext r act f r om 4 x 107 cel l s/ ml t o gi ve a mi t ot i c/ G, pr ot ei n r at i o of
1 : 1, and t he mi xt ur e was i nj ect ed i nt o Xenopus l aevi s oocyt es f or MPA
det er mi nat i on . A mi xt ur e of mi t ot i c ext r act wi t h ext r act i on buf f er ser ved as
cont r ol . I f t he G, cel l ext r act compl et el y i nact i vat ed t he MPA of t he mi t ot i c
ext r act at a 50%di l ut i on, i . e. , a pr ot ei n r at i o of 1 : 1, t hen t he act i vi t y of t he
G, cel l ext r act was consi der ed t o be 100%. An aver age of 10 oocyt es was
i nj ect ed f or each sampl e .

# G, cel l ext r act was t r eat ed wi t h t he pr ot ease papai n ( 500 ug/ ml ) i n ext r act i on
buf f er cont ai ni ng cyst ei n ( 5 mM) and , B- mer capt oet hanol ( 0 . 05 mM) f or 1 h
at 25 ° C. Ant i pai n ( 80ug/ ml ) was t hen added f or 15 mi n at 25 ° C t o neut r al i ze
t he excess papai n bef or e bei ng mi xed wi t h mi t ot i c ext r act i n var i ous
pr opor t i ons and event ual l y i nj ect ed i nt o oocyt es f or MPAdet er mi nat i on . I n
t hese exper i ment s we made cer t ai n t hat papai n act i vi t y was compl et el y
neut r al i zed by ant i pai n so t hat i t coul d not i nact i vat e t he mi t ot i c f act or s,
whi ch ar e known t o be pr ot ei ns .

s
G, cel l ext r act s wer e i ncubat ed wi t h RNase ( 1 . 5 U/ ml ) at 25° C f or 1 h . At
t he end of i ncubat i on, G, ext r act s wer e mi xed wi t h mi t ot i c ext r act s and
t est ed f or MPAas above.
G, cel l ext r act s wer e i ncubat ed at di f f er ent t emper at ur es f or 15 mi n and at
t he end of t he i ncubat i on ext r act s wer e cent r i f uged at 10, 000 g f or 15 mi n
at 4° C t o r emove any pr eci pi t at e bef or e bei ng mi xed wi t h mi t ot i c ext r act
f or i nj ect i on i nt o oocyt es .

n
G, cel l ext r act s wer e di al yzed over ni ght agai nst buf f er s of di f f er ent pH wi t h
t hr ee changes each and r edi al yzed f or 12 h agai nst t he ext r act i on buf f er
( pH 6. 5) bef or e t he mi xi ng exper i ment s wer e car r i ed out t o t est t he act i vi t y,
as expl ai ned above .

t r at i ons of t he Ca=+- chel at i ng agent EGTA bef or e t he mi xi ng
exper i ment s wi t h mi t ot i c ext r act s wer e per f or med . I n cont r ol
exper i ment s, t he mi t ot i c cel l ext r act was t r eat ed wi t h i dent i cal
concent r at i ons of EGTA and t est ed f or MPA. The di f f er ence
bet ween t he i nhi bi t or y act i vi t i es of t he cont r ol and t he EGTA-
t r eat ed G, cel l ext r act s was i nsi gni f i cant ( Fi g. 5) . Si mi l ar
r esul t s wer e obt ai ned when EDTAi nst ead of EGTAwas used .
I n t he second set of exper i ment s, G, cel l ext r act was di al yzed
t hr ough a bag wi t h a cut - of f l i mi t of ei t her 3, 500 or 12, 000
mol wt wi t h a buf f er l acki ng Ca 2

' , EDTA, or EGTA. Di al ysi s
had no ef f ect on t he i nhi bi t or y act i vi t y of t he G, cel l ext r act
when i t was l at er mi xed wi t h mi t ot i c cel l ext r act ( dat a not
shown) .

Ef f ect of Pr ot eases and RNase

To t est whet her t he act i vi t y of I MF was pr ot ease sensi t i ve,
t he G, cel l ext r act was i ncubat ed wi t h a pr ot ease, Papai n or
t r ypsi n, f or 1 h at 25° C. Ant i pai n or t r ypsi n i nhi bi t or was
t hen added t o neut r al i ze t he excess pr ot ease bef or e mi xi ng i t
wi t h t he mi t ot i c cel l ext r act s. As shown i n Tabl e I , t r eat ment
wi t h papai n r esul t ed i n compl et e i nact i vat i on of t he i nhi bi t or s
of mi t ot i c f act or s . Cont r ol exper i ment s per f or med showed

t hat t he amount of ant i pai n used was enough t o i nhi bi t al l

papai n act i vi t y . I nj ect i on of ext r act i on buf f er cont ai ni ng pa-

pai n or ant i pai n di d not show any MPA.

Tr eat ment of G, cel l ext r act wi t h RNase ( 1 . 5 U/ ml ) at 25°C

f or 1 h bef or e per f or mi ng t he mi xi ng exper i ment s di d not

r esul t i n any i nact i vat i on of t hese f act or s ( Tabl e 1) . We have

al r eady shown t hat RNase has no ef f ect on t he MPAof mi t ot i c

f act or s ( 40) . RNase at t he concent r at i on t est ed was not t oxi c

t o oocyt es and di d not i nduce any GVBD when i nj ect ed

al one .

Ef f ect of Temper at ur e

I ncubat i on of t he G, ext r act at t emper at ur es up t o 65° C f or

15 mi n had no ef f ect on t he I MF act i vi t y ( Tabl e 1) . At 75° C

f or 15 mi n, a sl i ght pr eci pi t at i on and a 25%l oss i n t he act i vi t y

of t hese f act or s was obser ved . At 100° C f or 15 mi n, t hese

f act or s wer e compl et el y i nact i vat ed .

Ef f ect of pH

The I MF wer e f ound t o be act i ve over a br oad r ange of pH,

and t he pH opt i mumwas f ound t o be bet ween 7 and 8 . Ver y
l i t t l e act i vi t y was seen bel ow pH 5 ( Tabl e I ) . These pr oper t i es
cl ear l y di st i ngui sh t he I MF f r ommi t ot i c f act or s, whi ch seem
t o be mor e st abl e at l ow pH.

DI SCUSSI ON

I n t hi s st udy, we have at t empt ed t o det er mi ne t he f at e of t he
chr omosome- bound mi t ot i c f act or s at t he end of mi t osi s . We
have demonst r at ed t he exi st ence of cer t ai n f act or s i n G, cel l s
t hat can i nact i vat e or i nhi bi t t he mi t ot i c f act or s and t hat have
t ent at i vel y been named i nhi bi t or s of mi t ot i c f act or s ( I MF) .
The bi oassay syst em f or I MF i nvol ves t he mi xi ng of ext r act s
f r om i nt er phase ( G, , S, or GZ) HeLa cel l s wi t h mi t ot i c cel l
ext r act s i n var i ous pr opor t i ons and i nj ect i ng t he mi xt ur e i nt o
i mmat ur e Xenopus oocyt es t o det er mi ne t he ext ent of i nact i -
vat i on of t he mi t ot i c f act or s as i ndi cat ed by a decr ease i n t he

f r equency of GVBD among t he i nj ect ed oocyt es . Mi t ot i c
ext r act s di l ut ed wi t h t he ext r act i on buf f er ( wi t h or wi t hout
BSA) i n cor r espondi ng pr opor t i ons ser ved as cont r ol s . Thi s
met hod of measur i ng I MF act i vi t y, t hough i ndi r ect , shoul d
be usef ul f or t he i sol at i on and char act er i zat i on of t hese f act or s .

Usi ng t hi s assay, we have shown t hat t he l evel s of I MF
f l uct uat e dur i ng t he cel l cycl e i n a cycl i cal pat t er n . These
f act or s ar e act i vat ed at t el ophase, when t he pr ocess of chr o-
mosome decondensat i on begi ns, and ar e pr esent at r el at i vel y
hi gh l evel s t hr oughout t he G, per i od . Ther e appear s t o be an
i nver se l i near r el at i onshi p bet ween t he pr ot ei n cont ent of t he
G, cel l ext r act s and t he di l ut i on r at i o of mi t ot i c/ G, phase
ext r act s at whi ch mi t ot i c f act or s ar e i nact i vat ed ( Fi g . 2) . These
f act or s r each t hei r mi ni mum l evel dur i ng S phase and ar e
absent dur i ng G2 phase, when mi t ot i c f act or s ar e known t o
accumul at e ( 1, 39) .

The pr el i mi nar y char act er i zat i on of t he I MF r epor t ed her e
suggest s t hat t hese f act or s ar e nondi al yzabl e, nonhi st one pr o-
t ei ns sensi t i ve t o i nact i vat i on by pr ot eases, but not by RNase,
EGTA, or EDTA . I t i s unl i kel y t hat t he I MF act i vi t y coul d
be due t o a pr ot ease as t hr ee di f f er ent pr ot ease i nhi bi t or s

( phenyl met hyl sul f onyl f l uor i de, ant i pai n, and t r ypsi n i nhi bi -
t or ) used i n our st udy had no ef f ect on I MF act i vi t y . Unl i ke
t he mi t ot i c f act or s, I MF ar e heat st abl e ( 15 mi n at 65° C) .
They ar e st abl e over a br oad pH r ange ( 6 . 0- 10 . 0) but ar e
ext r emel y sensi t i ve t o l ow pH ( bel ow 5 . 0) , and t he appar ent
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Tr eat ment of G, cel l ext r act Rel at i ve I MF act i vi t y

None 100

Papai n* 0

RNase§ 100

Temper at ur es

0° C f or 2 d 80

- 70° C f or 2 mo 100

25- 65° C f or 15 mi n 100

75° C f or 15 mi n 75

100° C f or 15 mi n 0

pH'

4. 0 20

5. 0- 5 . 5 75

6. 0- 8 . 0 100

8. 5- 10 . 0 75- 80



mol ecul ar wei ght i s >12, 000 . Some of t hese char act er i st i cs

di st i ngui sh t hem f r om t he mi t ot i c f act or s ( 40) . The pH de-

pendency of t hese f act or s i s al so i n agr eement wi t h t he r esul t s

of t he ear l y cel l f usi on exper i ment s of Obar a and co- wor ker s

( 21- 23) , whi ch suggest ed t hat hi gh pH f avor ed " t el ophasi ng"

and l ow pH " pr ophasi ng" or pr emat ur e chr omosome conden-

sat i on . Our own st udi es ( Hi t t el man and Rao, unpubl i shed

dat a) show t hat t he f r equency of pr emat ur e chr omosome

condensat i on i nduct i on i s much hi gher i f a l ow pH i s mai n-

t ai ned dur i ng t he col l ect i on of mi t ot i c cel l s and subsequent

f usi on pr ocedur es . Thus, i t appear s t hat at l owpH, t he mi t ot i c

f act or s ar e act i ve, wher eas t he G, f act or s ar e ei t her i nact i ve

or l ess act i ve.

The exi st ence of a chr omosome condensat i on cycl e wi t hi n

t he l i f e cycl e of mammal i an cel l s was f i r st pr oposed by Mazi a

( 16) and has subsequent l y been subst ant i at ed by var i ous

i nvest i gat or s usi ng di f f er ent exper i ment al appr oaches ( 8- 11,

17, 18, 20, 24, 25, 30, 33, 35- 37, 41, 42) . Accor di ng t o t hese

st udi es t he decondensat i on of chr omat i n t akes pl ace t hr ough-

out G, and unt i l t he begi nni ng of S phase, at whi ch t i me

DNA r epl i cat i on i s i ni t i at ed . Fol l owi ng r epl i cat i on, t he chr o-

mat i n r econdenses dur i ng l at e S and G2 per i ods and r eaches

a maxi mum l evel of condensat i on at mi t osi s i n t he f or m of

chr omosomes . Regul at i on of t hi s sequence of event s by cy-

t opl asmi c f act or s has been suggest ed by t he exper i ment s of

Rao and Johnson ( 32) and Johnson and Rao ( 13) . Usi ng t he

t echni que of pr emat ur e chr omosome condensat i on, t hey have

shown t hat chr omosome condensat i on f act or s ar e pr esent i n

mi t ot i c cel l s ( 14, 31) .

Subsequent l y, we have shown t hat mi cr oi nj ect i on of mi t ot i c

ext r act s i nt o Xenopus oocyt es causes mei ot i c mat ur at i on, i . e . ,

GVBDand chr omosome condensat i on, a pr ocess si mi l ar t o

pr emat ur e chr omosome condensat i on ( 39) . Usi ng t hi s syst em

we have demonst r at ed t hat t he mi t ot i c f act or s ar e nondi al yz-

abl e, heat - and Cat ' - sensi t i ve, magnesi um- dependent , non-

hi st one chr omat i n- bi ndi ng pr ot ei ns wi t h an appr oxi mat e mo-

l ecul ar wei ght of 100, 000 ( 1, 2, 40) .

The accumul at i on of mi t ot i c f act or s dur i ng G2 and mi t osi s

( 1, 2, 39, 40) i s cl osel y cor r el at ed wi t h a pr ogr essi ve i ncr ease

i n t he chr omosome condensat i on . Dur i ng met aphase, when

t he chr omosomes ar e most condensed, t he l evel s of mi t ot i c

f act or s ar e t he hi ghest . What happens t o t he mi t ot i c f act or s

at t he end of mi t osi s? The r esul t s of t hi s st udy suggest t hat

cer t ai n f act or s ( pr ot ei ns) ar e act i vat ed at t he mi t osi s- G, t r an-

si t i on t hat i nact i vat e t he mi t ot i c f act or s i n si t u . The I MF ar e

pr esent t hr oughout G, and t he ear l y par t of S phase i n HeLa

cel l s. Fur t her mor e, our r ecent i n vi t r o st udi es wi t h I MF and

mi t ot i c f act or s suggest t hat t he I MF speci f i cal l y i nact i vat e t he

mi t ot i c f act or s pr obabl y by bi ndi ng t o t hei r act i ve si t e and

f or mi ng an i ner t compl ex ( 3) .

As ment i oned ear l i er , t he f usi on of a mi t ot i c cel l wi t h an

i nt er phase cel l r esul t s i n a r api d chr omosome condensat i on

and t he di ssol ut i on of t he nucl ear envel ope of t he i nt er phase

cel l wi t hi n 45 mi n af t er f usi on . Thi s phenomenon has been

t er med pr emat ur e chr omosome condensat i on ( 14) or " pr o-

phasi ng" ( 15) . The abi l i t y of a mi t ot i c cel l t o i nduce pr emat ur e

chr omosome condensat i on i n an i nt er phase nucl eus depends

l ar gel y on t he r at i o of mi t ot i c t o i nt er phase nucl ei i n t he cel l

at t he t i me of f usi on . Ver y l ow f r equency or no i nduct i on of

pr emat ur e chr omosome condensat i on was obser ved i n t r i - , or

t et r anucl eat es cont ai ni ng one mi t ot i c and t wo or t hr ee G,

nucl ei ( 14) . Fur t her mor e . Obar a and co- wor ker s ( 21- 23) have

r epor t ed t hat i n cer t ai n cases i n t hese mul t i nucl eat e cel l s
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cont ai ni ng hi gher r at i o of i nt er phase cel l s, a membr ane i s

f or med ar ound t he met aphase chr omosomes . Because of i t s

r esembl ance t o t he pr ocess occur r i ng i n nor mal t el ophase,

t hi s pr ocess has been t er med " t el ophasi ng" ( 21- 23) . They

have al so demonst r at ed t hat t he l ar ger t he r at i o of i nt er phase

nucl ei t o chr omosomes i n t he f used cel l s t he gr eat er t he

possi bi l i t y t hat " t el ophasi ng" woul d occur r at her t han pr o-

phasi ng . Mor eover , we have obser ved t hat i f t he mi t ot i c cel l s

ar e hel d f or a pr ol onged per i od i n Col cemi d, t hei r abi l i t y t o

i nduce pr emat ur e chr omosome condensat i on i n i nt er phase

cel l s i s gr eat l y di mi ni shed ( unpubl i shed obser vat i ons) . The

pr esent st udy seems t o pr ovi de an expl anat i on f or t he f ai l ur e

of mi t ot i c cel l s t o i nduce pr emat ur e chr omosome condensa-

t i on i n mul t i nucl eat e cel l s when t he i nt er phase t o mi t ot i c

r at i o i s >2 .

Our dat a r epor t ed her e i ndi cat e t hat t he I MF ar e act i vat ed

at t el ophase and ar e pr esent t hr oughout G, per i od t hus coi n-

ci di ng wi t h t he pr ocess of chr omosome decondensat i on whi ch

i s known t o begi n at t el ophase and cont i nue t hr oughout G,

phase . I t i s t empt i ng t o specul at e t hat t he I MF whi ch ar e

ant agoni st i c t o mi t ot i c f act or s may ser ve t he r ever se f unct i on

of t he mi t ot i c f act or s, i . e . , i f t he mi t ot i c f act or s ar e i nvol ved

i n chr omosome condensat i on, t he I MF may be i nvol ved i n

chr omosome decondensat i on . Thi s pr oposi t i on i s f ur t her

st r engt hened by t he f ol l owi ng obser vat i ons : ( a) Noncycl i ng

Go phase human f i br obl ast s, i n whi ch t he chr omat i n i s mor e

condensed t han i n cycl i ng G, cel l s ( 9) , cont ai n l i t t l e or no

I MF ( Fi g. 4) . However , I MF can be act i vat ed i n t hese cel l s by

UV i r r adi at i on whi ch causes chr omosome decondensat i on

and DNA r epai r synt hesi s ( 7, 12, 36) . ( b) We have r ecent l y

obser ved t hat t he UV- i nduced chr omosome decondensat i on

i n mi t ot i c HeLa cel l s i s associ at ed wi t h i nact i vat i on of mi t ot i c

f act or s and t he i nduct i on of I MF ( 3) . ( c) I n cel l f usi on exper -

i ment s, Rao and Johnson ( 32) and Rao et al . ( 33) obser ved

t hat t he ent r y of G2 cel l s i nt o mi t osi s i s del ayed af t er f usi on

wi t h G, or S phase cel l s unt i l G, or S phase nucl ei i n t he

het er ophasi c bi nucl eat e cel l s have compl et ed DNA synt hesi s

and subsequent l y bot h nucl ei have ent er ed mi t osi s synchr o-

nousl y . They specul at ed t hat t he G, and S phase component s

wer e causi ng decondensat i on of chr omat i n i n G2 nucl ei , t hus

bl ocki ng t hemf r om ent er i ng mi t osi s . The pr esent st udy seems

t o pr ovi de exper i ment al evi dence t o suppor t t hat assumpt i on .

Taken t oget her , al l t hese obser vat i ons suggest t hat I MF may

pl ay a r ol e i n t he r egul at i on of chr omosome decondensat i on .

However , a di r ect r el at i onshi p bet ween I MF and chr omosome

decondensat i on r emai ns t o be est abl i shed .
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