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ABSTRACT We exami ned t he di st r i but i on of nonl ami n nucl ear mat r i x ant i gens dur i ng t he

mi t ot i c cel l cycl e i n mouse 3T3 f i br obl ast s . Four monocl onal ant i bodi es pr oduced agai nst

i sol at ed nucl ear mat r i ces wer e used t o char act er i ze ant i gens by t he i mmunobl ot t i ng of i sol at ed

nucl ear mat r i x pr epar at i ons, and wer e used t o l ocal i ze t he ant i gens by i ndi r ect i mmunof l uo-

r escence . For compar i son, l ami ns and hi st ones wer e l ocal i zed usi ng human aut oi mmune

ant i bodi es . At i nt er phase, t he monocl onal ant i bodi es r ecogni zed non- nucl eol ar and nonhet -

er ochr omat i n nucl ear component s . Ant i body Pl st ai ned t he nucl ear per i pher y homogene-
ousl y, wi t h some smal l i nvagi nat i ons t owar d t he i nt er i or of t he nucl eus . Ant i body 11 det ect ed

an ant i gen di st r i but ed as f i ne gr anul es t hr oughout t he nucl ear i nt er i or . Monocl onal s PI 1 and

P12 st ai ned bot h t he nucl ear per i pher y and i nt er i or , wi t h some char act er i st i c di f f er ences .

Dur i ng mi t osi s, P1 and 11 wer e chr omosome- associ at ed, wher eas P11 and P12 di sper sed i n t he

cyt opl asm. Ant i body P1 heavi l y st ai ned t he per i pher y of t he chr omosome mass, and we

suggest t hat t he ant i gen may pl ay a r ol e i n mai nt ai ni ng i nt er phase and mi t ot i c chr omosome

or der . Wi t h ant i body 11, br i ght gr anul es wer e di st r i but ed al ong t he chr omosomes and t her e

was al so some di f f use i nt er nal st ai ni ng . The ant i gen t o 11 may be i nvol ved i n chr omat i n/

chr omosome hi gher - or der or gani zat i on t hr oughout t he cel l cycl e . Ant i bodi es P11 and P12 wer e

r edi st r i but ed i ndependent l y dur i ng pr ophase, and di sper sed i nt o t he cyt opl asm dur i ng pr o-

met aphase . Ant i body P12 al so det ect ed ant i gen associ at ed wi t h t he spi ndl e pol es .

The nucl ear mat r i x i s a compl ex bi ochemi cal f r act i on con-
si st i ng of nonhi st one nucl ear pr ot ei ns and smal l quant i t i es of
DNA and RNA. I t i s obt ai ned by sequent i al ext r act i on of
i sol at ed i nt er phase nucl ei wi t h l ow- and hi gh- sal t buf f er s,
det er gent s, and DNAse and RNAse . St r uct ur al l y, t he nucl ear
mat r i x compr i ses t he per i pher al nucl ear por e compl ex- l am-
i na, an i nt er nal f i br ogr anul ar net wor k and r esi dual nucl eol i .
Par t of t he mat r i x has been envi saged as an i nt er phase " nu-
cl ear skel et on" on whi ch nucl ear f unct i ons such as DNA
r epl i cat i on, RNA t r anscr i pt i on and pr ocessi ng, vi r us r epl i ca-

t i on, and hor mone r esponse can be or der ed ( see r ef er ences 1-
3 f or r evi ews) .

Sever al st udi es have suggest ed t hat t he nucl ear mat r i x i s

i nvol ved i n mi t osi s ( 4- 7) . Recent wor k ( 8, 9) has al so i ndi -

cat ed a pot ent i al r ol e f or t he nucl ear mat r i x i n t he or gani za-
t i on of mi t ot i c chr omosomes per se. To exami ne t he di st r i -

but i on of i ndi vi dual nucl ear mat r i x pol ypept i des t hr oughout

t he cel l cycl e, we used monocl onal ant i bodi es agai nst i sol at ed
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nucl ear mat r i ces i n an i mmunof l uor escence st udy of mouse
3T3 f i br obl ast s .

MATERI ALS AND METHODS

Cel l Cul t ur e:

	

Mouse 3T3 f i br obl ast s wer e cul t ur ed at 37° C wi t h 5%

C02 i n Dul becco' s modi f i ed Eagl e' s medi um wi t h 10% f et al cal f ser um, 100

U/ ml peni ci l l i n, 100 Ag/ ml st r ept omyci n, and 0. 25 l g/ ml f ungi zone . Mouse

myel oma Sp2/ 0 cel l s wer e gr own i n t he same condi t i ons but i n 10%C02.

Pr oduct i on of Monocl onal Ant i bodi es :

	

Nucl ear mat r i ces f r om

r est i ng mouse spl eni c or bovi ne l ymph node l ymphocyt es wer e i sol at ed as

pr evi ousl y descr i bed ( 10) . BALB/ c- BYJ mi ce r ecei ved a t ot al of 400 At g/ mouse

of mouse or bovi ne l ymphocyt e nucl ear mat r i x i n f our i nj ect i ons at 10- d

i nt er val s. Fusi on, cl oni ng, and asci t es f l ui d pr oduct i on wer e car r i ed out accor d-
i ng t o t he pr ot ocol of Kennet t et al . ( 11) . Hybr i ds wer e scr eened by an i ndi r ect

i mmunof l uor escence assay. Mouse 3T3 cel l s wer e gr own on cover sl i ps ( c . s . ) , '

f i xed i n col d 95% et hanol , and ai r - dr i ed . Smal l vol umes of super nat ant wer e

' Ahbr evi at i ons used i n t hi s paper . c . s . , cover sl i p ; FI TC, f l uor escei n

i sot hi ocyanat e .
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appl i ed f or 30 mi n; t he c . s. wer e r i nsed i n phosphat e- buf f er ed sal i ne ( PBS) , pH

7 . 0, f l ooded wi t h f l uor escei n i sot hi ocyanat e ( FI TC) - conj ugat ed goat ant i - mouse

I g f or 30 mi n, washed i n PBS, and mount ed i n 50%gl ycer ol - PBS wi t h 0. 1%

p- phenyl enedi ami ne t o r et ar d f l uor escence bl eachi ng.

I mmunobl ot t i ng: Lymphocyt e nucl ear mat r i x pr ot ei ns wer e sepa-

r at ed i n SDS pol yacr yl ami de gel s accor di ng t o Br asch ( 12) and wer e t r ansf er r ed

el ect r ophor et i cal l y t o ni t r ocel l ul ose ( Bi o- Rad Labor at or i es, Ri chmond, CA) by

a modi f i cat i on of t he met hod of Bur net t e ( 13) . The el ect r ode buf f er cont ai ned

192 mMgl yci ne and 25 mMTr i zma base. The t ot al t r ansf er r ed pr ot ei ns wer e
vi sual i zed di r ect l y by st ai ni ng a st r i p of t he ni t r ocel l ul ose sheet wi t h ami do

bl ack. Mol ecul ar wei ght s wer e est i mat ed by compar i son wi t h hi gh- and l ow-
mol ecul ar - wei ght st andar d ki t s ( Bi o- Rad Labor at or i es, Mi ssi ssauga, Ont . ) .

For i mmunost ai ni ng, t he ni t r ocel l ul ose sheet was i ncubat ed at r oom t em-

per at ur e i n 3%gel at i n i n PBS, pH 7 . 0, t o bl ock nonspeci f i c st ai ni ng. Ni t r ocel -

l ul ose st r i ps wer e t hen i ncubat ed wi t h asci t es f l ui d at 4° C f or 16 h, at t he

f ol l owi ng di l ut i ons : P1, 1 : 1000 ; PI I , 1 : 200 ; PI 2, 1 : 200. Det ect i on used hor se-

r adi sh per oxi dase- conj ugat ed goat ant i - mouse I gM ( 1 : 400) ( Cappel Labor at o-

r i es, I nc . , Cochr anvi l l e, PA) and di ami nobenzi di ne ( Pol ysci ences, I nc . , Mar k-

ham, Ont . ) .

I mmunof l uor escent St ai ni ng :

	

Mouse 3T3 f i br obl ast s wer e gr own

on c . s. and f i xed i n 3% par af or mal dehyde- PBS, pH 7 . 0, f or 5 mi n at r oom

t emper at ur e . They wer e r educed i n sodi umbor ohydr i de i n PBS, per meabi l i zed

f or 20 mi n i n 0 . 2%Tr i t on X- 100 i n PBS, washed i n PBS, dr ai ned, and f l ooded

wi t h 1° ant i body . Cont r ol sampl es wer e f l ooded wi t h PBS. The c . s. wer e

i ncubat ed f or 45 mi n, dr ai ned, washed i n PBS, f l ooded wi t h 2° ant i body, and

i ncubat ed f or 45 mi n . Af t er washi ng i n PBS, t he c. s . wer e pl aced i n Hoechst

33258 ( Amer i can Hoechst Cor p . , San Di ego, CA) ( 1 . 5 Vg/ ml i n PBS, pH 7. 0)

and t hen mount ed i n 50% gl ycer ol - PBS wi t h p- phenyl enedi ami ne.

Doubl e I mmunof l uor escence St ai ni ng:

	

Af t er f i xat i on, per mea-

bi l i zat i on and washi ng i n PBS as above, t he c . s, wer e pl aced f or 20 mi n i n

0. 15%gel at i n i n PBS and washed t hr ee t i mes f or 10 mi n i n PBS. The ant i bodi es

wer e t hen appl i ed as f ol l ows : f i r st 1° ant i body, 45 mi n ; t hr ee t i mes f or 4 mi n

i n PBS; f i r st 2° ant i body, 45 mi n ; t hr ee t i mes f or 4 mi n i n PBS; second 1°

ant i body, 45 mi n ; t hr ee t i mes f or 4 mi n i n PBS; second 2° ant i body, 45 mi n ;

t hr ee t i mes f or 4 mi n i n PBS; 2 mi n i n Hoechst 33258 ; mount i n gl ycer ol -

PBS.

The f ol l owi ng ant i bodi es wer e used, at t he di l ut i on i ndi cat ed :

I ° ANTI BODI ES:

	

Monocl onal ant i bodi es t o nucl ear mat r i x, asci t es f l ui d:

PI , 1 : 250; 11, 1 : 100 ; PI l , 1 : 500 ; P12, 1 : 750.

Ant i hi st one ( 1 : 200) was a pr evi ousl y char act er i zed ser um f r om a pat i ent

wi t h an aut oi mmune di sease, ki ndl y suppl i ed by Dr . M. J . Fr i t zl er , Uni ver si t y

of Cal gar y . Ant i l ami n ( 1 : 400) was a ser um f r om a pat i ent wi t h scl er oder ma,

pr ovi ded by Dr . M. Ki r schner ( 14) .

2 ° ANTI BODI ES:

	

FI TC- conj ugat ed goat ant i - mouse I gG ( H+L) ( 1 : 75-

1 : 100) and t et r amet hyl r hodami ne i sot hi ocyanat e- conj ugat ed goat ant i - mouse

I gG( H+L) ( 1 : 75) ( Cappel Labor at or i es, I nc. ) ; FI TC- conj ugat ed goat ant i - mouse

I gG, gamma chai n- speci f i c ( 1 : 80) , and FI TC- conj ugat ed goat ant i - mouse I gM,

mu chai n- speci f i c ( 1 : 80) ( Fl ow Labor at or i es, I nc . , Mi ssi ssauga, Ont . ) ; t et r ame-

t hy1r hodami ne i sot hi ocyanat e- conj ugat ed r abbi t ant i - mouse I gG( H+L) ( 1 : 75)

( Mi l es Labor at or i es, Lt d . , Rexdal e, Ont . ) ; FI TC- conj ugat ed r abbi t ant i - human

I gG( H+L) ( 1 : 60) and t et r amet hyl r hodami ne i sot hi ocyanat e- conj ugat ed r abbi t

ant i - human I gG( H+L) ( 1 : 125) ( Cedar Labor at or i es Lt d. , Hor nby, Ont . ) .

Mi cr oscopy :

	

Pr epar at i ons wer e obser ved wi t h a Zei ss Uni ver sal mi cr o-

scope ( Car l Zei ss, I nc . , New Yor k) equi pped f or epi f l uor escent i l l umi nat i on

and wer e phot ogr aphed on I l f or d XP1- 400 f i l m.

RESULTS

Sel ect i on of Monocl onal Ant i bodi es

We sel ect ed 17 hybr i ds pr oduci ng ant i bodi es t hat det ect ed

nucl ear ant i gens . The st ai ni ng pat t er ns of i nt er phase nucl ei

of 3T3 cel l s wi t h t hese ant i bodi es f el l i nt o t hr ee cat egor i es :

per i pher al ( P) , i nt er nal ( I ) , or bot h ( PI ) . I n t hi s st udy, we

r epor t obser vat i ons usi ng ant i bodi es P1 and 11, pr oduced

agai nst bovi ne r et r ophar yngeal l ymphocyt e nucl ear mat r i x,

and ant i bodi es PI 1 and PI 2, pr oduced agai nst mouse spl eni c

l ymphocyt e nucl ear mat r i x . I n an ear l i er r epor t ( 15) , t hese

ant i bodi es wer e r ef er r ed t o as 3F5, 5H12, 1G11, and 2F8,

r espect i vel y . Al l f our ant i bodi es wer e det ect ed by FI TC- con-

j ugat ed goat ant i - mouse I gM, but not by FI TC- conj ugat ed

goat ant i - mouse I gG.

The st r uct ur es and t he pol ypept i de composi t i ons of t he

i sol at ed l ymphocyt e nucl ear mat r i ces have been descr i bed
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pr evi ousl y ( 10, 16) . Fi g. 1 shows i mmunobl ot t i ng r esul t s wi t h

l ymphocyt e mat r i ces f or t hr ee of t he f our monocl onal ant i -

bodi es used i n t hi s st udy . Ant i body P1 det ect ed a t r i pl et of

pol ypept i des i n t he r ange of M, 27, 000- 31, 000 and PI 1 a

si ngl e pol ypept i de of Mr 60, 000 . Ant i body PI 2 det ect ed t hr ee

component s ( M, 35, 000, 70, 000, and 140, 000) , whi ch may be

r el at ed subuni t s or degr adat i on pr oduct s . We have been un-

successf ul so f ar i n i dent i f yi ng t he ant i gen t o I 1 by i mmuno-

bl ot t i ng.

I nt er phase

The ant i gen det ect ed by PI was excl usi vel y per i pher al i n

i nt er phase ( Fi g. 2, a- c) . Focusi ng on t he mi dpl ane of t he

nucl eus showed a r el at i vel y uni f or m st ai ni ng of t he per i pher y

( Fi g . 26) , wi t h some smal l i r r egul ar pr oj ect i ons t owar ds t he

i nt er i or of t he nucl eus . Focusi ng on t he sur f ace of t he same

nucl eus ( Fi g . 2 a) showed t hat t he pr oj ect i ons wer e uneven i n

si ze and appar ent l y di st r i but ed at r andom.

The st ai ni ng pat t er n wi t h ant i body PI was compar ed t o

t hat wi t h ant i l ami n ( Fi g . 3, a and b) . Per i pher al st ai ni ng was

ver y pr omi nent wi t h ant i l ami n, but showed no i nt er nal pr o-

j ect i ons and was agr anul ar . Fur t her mor e, t her e was a si gni f i -

cant f l uor escence i n t he nucl ear i nt er i or . The i nt er nal st ai ni ng

wi t h ant i l ami n consi st ed of di f f use non- nucl eol ar f l uor escence

and some br i ght i r r egul ar st r eaks and/ or spot s .

Ant i body I 1 st ai ned excl usi vel y t he i nt er nal r egi on of t he

nucl eus . The st ai n appear ed as specks of f ai r l y uni f or m si ze

FI GURE 1

	

I mmunobl ot t i ng of monocl onal ant i bodi es agai nst l ym-

phocyt e mat r i x pol ypept i des . Lane A: Tot al pr ot ei n t r ansf er r ed t o

ni t r ocel l ul ose st ai ned wi t h ami do bl ack ; Lanes B- D: Ant i gens de-

t ect ed by ant i bodi es P1 ( l ane 13) , PI 1 ( l ane C) , and PI 2 ( l ane D) .

Mol ecul ar wei ght s of st andar ds ( l ef t ) and of ant i gens ( r i ght ) , x 10' .



FI GURE 2

	

I nt er phase nucl ei st ai ned wi t h P1 ( a and b) , 11 ( d) , PI 1 ( f and g) or PI 2 ( i and j ) ant i bodi es, and count er st ai ned wi t h

Hoechst ( c, e, h, and k, r espect i vel y) . Ant i body 11 st ai ned onl y t he nucl ear i nt er i or ( d) ( t he ar r owhead poi nt s t o a nucl eol us-

associ at ed br i ght l y st ai ned mass) . Sel ect ed f ocal pl anes showi ng nucl ear sur f ace ( a, f , and i ) and i nt er i or ( b, g, and k) ar e depi ct ed

f or t he ot her ant i bodi es . Hoechst mi cr ogr aphs ( c, e, h, and k) ar e at t he same f ocal pl ane as t he mi cr ogr aphs of t he i nt er i or ( b, d,

g, and j , r espect i vel y) . x 1, 450 .

FI GURE 3

	

Cel l s i n i nt er phase and pr omet aphase st ai ned wi t h an-

t i l ami n ant i body ( a) and Hoechst ( b) . The i nt er phase nucl eus shows

i nt ense per i pher al st ai ni ng, some br i ght l y st ai ned i nt er nal spot s and

a di f f use i nt er nal st ai n ; nucl eol i ( ar r owheads) ar e not st ai ned . I n

pr omet aphase, f l uor escent mat er i al i s vi si bl e i n some ar eas at t he

per i pher y of t he chr omosome mass and t he cyt opl asm i s br i ght l y

st ai ned . x 1, 450 .

and i nt ensi t y di st r i but ed i n t he r egi ons bet ween nucl eol i and

het er ochr omat i n bodi es, i . e . , t he i nt er chr omat i ni c r egi on ( Fi g .

2, d and e) . Occasi onal l y, l ar ger br i ght spot s wer e seen asso-

ci at ed wi t h t he edge of one or mor e of t he nucl eol i .

Wi t h ant i body PI 1, t he st ai ni ng pat t er n i n most nucl ei was

bot h per i pher al and i nt er nal ( Fi gs . 2, f - h, and 4, a- d) . I n

some cases, however , onl y per i pher al st ai ni ng was obser ved

( Fi g. 4, c and d) . The per i pher al st ai ni ng was si mi l ar i n bot h

si t uat i ons . Vi ewed i n t he mi dpl ane of t he nucl eus ( Fi g . 2g) ,

t he per i pher al st ai ni ng consi st ed of a di scont i nuous l ayer of

uni f or m t hi ckness . I n sur f ace vi ew ( Fi g . 2f ) , t hi s st ai ni ng was

r esol ved i nt o evenl y di st r i but ed coar se gr anul es of uni f or m

si ze and br i ght ness . The i nt er nal st ai ni ng component was

unevenl y di st r i but ed t hr oughout t he nucl eopl asm as numer -

ous gr anul es t hat var i ed gr eat l y i n si ze and br i ght ness . Ther e

was no obvi ous st ai ni ng of nucl eol i or het er ochr omat i n . A

f ur t her char act er i st i c of PI 1 st ai ni ng was t he pr esence i n t he

cyt opl asm of some cel l s ( Fi g . 4, a and b) of a cl ust er of br i ght l y

st ai ni ng gr anul es of var i abl e si ze near t he nucl ear sur f ace.

The i nt er phase st ai ni ng pat t er n wi t h ant i body P12 was

si mi l ar t o t hat wi t h PI 1 ( Fi g . 2, i - k) . However , t her e was l i t t l e

var i at i on i n t he st ai ni ng pat t er n f r omone cel l t o anot her , and

t he st ai ni ng was excl usi vel y nucl ear i n al l i nt er phase cel l s .

The per i pher al st ai ni ng consi st ed of f i ner , mor e i r r egul ar l y

si zed gr anul es t han wi t h PI 1, as i s cl ear l y seen i n Fi g. 2 i . The

i nt er nal st ai ni ng was al so somewhat f i ner ( Fi g. 2j ) and ap-

pear ed t o be mor e evenl y di st r i but ed t han wi t h PI 1 .

Mi t osi s

Cel l s wer e i dent i f i ed as t o mi t ot i c st age, usi ng pr i mar i l y

DNA st ai ni ng wi t h Hoechst , accor di ng t o t he f ol l owi ng cr i -

t er i a: ( a) pr ophase ( Fi gs. 5 and 6) - f r om t he f i r st si gn of

chr omosome condensat i on up t o t he l oss of a smoot h nucl ear

out l i ne r esul t i ng f r om t he st ar t of nucl ear envel ope br eak-

down ; ( b) pr omet aphase- f r om nucl ear envel ope br eakdown

t o t he f or mat i on of t he met aphase pl at e ; at mi d- pr omet a-

phase ( Fi g. 7) , chr omosomes wer e or i ent ed r adi al l y ar ound a

CHALV ET Ar .

	

Nucl ear Mat r i x Ant i gen Di st r i but i on Changes i n Mi t osi s
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FI GURE 4

	

( a and b) I nt er phase cel l st ai ned wi t h PI 1 ( a) and Hoechst ( b) showi ng a cl ust er of gr anul es i n t he cyt opl asm near t he

nucl ear per i pher y ( ar r ow) . ( c and d) Nucl ei i n adj acent i nt er phase cel l s st ai ned wi t h PI 1 ( c) and Hoechst ( d) . Al t hough t he pat t er n

of DNA f l uor escence i s si mi l ar i n t he t wo nucl ei , one nucl eus shows bot h per i pher al and i nt er nal st ai ni ng wher eas t he ot her i s

st ai ned onl y per i pher al l y . I n bot h cel l s, t he f ocus i s on t he mi dpl ane of t he nucl ei . x 1, 450 .

nonst ai ni ng cent r al space; ( c) met aphase ( Fi g. 8, a- h) - chr o-

mosomes al i gned at t he met aphase pl at e ; ( d) anaphase ( Fi g .

8, i - p) - f r om t he f i r st si gns of chr omosome separ at i on up t o

t he f or mat i on of t wo chr omosome set s at t he spi ndl e pol es ;

( e) t el ophase ( Fi g. 8, g- x) - i ndi vi dual chr omosomes di f f i cul t

t o di st i ngui sh, al t hough t he chr omosome mass as a whol e

r et ai ned a " r opey" appear ance; i n many i nst ances a mi dbody

was vi si bl e by phase- cont r ast mi cr oscopy ; ( f ) ear l y G1 ( Fi g .
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FI GURE 5 Sur f ace ( a, d, and g) and

mi dpl ane ( b, e, and h) vi ews of ear l y

pr ophase nucl ei st ai ned wi t h ant i -

bodi es P1 ( a and b) , PI 1 ( d and e) , or

PI 2 ( g and h) . The same nucl ei coun-

t er st ai ned wi t h Hoechst ar e shown

i n c, f , and i , r espect i vel y . Sur f ace

i nvagi nat i ons ar e mor e numer ous i n

t he P1- st ai ned nucl eus t han at i nt er -

phase ( cf . a, 1 a) . Two gr oups of cyt o-

pl asmi c gr anul es st ai ned by PI 1 can

be seen near t he nucl ear sur f ace ( d) .

The per i pher al st ai ni ng by PI 2 ( h) i s

di f f use, and t he sur f ace shows some

" wr i nkl i ng" ( ar r owheads) . The i nt er -

nal st ai ni ng by PI 1 ( d and e) and PI 2

( g and h) i s pat chy . x 1, 450 .

9) - t he daught er cel l s wer e st i l l connect ed t hr ough t he mi d-

body when vi ewed by phase- cont r ast mi cr oscopy . The pai r ed

nucl ei wer e smal l er t han i n sur r oundi ng i nt er phase cel l s, but

wer e ot her wi se si mi l ar i n appear ance, wi t h a di f f use DNA

f l uor escence t hr oughout t he nucl eopl asm and wel l - def i ned

nucl eol i . I t shoul d be not ed t hat no squashi ng was appl i ed t o

t he cel l pr epar at i ons so t hat t he ar r angement of chr omosomes

r emai ned l ar gel y undi st ur bed f r om t hat pr esent i n l i vi ng cel l s .



FI GURE 6

	

Mi d- pr ophase nucl ei st ai ned wi t h P1 ( a) , 11 ( c) , Pi l l ( e) , or PI 2 ( g) ant i bodi es and count er st ai ned wi t h Hoechst ( b, d, f

and h, r espect i vel y) . ( a and b) The chr omosome segment s at t he per i pher y of t he nucl eus ( ar r owheads) ( b) ar e coat ed wi t h

ant i body P1 ( a) . I nt er nal segment s of chr omosomes ar e unst ai ned . ( c and d) Chr omosome segment s t hr oughout t he nucl eus ar e

associ at ed wi t h f i ne gr anul es of st ai n . ( e and f ) The i nt er nal st ai ni ng by PI 1 i s pat chy . The nucl ear per i pher y wi t h t wo i nvol ut i ons

i s out l i ned by gr anul ar st ai n . ( g and h) I nt er nal st ai ni ng by PI 2 i s not evi dent at t hi s st age . The per i pher al st ai ni ng i s di f f use and

shows t wo i nvol ut i ons . x 1, 450 .

FI GURE 7

	

Pr omet aphase nucl ei st ai ned wi t h P1 ( a) , 11 ( c) , PI 1 ( e) , or PI 2 ( g) ant i bodi es and count er st ai ned wi t h Hoechst ( b, d, f ,

and h, r espect i vel y) . ( a and b) The chr omosomes ( b) ar e or i ent ed r adi al l y ar ound a cent r al space wi t h t he cent r omer es ( ar r ows)

( see al so g- i ) t owar ds t he cent er . Ant i body P1 st ai ns t he per i pher y of t he chr omosome mass, coat i ng t he pr oj ect i ng chr omosome

ar ms . ( c and d) Ant i body 11 i s di st r i but ed as specks al ong t he sur f ace of t he chr omosome ( ar r owheads) . The i nt er i or of t he

chr omosome al so shows some di f f use f l uor escence . ( e and f ) Ant i body I ' l l i s not chr omosome associ at ed . Fai nt gr anul ar

f l uor escence i s vi si bl e i n t he cent r al space of t he pr omet aphase conf i gur at i on as wel l as bet ween some chr omosomes . ( g and h)

Ant i body PI 2 i s not chr omosome associ at ed . Two f oci of st ai n ar e evi dent , r esembl i ng t he st ai ni ng of i nvol ut i ons of t he nucl ear

per i pher y obser ved i n pr ophase ( cf . Fi g. 4g) . x 1, 450 .

Pr ophase

I n pr ophase, t he st ai ni ng i nt ensi t y wi t h ant i body P1 i n-

cr eased manyf ol d, so t hat adj acent i nt er phase and pr ophase

nucl ei coul d not be phot ogr aphed wi t h t he same exposur e .

Thi s el evat ed st ai ni ng i nt ensi t y occur r ed t hr oughout mi t osi s .

The st ai ned i r r egul ar i nwar d pr oj ect i ons f r om t he nucl ear

per i pher y pr esent i n i nt er phase wer e mor e numer ous i n ear l y

pr ophase ( Fi g . 5, a- c) . Thi s was seen most cl ear l y when t he

i nner sur f ace of t he nucl ei was exami ned ( Fi g. 5 a) . I n l at er

pr ophase ( Fi g. 6, a and b) , t he pr oj ect i ons wer e seen t o

coi nci de wi t h t he sur f ace of shor t l engt hs of condensed chr o-

mosomes, coat i ng t he chr omosomes wher e t hey l ay at t he

nucl ear per i pher y . Al t hough condensed chr omosomes wer e

evi dent t hr oughout t he ent i r e nucl eus by DNA st ai ni ng ( Fi g.

6 b) , onl y t hose por t i ons at t he per i pher y of t he nucl eus wer e

coat ed wi t h ant i gen t o Pl . Al l chr omosomes at t he nucl ear

per i pher y showed sur f ace st ai ni ng wi t h P 1 .

The i nt er nal st ai ni ng of i nt er phase nucl ei wi t h ant i body I 1

was r edi st r i but ed at pr ophase ( Fi g. 6, c and d) , appar ent l y

associ at i ng i t sel f wi t h t he condensi ng chr omosomes . I n con-

t r ast t o t he st ai ni ng pat t er n of P1 ( Fi g . 6, a and b) , al l
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chr omosome segment s t hr oughout t he nucl eus wer e st ai ned

wi t h 11 . The st ai n was di st r i but ed as specks al ong t he ent i r e

sur f ace of each chr omosome segment , and t her e al so appear ed

t o be some di f f use st ai ni ng of t he i nt er i or of each chr omo-

some .

Ear l y i n pr ophase t he st ai ni ng of t he nucl eopl asm wi t h

ant i body I ' l l ( Fi g. 5, d- f ) was pat chy, i ndi cat i ng cl ust er i ng

of t he i nt er phase specks of st ai n bet ween condensi ng chr o-

mosomes . Ther e was no evi dence of any di r ect associ at i on of

st ai n wi t h t he chr omosomes. Br i ght l y st ai ni ng gr anul es wer e

obser ved i n t he cyt opl asm of some pr ophase cel l s, usual l y i n

t wo cl ust er s near t he sur f ace of t he nucl eus ( Fi g . 5, d and e) .

The per i pher al nucl ear st ai ni ng was accent uat ed l at er i n pr o-

phase ( Fi g . 6, e and f ) , wher e t wo i nvol ut i ons of t he nucl ear

per i pher y wer e r eadi l y vi si bl e ( Fi g . 6, e and f ) .

The i nt er nal component st ai ni ng wi t h P12 became r edi st r i -

but ed ear l y i n pr ophase ( Fi g. 5, g- i ) , l yi ng i n pat ches bet ween

condensi ng chr omosomes . The per i pher al st ai ni ng was no

l onger gr anul ar ( Fi g. 5 h) , and t he sur f ace appear ed " wr i nkl ed"

i n pl aces . Lat er i n pr ophase ( Fi g . 6, g and h) , i nt er nal st ai ni ng

di sappear ed and t he per i pher al st ai ni ng consi st ed of br i ght

di f f use f l uor escence . As obser ved wi t h PI 1 ( Fi g. 6, e and f ) ,

t he nucl ear per i pher y was i nvol ut ed i n t wo pl aces at pr ophase

( Fi g . 6, g and h) . No st ai ni ng of cyt opl asmi c gr anul es was

seen wi t h PI 2 .

Pr omet aphase

At pr omet aphase, P1 was det ect ed onl y at t he per i pher y of

t he chr omosome mass ( Fi gs . 7 a and 10, a, c, and e) , cl osel y

f ol l owi ng t he out l i nes of pr oj ect i ng chr omosome ar ms ( Fi gs .

7 b and 10, b, d, and f ) . No st ai n was det ect ed wi t hi n t he

i ndi vi dual chr omosomes or wi t hi n t he chr omosome mass .

Thi s i s i l l ust r at ed i n t he t hr ough- f ocus ser i es i n Fi g. 10, a- f .

Al l chr omosome ar ms at t he sur f ace of t he conf i gur at i on ( Fi g .

10, b andf ) wer e coat ed ( Fi g . 10, a and e) , but i n t he mi dpl ane

of t he mass, onl y t hose por t i ons of t he chr omosomes at t he

per i pher y ( Fi g . 10 d) wer e coat ed by P1 ( Fi g . 10 c) . I n cont r ast ,

pr omet aphase chr omosomes i n pr epar at i ons st ai ned wi t h an-

t i l ami n wer e unst ai ned ( Fi g. 3, a and b) . The cyt opl asm

showed consi der abl e di f f use f l uor escence, and i n some cel l s

gr anul ar br i ght l i nes coul d be seen i n pl aces i n t he cyt opl asm

ar ound t he chr omosome mass .

To ascer t ai n t hat per i pher al st ai ni ng of t he chr omosome
mass by P1 was not si mpl y due t o excl usi on of ant i body, we
per f or med doubl e i mmunost ai ni ng wi t h P1 and ant i hi st one

( Fi g. 10, g- h) . Al t hough t he chr omosome mass was onl y

out l i ned by P1 ( Fi g . 10g) , each chr omosome was f ul l y st ai ned

by ant i hi st one ( Fi g. 10h) , r esembl i ng t he pat t er n r ecent l y

descr i bed wi t h a monocl onal ant i body t o hi st one H2b ( 17) .

Wi t h ant i body 11, a f i nel y gr anul ar st ai n was associ at ed
wi t h t he sur f ace of t he chr omosomes at pr omet aphase ( Fi g .
7, c and d) . Ther e al so appear ed t o be some di f f use st ai ni ng
of t he i nt er i or of t he chr omosomes t hemsel ves, as had been
seen i n pr ophase nucl ei ( Fi g. 6, c and d) .

Ant i bodi es PI 1 and PI 2 wer e not chr omosome associ at ed
af t er nucl ear envel ope br eakdown . St ai ni ng wi t h bot h ant i -
bodi es was gr eat l y r educed at pr omet aphase ( Fi g . 7, e- h) .
Some specks of st ai n wer e vi si bl e bet ween chr omosomes and
i n t he cent r al space of t he pr omet aphase conf i gur at i on, per -
haps cor r espondi ng t o t he si t es of i nvol ut i on of t he nucl ear
per i pher y obser ved i n pr ophase .

Met aphase, Anaphase, and Tel ophase

At met aphase ( Fi g. 8, a and b) , t he per i pher y of t he met a-

phase pl at e was pr eci sel y out l i ned by P 1 ( Fi g . 8 a) , wi t h no
vi si bl e st ai ni ng of t he cent r al por t i ons of t he chr omosomes .
However , any chr omosomes l yi ng out si de t he met aphase pl at e
wer e i ndi vi dual l y del i neat ed by P1 ( Fi g . 8a) .

I n ear l y anaphase, i f t he t wo daught er set s of chr omosomes
wer e i nt er t wi ned, P1 out l i ned t hemas one mass . At a mor e
advanced st age of anaphase ( Fi g . 8, i J) , when t he di st al ends
of t he chr omosome set s have moved past one anot her t owar ds
t he pol es, each daught er set of chr omosomes was out l i ned
separ at el y by P1 ( Fi g. 8 i ) . Dur i ng t el ophase, t he di st r i but i on
of P1 par al l el ed t he sur f ace i r r egul ar i t i es of t he condensi ng
chr omosome mass ( Fi g . 8, q and r ) . I n many cel l s i n t el ophase
( Fi g . 8 q) and i n ear l y G1, t her e wer e br i ght l y st ai ni ng gl obul ar
masses i n t he cyt opl asm.

Wi t h ant i body 11, t he met aphase ( Fi g . 8, c and d) , anaphase
( Fi g . 8, k and 1) and t el ophase ( Fi g. 8, s and t ) chr omosomes
wer e associ at ed al ong t hei r ent i r e l engt h wi t h br i ght specks of
st ai n as descr i bed f or pr omet aphase . The i nt er i or of t he
chr omosomes al so showed a di f f use f l uor escence .

The PI 1 st ai ni ng was r educed t o a di f f use gl ow of t he
cyt opl asm at met aphase ( Fi g. 8, e and f ) and anaphase ( Fi g.
8, mand n) . As t he chr omosomes began t o l ose t hei r i ndi vi d-
ual def i ni t i on i n t el ophase, a ver y f ai nt st ai n coul d be seen at
t he per i pher y of t he chr omosome mass ( Fi g . 8, u and v) ,
i ni t i al l y at t he si de of t he mass near er t he spi ndl e pol es .

FI GURE 8

	

Cel l s i n met aphase ( a- h) , anaphase ( i - p) , and t el ophase ( q- x) st ai ned wi t h P1 ( a, i , and q) , 11 ( c, k, and s) , PI 1 ( e, m,
and u) or PI 2 ( g, o, and w) ant i bodi es, and count er st ai ned wi t h Hoechst ( b, i , and r ; d, I , and t ; f , n, and b ; h, p, and x, r espect i vel y) .
Met aphase : Ant i body PI st ai ns t he per i pher y of t he met aphase pl at e ( a and b) whi l e 11 i s seen as f i ne specks al ong t he
chr omosomes ( c and d) . Wi t h PI 1 ( e and f ) and PI 2 ( g and h) , t he cyt opl asm exhi bi t s f l uor escence, but no st ai n i s associ at ed wi t h
t he chr omosomes t hemsel ves . I n cel l s st ai ned wi t h PI 2, st ai n i s al so vi si bl e i n t wo spot s cor r espondi ng t o t he l ocat i on of t he
spi ndl e pol es ( g) . Anaphase : Ant i body P1 out l i ned each daught er set of chr omosomes ( i and i ) . Ant i body 11 i s associ at ed wi t h t he
chr omosomes of each daught er set al ong t hei r ent i r e l engt h ( i ) . The gr anul ar nat ur e of t he st ai n, i t s l ocal i zat i on at t he sur f ace of
t he chr omosome and t he pr esence of some i nt er nal st ai n ar e par t i cul ar l y cl ear i n t hi s mi cr ogr aph . The chr omosomes ar e not
st ai ned by P11 ( m and n) or PI 2 ( o and p) ant i bodi es but t he cyt opl asm i s f l uor escent . Some PI 2 st ai ni ng i s associ at ed wi t h t he
spi ndl e pol es . Tel ophase : Ant i body P1 ( q and r ) i s l ocal i zed at t he per i pher y of t he chr omosome gr oups, cl osel y out l i ni ng t he
sur f ace i r r egul ar i t i es . Br i ght l y st ai ni ng gl obul ar masses ar e al so vi si bl e i n t he cyt opl asm ( ar r owheads) . Associ at i on of 11 wi t h
i ndi vi dual chr omosomes i s di f f i cul t t o di st i ngui sh ( s and t ) ; t he st ai n appear s t o be evenl y di st r i but ed t hr oughout t he chr omosome
masses, and t he speckl i ng i s l ess cl ear l y evi dent . Ant i body PI 1 ( u and v) st ai ns t he sur f ace of t he chr omosome masses on t he
si des cl oser t o t he spi ndl e pol es ( ar r owheads) , as wel l as pr oduci ng a di f f use cyt opl asmi c f l uor escence . Wi t h PI 2 ( w and x) , t he
cyt opl asm i s f ai nt l y st ai ned as ar e t he spi ndl e pol es . x 1, 450 .
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FI GURE 9

	

Cel l s i n ear l y G1 st ai ned wi t h P1 ( a) , 11 ( d) , PI 1 ( g) , or PI 2 ( j ) ant i bodi es, count er st ai ned wi t h Hoechst ( b, e, h, and k,

r espect i vel y) , and phot ogr aphed under phase- cont r ast i l l umi nat i on ( c, f , i , and I , r espect i vel y) . The mi dbody i s cl ear l y vi si bl e i n

al l cel l s . Al t hough t he nucl ei ar e st i l l somewhat i r r egul ar i n shape ( b, d, h, and k) , t he ant i body- and Hoechst - st ai ni ng pat t er ns ar e

si mi l ar t o t hose i n nucl ei af t er cyt oki nesi s ( cf . Fi g. 1) . x 1, 450 .

The chr omosomes r emai ned unst ai ned wi t h P12 dur i ng

met aphase ( Fi g. 8, g and h) , anaphase ( Fi g . 8, o and p) , and

t el ophase ( Fi g . 8, w and x) wi t hi n a di f f usel y f l uor escent

cyt opl asm. However , t wo st ai ned spot s l ocat ed at si t es appar -
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ent l y cor r espondi ng t o t he spi ndl e pol es wer e vi si bl e dur i ng

t hese st ages ( Fi g. 8, g, o, and w) . At t el ophase, ver y f ai nt

st ai ni ng was acqui r ed at t he per i pher y of t he chr omosome

mass ( Fi g . 8 w) .



Fi GLRE 10

	

( a- ( ) Thr ough- f ocus ser i es of cel l i n l at e pr omet aphase

st ai ned wi t h ant i body P1 ( a, c, and e) and count er st ai ned wi t h

Hoechst ( b, d, and f ) . When vi ewed i n mi dpl ane ( c and d) t he

chr omosome mass i s cl osel y out l i ned by P1- st ai ni ng . The chr omo-

some ar ms pr oj ect i ng at t he t op and bot t om sur f aces of t he mass

( a and b ; e and f ) ar e al so f ul l y out l i ned . The por t i ons of t he

chr omosomes i n t he cent er of t he chr omosome mass ( d) ar e not

st ai ned ( cf . c and d) . ( g and h) Cel l i n ear l y pr omet aphase st ai ned

wi t h P1 ( g) and ant i hi st one ( h) ant i bodi es . The chr omosome mass

i s out l i ned by P1 ( g) , but , at t he same pl ane of f ocus, each chr o-

mosome i s f ul l y st ai ned by t he ant i hi st one ( h) . x 1, 450.

Ear l y G1

I n ear l y G1, t he daught er cel l s wer e st i l l j oi ned at t he

mi dbody ( Fi g . 9, c, f i , and 1) . Some cel l s showed t he ant i body-

speci f i c st ai ni ng pat t er n char act er i st i c of i nt er phase nucl ei .

Most , however , pr esent ed st ai ni ng pat t er ns i nt er medi at e be-

t ween t el ophase and i nt er phase .

The st ai ni ng wi t h PI was somewhat l ess br i ght t han ear l i er

i n mi t osi s but was st i l l br i ght er t han af t er cyt oki nesi s . I t was

once mor e per i pher al and f ai r l y even i n di st r i but i on ( Fi g. 9,

a- c) .

I n par al l el wi t h t he r eappear ance of i nt er phase chr omat i n

or gani zat i on i n ear l y G1, t he st ai ni ng by ant i body I I was

gr adual l y r edi st r i but ed t hr oughout t he nucl eus as br i ght

specks of even si ze ( Fi g . 9, df ) .

The per i pher al component s det ect ed by monocl onal s PI 1

( Fi g. 9, g- i ) and P12 ( Fi g . 9, j - 1) wer e cl ear l y vi si bl e i n al l

ear l y G1 cel l s . I n nucl ei showi ng a r el at i vel y di f f use Hoechst

st ai n, si mi l ar t o t hat i n i nt er phase nucl ei ( cf . Fi gs. 9, i and 1

and 1 c) , t he i nt er nal component was al so evi dent ( Fi g . 9, g-

1) .

DI SCUSSI ON

The monocl onal ant i bodi es st udi ed her e wer e gener at ed

agai nst a bi ochemi cal l y char act er i zed nucl ear f r act i on, t he

nucl ear mat r i x ( 10, 16, 18) . They wer e chosen because t hey

l ocal i zed ant i gens of i nt er phase nucl ei out si de vi si bl e chr o-

mat i n and nucl eol i , i n di st r i but i ons par al l el i ng t he known

l ocat i on, f r om el ect r on mi cr oscope st udi es, of di f f er ent r e-

gi ons of t he nucl ear mat r i x, i . e . , t he por e compl ex- l ami na

( PI ) , t he f i br ogr anul ar i nt er nal mat r i x ( I 1) , or bot h ( PI 1, PI 2) .

Fur t her mor e, we have demonst r at ed by i mmunobl ot t i ng t hat

t hr ee of t he f our monocl onal ant i bodi es det ect ed pol ypept i des

of t he i sol at ed nucl ear mat r i x .

Repor t s deal i ng speci f i cal l y wi t h nucl ear mat r i x ant i gens

ar e r el at i vel y f ew ( 19- 21) , al t hough t he di st r i but i on of t he

l ami ns dur i ng t he cel l cycl e and cel l di f f er ent i at i on has been

ext ensi vel y i nvest i gat ed ( e . g. 14, 22- 27) . Usi ng t he f i r st mon-

ocl onal ant i bodi es di r ect ed agai nst nonl ami n nucl ear mat r i x

ant i gens, we have demonst r at ed t hat , wher eas t he per i pher al

and i nt er nal r egi ons of t he nucl ear mat r i x have some common

ant i gens ( det ect ed by PI 1 and PI 2) , ot her s ( det ect ed by P1

and 11) ar e r est r i ct ed t o one r egi on or t he ot her . We have al so

shown t hat , wi t h t he di sr upt i on or r eor gani zat i on of t he

i nt er phase nucl ear mat r i x dur i ng mi t osi s, t he ant i gens behave

i ndependent l y of one anot her . Some ant i gens ar e di sper sed

i nt o t he cyt opl asm, as has been descr i bed f or t he l ami ns and

most ot her nucl ear ant i gens . Ot her s, however , associ at e wi t h

t he chr omosomes i n char act er i st i c r eadi l y di st i ngui shabl e pat -

t er ns . These di f f er ences i n behavi or at mi t osi s may be a

r ef l ect i on of t he par t i cul ar nucl ear mat r i x f unct i on i n whi ch

t he ant i gens ar e engaged dur i ng i nt er phase . The obser vat i ons

wi t h P1 and I 1 suppor t a r ol e f or t he nucl ear mat r i x i n t he

spat i al or der i ng of nucl ear pr ocesses, a r ol e mai nt ai ned dur i ng

mi t osi s as par t i ci pat i on i n t he st r uct ur i ng of chr omosomes .

Monocl onal s P1 and 11 wer e pr oduced agai nst bovi ne

l ymphocyt e nucl ear mat r i ces, wher eas monocl onal s PI 1 and

P12 wer e made agai nst mouse l ymphocyt e nucl ear mat r i ces .

Al l f our ant i bodi es det ect ed ant i gens i n t he mouse 3T3 f i br o-

bl ast cel l l i ne, as wel l as ant i gens i n mouse and bovi ne

l ymphocyt es . I ndeed, ant i body P1, f or exampl e, det ect s ant i -

gens wi t h si mi l ar i nt er phase and mi t ot i c di st r i but i ons i n a

number of mammal i an, i nsect , and pl ant t i ssues ( manuscr i pt

i n pr epar at i on) . Thi s suggest s t hat t he ant i gens under i nves-

t i gat i on ar e i nvol ved i n basi c nucl ear f unct i ons common t o

many or gani sms .

The ant i gen det ect ed by P1 i s l ocal i zed at t he nucl ear

per i pher y dur i ng i nt er phase, and numer ous st udi es have

shown by i mmunocyt ochemi st r y t hat t he l ami ns ar e associ -

at ed wi t h t he nucl ear per i pher y ( 14, 22, 23, 26) . However ,

f r om our obser vat i ons of bot h i nt er phase and mi t ot i c cel l s, i t

i s qui t e cl ear t hat t he ant i gens det ect ed by t he t wo ant i bodi es

ar e not t he same . The i nt er phase st ai ni ng wi t h P 1 i s excl u-

si vel y per i pher al , whi l e t he ant i l ami n r eveal s an i nt er nal com-

ponent not onl y i n our pr epar at i ons but al so i n pr evi ousl y

publ i shed r epor t s ( 14, 22) . At mi t osi s, wher eas t he P 1 ant i gen

becomes associ at ed wi t h chr omosomes, t he l ami ns di sper se

i nt o t he cyt opl asm. Fur t her mor e, we have shown by i mmu-
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nobl ot t i ng t hat P1 det ect s an ant i gen of Mr 27, 000- 30, 000 ;

t he l ami ns have been i dent i f i ed at Mr 60, 000- 70, 000 ( 14, 22) .

Per i chr omi n, a conser ved nucl ear envel ope- associ at ed an-

t i gen l ocal i zed at t he per i pher y of mi t ot i c chr omosomes has

been r ecent l y det ect ed by an aut oi mmune ant i body ( 28) . The

ant i gen has been i dent i f i ed as a si ngl e pol ypept i de of Mr

33, 000 . Al t hough per í chr omi n i s st r ongl y per i pher al at i nt er -

phase i n Chi nese hamst er ovar y cel l s, i t i s uni f or ml y di st r i b-

ut ed t hr oughout t he nucl ei of Dr osophi l a cel l s . The P 1 ant i gen

appear s t o be di st i nct f r om per i chr omi n . I t i s excl usi vel y

per i pher al i n al l cel l t ypes exami ned, i ncl udi ng i nsect cel l s

( manuscr i pt i n pr epar at i on) , and det ect s pol ypept i des of Mr

27, 000- 31, 000. The monocl onal ant i bodi es PI I and PI 2 al so

det ect component s of t he nucl ear per i pher y i n 3T3 cel l s .

Taken t oget her t hese dat a i ndi cat e t hat t he nucl ear per i pher y

i s mor e compl ex t han pr evi ousl y consi der ed .

We pr opose t hat t he ant i gen t o P1 may f unct i on i n t he

spat i al or der i ng of DNA dur i ng i nt er phase, and t he spat i al

or der i ng of chr omosomes dur i ng mi t osi s . Recent l y, a si mi l ar

f unct i on has been pr oposed f or per i chr omi n ( 28) . Numer ous

wor ker s have pr oposed t hat DNA i s spat i al l y or der ed dur i ng

i nt er phase ( 29- 34) , and t hat t he or der i s est abl i shed by an-

chor i ng of i nt er phase DNA l oops on t he nucl ear mat r i x ( 33-

37) . At l east some of t hese l oops ar e anchor ed at t he nucl ear

per i pher y ( f or r evi ews, see r ef er ences 32 and 33) . The ant i gen

det ect ed by P l may be i nvol ved i n anchor i ng DNA l oops, by

i t sel f or by i nt er act i on wi t h ot her nucl ear pr ot ei ns, e . g . , t he

l ami ns .

Ther e i s al so consi der abl e evi dence f or spat i al or der of

chr omosomes dur i ng mi t osi s, i . e . , at t he met aphase pl at e ( 32,

38) . The behavi or of t he P1 ant i gen dur i ng mi t osi s i s consi st -

ent wi t h t he not i on t hat i t may be i mpl i cat ed i n t r ansl at i ng

i nt er phase or der i nt o met aphase or der . Wi t h t he f r agment a-

t i on of t he nucl ear envel ope at t he end of pr ophase, t he P1

ant i gen, ei t her by i t sel f or i n associ at i on wi t h yet unknown

f act or s, may r emai n chr omosome associ at ed so as t o r et ai n

t he spat i al or der pr esent dur i ng i nt er phase . I t i s unl i kel y t hat

t he P1 ant i gen i nt er act s i n a sequence- speci f i c manner wi t h

t he chr omosomes . Consi der i ng onl y t he r egi ons of t he cen-

t r omer es, f or exampl e, i t i s cl ear t hat , wher eas t hese ar e not

coat ed by P1 at met aphase, t hey become associ at ed wi t h P1

dur i ng anaphase and t el ophase . The ant i gen t o P1 may act

mer el y as a physi cal const r ai nt on t he chr omosomes, mai n-

t ai ni ng t hemi n t he r el at i ve posi t i ons est abl i shed pr evi ousl y .

I t i s i nt er est i ng t o not e t hat Paul son ( 39) has shown t hat al l

t he chr omosomes f r om a cel l adher e t o one anot her and ar e

i sol at ed as one cl ust er under appr opr i at e i sol at i on condi t i ons .

He suggest s t hat t hi s may r ef l ect supr achr omosomal or gani -

zat i on i n vi vo .

The associ at i on of t he I I ant i gen wi t h chr omosomes dur i ng

mi t osi s and i t s nonhet er ochr omat i n l ocal i zat i on dur i ng i nt er -

phase suggest t hat t he ant i gen may be i nvol ved i n st r uct ur al

or gani zat i on of chr omosomes bot h dur i ng i nt er phase and

mi t osi s . Si nce t he I 1 ant i gen appear s t o be l ocal i zed l ar gel y at

chr omosome sur f aces dur i ng mi t osi s, i t i s unl i kel y t o be a

const i t uent of t he i nt er nal chr omosome scaf f ol d as pr epar ed

by Ear nshaw and Laemml i ( 40) . However , ant i gen 11 coul d

be a component of t he 25- r amgr anul es r ecent l y demonst r at ed

by Engel har dt et al . ( 41) i n i nt er phase nucl ear mat r i ces and

chr omosome scaf f ol ds .

The ant i gens f or ant i bodi es PI 1 and PI 2 showed si mi l ar

di st r i but i ons t hr oughout t he cel l cycl e, but wi t h some char -

act er i st i c di f f er ences . At i nt er phase, t he i nt er cel l ul ar st ai ni ng
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pat t er n was r el at i vel y consi st ent wt i h PI 2, but wi t h PI 1, var i ed

consi der abl y i n di f f er ent nucl ei . The t ype of st ai ni ng di spl ayed

by a par t i cul ar nucl eus wi t h PI I coul d not be cor r el at ed wi t h

any uni que st r uct ur e of t he nucl eus . I t may be r el at ed t o t he

met abol i c st at e of t he cel l , per haps t o i t s posi t i on wi t hi n t he

cel l cycl e . Ri l ey and Kel l er ( 42) have shown ext ensi ve r eor -

gani zat i on of a nucl ear mat r i xl i ke f r act i on as HeLa cel l s

pr ogr ess t hr ough i nt er phase .

The i nt er phase st ai ni ng pat t er n as wel l as t he di ssol ut i on

and r eacqui si t i on of st ai ni ng at pr omet aphase and t el ophase,

r espect i vel y, suggest some associ at i on of t he PI I and PI 2

ant i gens wi t h t he nucl ear envel ope ( 33) . By mi d- pr ophase,

monocl onal PI 2 showed onl y an agr anul ar per i pher al com-

ponent . The al t er ed appear ance of t he per i pher al st ai ni ng

coul d be due t o post t r ansl at i onal modi f i cat i ons of t he PI 2

ant i gen si mi l ar t o changes i n t he ext ent of phosphor yl at i on

of l ami ns and nucl ear pr ot ei ns whi ch ar e known t o occur at

about t hi s st age of mi t osi s ( 27, 43, 44) . I t may al so, however ,

r ef l ect changes i n di st r i but i on r esul t i ng f r om t he l oss ( e. g . , t he

l ami ns) and/ or gai n ( e . g. , P1 ant i gen) of ot her per i pher al

pr ot ei ns dur i ng pr ophase .

We ar e gr at ef ul t o Mar vi n J . Fr i t zl er f or t he gener ous gi f t of ant i -

hi st or i c . We al so t hank Mar c W. Ki r schner f or t he aut oant i bodi es

and di scussi on of t hei r wor k pr i or t o publ i cat i on . Thanks ar e al so

ext ended t o G. Wong and B. Sonnenber g f or t echni cal assi st ance .

Thi s st udy was f unded by gr ant s f r om t he Medi cal Resear ch

Counci l of Canada .

Recei ved f or publ i cat i on 12 Januar y 1984, and i n r evi sed j br m 23

Apr i l 1984 .
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