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PCNA WTI'H 'I'HE NUCLDAR MA|RIX DURING RAT LI}'ER
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n1e nnclear n)drrix, rcsidunl iisoltrur protci[ceDus
nuclcar slructrei olle6 a porentillly vilLuhle atprcach nn
st!dyiDg nlclelr pRrcescs. Nlcle.r rn.trir froteils ar. di-
vided i o ntriqnitonsly occuiiirg ad cell-spe.ilic proteiN
(Koroscc ..al l')t)?)$'ch!sce iiu rrirsc ptnn' LctoB
(Po z n i tr o! ia eril 1e99). I! wis$rSsested thlt by olg}
lizi g choniti'r io i tis$'e sFcinc rhEealiDensio'.1 pirrear
r d I'y locilizn'g tr.isciptio l-ctds, rhe iucleir D[fix td

cil,rirer 
"<fucuu 

,'l r. E,,li!'ry p,u(1.\ q h rlLir r 
'rg<r 

sire\
(Celzenb.rg lr)94).

Liver diilcrentiatnlr is d .onrplcx In)cess .cconipa ied
hy morylnrlosicalchanges i[d (ardinited gene expression. Ir
idts, il is iriiti.led at day 9 olcDbryogcncsis ond lctivc hcpakt
cytc prdliltrstnrD and livcrAlowth coniNc tor 2-3 wceks aftcr
bnrl' (H e r bs r and B. h iss 1r)')0). Ir is generrlly.ccep-
ted th.t hepatocyre dilterenriction is co.rroued prnn.rily
a! the lelel ot gene tr.nscriprnn' (Z i r e t lo94). C/EBPd
(CCAAI/E.hrncer Bi'idn'8 I'roteio d).. nred'her of the
C/EBI' tm,ily ot bzll' rloscriptid' l crds, is critical ,ff
the estrhlish e l .nd md)t.n ncc oI mcrnbolic pmccses
rl'rr Jr" iririrrc,l ,'n{r'J r"r lnrl Jry.l rI'hryng"rc\i\
(Dirlirgron c,nl 1995). rnd td tlic dilrcnnrirtnr
ofI'epirocyres toD I'eprbt,ldsrs (T o iizdw. c/ot 1998).
One ot ns lurc(ions is to conlrol hcprtocylc lrolifcrrtnnr rrn
dre Droliteri!trg ccll lclc.r d'Li8e. (I'CNA). Expressn l ol
PCN  corclnres vnh hcp oqre pNlilerlive .criviry durnr8
dilterentiiftnr. lt decre.ses sig iliciirly.t lrirtlr.nd conti-
nues to dech'e over rl'e oexr 3-4 weeks (D i e h I cI "t 1994).
Cdrrriry lD I'CNA, cxpressid oi C/EBI'd nicrc,scs du rg
develop ,eit aid rcn'iins high nr thc dult, is ir prublhly ce
$ nesa rtuwrh-n'hitnory tulc ('l in,chenko ddl. 1997).
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Mosl ot rhe regulatory ,acro^ arc chdr.cterized in dre
sohblc nuclcar p.otcin fraciioD. As se Nppon byporesis dri!
ouclear Dntrix n,isht b. iNolv.d ii .ontiol dDd coordinirion
ot difierenr nnclear proceses dunrS dittereolilrion we exa-
mnred lo..li7.rion of C/ERPd and PCNA nr the nnclear Dr.-
(rix. Ir o er ro isess degree of C/EBPd and PCNA bindn'g lo

'l,r r rcl.rr rrrrrr w. co 
't1-,eu 'herr 

rElrtne co cF rnrio \
n' rl'e .trcle.r n'.lrix wnl' rlrose ir tmnscriptionally aclive

wist.isrmn' ilbn'o rirswere !sed. Livers were removed
fro,n: (l) tetuses isolired troD dinB o. drys 16 a.d 19 of ge$
ritioD, (2) l,3,7, 14 a.d 21-diy-okl neooates, and (3) 2.5-
,xmlhdd malc dnlts. The nncle.r Di.tric4 .nd nnclear ex-
llictswere isoldred ddescribed by Be l8 rr d er er21(1991)
.nd O o r s k i ct rr (1986), respedivelr. Prorenrs were ana-
ly.ed h, 5DS.|'ACE (L J e rn m I r li70) niJ Wenern imrDu-
nohlo(i,rg (Tow b in er al 1979) lsnrg polyspe.ific autihody
m mt C/EBPd (Sanr. Cruz Biotechnolosy) and mondclondl
.nritody ro PCNA (DAKO).

'lho'ghonl developnrenl and in ihc ndnlt tlre nuclear
ni rrices co tii'red Dultiple c/EBPa isotonns Dl 30, 35, 38. 42
nnd 45 [Dr (Fis. 1A). x was p.oposed d]nt C/EBP0 isofods
ir. ft nrcd by iltemrri!. tia slational n'niatio. Aod diflerell
AUG codons oli snrgle 

'iRNA 
(C i lt h o v e o .r ot 1994).

I'r fcial liv.r. rclilivc cdncernritions of die isotonns remrined
uncl'i.8ed (l.nes 1"2). Bnrh was rc@Dpcnied ty a consi<le-
r.ble i,rcrelse i'r the @r@nrration ot the 30. 38 afl.l 45 kDa
isolords (li.e 3) which wis D.htln'ed duri.g the posm.trl
period oi d1e liler diilerentiitioi (lanes 4'7). I. d'e adrlt,
reldtivc conccnttulions of xll nucle.r miirix-asociited iso-
tonns increlsed tLmlre!, most notchly the 30,42 and 45 kDa
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CoDpared to the nuclear m.trix. rcldrire coNentrarions
oi C/EBPd isotonns ilr thc .dcqnate ucleat exrncts were
sisrincditly lowei (rig. llr). Ilr nuclelr extract ftDD tetdl
liver, only the 45 kDr isolonn wrs detecle<l (lanes l'2). Or
diys 1, 3 ind 7 after hi h, C./rlBPo w.s r.piesented by ihe 30.
38 and 45 \Dd iy,fonns (l ncs 3-5). By diy 14..ll live isoffftrN
rvere dctccted d1e .ucle.r cxrrid (line 6). Muioral con-
centrarions of all isoiornrs Ncre dbs.e.d o the 2lst postr.tul
d.y (lanc 7) wh. thcir relitive concc.f.tnnrs were higlrcr
rhun nr the respectile ulcleir nlstrix Dxxenl, and nr the cdult
fucleirextrcct (lanc lJ). Thc ohs.Ncd ovdrll rngnrenntion of
C./EBPd nr die ruclef nr.uir is nr igreeoent with detected
tuoeise nr concentrurions {rd nlmtrer ol C./EBPd isolonns nt
rhe nncle.r extnct duri,rg devebprreot and post,rrt.lly. Esr.-
hlishcd prcrcrenriil isocidrior of C/EBPd wnh nre nuclcar
.rdtrix nt ditlererrired liver, .s well as dlrn'g rlevcbPlneDt.
coukl reflect the ilrporiiDce of inrcnctidns ot C./EBPd wilh
rhe nuclearmrnix iorns rr,,i,a functio,n,s.

As s lkrwn ir l-ig. I C, re1llivc coic.nr irtio s of PCNA in
!he Ncleir rrr,ice. trer< lhe hi8lle\l d"rnrS .nrliD.Ce eq\
(lines 1-2). Aner bi h, rehlivc conccntixtir of . clear D!-
r'ix-dssocirted PCNA deffe.sed nnril rhe ihird postnitalw.cl
(lcnes 3-?). In rhc rdult nnclcdr Di.trix, PCNA wN ,t rhe liDn
oI deteclio! (lane 8). SiDildrly, relrrive coocentr.tions ot
PCNA were tlre hiShesr ii nucle.r erlracLs troni fcr.l liveB
(Fis. lD, l. es l-2) a.d h neon.ril liver on lst nDd 3td d.y
atrcr binh (ldncs 3 .id 4). Ii s$kquenr drys ot postlnlxl
dcvclopD,cnl, rel.iivc PCNA co ce.tr.tion decreased (lancs
5-7) nnd iD ihe adnh nudef extricts I'CNA was hu.ely det.-

'll'e alteri'air'8 Duclear oratrir !nd extr.ct concentra-
rinE of C./EBPa rnd PCNA .re ir i8reeDre!1 with tlre prG
posed model on the rolc these proretus pl.y n' regllari'rg
|epimcyre growrh. Briefly, iI qnicseit heprtocytes, hiSh
levels of C/EaPd Draintlin ! p2l Drcrenr level qhich bi'rds
PCNA 0nd inhibits PcNA-dep.ndc t DNA replicxtior. wlr.n
.-,EIlPu i. re uce,l, t,Z, n 3l',, J,ar,F,J i J per tr$ r in-
crc.s. nr PCNA .ctivity illd I'epitocyle prolileratioD 6t.
(TiDcheilio dil l9r?).

Partitiornrg of C,/EBPd and PCNA in bolb nxcleirpro-
rcnr fractions. daon and exfrct, could $rgSesr rl'.r $e regu-
l.tory icrivity of CIEBPo .nd PCNA is influenced by their
.bilily 1o inrencl wilb bolh Duclear coDipd.tdenrs. TIe dita
docntoenting specilic irteractions ot nuclear ualii\ prcteins
wnh DNA (G e r ze n b e.8 1994). and here presented dy-
nrn1i..sD.i,ri.ns .l C/EBPd and PCNA wirh tlre ntrclerr
nidrrixduring liver developinent. futler su?po rhe proposed

'.chJ 
rs lhnl nucleJr rJlri\collJ IJc'ln.l. g.n. cxpre{'o

hy @nc.rtraths dnd localiziig reEnlitory proteins near their
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