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1, Intreduciion

The genome of eukaryotic celis is a nucleoprotein
complex referred to as chromatin, consisting of DNA,
RNA, and proieins. In differentiated c=lls at any given

time the majority of the information contained within

the DNA is repressed; and histonez, or basic chromo-
somal proteins, have been implicated in this regard

[1—5]}. Recent results from several laboratories suggest

that regulation of the transeriptional capacity of the
zenome (6--9]. as well az the activation of specific
regions Of the genome [10—-12], may be mediated by
the norhistone chromosomal proteins, These acidic
proteins are Ussue and species speeific [13—20] and
are present in relatively greater quantities in active
than in inactive tissues [21] and in euchromatin 2s
opposed to heterochromatin [22—271, and mumerous
fractions have a faster rate of turnover than histone
{28]. Fusthermore — unlike the histones, whose syn-
thesis is resirictad to the S phase of the cell cyecle and
tightly coupled with DNA replication [29—31] — the
nonhistone chromosomal proteins are synthesized
throughout the cell cyele [29, 32—-38], independent
of concomitant DNA synthesis {29, 39]. Evidence for
nophistone chromosomal proteins as regulators of
gene expression has been summarized in several recent
 reviews [40—42].

Whether chromatin exisis as a "“fixed” material or
“whether the histones and nonhistone chromesomal

proteins associated with DNA exchange between varions
intracellnlar compartiments, has never been esiablished.

The present investigation attempted the partial resolu-
tion w»f this question by comparing the protein com-

ponenis of chromatin and nucleoplasm in exponentially

growing Hela 85 cells.
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2. Materials and methods

Exponentially growing HelLa 33 cells -naintamed
in suspension culture in Joklik-modificd Eagie’s
Minimnal Essential Medim {8M) suppleraentad with
3.3% each of calf and foetal calf serum vere labeled
atl a concentration of 3 X 108 cells/in] & lewcine-free
SM containing 2% Toeta! calf serum and 2 pTifml
1-[¥C]leucine. The cells were harvested by centii-
fugation, washed 4 times in cold Earle’s Balanced
Sait Solution, and nuclei wore isolated by 4 washes
with £0 vol of 80 mM NaCl, 28 mM EDTA, 1%
Triton X-10D. This procedure vields nucled which are
free of visible cytoplasmic material when examined
by phase-rontrast and electron microscopy {29]. The
nuciei were washed in 0.13 M NaCl, 0.01 M Tris
{pH 8.3). lysed in 5.001 M Tris {(pH §.2), and chro-
matin wzs peileted by centrifugation at 12,000 g for
15 min, The supermnatant consiitutes the nuclzo-
plasmic fraction. Chromatin was further purified by
centrifugation through 1.7 M sucrose,

3. Resplis and discussion

Top establish that nucleoplasm prepared according
to this progedure doss noi contna DNA, exponential-
Iy growir g Bela 83 cells were incubated for 24 hr
in [3H]thymidine. Table 1 indicates that there is a0
significant ]°H] thymidine radivactivity associated
with the nucleoplasmic fraction and that almost the
total label resides with the chromatin.

Fig, 1 shows the distribution of L-]¥C]leucine
radioactivity among the varions chromosomal and
nugleoplasmic polypeptide fractions resolved according
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F:g‘ 1 a) SDS po}yam-ylamlde gl elecimphnretw pmﬁle ol‘ L—l“Clleucme—labeled mla] :hramasama} pmtem_ Chmznahn Was
~solubilized in 1% SDS, 0,01 M phosphate, pH 7.0, and udlalyze.d for 12 hr.at room termp,. agamsi 0 1%SDS, 0.01 M phosphatc, 7
CpH f.il_ Electrophoresis of ! D75 ml sampies mntmnmg 100 kg of pmtems was. r:ameﬂ out at oom temp. for 11hrat 90 Von
- 7.5% acrylamide gels, 0.6 % 20 wcm [55)-The gel was fractionated mechanically,’ ut:].lzmg a Muznl Auta-Gel Divider [55), and col-
lected in 100 wials, each- contaifing 10 m] of Triton X-lﬂﬂ-toluene cocktail [56). Radxoacimty was determined in 3 ligpid-scintila- -
“:tion £ounter. The details of the procedure have been teporied previously [29]. b) SDS polyacrylarmde gel slectrophoretic profiles .
~of L-[”C]ieumne-labeled nucieoplassic proteins. An equivalent amount of. DNA (w/w) was added fo the nucleoplasmic proteins,

_the samples were- brought 10 a uml conc. of 1% DS, 0.01 M phosphate PH 7.0, and subsequently :diai'yze&“‘electrophoresed and E
;_;fracuon:ated as descnbcd in (a) N : R :
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Table ]
Dmnbutmn of [°H}thymidine radioactivity between chroma-
tin and nucieoplasm.

" Sample (epm/208 colls)
. “Total nuclei 48,795
- Chromatin - 45,794
Nucleoplasm 3?

Exponenti=lly growing cells were labisfiéd for 24 hr with

0.1 uCi of °H]thymidine. Cells were harvested and nuslel
_were isolated and lysed and chromatin was pelleted as
described in the text. The 10% trichloroacetic acid-precipitatie
fadicactivity was determined from 100 ul aligooets of lysed:
nucled {total nucled), pelleted chvomatin {chromatin), and the
resulting supernatant {nncleoplasm

to molecular weight on SDS polyacrylamide gels.
There is evidence that in frartions 160, wherz the
nonhistone chromosomal proteins migrate, several
peaks are present in both the chromosomal and the
macleoplasmic proteins {peaks A—I}). However, peak J
is restricted to the nucleoplasm and peaks K, L, and
M are found only associated with DNA as chromatin. -
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Evidence that noahistone chromesomal proteins are
confined to fractons 1--60 is provided by the disiribu-
tion of L-]°H]iry ptophan radioaciivity among the
total chromosomal protzins fractionated on similar
gels (fig. 2). Histones are present in these gels but lack
tryptophan and are therefore not deteciable. Fractions
6195 represent the reginn of the gel where the
hittones migrate {dstermmed by Separately running
p-fied histone standards on similar gels under these
corditions), ard e comparison of fig. 1a and 1b clearly
dempnstrates thal these basic chromosomal proteins
are absent in the znuc]eoplaswt prgparation {peaks

"N, D, and P).

The banding patterns of chromosomal and nuclec-
plasmic proteins e’ecirophosesed on SDS polyacryl-
smide gels and stained with Comassie Biue were
compared [43]. Consistent with the ra?izactivity
profiles in fig. 1, several protein peaks which migrate
in the nunhistons chromosomal protein region of the
gzl are presgnt in both the chromziin ana 50 aucleo-
plasm, Furthermore, hizstone polypeptide bands zre
resiricted to the chromatin.

These data sugpest that, vnlike the Listoqes, which

W . .20 300 4p

s &0 70 B 8o

Frm:imn :

--F:g 2 SDS polyacrylaxmde gel emimphcrenc pwﬁie of L-]*H]) tryptophan }abeleﬂ 1ota1 chiomosomal proteins. 2 X 108 HeLa §3
cells were lzbeled for 30 min at a cone. of 3.% 16+% celis/m] in tryptophan-free SM containing 2% foszal calf serum. Chromatin was
;prepared as described’ premonsiy i the text, solubilized in 1% SDS, 0,01 M phosphate, pH 7.0, dialyzed agaast 0.1% SDS, 0.01 M

. phusphzte, ;d ’.Lﬂ }md csct'ophnresed as described in f g 1a.
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are found only in association with DNA, several speeies
‘of nonhistone chromosomal proteins are present in
the chromatin as well as in the nucleoplasm. SSUch -
~findings — ‘taken together with the lissne and Spamep
specificity of nonhistone chromosomal proteins -
[13—-20]; differences in the classes of nonhistone
chromosomal proteins synthesized dw ing varions
phases of the c21l Bfe eycle [29,32-38] and when a

" given cell is Iiduced or comynitted 1o a nnigue differen-
tisted function [44—53], as well as the influence of
these protzins on selective transeription of chromatin
[6—12] — are sensistent with the concepl of non-

- histone chromesomal proieins as repulators of gene
‘expression (40-—42). Yer the specific manner in which -
nonhistone chromosomal proteins interact with.the -
gerome to mediate the transcription of informational
‘macromolecules is al preseni unknown.

T is, however, reasenable 10 specullate that chromatin
is not a “fixed” materizl, but rather, thal is exisisina
“semifinid> state; and 1the model which we propose
to account for the genome of sukaryotic cells contains
two classes of macromolecules which constitute
“spazic” and “fluid” components. Nuclear DNA and
histo.les Tepresen: the “siati e COmpOnents, since
these chromospmal constituents exhibit negligible
rates of turnover {54] and seside solely within the -
nuelet complexed with one another. Certain classes of
nm}nsmne chromosomal pm ¢ins which are metaboli-
cally stable, Yack tissue or species Epemﬁmty, and are

found only associated with DNA, may also be included

in this category. The *fluid” component of chromatin
may be representad by thoss nonhistone chiomosomal -
proteins which porsess specificiry and rapid rates of
arnover. Perhaps it is these macromolecules W}uch are
involved in the regulation of DNA-depBﬁd*m RNA
synthesis and exist in equilibrium with a mcleopflasmlc
‘pool. Studiesare presently being directed towards
wdeiemnnmg whelhea', in facy, these n@nhzsmne chmmn-
‘somal proteins which are present in both chromatin -~
-and muclear sap m’e 3='Sponsub]e for. ihe i:Dﬂ'iIDl of geng
axpras.mm_: :
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