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1. Intreduction

The genome of differentiated eukaryotic cellsisa
nucleoprotein complex referred to as chromatin con-
sisting of DNA, RNA, histone, angd nonhistone thro-
mosomal proteins. While histones have been shown o
be responsible for ths repression of DNA-depemdent
RNA synthesis [1—3=], recent evidence suggests that
quantitative [4—7] and qualitative [8—10] variations
in the transcriptional capacity of the genome may be
mediated by nonhistone chromosomal proteins. The
role of nonhistone chromosomal proieins in the con-
trol of gene expression has been the subject of several
recent reviews [11—14]. It has been demonsitrated
previously that in continuonsly dividing cells [15—17],
as well as in guiescent cellz which zre stimulated to
proliferate [18], histone polypeptide synthesis is re-
stricted to the S phase of the cell ¢ycle and ceases if
DNA replication is inhibited by cytpsine arabinoside or
hydroxyurea. In continuously dividing cells 1t has been
shown that the synthesis of zonhistone chromosomal
proteins oceurs in the cytoplasm [i9] during all
phases of the cell cycle on pre-existing and newly syn-
thesized mRNA’s [20] and iz not affected by the in-
hibition of DNA replication [17]. However, the depen-
dency of nonhistone chromosomal proiein synthesis
on DNA replication in models of stimulzted DNA syn-
thesis has not been examined previously.

The aim of the present investigation was 1o define

- further the relationship between chromosomal protein
‘synthesis and DNA replication by studying the biosyn-

thesis of these macromolecules in density-inhibited hu- -

man diploid Wi-38 fibroblasts stunulated to prohfe:rate
by a change of medium.
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2. Materials and methods

Humar: diploid WI-38 fibroblasts were grown to
confluence in Eagle’s Basal Medium {BME) supple-
menicd with 10% foetal calf serum in one iiter Blake
culture flzsks in a moist CO, incubator. Seven days
after plating, the conflvent monolayers ware silmu-
lated 1o proliferate by replacipg the old medivrm with
fresh BME containing 10% foetal ¢alf serum {6, 21,22].
Nuclei and chromatin were isolated at 4°C as de-
scribed previonsly by Stein &t al, [6].

Chiromatin was solubilized in 1% SDS, 1% £-mer-
captoethanol, 0.01 M sodium phosvhate, pH 6.8; di-
alyzed against 0.1% SDS, 0.1% Banercapioesthanni,
0.01 M sodinm phosphate, pH 6.8 and the chronioso-
mal proteins were then separated according io their
molecular weight by SDS polyacrviamide-gel glectro-
phoresis {23]. In one experiment, the histones were
separated according to charge, utilizing th= high resol-
ution acetic acis urea method of Panyim and CJzalklay
{24]--

3. Results and discussion

Table 1 indicates that ] 16 hr after density-inhibited
huiman diploid WI-33 fibroblasts are stimulated to pro-
liferate by a change of medium, the cells actively in-
corporate [SH] thymidine. This is *n agreement with
reports from several laboratories that DNA synthesis

-océurs at this time [6,21,22]. It is also eviden: from -

the data 1l table 1 that cytosine arabinoside at a.con-

centratior. of 40 ug/ml is effective in suppressing corn-
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Table 1
Effect of gytosine arabinoside on DNA synthesis in WI-38 ho-
man diploid fibroblasts,

Sample Cpm/100 pg DNA
Unstimulated control 5130
S-phase control 42 768
S:phase cytosine arabimoside 3231

The Tates of {°H]}thymidine incorporation into DNA were de-
termined in density-inhibited WI-38 human diploid fibro-
blasts, in S-phase cells (16.5 hr after the stimulation of denst
ty-inhibited fibroblasis t~ proliferate by a change in medinvm),
a3 well as in S-phase clls following 30 min of pretreatment
with 40 pg/ml of cytosine arabinoside, QOne-liter Blake botiles,
each containing 107 cells, were labeled for 30 min with
1PH}thymidine (0.1 pCi/ml, 6.0 CY/mM). Cells were harvested,
washed twice with cold (40°C) 0.3 N perchloric acid, and nu-
zleic acids ‘were extracied with hot (90°C) 1 N perchloric asid.

pletely this increased rate of DNA synthesis, Cytosice
arabinoside is a potent inhibitor of DNA replication,
and at a concentration of 4D pg/ml it has no sipnifi-
cant effect on the bulk rates of RNA or protein syn-
thesis, To resolve directly the relationship between
the synthesis of nonhistone chromosomal proteins
and DNA replication in a2 model of stimulated DNA
synthesis, 2 hr (G;) ard 16 hr (S) after density-inhibi-
ted monolayers of human diploid WI-38 fibroblasts
were stimulated to proliferate by a change of medium
the cells were preireated with cytosine arabinoside
(40 pg/mi) for 30 min and then pulse labeled with
[PH]L-tryptophan for 30 min. Cytosine arabinoside
was included in the labeling imedium, Chromatin was
prepared and the totzal chromosomal proteins were 1e-
soxved according to molecular weight on SDS poly-
acrylamide gels [23] . The rationale for these experi-
ments was that, since histones do not contain trypto-
phan the distribution of radioactivity throughout the
gels reflects solely the synthesis of nonhistone chromo-
somal proteins. It is evident from figs. 1A and 1B that
cytosine arabinoside at a concentration of 40 pgiml
does not influence the incorporation of [3H]LArypto-
phan into the various chromosomal proteins during

ithe prereplicative phase of the cell cycle (G4), eliminat-”

_ ing the possibility that the antimetabolite has a direct
effect-on the synthesis of these polypeptides. Further-
more, when DNA synthesis is blocked by cytosine -
arabinoside during S phase, the synthésis of nonhistone
chromosomal proteins in control and cytosine arabi-
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noside-treated cells is virfually identical (figs, 1C and
1D). 1t should be noted that there is no significant in-
corporation of [3H]|L-tryptophan in the regions of the
gel where the histones are located. Electrophoresis of
purified histones on these gels under similar condi-
tions demonstrates that such polypeptides are limited
to fractions 62—96 {(data not shown). A comparison
of the distribution of the [3H]L-tryptophan or [PH]L-
leucine (not shown) radioactivity among the G, and
S-phase nonhistone chromosomal proteins also sug-
gesis that there are variations in the nonhistone chro-
tmosomal proteins synthesized and associated with
DNA during these two distinet periods of the cell
cycle.

An identical experiment using [3E]L-lencine
clearly demonstrates that the inhibition of DNA syn-
thesis during 5 phase with cytosine arabinoside is ef-
fective in reducing the incorporation of [>H}L-leucine
into proteins which migrate in the histone region of
the gel to the G4 level, and the incorporation of
[3H]L-lencine into the nonhistons chromosomal pro-
teins {fractions 1—61) is not altered {not shown). To
establish conclusively that the synthesis of histones is
dependent on concomitant DNA synthesis in this sys-
tem, S-phase WI-34 fibroblasts were incubated in the
presence of cyiosine arabinoside {40 ug/mI) for 30
min and then puilse labeled for an additional 30 min
with [FH]L-levsine and cyiosine arabinoside. Histones
were exiracted with 0.4 NH,30, from the chromatin
of eontrol and sytosine arabinoside-treated cells and
resolved by the high 1esoiution acetic acid—urea meth-
od of Panyim and Chalkley [24]. Fig. 2 shows that
cytosine arabinoside completely blocks the incorpora-
tion of [PHIL-leucine into the major classes of histone
polypeptides.

The present experimsnts demonstrate that in density-
inhibited human diploid WiI-38 fibroblasts which are
stimulated to proliferate by a change in medium, the
synthesis of nonhistone chromosomal proteins which
ocecurs during the S phase of the cell cycle is not af-
fected when DNA synthesis is blocked by cytosine
arabinoside. This isin contrast to the synthesis of his-
tone polypeptides, which is restricted to the S phase
of the cell cycle and is inhibited completely when
DNA synthesis is intezrupted by the antimetabolite,
These results are in agreement with previous findings

- by this investigator which showed that the synthesis

of nonhistone chromosorpa] proteins is not reduced
when DNA synthesis is inhibited by cytosine arabi-
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Fig. 2. Effect of cytosine arabinoside on the polyacrylamide-gel electrophoretic profile of {3 H}L-lencine-labeled S-phase 0.4
N H480, soluble chromosomal proteins, Elecirophoresis was carried out according to the method of Panyim and Chalkley [24].
Cytosine arabinoside-treated 8-phase histones {o-—o—0); conirol S-phase histones {e—e—ws),

noside or hy droxyurea in continuously dividing Hela
S5 cells [17] . Such findings, taken together, indicate
that in quiescent cells which are stimulated to prolifer-
ate, as well as in continnously dividing cells, the syn-
thesis of nonhistone chromosomal proteins — unlike .
that of the histones, which is tightly coupled with
DNA replication — occurs independently, suggesting
the possibility of a regulatory function for these acidie
chromosomal proteins.

Reasoning of this mature is consistent with recent
evidence from several laboratories which suggests that
the nonhistone chromosomsl proteins may play a sig-
nificant role in the regulation of gene expression in
general, and specifically, in the control of transcription
during the cell cycle [1i—14]. The regalatory func-

“tion of these proteins is supported by their tissue and
species specificity [25--30] ; their presence in greater
quantities in active rather than in inactive tissues [31]

“as well as in active (enchromatin) rather than ininac- . .

tive (heterochromatin) chromatin [32] ;qﬁallitaﬁve
and quantitative differences in their 1ates of synthesis,
turnover and phosphorylation throughout the cell cy-
cle [17,33—37]; and their capacity to regulate tran-
scription in 2 manner characteristic of the tissne of
origin [8—10} or the particular state of the cell cycle
[6, 7] . The specific manner in which nonhistone chro-
mosomal proteins interact with tne genome remains
o be elucidated.
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