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Accumulation of c-fos gene locus DNA in the nuclear matrix of hepatocyte nuclei was
observed during induction of c¢-fos with cycloheximide. No enhanced association with the
nuclear matrix was detected for inactive immunoglobulin gene locus. The use of endogenous
DNases allows isolation of nuclear matrix preparations enriched with transcribing chromatin.
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Cell nucleus has a complex skeletal structure — nu-
clear matrix (NM) with a wide spectrum of functions.
Various pathologies caused by mutations in genes en-
coding NM proteins confirm the important physio-
logical role of NM. Regulation of cell division in-
cludes binding to nuclear lamin, a protein encoded for
by retinoblastoma susceptibility gene, which reflects
a possible role of nuclear skeletal proteins in onco-
logical processes [8].

DNA-binding sites on NM (MAR) can be divided
into constitutive and functional (facultative) [5,14]. Con-
stitutive MAR do not depend on gene status, they re-
present loop domains of the chromatin and are present
in the same gene locus irrespective of the cell type or
physiological status, for example, a constitutive MAR
is situated in the immunoglobulin kappa gene locus
[7]. Functional associations with NM are determined
by activity of transcription in the gene locus [5,14].
Moreover, the interactions of many transcription
factors with NM [9], frequently observed association
of transcribed chromatin with NM [4,12], and other
facts indicate that NM can regulate the transcription
process [1].

There are many different methods for NM purifi-
cation, and NM preparations obtained by different sci-
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entists have different characteristics [12]. We obtained
NM preparations after activation of endogenous
DNAses [3] and showed that association of the im-
mediate early gene c-fos with NM increased after its
induction in hepatocytes with translation inhibitor cyc-
loheximide (CH). The specificity of the detected func-
tional association of c-fos gene with NM was confir-
med by the absence of this phenomenon in the immuno-
globulin gene locus, which is inactive in hepatocytes.

Here we investigated association of chromatin
with NM structures.

MATERIALS AND METHODS

Experiments were carried out on male Wistar rats
(140-160 g). Immediate early gene c-fos was activated
by intraperitoneal injection of CH (3 mg/kg) in 0.9%
NaCl. Liver samples for the analysis were collected 1
and 2 h after CH injection, which corresponded to the
time of maximum expression of c-fos gene.

Hepatocyte nuclei were isolated after homogeni-
zation of tissue in 0.25 M sucrose solution in buffer
A (20 mM NH,CI, 5§ mM CacCl,, 50 mM Tris-HCI, pH
9.0) with subsequent destruction of membranes in the
same solution in the presence of 0.2% Triton X-100
and purification through a layer of 1 M sucrose in
buffer A.

Purification of NM was carried out after activa-
tion of nuclear DNases by 15-min incubation of the
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nuclei in solution H (0.25 M sucrose, 10 mM MgCl,,
1 mM CacCl,, 50 mM Tris-HCI, pH 8.0) at 30°C. The
nuclear material was washed twice in TM solution
(0.2 mM MgCl,, 50 mM Tris-HCL, pH 7.5): 5 min at
4°C and then 20 min at 30°C (highly soluble chro-
matin). The final NM preparation was obtained after
washing with 2 M NaCl in TM solution and 1% Triton
X-100 in TM solution (poorly soluble chromatin).

DNA from NM preparations was isolated by dis-
solving the material in GTC solution (4 M guanidine
thiocyanate, 20 mM Na acetate, 1% Na lauryl sarco-
syl, 1% B-mercaptoethanol, 40 mM Tris-HCI, pH 8.0)
with subsequent 2-3-min incubation at 65°C with 1%
Na dodecylsulfate, deproteinization in phenol:chloro-
form:isoamine alcohol mixture (25:24:1), and RNAse
A treatment. After DNA electrophoresis in 1.2% aga-
rose (10 ug DNA per row) Southern hybridization with
labeled probes (v-fos probe for c-fos gene and IgG
light chain Cy constant fragment, /gG(Cy), for im-
munoglobulin) was carried out.

Hepatocyte RNA was isolated by tissue homo-
genization in GTC solution with subsequent ultracen-
trifugation in a CsCl gradient. After RNA electro-
phoresis under denaturing conditions (20 pg RNA per
row) the expression of c-fos and IgG(Cy) genes was
evaluated by Northern hybridization with the corre-
sponding probes.

RESULTS

Activation of early gene c-fos after various stress expo-
sures, including inhibition of protein synthesis, was
studied in detail [2,10]. Our results (Fig. 1, a) are in
line with the data on c-fos activation during the first
2 h after treatment with CH (a potent inhibitor of
translation). On the other hand, IgG(Cy) is inactive in
hepatocytes of both controls and CH-treated animals
(Fig. 1, a). Pronounced induction of c-fos gene allows

“ « c-fos

Fig. 1. Expression of c-fos and IgG(C,) genes in hepatocytes in the
control and after cycloheximide treatment. a) northern hybridization
of hepatocyte RNA with v-fos and IgG(C,) probes; b) changes in
optical density of radioautographs obtained by Northern hybridization
compared to the control (100%).
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evaluation of functional local changes in chromatin
structure associated with activation of transcription.

Inhibition of translation with CH reduced solubi-
lity of chromatin, i.e. decreased the volume of highly
soluble material (Fig. 2, @) and reduced the degree of
DNA degradation by nuclear DNases (Fig. 2, b). This
probably reflects the process of chromatin compaction
in hepatocytes. The content of chromatin in NM pre-
paration after treatment with CH increases to 20% (vs.
5% in the control). On the one hand, accumulation of
chromatin in NM can be explained by low degree of
DNA hydrolysis, (Fig. 2, b). On the other hand, acti-
vity of RNA synthesis in hepatocytes increases 2 h
after CH treatment [15], which attests to functional
nature of these changes in NM. Further studies showed
that activation of transcription at the level of indivi-
dual loci is accompanied by gene-specific interactions
of chromatin with NM.

In order to investigate the association of chro-
matin of c-fos and IgG(Cy) gene loci with NM, DNA
purified from NM was hybridized with the correspon-
ding radioactive probes (Fig. 2, b). It was found that
CH-induced activation of c-fos gene was associated
with accumulation this gene DNA in NM. Interestin-
gly, the 3-fold increase in c-fos gene expression (Fig.
1, b) was associated with approximately 6-fold in-
crease in the content of this gene DNA in NM (Fig. 2,
¢). These data indicate a nonlinear correlation between
gene activity and its functional association with NM.
This can be due to the fact that interactions with NM
are determined by many factors of different nature and
it is difficult to evaluate the contribution of each factor
into the observed changes. In contrast to c-fos gene,
no changes in the association with NM were observed
for the IgG(Cy) gene locus repressed in hepatocytes
both in the control and after CH treatment (Fig. 2).
Association of IgG(Cy) gene with NM both in the
control and after CH treatment (Fig. 2, ) can be ex-
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plained by the presence of constitutive MAR in this
gene locus [7]. Hence, we detected functional asso-
ciation of c-fos gene with NM, caused by changes in
its transcription activity.

The data on the association of transcribed chro-
matin with NM are contradictory and, as was shown,
this association depends on the method of NM pre-
paration. EDTA disturbs specific interactions between
transcribed chromatin and NM [12], which can be due
to destabilization of chromatin structure at low Mg**
concentrations. In our experiments NM was isolated
in TM buffer containing Mg*". It should be also noted
that isolation of NM includes treatment with exoge-
nous DNases, otherwise the greater part of chromatin
is bound to NM and evaluation of specific features of
interactions of transcribed chromatin with NM is im-
possible. We used nuclear (not exogenous) Ca*", Mg**-
dependent DNases (incubation in buffer H) for de-
struction of DNA. We believe that this approach pre-
serves the native chromatin structure, because activity
of endogenous DNases is functionally regulated by
intranuclear processes (replication, reparation, trans-
cription) [6,13], which can also promote the detection
of specific DNA interactions with NM structures.

The relationship between transcription and NM
was discussed for a long time; it was hypothesized that
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Fig. 2. Changes of total chromatin structure in hepatocytes in
comparison with local reorganization of chromatin in c-fos gene
locus. a) relative content of chromatin in soluble fractions and
nuclear matrix fraction. Total chromatin content in hepatocytes is
taken as 100%. Light bars: easily soluble chromatin; cross-hatched
bars: poorly soluble chromatin; dark bars: nuclear matrix. b) elec-
trophoregram of DNA purified from nuclear matrix fraction and
radioautographs of Southern hybridization of this DNA with v-fos and
19G(C,) genes probes. c) changes in optical density of radio-
autographs obtained in Southern hybridization compared to the
control (100%).

NM is involved in transcription process. The mecha-
nisms of such relationships are little known, but one
of the most demonstrative facts is that many trans-
cription factors are strongly bound with NM [1,11].
Many of these transcription factors participate in c-fos
gene regulation [11], but it is unknown, which of these
factors determined its induction in response to CH. It
is also known that CH can induce stabilization of mRNA
of some genes, i.e. accumulation of c-fos gene mRNA
can be caused by both gene activation and stabilization
of its mRNA [10].

Our data on accumulation of ¢-fos gene locus chro-
matin in NM suggest that CH activates c-fos gene.
Similar data were previously obtained for c-myc gene
[3]. Taking into account that many factors regulating
activity of c-fos gene were detected in NM [1,2,11],
we hypothesize that the association with NM observed
during gene induction is mediated by binding of re-
gulatory protein factors to its promoter.

Hence, our findings indicate that NM preparations
adequately reflect the function of chromatin in various
gene loci. A correlation between c-fos gene induction
and its association with NM was revealed. The propo-
sed method for NM purification helps to isolate NM pre-
parations enriched with transcribed DNA and, evident-
ly, with protein factors participating in the transcription.
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