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We analyzed the content of lamin B, one of the main proteins of the nuclear membrane,
in different chromatin fractions obtained during purification of the nuclear matrix from
different cell types. Depending on cell type and nuclear matrix preparation technique,
lamin B was found in different not associated with matrix chromatin compartments. This
effect was observed after chromatin extraction with ammonium chloride after nucleolysis
and after chromatin extraction with sodium chloride before nuclease treatment. These
findings suggest that the structure of the nuclear matrix is destabilized in certain extrac-
tion procedures and that studies of subcompartmentalization of nuclear macromolecules
require additional control of nuclear matrix integrity.
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In the context of complicated genome organization
and great number of structural and regulatory fac-
tors functioning in cell nucleus, subcompartmenta-
lization, i.e. correct spatial organization, is a bio-
logical property of nuclear macromolecules as im-
portant as their activity. Nuclear matrix (NM) is now
considered to be the main component of the cell
nucleus, which can provide spatial coordination of
intracellular molecules and biochemical processes. It
is known that apart from structural functions, e.g.
formation of chromatin loop domains, NM is in-
volved in transcription, replication, reparation of
DNA and transport of macromolecules [6,10,12].
Despite large body of evidence on NM structure
and functions, there are serious problems related to
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methods of NM preparation [3]. Several methods of
NM preparations were proposed [5,8,11]. These
methods in different variations are widely applied
in the studies of NM structure and functions as well
as for investigation of subcompartmentalization of
nuclear proteins. The main approach for NM pre-
paration is extraction of chromatin not associated
with the matrix with high ionic strength solutions
in combination with hydrolysis of nuclear DNA (or
DNA and RNA). This chromatin extraction stage
faces serious criticism, because high salt concen-
trations can impair intermolecular interactions and
introduce artifacts in protein-nucleic composition as
well as in the structure of NM [4]. In light of this,
the maintenance of NM integrity during its prepara-
tion is an important problem.

The aim of this study was to investigate the
resistance of NM to different conditions of extrac-
tion of non-matrix-associated chromatin. Since NM
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properties depend on protein composition that not-
ably varies in different cell types, we conducted a
comparative analysis of NM integrity in artificially
transformed human and animal cells and in human
tumor cells. The integrity of NM was evaluated by
the content of lamin B, a major NM protein, in the
nuclear fractions.

MATERIALS AND METHODS

Experiments were carried out on HeLa (human cer-
vical adenocarcinoma), MCF-7 (human breast adeno-
carcinoma), HEK293 (Ad5-transformed human em-
bryonic kidney epithelial cells) and COS-7 cells
(SV40-transformed African green monkey kidney
fibroblast-like cells). The cells were cultured in
DMEM medium containing 10% newborn calf se-
rum (PAA Laboratories) at 5% CO,.

Cell nuclei were purified as described else-
where [7]. The cells were lysed in 0.25 STC buffer
(0.25 M sucrose, 50 mM tris-HCI pH 9.0, 5 mM
CaCl,, 20 mM NH,CI, 2 mM phenylmethylsulfonyl
fluoride (PMSF), 1 mM dithiothreitol) containing
0.2% Triton X-100. The nuclei were purified by
double centrifugation of the suspension in 0.25
STC through a layer of 1 STC buffer (identical to
0.25 STC buffer, but containing 1 M sucrose). Fi-
nal washing was performed in 0.25 STC buffer.

NM preparation in vitro by the DN method
(DNase — NaCl) was conducted as described else-
where [11] with modifications. Purified nuclei were
treated with DNase I (Serva) in concentration 250
U/mg chromatin (chromatin concentration in the
suspension was 6 mg/ml) at 4°C for 30 min and the
nuclease fraction (N) was collected. Additional chro-
matin fractions were obtained by sequential extrac-
tion of the nuclei with TM buffer containing
10 mM tris-HCI1 (pH 7.5), 0.2 mM MgCl,, 2 mM
PMSF, and 1 mM dithiothreitol (TM fraction), TM
buffer containing 2 M NaCl (high-salt fraction, HS).
Then NM was washed with TM buffer (washout
fraction, W). After repeated washout with TM, the
final sediment, NM, was obtained.

In vitro isolation of NM using DA method
(DNase — ammonium sulfate) was conducted as
described previously [5] with modifications. Hydro-
lysis of nuclear DNA was performed as described
above, then 1 M (NH,),SO, was added to the sus-
pension dropwise to a final concentration of 0.25 M,
the suspension was incubated at room temperature
for 5 min and the supernatant (nuclease and high-
salt fraction, NHS) was separated. The sediment
was washed with TM buffer (fraction W) and after
repeated washing with TM buffer, final sediment,
NM, was obtained.
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In vitro NM preparation by ND method (NaCl —
DNase) was performed as described earlier [8] with
modifications. Purified nuclei were resuspended in
TM buffer containing 1.5 M NaCl (chromatin con-
centration in the suspension was 6 mg/ml), incu-
bated for 5 min at 4°C, and the supernatant was
separated (HS fraction). Then chromatin was ex-
tracted with TM buffer (TM fraction), the sediment
was resuspended, and DNA hydrolysis was carried
out as described above (fraction N). NM was wa-
shed with TM buffer (fraction W) and after repea-
ted washout with TM buffer, the sediment (NM)
was obtained.

Electrophoresis of nuclear fraction proteins was
conducted in 7% or 10% denaturating PAAG with
consequent silver staining.

Immunoblotting was conducted after electro-
phoresis of the prepared nuclear fractions in 10%
denaturating PAAG using goat polyclonal antibo-
dies to lamin B and HRP-conjugated rabbit anti-
bodies to goat IgG (Santa Cruz Biotechnology).

NM was prepared in situ as follows. The cells
were cultured on coverslips treated with 0.01%
polylysine solution (Sigma). Specimens were sequ-
entially incubated in extraction buffers on ice with
slow mixing. Cell lysis, purification of cell nuclei,
and preparation of NM samples by DN, DA and
ND methods were conducted in situ as described
above. DNA hydrolysis was carried out with 250
U/ml DNase I.

Immunofluorescent staining of specimens was
conducted after fixation with 2% paraformaldehyde
and treatment with 0.5% Triton X-100. Specimens
were preincubated in BB buffer (5% newborn calf
serum in sodium phosphate buffer, pH 7.4), incu-
bated with antibodies to lamin B (as described
above), washed with BB buffer, incubated with
Texas Red-conjugated mouse antibodies to goat
IgG (Santa Cruz Biotechnology), and washed with
BB buffer and then with phosphate buffer.

RESULTS

Electrophoresis of proteins from different NM sam-
ples collected from HelLa cells in vitro (Fig. 1, a,b)
showed that irrespective of the preparation method
some proteins were present in NM: this is most
distinctly notable for polypeptides with molecular
weights of 40-43, 67-70 and 200 kDa. At the same
time, different NM samples had different protein
composition. In particular, the sample prepared by
ND technique was characterized by high content of
low-molecular-weight proteins (12-16 kDa) and
proteins with molecular weights of 30-35 and 170
kDa. Thus, the polypeptide profiles of NM from the
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same source prepared by different techniques were
quantitatively and qualitatively different. The dif-
ferences in polypeptide composition of NM are re-
lated to differences in the composition of soluble
chromatin fractions.

NM samples obtained by different purification
techniques from HeLa cells in situ had similar spa-
tial structure [1,5,8,11]. We carried out in situ puri-
fication of NM from HEK293 cells, were not pre-
viously used in these studies. For the analysis of the
structure of in situ prepared NM, HEK293 cells
cultured on coverslips were sequentially washed in
all solutions used for isolation of nuclei and NM in
vitro and then immunofluorescent staining of the
prepared specimens with antibodies to lamin B was
carried out. Lamin B was chosen as the main sub-
ject of the study because this protein is expressed
in all tissues and cell types, whereas lamin A/C
expression is tissue-specific [2], which can com-
plicate comparative analysis of chromatin fractions
obtained from different cell types.

During purification of cell nuclei and subse-
quent in situ preparation of NM, nuclear morpho-
logy did not virtually change until DNA hydro-
lysis: lamin B was located in cell nucleus, typical
staining was seen along nucleus periphery (Fig. 2,
a-c). After high-salt extraction with 2 M NaCl or
0.25 M (NH,),SO, (DN and DA methods, respec-
tively) the nuclei became smaller, but the NM struc-
ture was preserved. Nuclear localization of lamin
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Fig. 1. Polypeptide composition of NM samples prepared using
different techniques. Proteins from NM samples purified from Hela
cells using different techniques in vitro were separated in 10% (a)
and 7% (b) PAAG; 4 pg of each sample was used for silver
staining.
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B was still clearly seen. Peripheral localization of
lamin B in these samples was less pronounced, which
can be attributed to the loss of nucleus volume and
compaction of the nuclear membrane. This leads to
intensification of fluorescence in internal zones of
the nuclei. At the same time, peripheral localization
of lamin B was still observed in some regions of
the nuclear membrane (Fig. 2, d ,e). If the high-salt
extraction was carried out before DNA hydrolysis
(ND method), the preparations contained no typi-
cally stained cell nuclei, but only amorphously stai-
ned regions probably corresponding to fragments
of nuclear membrane (Fig. 2, f).

Thus, in situ preparation of NM can be accom-
panied by its partial degradation and appearance of
its structural components in soluble chromatin frac-
tions. For evaluation of the integrity of skeletal
structures of the cell nucleus, we studied the content
of lamin B in all nuclear fractions obtained during
NM purification. Lamin B was detected in purified
cell nuclei and in NM samples prepared with any
of the applied methods (Fig. 3, a-h), which agrees
with the data on its localization [13]. However,
analysis of lamin B content in soluble chromatin
fractions showed that the integrity of NM structure
depended on the purification method. Lamin B was
virtually absent in soluble chromatin fraction (Fig.
3, a, d, g) after preparation of NM from all cell
types by DN method, while at different stages of pu-
rification of NM from HEK293 cells and MCF-7 by
DA and ND methods, an appresiable portion of nu-
clear lamin B pool appeared in soluble not-matrix-
associated chromatin fractions (Fig. 3, b, ¢, e, /).

After extraction of chromatin with NaCl with-
out preliminary DNA hydrolysis (ND method) tran-
sition of lamin B into soluble fractions (Fig. 3, ¢, f)
was probably determined by strong DNA-protein
interactions. The appearance of an appreciable part
of lamin B in not-matrix-associated chromatin frac-
tions after high-salt extraction without preliminary
DNA hydrolysis was associated with partial degra-
dation of the nuclear membrane. At the same time,
the high-salt fraction prepared without DNA hydro-
lysis is characterized by high viscosity, which hin-
ders sedimentation of insoluble chromatin during
centrifugation. For reducing the viscosity of high-
salt fraction and promoting sedimentation of inso-
luble chromatin, chromatin concentration in this
fraction was decreased, DNA was mechanically
broken, and the rate of centrifugation of this frac-
tion was increased. In all cases, lamin B was found
in the high-salt fraction. The only condition for
efficient separation of non-matrix-associated chro-
matin from NM was destruction of strong bonds
between chromosome DNA and NM. Even short-
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Fig. 2. Immunofluorescent staining of lamin B in cells, nuclei, and
NM samples purified using different in situ methods from HEK293
cells. a) native cell nucleus; b) after purification of nuclei; c) after
DNA hydrolysis; d-f) NM after high-salt extraction using DN, DA,
ND techniques, respectively.

term incubation of cell nuclei with DNase I before
high-salt extraction was enough for retention of
lamin B in NM: after preliminary 10-min DNA hydro-
lysis, lamin B was virtually not detected in the high-
salt fraction (Fig. 3, i). Thus, the sequence of DNA
hydrolysis and high-salt extraction plays the key role
in preservation of the structure of prepared NM.

On the other hand, the use of different salts for
extraction of non-matrix-associated chromatin pro-
vides different degree of structural integrity of NM.
We found that non-matrix-associated chromatin
obtained after extraction of NM by DN method
does not contain lamin B (Fig. 3, a, d, g), whereas
after NM purification from HEK293 and MCF-7
cells by DA methods lamin B was detected in the
soluble chromatin fraction (Fig. 3, b, e). Ammo-
nium sulphate used in DA method of NM purifica-
tion was proposed for high-salt chromatin extrac-
tion as an alternative to sodium chloride. Ionic
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strength of 0.25 M (NH,),SO, solution is equal to
ionic strength of 2 M NaCl solution, which provides
a possibility to reduce salt concentration in the
extracting buffer and ensure comparable complete-
ness of extraction of non-matrix-associated chro-
matin [4,5]. However, our findings suggest that
ammonium sulphate destabilizes NM.
Extractability of lamin B into soluble chromatin
fractions can also depend on the cell type. The
studied cell types considerably differ by their phy-
siology and gene expression and protein profiles.
These differences manifest in different protein pro-
files and specific structural features of NM and
probably are responsible for different resistance of
NM from different cell types to the procedure of
fractionation of cell nuclei. Thus, lamin B content
in non matrix-associated fractions prepared using
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Fig. 3. Content of lamin B in nuclei and nuclear fractions. Nuc:
purified cell nuclei. N, TM, HS, NHS, W: soluble chromatin fractions
obtained by NM purification using different techniques. Nuclear
fractions were prepared from HEK293 cells (a-c), MCF-7 (d-f) and
COS-7 (g, h) using DN (a, d, g), DA (b, e, h) and ND (c, f) in vitro;
i) content of lamin B in purified cell nuclei (Nuc), high-salt chromatin
fraction (HS), and nuclear matrix (NM) obtained from HEK293 cells
using DNA hydrolysis of different degree. For immunoblotting, 20
ug protein from each sample was used. Arrows: position of lamin B.
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DA (Fig. 3, b, e¢) and ND (Fig. 3, c, f) techniques
varied notably between HEK293 and MCF-7 cells
nuclei fractionating. Furthermore unlike HEK293
and MCF-7 cells, in COS-7 cells lamin B was not
detected in soluble chromatin fractions after NM
preparation using DA method (fig. 3, h).

Thus, the method of NM preparation consider-
ably affects the structure of the final sample and
detection of matrix-associated proteins in soluble
chromatin fractions attests to partial destruction of
NM during the purification procedure. Our data
suggest that chromatin extraction with sodium chlo-
ride after DNA hydrolysis preserves NM integrity
during its extraction from different cell types. It
should be noted that while preparation technique
little affected the structure of NM fibrogranular
system observed under electron microscope [9],
studies of NM endonuclear subcompartmentaliza-
tion and functioning during coordination of spatial
macromolecule distribution require to control the
integrity of NM during purification procedure. Dif-
ferent techniques of chromatin fractionation are
now used in studies of intranuclear localization of
macromolecules, but even the most frequently ap-
plied fractionation technique with extraction of non-
matrix-associated chromatin with ammonium sul-
phate can lead to partial destruction of NM. In this
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context, the studies of intranuclear localization of
macromolecules often require the use of various
techniques.
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