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Abstract—A new method for isolation of the constitutive heterochromatin (chromocenters) from interphase nuclei of mouse
liver has been developed. This method allows separation of chromocenters of different size. Chromocenter fractions are
essentially free of nucleoli and other contaminants. In contrast to nuclei and nucleoli, the chromocenter fraction is charac-
terized by simpler protein composition, this fraction having a reduced number of proteins (especially high molecular weight
proteins). Chromocenters contain all histone fractions; however, the relative proportion of histone H1 is lower and histone
H3 is higher than in the total nuclear chromatin. The amount of non-histone proteins of 51, 63, 73, and 180 kD is higher in
the chromocenter fraction than in nuclei and nucleoli. The use of immunocytochemistry and immunoblotting methods
revealed the presence of the specific kinetochore component, CENP A protein. This suggests tight association of some
molecular kinetochore components with chromocenters in the interphase.
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The interphase nucleus is a highly organized struc-
ture that consists of numerous compartments, including
nucleoli, heterochromatin, euchromatin, clusters of
interchromatin granules, etc. These compartments are
responsible for coordinated functioning of various
regions of the chromosomes at interphase [1]. It is
thought that about 90% of chromosomal genetic materi-
al exists in a transcriptionally inactive state. In some
mammalian cells a significant proportion of inactive
chromatin exists as constitutive heterochromatin. In
contrast to facultative heterochromatin, the latter is
characterized by a higher package density in interphase,
later replication in S-phase, and by lesser proportion of
structural genes. Chromocenters are the regions of con-
stitutive heterochromatin, which include centromere
sites of chromosomes and which are typical for some
species including mouse [2]. In mouse cells, chromocen-
ters contain satellite DNA of the centromere region of
chromosomes [3]. Several special proteins, so-called
CEN-Proteins, have been recognized only in the cen-
tromere region of chromosomes during mitosis and
interphase [4, 5]. Some other proteins are also co-local-
ized with the centromere region of chromosomes [6-16].
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However, several important questions still remain unan-
swered: do these proteins represent direct constituents of
chromocenters, how tightly are they bound to chromo-
centers, and what structural or functional role do they
play? These questions remain partly from the lack of pure
chromocenter fraction availability. In the present study
we have isolated chromocenter fraction suitable for
analysis of its protein composition and subsequent
preparation of antibodies against chromocenter-bound
proteins.

MATERIALS AND METHODS

Isolation of nuclei. All procedures were carried out at
5°C. Mouse liver was homogenized in 8% sucrose in
buffer A containing 20 mM triethanolamine-HCI (TEA),
pH 7.6, 30 mM KCI, 5 mM MgCl,, 0.1 mM PMSF
(phenylmethylsulfonyl fluoride), and 1 mM DTT
(dithiothreitol). The homogenate was centrifuged at
1000g for 10 min. Concentrated sucrose solution in buffer
A was then added to the pellet up to 2.1 M and the sam-
ple was centrifuged at 50,000g,, for 40 min. The pellet was
resuspended in 8% sucrose in buffer A and centrifuged at
1000g for 10 min.
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Isolation of chromocenter fraction. The isolated
nuclei suspended in 50 mM TEA containing 5 mM
MgCl, and 0.2% Triton X-100 were incubated for
5 min and centrifuged at 1000g for 10 min. The pellet
was resuspended in 2 mM TEA containing 0.5 mM
MgCl, and centrifuged at 1000g for 10 min. The pellet
resuspended in buffer B containing 2 mM TEA and
0.2 mM MgCl, (DNA concentration was about
500 pg/ml) was sonicated using an ultrasound disinte-
grator (MSE) at the amplitude 16 p for 15-20 sec.
Nuclei disintegration was monitored using a phase-
contrast light microscope at 50-fold enlargement. The
nuclear homogenate was layered onto 15% sucrose in
buffer B and centrifuged at 200g for 10 min to remove
unbroken nuclei and other large particles. The pellet
was discarded, and the supernatant was layered onto
30% sucrose in buffer B and centrifuged at 2500g for
20 min to remove nucleoli. The supernatant was lay-
ered again onto 30% sucrose in buffer B and cen-
trifuged at 27,000g,, for 20 min using an SW 28 rotor
of a Beckman centrifuge (USA). The resulting pellet
containing chromocenters was resuspended in 2 mM
TEA containing 0.05 mM MgCl, (buffer C), sonicated
as indicated above for 3 sec, layered onto a stepwise
gradient sucrose solution of 30, 40, and 50% in buffer
C, and centrifuged using the same rotor at 32,000g,,
for 25 min. The layer between 30 and 40% sucrose
contained small chromocenters (chromocenters-1) of
0.1-0.3 um in diameter and the layer between 40 and
50% sucrose contained larger chromocenters (chro-
mocenters-2) of 0.3-0.5 um in diameter.

Protein content was determined by the method of
Schaffner and Weismann [17].

DNA content was determined spectrophotometrical-
ly as described by Spirin [18].

Protein electrophoresis was carried out in a gradient
10-18% polyacrylamide gel using a modification of
Laemmli’s method [19].

Immunoblotting. Proteins were transferred from gel
to nitrocellulose membrane (Sigma, USA) using a stan-
dard method. Nonspecific sorption on the nitrocellulose
membrane was blocked by 4% nonfat dry milk in buffer D
containing 10 mM TEA, 300 mM NacCl, 0.5 mM EDTA
(pH 8.0). Autoimmune serum MS81 (dilution 1 : 1000) of
a patient with rheumatoid arthritis that contained anti-
bodies against CENP-A was used as primary antibodies.
Secondary antibodies conjugated with peroxidase
(Sigma) were used in dilution 1 : 20,000. The incubation
with primary and secondary antibodies was carried out in
buffer D containing 1% BSA and 0.2% Tween-20. 3,3'-
Diaminobenzidine was used as the substrate for peroxi-
dase.

Immunocytochemistry. Mouse cell culture 1929
was cultivated as described earlier [20]. Cells were
fixed with 3% formaldehyde (Serva, Germany) in
0.1 M PBS for 10 min at room temperature and lysed
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by 0.1% Triton X-100 (Fluka, Switzerland) (prepared
using the same buffer) during 10 min. Autoimmune
serum MS&81 containing antibodies against the cen-
tromere protein CENP-A were used as primary anti-
bodies. Cells were incubated with antiserum (dilution
1:100) at 37°C for 40 min. FITC-conjugated antibod-
ies against human immunoglobulins (Sigma) were
used as secondary antibodies (dilution 1 50).
Chromosomes were stained with the DNA-binding
fluorochrome DAPI (Sigma, 0.1 pg/ml) for 10 min.
Preparations embedded into Mowiol (Calbiochem,
USA) were investigated using an Opton epifluorescent
microscope (Carl Zeiss, Germany) with Neofluar
x100 lens and x10 ocular.

Electron microscopy. Fractions fixed with 1% glu-
taraldehyde (neutralized with NaOH to pH 7.0), and then
with 1% OsO, were dehydrated and embedded into Epon
using a standard method. Ultrathin sections obtained by
using LKB-III ultratome were contrasted with lead cit-
rate and examined in a Hitachi-11B electron microscope
at 75 kV.

RESULTS

Chromocenter isolation. Figure 1 shows a scheme of
chromocenter isolation. To maintain native nuclear chro-
mocenters, livers were homogenized at high concentra-
tion of magnesium ions (5 mM) and relatively low ionic
strength of the isolation medium. These conditions main-
tained the compact state of chromocenters typical for
cells in situ.

The isolated nuclei treated with nonionic detergent
Triton X-100 to remove membrane proteins were trans-
ferred into solution with very low ionic strength and low
concentration of magnesium ions. This resulted in
untwisting of the main part of chromatin to thin DNP
fibers. Under these conditions chromocenters maintained
condensed state and they were separable from dispersed
fragments of soluble chromatin by subsequent centrifuga-
tions.

Nuclei were sonicated for the minimal short time
to maintain chromocenters and nucleoli during disrup-
tion of nuclei and fibrillar chromatin dispersion.
(Otherwise nucleoli fragments comparable to chromo-
centers can be co-sedimented together with them.)
Since nucleoli and chromocenters differ in size they
can be separated by means of differential centrifugation
and in various zones of sucrose gradient. After primary
separation of chromocenters and nucleoli by differen-
tial centrifugation, chromocenters were solubilized into
solution containing 2 mM TEA and 0.05 mM MgClL,.
Under these conditions chromocenters maintained
condensed state whereas non-chromocenter chromatin
and nucleoli or their fragments were greatly dispersed.
The use of a stepwise sucrose gradient resulted in sepa-

BIOCHEMISTRY (Moscow) Vol. 67 No.4 2002



ISOLATION OF CHROMOCENTER FROM MOUSE LIVER NUCLEI 425

+50 mM TEA (pH 7.6), 5 mM MgCl,

¥ 1000g, 10 min

+2 mM TEA, 0.5 mM MgCl,

v 1000g, 10 min

+2 mM TEA, 0.2 mM MgCl, (buffer B)

ultrasonic treatment for 15 sec

\/
layered onto 15% sucrose in buffer B
200g, 10 min
sediment of unbroken nuclei
supernatant )
layered onto 30% sucrose in buffer B
2500g, 20 min
Pellet of nucleoli
supernatant

layered onto 30% sucrose in buffer B

‘NZOOOQ’ 20 min

Supernatant ‘ Pellet of chromocenters ‘
(soluble +2 mM TEA, 0.05 mM MgCl, (buffer C)
chromatin) .
+ ultrasonic treatment for 3 sec

SW-28
16,000 rpm
for 25 min 30%
3 40% = sucrose in buffer C
/ %\ 50%

chromocenters-1 chromocenters-2

Fig. 1. Scheme of chromocenter isolation.

ration of compact chromocenters from small fragments
of dispersed chromatin, nuclear membrane, nucleoli,
chromocenter aggregates, and other large particles.
Fractions collected at interfaces of sucrose solutions
were rather homogenous in size and consisted mainly of
chromocenters. Repeated centrifugation in the same
sucrose gradient did not improve purification of chro-
mocenter fractions. All steps of chromocenter isolation
were carried out under light and electron microscopy
control (Fig. 2).

Each fraction of chromocenters (chromocenter-1
and chromocenter-2) contained about 2% of total
nuclear DNA (together about 4%).

Electron microscopy. Figure 2a shows mouse liver
nucleiin 2 mM TEA and 0.2 mM MgCl,. Chromocenters
are seen as roundish bodies (200-400 nm in diameter)
that consist of electron-dense condensed chromatin.
Chromocenters and nucleoli differ from chromatin and
other nuclear elements by electron density. Chromatin is

Fig. 2. Ultrathin slices of preparations of isolated nuclei (a),

R X . nucleoli containing pellets (after ultrasonic treatment) (b), and
seen as fibrillar structures (of 10-30 nm diameter) distrib- chromocenters (the fraction obtained at the interface layer

uted over the whole volume of the nucleus. In this solu- between 40 and 50% sucrose) (c).
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tion peripheral chromatin and also perinucleolar chro-
matin (condensed in situ) are dispersed and are not tight-
ly adjoined to the nuclear envelope or nucleolus. Under
these ionic conditions nucleoli (in the pellet that consists
of nucleoli and unbroken nuclei, Fig. 2b) are character-
ized by friable granular—fibrillar structure distinct from
the dense chromocenters.

Figure 2¢ shows an electron micrograph of the chro-
mocenter fraction obtained at the interface of between 40
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Fig. 3. Electrophoregrams of proteins obtained using gradient
(10-18%) SDS-PAGE: I) total protein of mouse liver nuclei
(25 pg); 2) chromocenter fraction obtained at the interface
layer between 30 and 40% sucrose (25 pg); 3) chromocenter
fraction obtained at the interface layer between 40 and 50%
sucrose (25 ug); 4) the same fraction obtained at the interface
layer between 30 and 40% sucrose (3.5 pg); 5) fraction of
nucleolar pellet (after ultrasonic treatment of nuclei) (36 pg).
M, molecular mass (kD); H1, histone H1; H3, H2B, H2A, and
H4, histones of the nucleosome core-particle; hyphens (=)
show protein bands predominating in nuclei than in chromo-
centers; ticks (<) indicate protein zones predominating in
chromocenters rather than in nuclei; dots () show fractions
predominating in chromocenters rather than in nuclei and
nucleoli.
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and 50% of sucrose gradient. This fraction consists of
roundish particles of 300-400 nm in diameter that are
characterized by dense condensed structure. Small quan-
tities of fibrillar and circular structures can be attributed
to contaminants of other nuclear elements.

Thus, our method provides the fraction of mouse
constitutive heterochromatin (chromocenters) that is
essentially free of contaminants representing other cellu-
lar structures. The isolated fraction was used for compar-
ative analysis of proteins of constitutive heterochromatin,
total nuclear, and nucleolar chromatin.

Protein electrophoresis. Figure 3 shows elec-
trophoregrams of total nuclear proteins, proteins
obtained from different zones of stepwise sucrose gradi-
ent, and proteins of nucleolar fraction isolated after
ultrasonic treatment of nuclei. Electrophoregrams of
nuclear proteins (lane 7) and chromocenter fractions
(lanes 2 and 3) are characterized by different protein
content in many bands; in chromocenters many bands
(distributed over the whole length of the lane) are weak-
er than in nuclei. The apparent molecular masses of
protein in these bands are as follows: 23, 24, 27, 36, 39,
43,45, 48, 53, 56, 65, 77, 80, 85, 99, 120, 127, 135, and
143 kD (marked with hyphens). Scanning of the gels
revealed that chromocenter fractions are characterized
by lower histone H1/core histones ratio compared to
the nuclear fraction. In other zones protein content of
chromocenter fraction was the same or even higher than
in nuclei. Besides histones, chromocenter fractions
contain major protein bands with apparent molecular
masses of 37, 41, 63, 67, and 73 kD (marked with ticks).
The intensity of staining of these bands was higher in
chromocenter fraction than in nuclei. Besides these
bands, the intensity of staining in bands corresponding
to apparent molecular masses of 28, 46, 51, 95, and
180 kD was higher in chromocenter fractions, whereas
in bands corresponding to 59, 92, and 105 kD the inten-
sity of staining was the same as in nuclei (marked with
ticks).

The most difficult problem during chromocenter
isolation consists in the separation of chromocenters
from nuclei, because sedimentation characteristics of
small nuclei (under friable state) may be similar to
large chromocenters. For analysis of purity of isolated
chromocenters we have analyzed nucleoli enriched
fraction which was pelleted after ultrasonic treatment
of nuclei (see scheme on Fig. 1). For evaluation of the
content of non-histone proteins, we applied 1.5-fold
higher amount of nucleolar proteins on lane 5 for equi-
libration of protein content in core histone protein
zones of all fractions analyzed. In contrast to chromo-
center fractions, which contain less non-histone pro-
teins than nuclei, the nucleolar fraction is enriched
with many non-histone proteins including high molec-
ular mass ones. Some protein bands predominating in
chromocenter fractions are also present in the nucleo-
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Fig. 4. Immunoblotting of nuclear (/) and chromocenter
preparation (2): a) electrophoregram staining on nitrocellulose
membranes with amido black; b) immune staining on nitrocel-
lulose membranes with M81 antiserum. M, molecular mass
(kD); H1, H3, and H4, histones H1, H3, and H4, respective-
ly.

lar fraction. These include molecular masses about 28,
37, 41, 46, 59, 67, 92, and 105 kD. It is also possible
that chromocenters and nucleoli contain different pro-
teins in these bands. The presence of these protein
bands in nucleoli may be partially explained by con-
tamination of this fraction with large chromocenters
and unbroken nuclei. However, besides these there are
some bands that predominate in chromocenter fraction
compared with nuclei and nucleoli; these include those
at molecular masses of 51, 63, 73, and 180 kD (marked
with dots; Fig. 3).

Using 8-fold less protein of chromocenter-2 applied
onto lane 4 compared with lane 3 (Fig. 3) we were able to
detect only major proteins of this fraction. The protein
content of histone H3 zone was higher than in other his-
tone zones.

Immunoblotting. To evaluate the possible presence of
kinetochore proteins in the isolated chromocenters, we
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have employed immunoblotting and antiserum MS8I1
against kinetochore protein CENP A obtained from a
patient with rheumatoid arthritis. Figure 4 shows
immunoblot analysis of nuclear proteins and chromocen-
ter fraction separated by SDS electrophoresis, transferred
onto nitrocellulose membrane and stained with amido
black (Fig. 4a) or treated with M81 antiserum reacting
with CENP A and with peroxidase-conjugated secondary
antibodies (Fig. 5b). In nuclear and chromocenter prepa-
rations the antibodies stained only one protein band
localized within histone H3 zone.

Immunocytochemistry. To evaluate whether kineto-
chore proteins are present in the isolated chromocenters,
this fraction was stained with antiserum (MS81) against
CENP A. Figure 5 shows that antiserum M81 caused dot-
ted staining of chromosomes and interphase nuclei of
mouse 1929 cells; paired dots are clearly distinguished
within the centromere region (Fig. 5, a and b). Figure 5 (c
and d) shows total preparations of the isolated chromo-
center fraction using phase contrast and antiserum M81
staining. The major part of particles of this preparation
was stained by antiserum MS1.

DISCUSSION

The nucleus is a complex subcellular organelle. All
nuclear substructures are involved in the organization and
functioning of chromatin. In contrast to cytoplasm,
where each organelle exists as a separate structure or has
clear compartmentalization border, the nucleus is a terri-
tory where each nuclear unit is involved in the interaction
with chromatin fibers or DNA. This explains evident dif-
ficulties which accompany isolation of pure nuclear sub-
structures. This also explains why nuclear substructures
are less studied than the cytoplasmic ones. However, the
isolation of organelles may provide decisive evidence for
the localization of protein, nuclear, and other cell com-
ponents; this also allows analysis of the structural basis of
such organelles. The intactness of the isolated structure is
another preconditions for correct structure—functional
analysis; it is strongly influenced by mode(s) and strength
of treatments used for organelle isolation.

Among methods used to isolate nuclear compart-
ments, methods for isolation of nuclear envelope (and its
components) and nucleoli are the best developed [21-
24]. However, removal of chromatin tightly associated
with nuclear envelope or nucleoli is nearly impossible
under native conditions. So concentrated salt solutions
are often used in purification procedures. Such treat-
ment affects the native properties of the resulting prepa-
ration. Recently a method for isolation of clusters of
interchromatin granules was developed; it also uses treat-
ment with concentrated salt solution [25]. Concentrated
salt solutions are also used during isolation of nuclear
matrix [26].
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Fig. 5. Light microscopy. a, b) Chromosomes and nuclei of HeLa cell culture stained with DAPI (a) and antiserum M81 (b); c, d) fraction
of mouse liver chromocenters: ¢) phase contrast; d) M81 antiserum staining.

Many approaches are used for isolation of native
nucleosome and nucleomere chromatin particles [27, 28].
However, problems related to the isolation of higher
organized compact structures of native chromatin remain
to be overcome. These chromatin structures are preserved

in the nucleus only at increased concentrations of biva-
lent cations. However, the use of such cations results in
aggregation of the whole chromatin, and this seriously
complicates the isolation of highly organized chromatin
structures.
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The centromere regions of chromosome containing
satellite DNA are of great interest [29, 30]. Several meth-
ods for isolation of satellite chromatin as soluble frag-
ments obtained by nuclease treatment of chromosomes or
nuclei have been developed [31-35].

Earlier Stephanova et al. reported results of isolation
of chromocenters, native structural complexes of inter-
phase heterochromatin [3]. For separation of chromatin
fractions they employed diffusion of the main part of
nuclear chromatin in solutions of low ionic strength fol-
lowed by sedimentation of large particles which were
resistant to diffusion. This approach resulted in co-isola-
tion of chromocenters together with nucleoli as evi-
denced by the photographs presented in [3].

In the present study we employed differential cen-
trifugation for separation of chromocenters from nucleoli
and purification and separation of chromocenters by sed-
imentation rate in a stepwise sucrose gradient (Fig. 1).
Other characteristic features of our method include the
use of buffer solutions containing magnesium ions as
more physiological for the intranuclear environment.
Chromocenter fraction was not treated with solutions of
high ionic strength because it would lead to protein
extraction. Earlier it was found that in contrast to the
main chromatin, chromocenters in the nucleus maintain
condensed structure at low concentration of bivalent
cations (0.1-0.2 mM Ca”?" and 2 mM Mg?*) [36, 37]. In
the present study we have found that after isolation of
chromocenters from nuclei (by means of fragmentation
under conditions of low ionic strength, 2 mM TEA)
maintenance of the compact structure of chromocenters
requires lower (0.05 mM) concentration of magnesium
ions. Under these conditions nucleoli were very friable,
and this was used to monitor the separation of nucleoli
from chromocenters.

The important goal of this study was to isolate pure
chromocenters with the highest yield. Each fraction of
chromocenters (chromocenter-1 and chromocenter-2)
contained about 2% of the total nuclear DNA (~4% in
total). According to the literature satellite DNA repre-
sents about 7% of the mouse genome and the whole cen-
tromere region of mouse chromosomes represents up to
20% of total DNA [31]. Consequently, DNA content in
chromocenters may be roughly evaluated as 10-20%. In
this case the yield of chromocenters in the isolated frac-
tions is about 30%.

The interphase chromocenters are domains or com-
partments that contain centromere regions of chromo-
somes; they probably represent a special compact form of
chromatin [2]. Cytological study of chromocenters
revealed that they contain not only centromere but also
pericentromere regions of chromosomes. The amount of
chromocenter in the nucleus is less than that of mitotic
chromosomes [2, 20, 37]. Centromere regions can form
one large chromocenter. It is possible that chromocen-
ters may contain chromosomal sites adjacent to the pri-
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mary constriction. In mouse chromosomes these include
major satellite site [29] and telomere region of chromo-
somal shorter arm [38]. Kinetochores located at the pri-
mary constriction may also be included into interphase
chromocenters [39]. Chromocenters may also share
some components with other structures of the interphase
nucleus (to which they are attached). Chromocenters are
often bound to the nuclear envelope [40] and the nucle-
olus [41, 42]. Since the nuclear envelope and the nucle-
olus represent elements of nuclear matrix, chromocen-
ters may also contain components which were initially
identified as components of nuclear matrix. Since chro-
mocenters contain transcriptionally inactive chromatin
they may contain elements of chromosomal and chro-
matin “skeleton” (scaffold) rather than functional part
on nuclear matrix (inner nucleoprotein part of nuclear
matrix).

It is known that heterochromatin containing satel-
lite DNA contains less non-histone proteins than the
total chromatin [3, 32-35]. Our results confirm these
observations: the chromocenter fractions are character-
ized by reduced content of many non-histone proteins.
Histones represent the main proportion of proteins of the
chromocenter fraction (Fig. 3). Slightly decreased con-
tent of histone H1 is consistent with results from other
laboratories on decreased H1 content in bovine satellite
chromatin [33] and in the African green monkey [35].
We also found relative increase of histone H3 content.
This increase may be related to specific packaging of the
centromere chromatin. Kinetochore protein CENP A
(molecular mass 17 kD) is known to be a histone H3
homolog that can replace H3 in nucleosomes [43]. Other
centromere bound H3-like proteins have also been rec-
ognized [44, 45]. In the present report we have demon-
strated that CENP A is preserved in the isolated fraction
of chromocenters. However, immunoblot staining (Fig.
4) suggests that chromocenters are not enriched with this
protein. It is possible that kinetochore components are
located on the surface of isolated chromocenters and are
lost during the isolation procedure. It is also possible that
protein enrichment of the H3 band involves other H3-
like proteins.

Besides the main chromatin proteins, histones,
many various proteins are cytologically co-localized with
mitotic and interphase heterochromatin. These include
CENP (centromere proteins) kinetochore proteins [5],
and heterochromatin proteins involved into heterochro-
matin formation or gene repression such as proteins of
the HP1 family: HP1, M31 (about 25 kD) [8, 9], etc.
Other proteins interacting with either HP1 or satellite
DNA (e.g., SUV39H1 (48 kD) [10], ATRX (280 kD)
[15], INCENP (96 kD) [11], Ikaros (57 kD) [12] and
related proteins such as Helios-70 kD [13]) may also be
co-localized with heterochromatin. A small protein of the
HMG family, HMG I/Y (11 kD) [6, 7], and also proteins
interacting with methylated DNA (29-70 kD) [46] may
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be bound to the centromere region of chromosomes.
Such known proteins interacting with SAR/MAR DNA
of chromosomal scaffold, e.g., topoisomerase II (of 170
and 180 kD) [14], and also proteins of nuclear matrix
specifically bound to major (SAF-A of 120 kD) [47] or
minor (p70 of 70 kD) [16] of satellite DNA were also
found in the centromere heterochromatin.

Proteins of 67-75 kD (the main band of 73 kD) rep-
resent a significant proportion in isolated chromocenters.
It is possible that some of these proteins are specific for
chromocenters. However, it is also possible that lamins
represent part of these proteins as a significant proportion
of chromocenters directly contacts with nuclear envelope
[37, 40, 48]. In should also be noted that in this band of
the electrophoregram there are other proteins which may
be bound to chromocenters (e.g., nuclear matrix proteins
[16]). A protein band of 63 kD is also present in the chro-
mocenter fraction. In contrast to nuclei and nucleoli,
chromocenters are enriched with these proteins. The con-
tent of 51 kD proteins is also higher in chromocenters than
in nuclei and nucleoli. Protein bands of 46 and 92 kD may
also be specific for chromocenters. However, additional
experiments are required to clarify this point because sim-
ilar bands have been found in the nucleolar fraction.

Thus, the analysis of protein composition of isolated
chromocenters suggests that among major non-histone pro-
teins chromocenter-specific proteins can be found bands of
180, 73, 63, 51, and possibly 46 kD. Using similarity in
molecular masses of proteins localized in the centromere
region of chromosomes a list of candidates for chromocen-
ter-specific non-histone proteins includes topoisomerase 11
(180 kD) [14], methylated DNA binding proteins (MeCP2
of 52.4 kD, MBD4 of 62 kD, MBD1 of 70 kD) [46], matrix
protein p70 [16], and SUV39H1 of 48 kD [10].
Chromocenters also contain a protein band of 120 kD (SAF-
A of 120 kD) [47] which is somewhat is less intense than in
nuclei and nucleoli. Molecular masses of some heterochro-
matin proteins are within the region of histone H1: HP1,
M31 (about 25 kD) [8, 9], MBD2b (29 kD), MBD3 (32 kD)
[46]. On electrophoregrams these proteins may be hidden
among subfractions of this histone. However, identification
of proteins in these bands requires special investigation.
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