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Using the Southwestern blot analysis we have studied the interactions between rat
repetitive sequence Mspl8 and the nuclear matrix proteins of rat testis cells. Starting
from 2 weeks the young to adult animals showed differences in type of testis nuclear
matrix proteins recognizing the Mspl8 sequence. The same sets of nuclear matrix
proteins were detected in some fractions enriched in spermatocytes and spermatides
and obtained after fractionation of testis cells of adult animals by the velocity

sedimentation technique.

Eukaryotic interphase chromatin as well as
metaphase chromosomes are thought to be or-
ganized into loop domains attached at their
basis to proteinaceous structure called nuclear
matrix or chromosomal skeleton. This loop or-
ganization is probably important not only for
compaction of the chromatin but also for the
regulation of gene expression and replication
[1]. Sequences delimiting the domains called
MARSs or SARs (matrix /scaffold attachment re-
gions) are operationally defined by high bind-
ing affinity to the nuclear matrix [2, 3]. Very
often the regulatory sequences including en-
hancer sequences were found in close vicinity
or inside of MAR sequences [2, 4]. DNA-nu-
clear matrix interactions change during differ-
ent nuclear processes and during the diffe-
rentiation of cells. It was shown that on actively
transcribed sequences additional attachments
to nuclear matrix appear [5]. This probably
correlates with changes of loop sizes observed
in some pathological states and during the dif-
ferentiation of cells [6].

Previously we have isolated a 454 bp long
fragment of rat repetitive sequence belonging

to rat LINE family. The sequence called Mspl8
complexed efficiently to rat testis nuclear ma-
trix proteins [7]. Mammalian spermatogenesis,
a complex differentiation process, requires the
coordinated expression of numerous genes and
very deep reorganization of genetic material [8,
9]. To study the possible role of Mspl8 repetitive
sequence during the process of spermatogen-
esis we looked for the nuclear matrix proteins
recognizing this sequence in testis cells of
young animals of different age in which the
spermatogenesis process was not completed or
in the testis cells of adult animals fractionated
by the sedimentation method. Changes in nu-
clear matrix-Mspl8 repetitive sequence during
the differentiation were observed.

MATERIALS AND METHODS

DNA. Rat repetitive sequence Mspl8 was iso-
lated and cloned into pUC19 vector as de-
scribed before [7)]. Plasmid DINA was isolated
according to standard lysozyme and alkali lysis
method [10]. MsplI8 fragments were cut from

*The work was supported by the State Committee for Scientific Research grant 6P203 028 05.
Abbreviations: BSA, bovine serum albumin; LINE, long interspersed repeated sequences; MAR, matrix
attachement region; SAR, scaffold attachement region.
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plasmid with HindIIl and EcoRI enzymes, sep-
arated from vector seguences on agarose gel
and end-labeled with **P using polynucleotide
kinase or Klenow polymerase [10].

Nuclear matrices. Proteins of the nuclear ma-
trices from rat testis were isolated according to
the modified “high-salt” method [11]. The nu-
clei were purified by centrifugation in 22 M
sucrose and washed with 1% Triton X-100 in
STM buffer (0.25 M sucrose, 10 mM Tris/HCI,
pH 7.4, 3 mM MgCly). The nuclear pellet was
stabilized (10 min incubation in STM buffer
completed with 5 mM CuSQy) and washed
with STM. Then the nuclei were treated with
DNase I at 100-200 pg/ml in 0.1 M NaCl/STM
for 60 min at 20°C. The remnant nuclei were
extracted with 0.5 M NaCl/STM followed by 2
M NaCl in STM to obtain the matrices. On all
stages the 0.5 mM PMSEF /phenylmethylsulfo-
nyl fluoride (Sigma) was present in the buffers.
The final nuclear matrix protein preparations
were suspended in 0.1 M NaCl/5TM with 50%
glycerol and stored at -20°C. Isolation of pro-
teins of the nuclear matrices from spermatozoa
and cells separated in sedimentation apparatus
was performed as described above omitting
centrifugation in 2.2 M sucrose.

Southwestern blot analysis. The nuclear ma-
trix proteins (about 100 pg per slot) were re-
solved in 10% polyacrylamide/SDS gel and
electrotransferred onto filter (Hybond C extra
or Immobilon P} in 25 mM Tris, 190 mM glycine
and 20% methanol. After transfer these filter-
bound proteins were incubated for 5 h at 25°C
in renaturation buffer containing 50 mM Tris
(pH 7.4), 50 mM NaCl, 1 mM EDTA, 1 mM
dithiothreitol and 2.5% BSA in the hybridiza-
tion oven. After washing with the binding buff-
er (the same composition as above except that
0.25% BSA was added) filters were incubated
for 5 h at 20°C or 3?“{: in the binding buffer
supplemented with **P-end-labeled DNA probe
and one of different competitor DNA. Then fil-
ters were washed, dried and autoradiographed.
To determine molecular weight (M,) of investi-
gated proteins we used two kits of Prestained
SDS Molecular Weight Markers (Sigma SDS-7B).

Fractionation of rat testis cells. The proce-
dure was described by Wolgemuth et al. [12]
with small modifications. Briefly: after the
removal of tunica albuginea, testes of 3 rats
were digested successively with collagenase in
1 mg/ml of Dulbecco moedified phosphate buf-

fered saline (DPBS) at 33°C for 20 min. Then
digestion with trypsin and DNase | at concen-
trations of 0.25 and 1 mg/ml, respectively, was
performed at 33°C for 5 min. Cell suspension
was homogenized using Pasteur pipette and
centrifuged 200 x g through a cushion of 0.5%
bovine serum albumin (BSA) containing 1
g /ml DNase for 10 minat 10°C. The pellet was
resuspended in 0.5% BSA with 1 ug/ml DNase,
filtered through gauze and layered on the top
of 2%—4% bovine serum albumin gradient pre-
formed earlier in sedimentation apparatus.
Total volume of the gradient was 600 ml. On the
bottom the 150 m! cushion of 10% BSA was
placed. Cells were layered on the top of gra-
dient in volume of 25 ml and the top of the
gradient was covered with 50 ml of 0.2% BSA.
The gravitational sedimentation of cells was
carried for 90 min at 4°C and the material from
the gradient was collected in 10 fractions. The
amount of cells in each fraction was counted.

RESULTS

To study the interactions between nuclear ma-
trix proteins and Mspl8 sequence we used the
Southwestern blot technique. The nuclear ma-
trix proteins of rat testis, brain, liver and kidney
cells separated in SDS/polyacrylamide gel
electrophoresis and transferred to membrane
were complexed to labeled Mspl8 sequence in
the presence of 1 pg poly dAdT/ml as a com-
petitor at 20°C. Fig. 1 demonstrates an observa-
tion, that in nuclear matrices isolated from
different tissues there exist sets of proteins, of
different M., interacting with Mspl8 sequence.
The electrophoregrams of proteins isolated from
various sources (Fig. 1A) were similar, but in
Southwestern blot analysis these proteins gave
different, tissue-specific patterns.

In the next experiments we investigated the
binding of Mspl8 to rat testis nuclear matrix
proteins at different temperatures and in the
presence of different competitors. Fig. 2 com-
pares the results obtained in the presence of
sonicated E. coli DNA, poly dAdT and poly
dIdC as competitors and at two different tem-
peratures. The amount of the protein bands
complexing with the MspI8 was dependent on
the conditions, i.e. the type and amount of com-
peting sequences and the temperature at which
the reaction took place. The most prominent
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Fig. 1. Southwestern analysis of complexes formed
by Mspl8 with nuclear matrix proteins isolated from
different rat tissues: testis (denoted T), brain (B),
liver (L) and kidney (K).

Molecular weight markers of prestained proteins (a2
macroglobulin from human plasma, f-galactosidase from
E. coli, fructose-6-phosphate kinase from rabbit muscle,
pyruvate kinase from chicken muscle, fumarase from
porcine heart, lactic dehydrogenase and triosephosphate
isomerase from rabbit muscle) were bought in Sigma and
had apparent molecular weight given by producer; on the
figures My x 107 are given. A. Coomassie Blue stained
nuclear matrix proteins of different tissues resolved on
10% polyacrylamide gel electrophoresis. B. Binding of
Mspl8 to nuclear matrix proteins of different tissues. The
reaction was performed at 20°C in the presence of 1 pg/mi
poly dldC as a competitor.

signals were always obtained from bands con-
taining proteins of about 32000, 46000-48000,
7600084000 and 120000 (Fig. 2). Comparison
of the results obtained after the reaction per-
formed in different temperatures shows that
this parameter has great influence on the effi-
ciency and quality of DNA-nuclear matrix pro-
teins interactions. Increasing the temperature
generally improved the efficiency of the com-
plex formation in presence of all types of com-
petitors. The formation of complex between
MspI8 and high M, proteins of about 120000,
however was strongly inhibited at tempera-
tures higher than 37°C (Fig. 2A). In our experi-
ments poly dAdT was more efficient compe-
titor than poly d1dC and E. coli DNA (Fig. 2B).

The proteins found in different electropho-
retic bands differed in their affinity to subfrag-
ments of Mspl8 molecule. Figure 3 compares
the interactions of two parts of Mspl8 molecule
and nuclear matrix proteins of rat testis. The
studies performed by the Southwestern
method show that subfragments differ in their

0°C arc arc

Fig. 2. Southwestern analysis of complexes formed
by MspI8 with nuclear matrix proteins of rat testis
in the presence of different competitors and at differ-

ent temperatures.

A. Binding of Mspl8 to rat testis nuclear matrix proteins
in the presence of 10 ug,/ml sonicated E. coli DNA as a
competitor at 20°C (left lane) and 37°C ({right lane).
B. Binding of MsplB to rat testis nuclear matrix proteins at
37°C in the presence of different competitors in concen-
tration of 2 pg,/ml {poly dAdT, left lane, and poly d1dC,
right lane).

affinity to low and high M, proteins. The pro-
minent signal on the blot probed with labeled
322 bp subfragment (5’-subfragment of Mspl8)
was obtained from the protein with M; of about
120000 whereas the shorter, 183 bp subfrag-
ment (3'-part) interacted most efficiently with
proteins of about 84000.

Searching for the role of Mspl8-protein inter-
actions in the process of spermatogenesis we
performed the experiments using the proteins
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. Fig. 3. Binding of subfrag-
- ments of Mspl8 to rat testis
-« T % nuclear matrix proteins; 5’
.ﬁ, — w28 fragment of 322 bp (denoted
- s EcoRI{HinfI ) and to 3' frag-
4 ment of 183 by (Hinfl/Hin-
> dll).

i Southwestern analysis of pro-
teins recognizing the Mspl8
subfragments was performed in
presence of 10 pg sonicated
DINA E. coli as competitor.

E. coll DINA; 20°C
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isolated from testis of young animals in which
the spermatogenesis was not completed. Fig-
ure 4 presents the results of Southwestern blot
analysis performed with proteins of animals
differing in age. Nuclear matrix proteins ob-
tained from testis of 2 to 8 weeks old rats were
probed with MspI8 at 37°C in the presence of 2
pg/ml of poly dIdC. The pattern of proteins
recognizing the Mspl8 sequence seems to
change during spermatogenesis. In the condi-
tions studied the most prominent in interaction
with Mspl8 DNA were bands containing pro-
teins of about: 20000-36000, 48000, 56000,
66000 and 76000. The relative amount of DNA
binding proteins with M; in the range 20000
48000 and 66000-76000 is rather low in prepara-
tions from animals younger than4 and elder than
6 weeks (Fig. 4). The last slot on the Fig. 4 con-
tained proteins isolated from rat spermatozoa.
We did not detect any proteins recognizing the
Mspl8 sequence in spermatozoa in these condi-
tions.

In the next experiment we separated the testis
cells of adult rats using the method of sedimen-
tation in albumin gradient. This method en-
ables the fractionation seminiferous epithelial
cells differing in shapes and densities and to
obtain the fractions enriched in cells from dif-
ferent stages of spermatogenesis [12-14]. The
separation is not complete and cross-contami-
nations of all fractions with cells from different
stages of spermatogenesis were observed.
Some fractions, however, are enriched in cells
of defined phases of spermatogenesis. Accord-
ing to our own microscopical observations and
to the literature data [15] the spermatogonia,
spermatocytes and early spermatides are pres-
ent in the very quickly sedimenting fractions
near the bottom and in the middle parts of the
gradient. Figure 5A shows the sedimentation
profile of testis cells separated in the sedimen-
tation apparatus. Figure 5B presents the results
of Southwestern blot analysis of interactions
between nuclear matrix proteins isolated from
separated fractions of cells and labeled se-
quence Mspl8. Fractions number 2, 4, 5and 6
contained the highest levels of proteins recog-
nizing the MsplB sequence in the reaction in
vitro. The same fractions were enriched {in com-
parison to other fractions) in spermatogonia,
spermatocytes and early spermatides. In frac-
tions containing slowly sedimenting cells and
present on the top of the gradient we identified
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spermatozoa. In Southwestern blot analysis in
this fractions rather low concentrations of pro-
teins interacting with Mspl8 were detected.
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Fig. 5. Nuclear matrix proteins recognizing Mspl8
sequence in testis cells fractionated by sedimenta-
tion technique (fractions [-X).

A. Fractionation profile of testis cells separated on se-
dimentation apparatus. B. Southwestern analysis of com-
plexes formed by Mspl8 with nuclear matrix proteins of
separated cells.



Vol. 43

Rat repetitive sequence Mspl8 323

DISCUSSION

The repetitive sequence Mspl8 interacts with
nuclear matrix proteins of different tissues.
Electrophoretic patterns of proteins recogniz-
ing Mspl8 in Southwestern reaction show
tissue specificity. The highest amounts of differ-
ent proteins complexing with Mspl8 were de-
tected in nuclear matrices of testis and brain
cells. However, on the basis of one dimensional
electrophoresis we have not been able to distin-
guish differences resulting from the presence of
tissue-specific proteins from differences per-
taining to different relative levels of those same
nuclear matrix proteins only present in tissues
in different concentrations.

In our previous studies we found that in
Southwestern blot analysis Mspl8 repetitive se-
quence interacts with only one protein band
when complexed to testis nuclear matrix pro-
teins. The reaction was performed at low tem-
perature of about 4°C [7]. The experiments
presented in this paper show that incubation of
DNA and matrix proteins at more “physiologi-
cal” temperatures (i.e. about 37°C) makes the
pattern of proteins recognizing the Mspl8 se-
quence more complexed. The stabilizing effect
of higher temperature and metal ions on DNA-
nuclear matrix interactions was shown in many
experiments [16, 17, 18]. In our studies we have
observed that the temperature increase stabi-
lizes some Mspl8 interactions with proteins of
lower M; and has a destabilizing effect on
Mspl8 interactions with higher M, proteins.
The reaction was very sensitive to temperature
and presence of different competitors. [t seems
that most of the nuclear matrix proteins inter-
acted with AT tracts present in Mspl8 sequence
as the poly dAdT proved the strongest compe-
titor of all which we investigated.

The change inaffinity of nuclear matrix proteins
to some DNA sequences coupled to temperature
change and observed in vitro may reflect phe-
nomena taking place in the nucleus during the
heat shock, when some sets of genes are turned
off and others are activated [19]. It seems quite
possible that temperature-induced change in
DNA-protein affinity plays some role in these
processes. The elucidation of which particular
proteins change their affinity to DNA, depending
on temperature, needs further studies.

The development of spermatozoa in seminife-
rous epithelium includes three main phases:
spermatogonial multiplication, meiosis and
spermiogenesis. Cells in these phases are called
spermatogonia, spermatocytes and sperma-
tids. Mammalian spermatozoa contain a struc-
ture closely resembling the nuclear matrix and
DNA organized in loops attached to it. The
mean size of the DNA loop in spermatozoon
was, however, about half of the size of the loop
found in other tissues [9, 20]. It seems probable
that responsible for this diminishing of the
loop size may be interactions of some repetitive
sequence with nuclear matrix proteins. To test
this hypothesis we chose the Mspl8 DNA se-
quence which is highly repetitive and showed
higher affinity to rat testis nuclear matrix pro-
teins compared to other sequences. An experi-
ment in which rat spermatozoa proteins were
complexed to Mspl8 showed, however, that in
nuclear matrices of these cells any protein
bands recognizing Mspl8 could be detected.
This finding rather suggests a different role for
nuclear matrix-Mspl8 interactions than final
compaction of chromatin in spermatozoa.

The relative amount of nuclear matrix pro-
teins recognizing the Mspl8 was highest in the
testis of 4-6 weeks old animals. In the seminife-
rous epithelium of these animals process of
spermatogenesis was not completed. Clermont
and Perey [21] have shown that the sperma-
togenesis reaches the stage of very early sper-
matides in 4 weeks-old rats and XIV stage of
spermatides in 6 weeks-old animals. In testis of
4-6 week old animals we observed the highest
level of proteins interacting with Mspl8. Later
on, the relative amount of proteins recognizing
the MspI8 sequence seemed to drop down. This
finding could suggest that some of the Mspl8
recognizing nuclear matrix proteins could be
the transition proteins appearing in the mid-
spermatides.

Studies performed on the nuclear matrix pro-
teins isolated from fractionated testis cells of
adult rats show that the proteins recognizing
Mspl8 sequence are concentrated in fractions I,
V and VI of velocity sedimentation procedure.
According to literature data [12, 15] and our
own light microscope observations, these frac-
tions contained spermatocytes and cells at the
stage of the mid-spermatides. Thus the results
obtained with proteins isolated from fraction-
ated cells are not contradictory to the results
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shown above. These results rnaI also sumeat

that at some stages of spermatogenesis there is
an increase in the amount of proteins recogniz-
ing some subsequences present in Mspl8.

The lack of proteins recognizing Mspl8 in
spermatozoa testifies against the hypothetical
role of Mspl8 in organization of chromatin
loops in spermatozoa. We can not, however,
rule out that this sequence could be engaged in
one of the two processes taking place in pa-
chytene and mid spermatid stage: 1) the reor-
ganization of genetic material involving parti-
cipation of transition proteins, and 2) the regu-
lation of RNA transcription at the stage of pa-
chytene and mid spermatides.

We thank to L. Ponge and M. Lewandowski
for technical assistance and to H. Waniek for

help in preparing the photographs.
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