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A specific immune serum was raised against the tumor-associated pp23 protein from Zajdela hepatoma cells. With the
aid of this immune serum and the immune serum against the same protein from intact rat kidney cells, using immunob-
lotting and affinity chromatography, an immunological similarity of pp23 proteins from rat kidney and Zajdela hepatoma
was shown. pp23 preparations isolated from cells of kidney and Zajdela hepatoma were shown to be equally effective in
induction of membrane tumor-associated protein expression on the surface of intact rat hepatocytes. Based on these
data, it may be concluded that pp23 isolated from rat kidney cells and Zajdela hepatoma cells are practically identical
while possible differences at the molecular level do not affect immunological and functional properties of these proteins.
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Ñ ïîìîùüþ ñïåöèôè÷åñêèõ èììóííûõ ñûâîðîòîê ïðîòèâ îïóõîëåàññîöèèðîâàííîãî áåëêà ðð23 èç êëåòîê ãåïàòîìû
Çàéäåëà è êëåòîê ïî÷åê èíòàêòíûõ êðûñ ïðè èñïîëüçîâàíèè èììóíîáëîòòèíãà è àôôèííîé õðîìàòîãðàôèè óäàëîñü
óñòàíîâèòü èììóíîëîãè÷åñêîå ñõîäñòâî ýòèõ áåëêîâ. Èíêóáàöèÿ ïðåïàðàòîâ ðð23, âûäåëåííûõ èç êëåòîê ïî÷åê è
ãåïàòîìû Çàéäåëà, ñ êóëüòóðîé ãåïàòîöèòîâ èíòàêòíûõ êðûñ â îäèíàêîâîé ñòåïåíè ñïîñîáñòâóåò ýêñïðåññèè  ìåì-
áðàííûõ îïóõîëåàññîöèèðîâàííûõ áåëêîâ íà ïîâåðõíîñòè ãåïàòîöèòîâ. Íà îñíîâàíèè ýòèõ äàííûõ ìîæíî ñ÷èòàòü,
÷òî áåëêè ðð23, âûäåëåííûå èç êëåòîê ïî÷åê êðûñ è êëåòîê ãåïàòîìû Çàéäåëà, ïðàêòè÷åñêè èäåíòè÷íû. Âîçìîæ-
íûå îòëè÷èÿ íà ìîëåêóëÿðíîì óðîâíå íå ñêàçûâàþòñÿ íà èõ èììóíîëîãè÷åñêèõ è ôóíêöèîíàëüíûõ ñâîéñòâàõ.
Êëþ÷åâûå ñëîâà: íåãèñòîíîâûå õðîìîñîìíûå áåëêè, ïðîëèôåðàöèÿ êëåòîê, êðûñà, ïî÷êà, ãåïàòîöèòû, ãåïàòîìà.

Chemical carcinogenesis and cell malignization
have been known to be accompanied by essential
changes in antigen composition of all cell compartments
[1]. The changes of nuclear proteins, especially chro-
matin NHP containing many regulators of gene expres-
sion are of great interest. Neoplastic transformation is
known to be accompanied by the number of NHP mod-
ifications. Alongside with the increasing variety of chro-
matin NHP [2], synthesis of several individual NHP spe-
cies is selectively repressed [3]. Changes in NHP
phosphorylation patterns affect their affinity to DNA [4].
All these modifications often may alter regulation of gene
expression [5�7], some of these alterations being in-
volved in mechanisms of neoplastic transformation.

The chromosomal NHP with protein kinase activity
were detected in hepatocellular tumors and in the liver
of rats after a single injection of a hepatocarcinogen as
well as in normal kidney cells. Meanwhile, it was not re-
vealed in normal rat liver cells. Since after a gradient
ion-exchange chromatography of the chromosomal NHP

preparation on phosphocellulose and a subsequent gel
filtration, this protein could be eluted in the area corre-
sponding to molecular mass around 23 kD [8, 9], it was
designated pp23. pp23 proteins isolated from the above
cells had a significant immunological and functional sim-
ilarity, being able to stimulate DNA synthesis in the rest-
ing Swiss 3T3 cells [10] as well as to induce synthesis of
the membrane MA-50 tumor-associated protein on the
surface of normal hepatocytes [11].

Interestingly, in kidney cells of other mammalian
species, such as human and cattle, a similar protein
with kinase activity has been discovered, which also,
like pp23 protein, was not revealed in the normal liver
cells of these species [12]. Such a protein isolated from
bovine kidney cells has been shown not to be immu-
nologically identical to pp23 from rat kidney cells. In
addition it did not induce the synthesis of MA-50 pro-
tein in culture of normal rat hepatocytes. Nevertheless,
like the rat kidney pp23, the protein from bovine kidney
cells stimulated proliferation of Swiss 3T3 cells [13].
These data suggest that the proteins isolated by the
above procedure from tissues of different species are
characterized by common non-specific functions (stim-
ulation of DNA synthesis), while the ability of these pro-
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teins to initiate synthesis of the tumor-associated,
membrane protein is rather species-specific.

Now, we have raised a specific immune serum to
pp23 protein from rat liver cells. This antiserum revealed
similar protein by the method of indirect immuno-
fluorescence in cells of different tissue specificity, such
as cultivated rat hepatoma cells G27 and HTC, cells of
Zajdela transplanted cells, rat liver cells after a single
action of a hepatocarcinogen, newborn rat kidney cells
as well as proliferating non-tumor myogenic cells of L6
line. In all cases a pronounced specific fluorescence was
observed in the cell nucleus and nuclear membrane [14].

Functional properties of pp23 appear to be connec-
ted directly or indirectly with cell proliferation, differen-
tiation, and malignant transformation. Therefore, it is
worth extending the comparative study of immunologi-
cal, biochemical, and molecular-biological properties of
pp23 with preparations obtained from different sources.

In the present work, a comparative study of pp23 pro-
teins obtained from rat normal kidney cells and Zajdela
hepatoma cells has been carried out using two sera: Is-
AZ (against pp23 from cells of  Zajdela ascitic hepatoma)
and Is-AK (against pp23 from normal rat kidney cells).

MATERIALS AND METHODS
Outbred white male rats weighing 100�130 g raised

at the animal breeding facility Rappolovo of the Russian
Academy of Medical Sciences were used in this work.

To obtain non-fractionated chromosomal NHP,
upon homogenization of tissues (normal rat kidney and
liver) a purified nuclear fraction was isolated. The nu-
clei were destroyed with ultrasound, and foreign pro-
teins as well as DNA and histones were removed by
the procedure described earlier [15]. Preparations of
NHP were placed on phosphocellulose column equili-
brated with 0.1 M NaCl in 0.05 M Tris-HCl buffer, pH
7.5 and eluted with the same buffer containing NaCl at
a concentration increasing linearly up to 0.8 M. Protein
fractions eluted in the area of 0.4�0.5 M NaCl and
showing their own phosphoprotein kinase activity were
additionally purified on Sephadex G-50.

Preparation of the protein eluted in the 22�24 kD area,
which was shown earlier to contain pp23 protein [9], was
used for immunization of rabbits to raise the specific im-
mune serum Is-AZ. The protein preparations were in-
jected into paw pads in a mixture with the complete Fre-
und�s adjuvant (1 : 1) with subsequent immunizations in
2�3 weeks, then in 4 weeks. The blood was collected
8�14 days after the last injection and IgG fraction was
purified on the column with immobilized protein A.

Cell cultures of G27 and HTC rat hepatomas, and
differentiated myogenic cell line L6 were obtained from
the Russian Cell Culture Collection (Institute of Cyto-
logy, Russian Academy of Sciences, St. Petersburg,
Russia). Cells of the transplantable Zajdela ascites
hepatoma and rat hepatocytes as well as hepatocytes
of rats exposed to a single dose of a hepatocarcino-
gen, diethylnitrosoamine, were isolated by the proce-
dures described earlier [16]. All the cells were fixed for

6 min with methanol at �200C, and the antigens under
study were assayed by indirect immunofluorescence.

Electrophoresis of non-fractionated NHP and pp23
purified by an affinity chromatography was performed in
12.5% polyacrilamide gel by the method of Laemmli [17].
To concentrate the samples, they were precipitated with
10% TCA and dissolved in the electrophoresis buffer.
After electrophoresis, the proteins were transferred to
nitrocellulose by the method of Towbin et al. [18]. Im-
munoblotting was performed as described earlier [12].

The affinity chromatography of preparations of kid-
ney NHP and Zajdela hepatoma NHP was done using
BrCN-activated Sepharose (Sigma, USA). Immunoglo-
bulins of Is-AZ and Is-AK sera were used as ligands.
Elution was done with a buffer containing 0.2 M glycine,
pH 3. The rate of the elution did not exceed 15 ml/h. Due
to slight amounts of protein, the yield of the desorbed
proteins was recorded by absorption at 215 nm. The
preparations obtained were used for studying effects of
pp23 on the expression of MA-50 membrane proteins
in rat hepatocyte suspension and for immunoblotting.

Suspension of hepatocytes was obtained accord-
ing to recommendations of Seglen [19] with some modi-
fications. Cells isolated from the rat liver were filtered
through nylon and incubated for 5 h, with a slight rock-
ing, in the William�s E medium (Flow, UK) with L-glu-
tamine, 10% bovine embryonal serum (Gibco, USA),
and 100 mg/ml gentamycin (Serva, Germany) with or
without the studied pp23 preparations (1�2 mg/ml). At
the end of the incubation, hepatocytes were washed
with a cold Ringer solution (pH 7.4) and examined by
indirect immunofluorescence. The reaction of the indi-
rect immunofluorescence was performed using a com-
mercial preparation of the donkey immune serum to
rabbit globulins. The immune serum was labeled with
fluorescein isothiocyanate (Research Institute of Epide-
miology and Microbiology, Russian Academy of Med-
ical Sciences, Moscow, Russia).

RESULTS AND DISCUSSION
It was accepted in the 1980s that chromatin NHP,

unlike NHP-DNA, were not immunogenic [20]. How-
ever, subsequently several researchers managed to
raise immune sera to heterogeneous preparations of
the chromatin NHP [8, 21] and even to individual pro-
teins [22, 23] present in cells in considerable amounts.
We have succeeded in raising specific immune serum
(Is-AK) to pp23 protein kinase from normal rat kidney,
the content of this kinase in cells being rather low. Dem-
onstration of pp23 in normal proliferating rat cells and
tumor cells of different origin by the method of indirect
immunofluorescence using this immune serum [14] has
allowed us to suggest an immunological similarity of
pp23 proteins in different rat cells. To study this prob-
lem in more detail, we performed cross-detection of
the proteins pp23 isolated from normal rat cells and
cells of Zajdela rat hepatoma, using Is-AK immune
serum and Is-AZ immune serum raised in this work
against purified pp23 from Zajdela hepatoma cells.
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The results of immunoblotting are presented in
Fig. 1. Both immune sera (Is-AK and Is-AZ) detected
two nearby located bands in the region of 65 kD upon
electrophoresis of  NHP preparations from rat kidney
as well as proteins from Zajdela hepatoma cells.  It may
be concluded that both sera interact with pp23 proteins
from rat kidney cells and rat Zajdela hepatoma cells
with equal specificity, which confirms a suggestion of a
significant similarity of these proteins. The presence of
two nearby located bands on the immunoblot may in-
dicate either the existence of two modifications of this
protein in rat kidney cells and Zajdela hepatoma cells
or a partial degradation of the protein in the process of
its visualization. The values of molecular masses from
electrophoresis and subsequent immunoblotting differ
from the values from gel filtration reported earlier [9].
This might be due to a strongly packed conformation
of pp23 protein, which does not affect the process of
gel filtration of native proteins. Meanwhile, in the pro-
cess of SDS-electrophoresis by Laemmli�s technique,
an unfolding of the protein molecule occurs, which pro-
vides its movement in electrical field depending on its
molecular mass rather than on its conformation.

We also studied the intracellular localization of pp23
protein in cells of different origin (normal liver, kidney,
and Zajdela ascitic hepatoma) by indirect immuno-
fluorescence, using both immune sera to pp23. Treat-
ment of newborn rat kidney cells with the immune se-
rum to pp23 from rat kidney cells was observed to re-
sult in a specific homogeneous fluorescence patterns
in the area of nuclei and nuclear membrane. A similar
fluorescence was also present on treatment of the cells
of hepatocellular tumors G-27, Zajdela hepatoma, and
HTC line with this immune serum. However, unlike the
normal kidney cells, the tumor cells are to be noted to
have fluorescence in the cytoplasmic area adjacent to
the nuclear membrane, which seems to result from a

more active pp23 synthesis [14]. A similar pattern can
also be observed on treatment of the cells with the im-
mune serum to pp23 from Zajdela and HTC hepatoma
cells (Fig. 2, a, b).

Stimulation of Swiss 3T3 cell proliferation in the
presence of pp23 in our previous experiments [10] sug-
gested participation of the protein in initiation of prolif-
eration. Here we analyzed also the patterns of immun-
ofluorescence with immune sera against pp23 in pro-
liferating myogenic cells of L6 line. In this case, a bright,
uniform, specific fluorescence similar to that in new-
born rat kidney cells could be seen (Fig. 2, c). It should
be noted that in the above experiments there was no
fluorescence in normal hepatocytes, which corresponds
to the lack of detection of protein pp23 in normal liver
cells [8].

Based on the data obtained, the conclusion may be
made that pp23 protein is associated not only with neo-
plastic transformation but also with proliferative pro-
cesses. Of interest is the above-described difference
in the fluorescence pattern of tumor cells (G27, Zajde-
la, HTC) and non-transformed proliferating cells (new-
born rat kidney, line L6). By comparing the fluores-
cence pattern of these cells, using the immune sera
Is-AZ and the previously obtained Is-AK, it may be
stated that the both immune sera not only have similar
immunological properties but also reveal in a similar
way the tumor-associated protein pp23 in compart-
ments of different cells. This indicates an essential sim-
ilarity of proteins pp23 in cells of different tissue origin.

To obtain more purified preparations of pp23 pro-
tein from cells of kidney and Zajdela hepatoma affinity
chromatography on BrCN-activated Sepharose was
employed with immunoglobulins of Is-AZ and Is-AK
sera as the ligands. The presence of pp23 in the frac-
tions was checked by immunoblotting using both im-
mune sera. The results of the experiment are present-
ed in Fig. 3. pp23 preparations obtained from kidney
cells by affinity chromatography using Is-AZ immune
serum and pp23 preparations obtained from Zajdela
hepatoma cells using both immune sera contain pro-

Fig. 1. Electrophoretic separation and immunoblotting of non-
fractionated NHP preparations isolated from normal rat kidney
cells (1, 3) and Zajdela hepatoma cells (2, 4) after the treatment
with Is-AK (a) or Is-AZ (b) immunosera

Fig. 2. Intracellular localization of
pp23 in rat cells (Zajdela hepato-
ma � a; HTC hepatoma � b;
nontumor L6 cells � c) as re-
vealed by indirect immunofluo-
rescence with Is-AZ immune se-
rum

a

b

c
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Fig. 3. Electrophoretic separation and immunoblotting of pp23 prep-
arations after the treatment with Is-AK (a) or Is-AZ (b) immuno-
sera: 1, 4 � pp23 preparations obtained from kidney cells by affin-
ity chromatography on BrCN-activated Sepharose using Is-AZ im-
mune serum; 2, 5 � pp23 preparations obtained from Zajdela
hepatoma cells by affinity chromatography on BrCN-activated
Sepharose using Is-AK immune serum; 3, 6 � pp23 preparations
obtained from Zajdela hepatoma cells by affinity chromatography
on BrCN-activated Sepharose using Is-AZ immune serum

teins with molecular mass about 65 kD. Again, there
are two nearby located bands upon electrophoresis and
immunoblotting.

To study the functional properties of pp23 protein
from rat kidney and Zajdela hepatoma, suspension of
intact rat hepatocytes was treated with pp23 and then
the expression of tumor-associated MA-50 antigen
was analyzed by indirect immunofluorescence [24]. All
pp23 preparations under study were shown to induce
MA-50 expression on the surface of hepatocytes where
specific fluorescence of the �ring� type was revealed
(Fig. 4, a-c).

Meanwhile, no such fluorescence was observed on
treatment of the cells with normal rabbit serum
(Fig. 4, d). This indicates that pp23 proteins from kid-
ney cells and Zajdela hepatoma obtained by affinity
chromatography, using Is-AZ and Is-AK immune sera,
have equal ability to induce MA-50 synthesis. Hence,
they have also similar functional properties.

To summarize the results of this study, the immune
serum raised against the tumor-associated pp23 pro-
tein from Zajdela hepatoma cells as well as previously
obtained immune serum against pp23 from rat kidney
cells has shown a significant immunological similarity
between pp23 from different tissue origin. Moreover these
pp23 revealed also identical functional properties.

The above experimental data suggest that pp23
proteins isolated from rat kidney cells and Zajdela
hepatoma cells are nearly identical. Possible differences
at the molecular level do not affect the immunological
and functional properties of these proteins. Analysis of
the structure and functional characteristics of pp23 is
underway now.
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