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Ruk/CINSS is a receptor-proximal ‘signalling’ adaptor that possesses three SH3 domains, Pro- and
Ser-rich regions and C-terminal coiled-coil domain. It employs distinct domains and motifs to act as a trans-
ducer platform in intracellular signalling. Based on ¢cDNA analysis, various isoforms of Ruk/CINS5 with
different combination of protein-protein interaction domains as well as additional Ruk/CINSS forms that are
the products of post-translational modifications have been demonstrated. Nevertheless, there is no precise in-
formation regarding both the subcellular distribution and the role of Ruk/CINSS multiple molecular forms in
cellular responses. Using MCF-7 human breast adenocarcinoma cells and cell fractionation technique, spe-
cific association of Ruk/CINS5 molecular forms with different subcellular compartments was demonstrated.
Induction of apoptosis of MCF-7 cells by doxorubicin treatment or by serum deprivation resulted in the system
changes of Ruk/CINS5 molecular forms intracellular localization as well as their ratio. The data obtained
provide a new insight into potential physiological significance of Ruk/CINS85 molecular forms in the regula-
tion of various cellular functions.
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o understand precisely mechanisms that con-
I trol the functioning of intracellular signalling
networks downstream of activated cell-sur-
face receptors, the information regarding the biologi-
cal significance of different isoforms and products of
post-translational modifications of distinct signalling
proteins is required. Among the important compo-
nents of intracellular signaling networks are adap-
tor/scaffold proteins. Per definition, these modular
proteins usually lack catalytic activity and are often
necessary for the full activation of signaling path-
ways. They determine formation and localization
of signaling complexes and can support or inhibit
signal transduction depending on their stoichiometry
in particular compartments thus regulating signal
specificity, efficiency and amplitude of signal propa-
gation [1, 2].

The widely expressed multifunctional adap-
tor/scaffold protein Ruk (Regulator for ubiquitous
kinase — in rodents) [3] and CIN85 (Cbl-interact-
ing protein of 85K — in human [4], thereafter Ruk/
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CINSS5, consists of several distinctive structural fea-
tures including amino-terminal three SH3 domains
followed by Pro- and Ser-rich regions and C-termi-
nal coiled-coil domain. By utilizing distinct combi-
nations of binding partners Ruk/CIN85 was found to
play important roles in a plethora of processes such
as rearrangement of actin cytoskeleton, cell adhesion
and invasion [5—-10], apoptosis [3, 11, 12], mitogenic
signaling [10, 13, 14], attenuation of ligand-activated
receptor tyrosine kinases, vesicular trafficking
[13-15], and viral infection [16]. Ruk/CINSS is not
the only protein product of the Sh3kbpl/SH3KBPI
gene. Different combinations of promoter usage and
splicing events create multiple Sh3kbpl/SH3KBPI
transcripts in various tissues and cell lines, and ex-
pression of some of these transcripts is tightly regu-
lated during development as well as differ in tissue
distribution [3, 17]. cDNAs encoding isoforms with-
out the first N-terminal SH3 domain (SETA [11] and
CD2BP3 [7]), two N-terminal SH3 domains (Ruk
[3, 17] and SH3KBP1 [18]), and the shortest Ruks

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, Vol. 86, N 5



B. 0. VYNNYTSKA-MYRONOVSKA, S. L. MYRONOVSKY, I. I. KRIL et al.

isoform containing only coiled-coil region [17] have
been cloned until now. However data of Finnis et al.
[19] and our unpublished results suggest that addi-
tional splice variants remain to be discovered. There
are data that intramolecular interactions keep Ruk/
CINS8S5 molecules in a ‘closed’ inactive conforma-
tion [7, 20], while oligomerization events between
different Ruk/CINS8S isoforms can substantially in-
crease its scaffolding potential resulting in specific
outputs. It has been proposed that the biological
activity of Ruk/CINS85 could be regulated by post-
translational modifications such as phosphorylation,
ubiquitylation or SUMOylation [21-26] resulting in
the appearance of additional Ruk/CIN85 molecular
forms.

In the present study we demonstrate that Ruk/
CINS8S5 multiple molecular forms are differentially
distributed between different subcellular compart-
ments of human breast adenocarcinoma MCF-7
cells. Moreover, induction of apoptosis of MCF-7
cells by doxorubicin treatment or by serum depriva-
tion leads to their specific redistribution suggesting
the regulatory significance of this phenomenon.

Materials and Methods

Cell culture. Human breast adenocarcinoma
MCEF-7 cells were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM), supplemented with
10% foetal calf serum, 2 mM L-glutamine, 50 U/
ml penicillin and 100 pg/ml streptomycin in a hu-
midified atmosphere containing 5% CO, at 37 °C.
For apoptosis induction, the cells were treated with
doxorubicin (10 pg/ml) for 36 h or cultured in se-
rum-free DMEM for 72 h.

Cell viability assay. Cell viability was assessed
by trypan blue dye exclusion. Shortly, cells were
seeded in triplicate on 24-well plates (1 x 10* per
well) and cultured for 12 h. Then, various concen-
trations of doxorubicin (0.001, 0.01, 0.1, 1, 3, 5, 7,
10, 100 pg/ml) were added. After 36 h of culturing,
cells were collected by trypsinization and counted
in hemocytometer. The number of dead cells at each
concentration point was estimated using trypan blue
uptake test. The cytotoxicity of doxorubicin toward
MCF-7 cells (IC,)) was calculated from dose re-
sponse curves.

DNA-ladder. Cells were lysed in buffer con-
taining 10 mM Tris-HCI (pH 8.0), 1 mM EDTA and
0.2% Triton X-100 for 10 min at 4°C. The lysate was
centrifuged at 14 000 g for 20 min at 4 °C. The su-
pernatant containing low molecular weight DNA
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was incubated with RNAse A (70 pg/ml) for 1 h at
37 °C, treated with 0.5% SDS, and then incubated
with proteinase K (150 pg/ml) for 1 h at 50 °C. DNA
was precipitated with isopropanol in the presence
of NaCl and then dissolved in TE buffer containing
10 mM Tris-HCI (pH 8.0), Il mM EDTA. DNA sam-
ples were analyzed by electrophoresis in 1.5% aga-
rose gel. The gels were photographed upon ethidium
bromide staining under UV light.

Preparation of cell lysates. To obtain total cell
lysates, cells were lysed in buffer containing 50 mM
Tris-HCI (pH 6.8), 1 mM EDTA, 2% SDS for 5 min
at 95 °C. To obtain detergent-soluble and detergent-
insoluble cellular fractions, cells were lysed, by me-
chanically triturated through a 1 ml syringe, in lysis
buffer containing 10 mM Tris-HCI (pH 7.5), 150 mM
NaCl, 1% NP-40, 5 mM EDTA, 50 mM NaF, 1| mM
Na,VO,, 5 mM benzamidine, 1 mM PMSF, 10 pg/
ml aprotinin, 10 pg/ml leupeptin, 1 pg/ml pepstatin,
and kept on ice for 20 min. NP-40-soluble and NP-
40-insoluble fractions were resolved by centrifuga-
tion at 14000 g for 30 min at 4 °C. The pellet (de-
tergent-insoluble cellular fraction) was dissolved in
buffer containing 50 mM Tris-HCI (pH 6.8), 1 mM
EDTA, 2% SDS for 5 min at 95 °C.

Preparation of Subcellular Fractions. Cells
were lysed in hypotonic buffer containing 0.4%
NP-40, 10 mM HEPES (pH 7.9), 1.5 mM MgCl,
10 mM KCI, 1 mM Na,VO,, 5 mM benzamidine,
1 mM PMSEF, 10 ug/ml aprotinin, 10 pg/ml leupep-
tin, 1 pg/ml pepstatin for 15 min at 4 °C followed
by centrifugation at 3000 rpm for 15 min at 4 °C.
Equal volume of 2x lysis buffer was added to the su-
pernatant (crude cytoplasmic fraction) while nuclear
pellet was directly lysed in lysis buffer. Both lysates
were kept on ice for 20 min and then centrifuged
at 14 000 g for 30 min. The supernatants were col-
lected giving NP-40-soluble ‘cytosolic fraction’ and
NP-40-soluble ‘nuclear fraction’ while precipitates
were dissolved as indicated above giving NP-40-in-
soluble ‘cytosolic fraction’ and NP-40-insoluble
‘nuclear fraction’ accordingly. Chromatin-associa-
ted proteins were extracted from NP-40-insoluble
nuclear fraction by incubation in low-salt buffer
containing 0.5 M NaCl, 10 mM Tris-HCI (pH 7.5),
5 mM EDTA, 1 mM Na,VO,, 5 mM benzamidine,
1 mM PMSEF, 10 ug/ml aprotinin, 10 pg/ml leupep-
tin, 1 pg/ml pepstatin). The pellet (fraction of nu-
clear matrix-associated proteins) was dissolved in
buffer containing 50 mM Tris-HCI (pH 6.8), 1 mM
EDTA, 2% SDS for 5 min at 95 °C.
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Preparation of Nuclear Envelope Fraction.
Fraction of nuclear envelopes was isolated as report-
ed [27] with several modifications. Briefly, cells were
lysed in hypotonic buffer containing 0.4% NP-40,
10 mM HEPES (pH 7.9), 1.5 mM MgCl,, 10 mM
KCIl, ImM Na,VO,, 5 mM benzamidine, 1 mM
PMSF, 10 pg/ml aprotinin, 10 ug/ml leupeptin, 1 pg/
ml pepstatin for 15 min at 4 °C. After centrifugation
at 3000 rpm for 15 min, the pelleted nuclei were re-
suspended in 0. mM MgCl,, 1 mM DTT, 0.1 mM
PMSEF. After addition of solution A containing 10%
sucrose, 20 mM Tris-HCI (pH 8.5), 0.1 mM MgClL,
1 mM DTT, 0.1 mM PMSEF, 20 pg/ml DNAase I,
10 pg/ml RNAase A, the sample was incubated for
15 min at RT. Then, the solution B containing 30%
sucrose, 20 mM Tris-HCI (pH 7.5), 0.1 mM MgCL,
1 mM DTT, 0.1 mM PMSF was underlayed and the
sample was centrifuged at 13 000 g for 20 min at
4 °C. The pellet was resuspended in solution A and
treated once more as indicated above. The pelleted
nuclear envelopes were dissolved in buffer contain-
ing 50 mM Tris-HCI (pH 6.8), 1 mM EDTA, 2%
SDS for 5 min at 95 °C.
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SDS-PAGE and Western-blot analysis. Pro-
tein fractions (50 pg per sample) were separated on
5-18% SDS-polyacrylamide gel and transferred to
nitrocellulose membranes. Membranes were blocked
with 5% non-fat dry milk in phosphate buffered sa-
line with 0.05% Tween-20 (PBST), incubated with
a primary rabbit polyclonal anti-Ruk_antibodies
[28] overnight at 4 °C, and peroxidase-conjugated
secondary goat anti-rabbit IgG antibodies (Sigma,
USA) for 1 h at RT. The immunoreactive bands were
detected using enhanced chemiluminescence (ECL)
system (Amersham Biosciences, USA).

Statistics. Each data point to dose-response
curve of cytotoxic assay is the mean = S.D. values
based on n = 3 independent samples.

Results and Discussion

Ruk/CINS5 multiple molecular forms are dif-
ferentially distributed between MCF-7 subcellu-
lar fractions. In order to find regularity pattern of
Ruk/CIN85 multiple molecular forms distribution
between different subcellular fractions (see pro-
tocol) in MCF-7 cells under stationary conditions,
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Fig. 1. Ruk/CINS5 multiple molecular forms are differentially distributed between MCF-7 subcellular frac-
tions. (A) total cellular fractions (1 — total cell lysate, 2 — NP-40-soluble cellular fraction, 3 — NP-40-insoluble
cellular fraction); (B) subcellular fractions (4 — NP-40-soluble ‘cytoplasmic fraction’; 5 — NP-40-insoluble
‘cytoplasmic fraction’; 6 — NP-40-soluble ‘nuclear fraction’; 7— NP-40-insoluble ‘nuclear fraction’), (C) frac-
tions of chromatin- (8) and nuclear matrix-associated proteins (9), and (D) nuclear envelope fraction
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we performed Western-blot analysis using rabbit
polyclonal anti-Ruk_ antibodies that recognise com-
mon to all molecular forms C-terminal coiled-coil
region [28]. As can been seen from Fig. 1, multiple
immunoreactive bands that correspond to proteins
with apparent molecular weights of 130, 70, 56 and
35-40 kDa were revealed in total cell lysate. It is im-
portant to note that forms of 130 and 56 kDa are
mainly detected in detergent-soluble fraction, while
forms with apparent molecular weights of 70 and
35-40 kDa dominate in detergent-insoluble cellular
fraction. These data demonstrate specific allocation
of Ruk/CIN85 molecular forms between detergent-
soluble and detergent-insoluble cellular fractions.

To perform the more precise analysis of Ruk/
CINS85 multiple forms subcellular distribution,
MCEF-7 cells lysed in hypotonic buffer were frac-
tionated into crude cytoplasmic and nuclear com-
partments which were further lysed separately
to generate NP-40-soluble ‘cytoplasmic fraction’
(which mainly contains proteins of cytosol and cell
membranes), NP-40-insoluble ‘cytoplasmic frac-
tion’ (predominantly proteins of cell cytoskeleton),
NP-40-soluble ‘nuclear fraction’ (mainly proteins of
nucleoplasm and nuclear membranes) and NP-40-in-
soluble ‘nuclear fraction’ (fraction of nuclear matrix-
and chromatin-associated proteins) [29].

It was shown (Fig. 1, 4) that Ruk/CIN8S form
of 130 kDa is present only in NP-40-soluble cyto-
plasmic fraction, which agrees with Ruk/CIN85
pattern in MCF-7 detergent-soluble fraction. Ruk/
CINSS full-length form of 85 kDa, which is not de-
tected in MCF-7 total cell lysate, is revealed at the
very low level in NP-40-soluble cytoplasmic frac-
tion only (Fig. 1, B). These results argue in favour
of preferential localization of Ruk/CIN85 130 and
85 kDa forms in cell cytosolic compartment. In
contrast, form with apparent molecular weight of
70 kDa is localized in nuclear compartment, where
it is equally distributed between detergent-soluble
and detergent-insoluble ‘nuclear fractions’. Simulta-
neously, a very low amount of p70 was revealed in
NP-40-insoluble ‘cytoplasmic fraction’ (Fig. 1, B).
The obtained data suggest possible localization of
p70 Ruk/CIN8S5 form in nucleoplasm as well as its
association with proteins of chromatin/nuclear ma-
trix and cell cytoskeleton. Molecular form of 56 kDa
is detected in both cytoplasmic fractions as well as
in NP-40-soluble ‘nuclear fraction’ while it is com-
pletely absent in NP-40-insoluble ‘nuclear fraction’
(Fig. 1, B). These features reflect preferential cytosol-
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ic and nucleoplasmic location of p56 as well as its as-
sociation with proteins of cell cytoskeleton. The im-
munoreactive bands that correspond to Ruk/CINSS
forms of 35-40 kDa are present in all subcellular
fractions studied (Fig. 1, B). At the same time, form
of 35 kDa is mainly detected in NP-40-insoluble
‘cytoplasmic fraction’. In contrast, form of 40 kDa
is equally distributed between detergent-soluble and
-insoluble ‘nuclear fractions’. These results indicate
that Ruk/CINS8S form of 35 kDa is preferentially dis-
tributed in cytoplasmic compartment and is mainly
associated with proteins of cell cytoskeleton, while
form of 40 kDa is representative of nuclear compart-
ment where it is localized in nucleoplasm and associ-
ated with proteins of chromatin/nuclear matrix.

The spectrum of Ruk/CIN85 multiple molecu-
lar forms revealed in detergent-soluble fraction of
MCF-7 cells is similar to our previous Western-blot
analysis with C-terminal antibodies using as a model
cell lines of various tissue origins [28]. It was sug-
gested that some of these forms encoded by the spe-
cific spliced mRNAs correspond to the full-length
form — p85, to the form without first SH3A domain —
p70, to the form without two SH3AB domains — p56,
while pl6 represents the form containing C-terminal
coiled-coil domain. In addition, the form of 130 kDa
may be a result of post-translational modification of
full-length form through ubiquitylation [21, 22] and
35-40 kDa forms may arise from limited proteolysis
caused by the presence of PEST-motifs in C-terminal
half of polypeptide chain [3]. To date, the evidences
that Ruk/CINSS is phosphorylated have been report-
ed [24-26]. Therefore, this allows us to suppose that
subforms around indicated molecular weights are
mainly the result of post-translational modifications
of Ruk/CIN85 through phosphorylation.

To study in detail Ruk/CINS5 subnuclear dis-
tribution, the stepwise extraction of chromatin-
associated proteins and nuclear matrix-associated
proteins was performed. It was demonstrated that
Ruk/CINS8S forms of 70 and 35-40 kDa are detected
in fractions of both chromatin- and nuclear matrix-
associated proteins. In fraction of nuclear matrix-
associated proteins, form of 50 kDa, absent in other
MCF-7 fractions, is revealed (Fig. 1, C). This argues
in favour of p50 association with nuclear scaffold
proteins [29].

Since the obtained data demonstrate distribu-
tion of Ruk/CIN85 multiple molecular forms be-
tween cytoplasmic and nuclear fractions, it appears
that they must shuttle between these cellular com-
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partments. In order to check this assumption, the in-
vestigation of Ruk/CIN85 molecular forms pattern
in the nuclear envelope was performed. Under the
isolation protocol used, the nuclear envelope con-
sists of outer nuclear membrane continuous with the
rough endoplasmic reticulum, inner nuclear mem-
brane and pore membrane domains. Surprisingly, the
greatest number of Ruk/CIN85 molecular forms (85,
70, 56, 50 and 35-40 kDa) was revealed in the frac-
tion of nuclear envelopes in comparison with other
subcellular fractions studied (Fig. 1, D). We also
showed that in MCF-7 cells the main pool of Ruk/
CINSS full-length form of 85 kDa is associated with
fraction of nuclear envelopes that was not reported
so far.

Apoptosis of MCF-7 cells induced by doxoru-
bicin or serum deprivation results in subcellular
redistribution of Ruk/CINSS5 multiple molecular
forms. Taking into account the above results and ex-
perimental data regarding the role of Ruk/CIN8S in
apoptosis [3, 11, 12], we next sought to determine
whether subcellular localization of Ruk/CIN85
molecular forms is regulated in the course of pro-
grammed cell death.

Apoptosis in MCF-7 cells was induced by dox-
orubicin treatment (10 pg/ml) for 36 h or by serum
deprivation for 72 h. Apoptosis induction in MCF-7
cells was confirmed by DNA-ladder technique. As
could be seen from Fig. 2, DNA fragmentation is
detected in MCF-7 cells treated with doxorubicin
and cultured in serum-free medium but not in con-
trol cells. It should be noted that DNA hydrolysis in
MCEF-7 cells fails to undergo typical DNA-ladder
pattern because of caspase-3 deficiency [30].

The results of Western-blotting presented on
Fig. 3, A demonstrate that doxorubicin-induced
apoptosis leads both to changes in ratio between
different Ruk/CIN85 molecular forms and their re-
distribution between MCF-7 subcellular fractions.
In apoptotic cells, the content of 130 kDa form is
down-regulated in comparison with control MCF-7
cells. Importantly, Ruk/CIN85 form of 70 kDa is
not detected in any subcellular fraction studied. Al-
though the level of 56 kDa form is up-regulated in
apoptotic cells, this form is not detected in the frac-
tion of cytoskeleton-associated proteins in contrast
to control MCEF-7 cells. Doxorubicin-induced apop-
tosis also triggers up-regulation of Ruk/CIN85 form
with apparent molecular weight of 50 kDa but, as in
the control cells, this form is still detected in fraction
of nuclear matrix-associated proteins. The content of
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Fig. 2. Doxorubicin- and starvation-induced apo-
ptosis of MCF-7 cells lead to DNA fragmentation:
1 — control MCF-7 cells; 2 — MCF-7 cells cultured
in serum-deprived medium for 72 h; 3 — cells treated
with doxorubicin (10 ug/ml) for 36 h

35-40 kDa forms is elevated in cytoplasmic and nu-
cleoplasmic compartments and remains unchange-
able in other subcellular fractions studied.

By contrast, serum starvation-induced apopto-
sis does not influence the overall Ruk/CIN8S spec-
trum but triggers changes in the content and subcel-
lular location of some molecular forms (Fig. 3, B).
First, form of 70 kDa is translocated from fractions
of nuclear compartment to fraction of cytoskele-
ton-associated proteins in comparison with con-
trol MCF-7 cells. In apoptotic cells, the level of 56
kDa Ruk/CINS85 form is elevated and in contrast
to MCF-7 control cells, where this form is detected
both in cytoplasmic and nucleoplasmic compart-
ments, this form also appears to be associated with
proteins of nuclear matrix. Starvation-induced apo-
ptosis also leads to the up-regulation of Ruk/CIN85
forms of 35-40 and 50 kDa but does not influence
their subcellular distribution.

Altogether, we have demonstrated for the first
time that each subcellular compartment of human
breast adenocarcinona MCF-7 cells is characterized
by specific pattern of Ruk/CIN85 molecular forms.
Cytosolic compartment is characterized by the
presence of 130 and 56 kDa forms. Molecular forms
of 56 and 35-40 kDa are associated with proteins
of cell cytoskeleton. In putative nucleoplasmic com-
partment Ruk/CINS8S5 forms of 70, 56 and 35-40 kDa
are revealed. Molecular forms of 70 and 35-40 kDa
are detected in fraction of chromatin-associated pro-
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Fig. 3. Apoptosis of MCF-7 cells induced by doxorubicin or serum deprivation results in subcellular redis-
tribution of Ruk/CINSS multiple molecular forms. (4) Doxorubicin-induced apoptosis. (B) Serum starvation-
induced apoptosis: 1 — total cell lysate; 2 — NP-40-soluble cellular fraction; 3 — NP-40-insoluble cellular frac-
tion; 4 — NP-40-soluble ‘cytoplasmic fraction’; 5 — NP-40-insoluble ‘cytoplasmic fraction’; 6 — NP-40-soluble
‘nuclear fraction’; 7 — NP-40-‘insoluble nuclear fraction’; nuclear envelope fraction

teins, while forms of 70, 50 and 35-40 kDa are as-
sociated with proteins of nuclear matrix. The most
broad molecular forms spectrum and the highest
level of Ruk/CINSS full-length form are characteris-
tic of the fraction of nuclear envelopes. Although we
were able to identify differential compartmentaliza-
tion of Ruk/CIN8S5 multiple molecular forms in the
nucleus, their exact biological role in the nuclear pro-
cesses remains to be elucidated.

Our findings also clearly demonstrate that in-
duction of apoptosis in MCF-7 cells triggers changes
in the content and subcellular distribution of Ruk/
CINS8S molecular forms. Importantly, these changes
are unique for each form under different types of ap-
optosis. Doxorubicin-induced apoptosis leads to up-
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regulation of Ruk/CIN85 molecular forms of 56, 50
and 35-40 kDa, down-regulation of 130 and 70 kDa
forms and disappearance of 56 kDa molecular form
from fraction of cytoskeleton-associated proteins in
comparison with control MCF-7 cells. Serum-de-
prived apoptosis is accompanied by translocation of
70 kDa form from fractions of cell nuclei to fraction
of cytoskeleton-associated proteins, association of
56 kDa with proteins of nuclear matrix and increase
of 50 and 35-40 kDa Ruk/CINS8S5 forms content.

Results from our study provide a new mecha-
nistic insights into potential specific physiological
roles of adaptor protein Ruk/CIN8S molecular forms
in signalling networks involved in the control of cell
responses.
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Ruk/CINS8S € mpokcrManbHO pO3TalIOBaHUM
[0 BiJHOIIEHHIO IO PEEeNTOPiB «CHTHAIbHUM»
aJlanTepom, 10 ckaaay sikoro BxoasaTe 3 SH3 nome-
HH, Pro- i Ser-Oarari paiionn, a Takox C-KiHIEBHI
«coiled-coil» momeH. 3aBAsKM BUKOPHCTAHHIO
pizHux gomeHiB i MoTuBIB Ruk/CINS5 dhyHKIioHye
sSK ToIatgopma IS TIEPeTBOPEHHS CHTHAINIB Y
MeXaHi3MaxX BHYTPIIIHBOKJIITHHHOTO CHTHAJIO-
BanHs. Ha ocnoBi anamizy x/IHK Oynu BusBieHi
i3obopmu  Ruk/CIN8S i3 pizHOIO KOMOiHAIi€0
JIOMEHIB, 3aJy4eHUX J0 TMPOTETH-NPOTETHOBUX
B3aemoxiii. IlokazaHo icHyBaHHS JOAAaTKOBUX
dbopM, fAKi € TPOAYKTAMHU TOCTTPAHCIAIIHHUX
Momudikamiii. OqHaK 0 IIFOTO Yacy B JiTepaTypi
BiJICYyTHSI TOYHA iH(OpPMAIIis MOI0 CyOKIITHHHOTO
pO3MOALTY MHOXHHHUX MOJEKYIIpHUX  (HopMm
Ruk/CINSS i ix pomi B kimiTHHHHX BimmoBiasx. Ha
MOJIENTI a/ICHOKAPIIMHOMHUX KJIITHH MOJOYHOI 3a-
no3u moaumau MCF-7 1 3 3acTocyBaHHSM HU3KH Me-
TOMWYHUX TAXOAIB IS (PpakIliOHyBaHHS KIITHH
Oyia moka3aHa crierugigaa acoliamisi MOJIEKYIIsIp-
Hux popm Ruk/CINSS i3 pisHUME CyOKIITHHHIMHI
KOMIIApTMEHTaMH. [HAYKINiS amonTo3y KIITHH
MCF-7 006poOkoro mokcopyOilmHOM ab0 KyJIbTH-
BYBaHHSM 3a BiJICYTHOCTI CHpPOBATKH IPU3BOMIH-
Ja SK JI0 CHCTEMHUX 3MiH BHYTPINTHBOKIITHHHOI
nokasmizanii MmonexynsapHux Gopm Ruk/CINSS, Tak i
710 3MiH iX cmiBBigHOmeHHs. OfepxkaHi 1aHi J03BO-
JISIOTH TIO-HOBOMY TIAINTH A0 OLIHKH MOTEHIITHOT
(hi310JIOTIYHOI 3HAYMMOCTI MOJEKYISIPHUX (OpM
Ruk/CIN85 B perynsmii pi3HEX KJIITHHHUX
GbyHKITIH.
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KnmouoBi cnoBa: amantepHi mpoteiHy,
Ruk/CINSS5, MHOXHHHI MONEKyJspHi  (Hopmu,
kiitnan MCF-7, cyOKIIITHHHUI PO3MOALI, alloNTo3.
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Ruk/CINS8S sBisieTcss mpoKCHMaIbHO pacmo-
JIO)KEHHBIM II0 OTHOLICHHMIO K PELENTOpaM «CHUr-
HaJbHBIM» aJaNTepPOM, B COCTAB KOTOPOrO BXOIAT
3 SH3 nmomena, Pro- u Ser-6orareie paiioHbI, a Tak-
ke C-xonmeBolt «coiled-coil» momen. bmaromaps
HCIIOJIb30BAHUIO PA3JIMYHBIX JOMEHOB U MOTHBOB
Ruk/CINS5 ¢ynkmmonupyer B kadecTBe IMpeo0d-
pasyromeil maaTgopMbl B MEXaHM3Max BHYTPH-
KJIETOYHOH curHaiu3anuu. Ha ocHoBe ananuza
kJIHK Op1u BoIBiIeHBI m30dopmbl Ruk/CINSS ¢
Pa3aM4HON KOMOMHAIMEH IOMEHOB, BOBJICUCHHBIX
B IIPOTEUHOBO-IIPOTENHOBBIE B3anmMoaencTus. [1o-
Ka3aHO CYILECTBOBAHUE JOMOJHUTEIBHBIX (OpM,
KOTOpbIE SIBISIIOTCS TMPOAYKTaMH HOCTTPAHCIS-
LUOHHBIX Moaupukauuid. OnHAKO K HACTOSILEMY
BpPEMEHHU B JHUTEpaType OTCYTCTBYET TOUHAsI MH-
(dopmanust 0 cyOKJICTOYHOM PACHPEAEICHUN MHO-
JKECTBEHHBIX MOJEKYISIpHBIX GopMm Ruk/CINSS5 u
HX pOJIM B KJICTOYHBIX OTBeTax. Ha Monenu aneHo-
KapLUHOMHBIX KJIETOK MOJIOYHOH KeJIe3bl YeIOBEKa
MCF-7, ¢ npuMeHEHHUEM psiJla METOAUYECKUX MO~
XOII0B 1UIs1 (PPaKLIMOHUPOBAHUS KJIETOK ObliIa ITOKa-
3aHa crenuduueckasl accouuanusl MOJEKYJIIPHBIX
thopm Ruk/CINS5 ¢ paznuabIMEA CYyOKIETOUHBIMHU
KOMIapTMeHTaMu. MHAyKIus amomnTosa KIETOK
MCF-7 06paboTKoii TOKCOPYOHUITTHOM FUTH KYJIBTH-
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BUPOBAaHUEM B OTCYTCTBUE CBIBOPOTKH IPUBOUIIA
KaK K CHCTEMHBIM M3MCHEHHSIM BHYTPHKJICTOYHOU
JoKanu3auun MosieKynsapHbeix (opm Ruk/CINSS,
TaK U K U3MEHEHUSIM UX coOoTHouIeHus. [lomyyeH-
HbIe JJaHHBIE MO3BOJISIIOT IO HOBOMY OLICHUTH IIO-
TEHIIMAJIBbHYI0  (PU3HOJIOTHYECKYI0  3HAYMMOCTD
Mosiekyssipabix  opm Ruk/CIN8S B perymnsiuu
pa3IMYHBIX KJICTOUHBIX (DyHKIIHIA.

KnrodueBble cJ10Ba:alanTepHbie IPOTCH-
HbI, Ruk/CINS5, MHOKECTBEHHBIE MOJEKYJISPHBIE
tdhopmel, knetku MCF-7, cyOkneTouHOe pacmpee-
JICHHE, aIlOITO3.
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