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Aim. To study the interaction of adaptor protein Ruk/CIN85 SH3 domains with endogenous adaptor protein
Tks4 in normal and tumor cells of different tissue origins. Methods. GST in vitro pull-down assay was performed
using total cell lysates of cell lines of different origins. Results. Using GST in vitro pull-down assay, we have de-
termined that SH3A domain of adaptor protein Ruk/CINS5 precipitated full-length form of adaptor protein Tks4
(M, 120 kDa) from lysates of human breast (MCF-7, MDA-MB-231), melanoma (MM-4), colon (HT-29, DLD-1)
tumor cells as well as from lysates of mouse Lewis lung carcinoma cells (LLC) and fibroblasts (NIH 3T3). It has
been also revealed that all Ruk/CINS5 SH3 domains (4, B and C) with high efficiency precipitate the additional
Sforms of Tks4 with M, 75, 90 and 160 kDa from lysates of human colon carcinoma cells and mouse fibroblasts. The
molecular nature of new multiple forms of Tks4 has not been determined to date. Conclusions. New multiple mo-
lecular forms of adaptor protein Tks4 with M, 75, 90 and 160 kDa, able to interact with high affinity with SH3 do-
mains of Ruk/CINSS, were identified using GST in vitro pull-down assay. The data obtained suggest that inter-
action between Ruk/CINS85 SH3 domains with Tks4 endogenous forms is determined by cellular context while a
level of this interaction can be regulated in the course of physiological cellular responses.
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Introduction. Adaptor proteins consist of domains and
motifs, which mediate intermolecular interactions and
are able to form intracellular protein complexes in a re-
gular and selective manner. It determines their impor-
tant role in the maintenance of specificity and efficien-
cy of all known signal transduction pathways [1]. In par-
ticular, adaptor proteins Ruk/CIN85 (Regulator for ubi-
quitous kinase/Cbl-interacting protein of 85 kDa) and
Tks4 (Tyrosine kinase substrate with 4 SH3 domains)
contain multiple SH3 domains and Pro-rich regions in
their structure [2, 3]. Of note, these adaptor proteins are
involved in the control of fundamental cellular and sig-
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naling events as well as in carcinogenesis [4, 5]. More
than 100 protein partners of Ruk/CIN85 SH3 domains
were identified in HeLa cells in vitro using the high-
throughput technique combining affinity purification of
interacting partners from cell lysates with liquid chro-
matography-coupled tandem mass spectrometry (LS-
MS/MS). Adaptor protein Tks4 was revealed as one of
the main protein partners according to the number of
unique peptides matching to protein sequence and per-
centage of protein sequence covered by matching pepti-
des. In general, 21 peptides, which overlap 27 % of 911
amino acids of Tks4, were identified [6]. However, no
data regarding the peculiarities of interaction of the indi-
vidual Ruk/CIN85 SH3 domains with the endogenous
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Tks4 protein in cell context dependent manner have been
reported so far.

Materials and methods. Cell culture. Cell lines
MCF-7 (human breast adenocarcinoma) and its subline
G4 (with stable overexpression of adaptor protein Ruk/
CIN8S) [7], MDA-MB-231 (human breast adenocarcino-
ma), LLC (mouse Lewis lung carcinoma), MM-4 (human
melanoma), DLD-1 (human colonic adenocarcinoma),
HT-29 (human colonic adenocarcinoma), NIH 3T3 (mou-
se fibroblasts) were maintained in DMEM («Gibco®»,
USA), containing 10 % fetal bovine serum («HyClone»,
USA), 2 mM glutamine, 50 U/ml penicillin, 50 pg/ml
streptomycin («Gibco“») at 37 °C and 5 % CO, in a hu-
midified atmosphere. Cells were split 1:3—1:5 every 2—
3 days at 70-80 % confluence.

Preparation of total cell lysates. For obtaining total
cell lysates, monolayer cultures of cells were washed in
ice-cold PBS and scraped into lysis buffer (10 mM Tris-
HCI, pH 7.5, 150 mM NaCl, 50 mM NaF, 1 % Triton
X-100, 5 mM EDTA supplemented with complete pro-
tease inhibitor cocktail tablet («Rochey, France), 1 mM
sodium orthovanadate, and 1 mM phenylmethylsul-
fonylfuoride (PMSF) («Flukay», Switzerland). The lysa-
tes were kept at 4 °C for 20 min and then were clarified
by centrifugation at 12000 rpm at 4 °C. Protein content
in supernatants was determined using bicinchoninic
acid protein assay kit (Pierce” BCA Protein Assay Kit,
«Thermo Scientificy, USA) according to the manufac-
turer’s instructions.

GST in vitro pull-down assay. Plasmids pGEX-4T,
which encode adaptor protein Ruk/CINS8S5 fragments fu-
sed with the glutathione S-transferase (GST), are descri-
bed in [8].

Single clone of BL21(DE3)pLysS cells («Stratage-
ne», USA) transformed with appropriate plasmid was
resuspended in LB supplemented with 75 pg/ml ampi-
cillin and 34 pg/ml chloramphenicol. Cells were grown
to OD,,, = 0.5-0.6 at 37 °C.

Expression of recombinant proteins was induced
by 1 mM IPTG (isopropyl-3-D-thiogalactoside) with
further incubation at 25-27 °C for 4 h. Cells were pel-
leted by centrifugation at 3000 rpm, washed with ice-
cold PBS, lysed in appropriate amount of lysis buffer
(see above) at the ratio 1 : 10 for 20 min on ice. Cell lysa-
tes were sonicated 3 times for 20 s and centrifuged at
12000 rpm at 4 °C for 30 min.
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Supernatants were added to Glutathione-Sepharose
beads 4B («Amersham Biosciences», USA) in lysis buf-
fer. Samples were incubated for 2 h at 4 °C. Glutathio-
ne-Sepharose beads were washed by PBS supplemen-
ted with 0.05 % Tween-20 and pelleted by centrifuga-
tion at 2000 rpm for 1-1.5 min. Amount of recombi-
nant proteins bound to Glutathione-Sepharose beads
was verified using SDS-PAGE. For the pull-down expe-
riments, equal amounts of fusion proteins (about 15 pg at
density 0.5 pg per 1 pl of Glutathione-Sepharose beads
4B) were used.

Cell lysates (about 1.5 mg of total protein) were in-
cubated with 60 pl of 50 % Glutathione-Sepharose
beads conjugated with corresponding recombinant pro-
teins. Protein complexes were pelleted by centrifuga-
tion at 3000 rpm. Unbound proteins were removed by
washing the beads 5 times with lysis buffer, whereas
retained proteins were resolved by SDS-PAGE [9] and
analyzed by Western blotting [10]. For detection of Tks4
on blots, the affinity purified polyclonal rabbit antibo-
dies against SH3AB fragment of Tks4 were used. The-
se antibodies were obtained and characterized in our la-
boratory. Anti-rabbit secondary antibodies (peroxidase-
conjugated IgG from «Sigmay», USA) were used. The
enhanced chemiluminescence kit («Amersham Farma-
cia Biotech», USA) was used for detection of immuno-
reactive protein bands.

Results and discussion. Cell lines of different tis-
sue origins, in particular, MCF-7, MDA-MB 231, HT-29,
DLD-1, MM-4, NIH 3T3 and LLC were investigated.
According to Fig. 1, the obtained antibodies to SH3AB
fragment of Tks4 (dilution 1:5000) effectively recogni-
ze the endogenous full-length form of Tks4 (M, 120 kDa)
in all analyzed cell lysates. The highest levels of Tks4
were identified in MDA-MB-231, LLC, MM-4 and
DLD-1 cells, while lower levels — in MCF-7 and HT-
29 cells.

Based on these results we can conclude that the
level of Tks4 expression is specific for each cell line
and does not depend on tissue origin. As can be seen in
Fig. 1, the additional form of Tks4 (M, 160 kDa) is de-
tected in MDA-MB-231, LLC, MM-4, DLD-1 and NIH
3T3 cell lysates.

Progress in the field of functional proteomics du-
ring the last decades is determined by the development
and further improvement of methodological approa-
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ches for decoding intermolecular interactions net-
works. It is known that these methods are divided into
two groups, synthetic and analytical. GST in vitro pull-
down assay is one of the analytical methods, which allow
identification of the complexes usually purified by affi-
nity chromatography. The components of purified sup-
ramolecular complexes can be recognized by specific
antibodies or mass-spectrometry. The aim of analytical
methods is the identification of protein partners in cellu-
lo under physiological conditions. As a result, the data
on protein composition of purified complexes provide
an immediate success on the way to the determination
of their functional significance.

GST-fused SH3A, SH3B, SH3C, SH3AB, SH3BC,
SH3ABC domains, Pro-rich, Ser-rich, coiled-coil re-
gions, which overlapped all amino acid sequence of
Ruk,, were used for GST in vitro pull-down assay. Ac-
cording to the results obtained (Fig. 2), only SH3A
domain precipitates Tks4 from lysates of breast adeno-
carcinoma (MCF-7 and MDA-MB-231) and melanoma
(MM-4) cells. In mouse Lewis lung carcinoma cells
(LLC) Tks4 is preferentially precipitated by SH3A do-
main, whereas weak immunoreactive bands are detec-
ted in SH3C- and SH3BC-precipitates. Tks4 is not
detected in SH3B- and SH3AB-precipitates. However,
a significant reduction of Tks4 binding in SH3ABC-
precipitate in comparison with SH3A domain is ob-
served. The performed analysis allows suggesting that
at the level of three-dimensional structure of Ruk/
CIN85 SH3ABC fragment it is SH3B domain that can
screen the binding surface of SH3A domain for Pro-
rich sequences of Tks4 in LLC cells. We also suggest
that phosphorylation of specific Ser/Thr residues loca-
lized in SH3AB domains as well as C-terminally from
Pro-rich region in endogenous Ruk/CIN85 mediated
by input signal may lead to destabilization of its auto-
inhibitory conformation and provides the capacity to form
complexes with specific binding partners. In mouse fib-
roblasts, the full-length form of Tks4 is mainly preci-
pitated by SH3A and weakly by SH3BC and SH3ABC
domains.

Interesting results were obtained using pull down as-
say for colonic cell lines such as DLD-1 and HT-29. As
can be seen in Fig. 2, the main Tks4 form (M, 120 kDa)
is detected only in SH3A-precipitate. Simultaneously,
all used GST-SH3 fragments of Ruk/CIN85 (A, B, C,
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Fig. 1. Expression of adaptor protein Tks4 in cell lines of different tis-
sue origins. Immunoblot analysis of cell lysates was performed using
the affinity purified rabbit polyclonal anti-Tks4 antibodies produced
against Tks4 SH3AB fragment

AB, BC and ABC) with high efficiency precipitate the
additional form of 90 kDa, the content of which in cells
is extremely low. This form is revealed in Western-
blotting only in the case of increased protein addition
into the pockets of PAA gel. It is possible that the form
with M, 160 kDa, which is detected in precipitates,
could be a result of posttranslational modification of
Tks4 by ubiquitination or related protein modifications.
New additional form in NIH 3T3 cells is characterized
by higher mobility (M, about 75 kDa). It is precipitated
by all GST-SH3 fragments of Ruk/CINS85 (A, B, C, AB,
BC and ABC). It should be noted that the high mole-
cular weight form of Tks4 is detected in NIH 3T3 cell
lysates but it is not precipitated by SH3 domains of
Ruk/CIN8S. For more careful examination of the speci-
ficity of the obtained anti-Tks4 polyclonal antibodies,
we performed an antigen competition experiment. For
this purpose, anti-Tks4 antibodies were preincubated
with purified GST-Tks4/SH3AB fragment, and then
this mixture was used for Western blotting of Tks4 en-
dogenous forms. We found that detection of all immu-
noreactive bands was abrogated by antigen competition
(data not shown).

The molecular nature of new multiple Tks4 forms
with M, 75, 90 and 160 kDa identified in our study is un-
known. At present there are no data about posttrans-
lational modifications of Tks4 and additional mRNAs,
which could be formed as a result of alternative spli-
cing or alternative promoter usage in 7KS4 gene. The
database analysis of expressed sequence tags (ESTs)
allows identifying some ESTs, which could encode the
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Fig. 2. SH3 domains of Ruk/CINS8S5 precipitate multiple forms of endo-
genous protein Tks4 from cell lysates of different tissue origins. Wes-
tern blotting was performed using the polyclonal anti-Tks4 antibodies
(1:5000). TCL — total cell lysate; GST — Glutathione-S-Transferase

isoforms of Tks4 [11]. However, ESTs are just seg-
ments of corresponding cDNAs. So, further investiga-
tions are necessary to elucidate the mechanisms of ge-
neration and molecular nature of new Tks4 multiple
forms.

Conclusions. New multiple molecular forms of adap-
tor protein Tks4 with M, 75, 90 and 160 kDa, which in-
teract with SH3 domains of Ruk/CINS85, were identi-
fied using GST in vitro pull-down assay following by
Western blotting. The capacity of Ruk/CIN85 SH3 do-
mains to interact with multiple endogenous forms of Tks4
is determined by the cellular context while the level of
their interaction can be regulated in the course of phy-
siological cellular responses.
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(RFBR)-2012.
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Bzaemonis Mixk ananrepaumu Oinkamu Ruk/CINS8S i
Tks4 y HOpMaIbHUX 1 MYXJIMHHUX KJIITHHAX Pi3HOTO

TKAHUHHOT'O ITOXO/>KCHHS

A. B. bazaniii, A. A. Camoiinenko, /{. M. Ileryxos,
A. B. Punauu, M.-U. Penosiy, JI. B. [IpoGor

Pestome

Mema. 3’sicyeamu ocobausocmi 63aemooii okpemux 0omerie SH3 aoan-
mepnoeo 6inka Ruk/CINSS 3 endocennum adanmepuum oinkom Tks4 y
HOPMANLHUX [ NYXAUHHUX KATMUHAX PI3ZHO20 MKAHUHHO20 NOXOO0ICEH-
ns. Memoou. Ananiz GST in vitro pull-down nposoounu 3 euxopucmar-
HAM 302ANbHUX KITMUHHUX Ni3aMi6 NiHill KIIMUH Pi3HO20 MKAHUHHO20
noxoooicenns. Pesynomamu. Bemanosneno, wo oomen SH3A adan-
meproeo 6inka Ruk/CINSS npeyunimye nognoposmipHy opmy adan-
mepnoco 6inka Tks4 (M, 120 k/la) 3 nizamie nyXauHHux Kiimun mo-
snounoi sanosu (MCF-7, MDA-MB-231), meaanomu (MM-4), 06000601
xuwku (HT-29, DLD-1) modunu, a makooic kapyunomu aezeti Jlvioic
(LLC) ma ¢hiopobracmis (NIH 3T3) muwi. Busieneno makooic, wjo 6ci
domenu SH3 6inka Ruk/CINSS (A, B i C) 3 sucoxoro egpexkmusnicmio
npeyunimyloms 000amkosi popmu Tks4 3 M, 75, 90 i 160 x/la 3 niza-
mie Kiimun Kapyunomu 06000801 Kuwiky 1oounu ma (iopoobracmis
muwi. Monexkynapny npupody nogux muoscunnux gpopm Ths4 na cvo-
200HI He 6cmaHogneHo. Bucnosku. [0enmughikosano HO8i MHOMCUHHI
MonekynapHi popmu aoanmeprnozo oinka Tks4 3 M, 75, 90 i 160 k/a,
30amHi 3 8UCOKOK aghinnicmio é3aemodismu 3 domenamu SH3 6inka
Ruk/CINSS5. Ompumani 0ani 003601510meb APUNYCIMUMU, WO MOICIU-
sicmb 36 'azyeanns 0omerie SH3 Ruk/CINSS 3 enoozennumu ghopmamu
oinka Thks4 06ymosnena KIimuHHUM KOHMEKCMOM, MO0l sIK PIGeHb 63d€-
MOOIT pezynoemuvesi 6 npoyeci peanizayii ¢ghizionociunux gionogioei
KATMuH.

Kurouosi cnosa: adanmepni 6inku, Ruk/CINSS, Tks4, oomenu SH3,
ananiz GST in vitro pull-down.

BsaumoneiictBue Mexay agantepasiMu Oenkamu Ruk/CINSS
1 Tks4 B HOpMaJIbHBIX U OMYXOJIEBBIX KJIETKAX PA3IHYHOTO

TKAHEBOT'O IIPOUCXOKIACHUS

A. B. bazanuii, A. A. Camoiinenko, /1. H. Tleryxos,
A. B. Peinauu, M.-U. Penouy, JI. B. [IpoGor

Pestome

Iens. Bvisichumo 0cobennocmu 63aumo0eticmeus. OmoeabHblX 0oMe-
Hoe SH3 aoanmepnozco 6enxka Ruk/CINSS ¢ 3HO0ceHHbIM adanmep-
Hoim 6enxom Tks4 6 HOpMANLHBIX U ONYXONIEBLIX KIEMKAX PA3HO20 MKA-
ne6oeo npoucxoxcoenus. Memoowt. Ananuz GST in vitro pull-down
NnpoBOOUNU C UCNONL30BANUEM OOUUX KIIEMOYUHBIX TU3AMOS TIUHULL Ke-
MOK PA3HO20 MKAHEe8020 npoucxodicoenus. Pesynemamuot. Ycmanoene-
Ho, umo domen SH3A aoanmeprnozo 6enxa Ruk/CINSS npeyunumupy-
em noanopasmepnyio gopmy adanmepnoeo 6enxa Tks4 (M, 120 x/la)
U3 IU3AMOE ONYX0A€BbIX KIemoKk MojouHou dcenezvl (MCF-7, MDA-
MB-231), menanomer (MM-4), 06000ounou kuwxu (HT-29, DLD-1) ue-
n06exa, a makaice kapyuromul neekozo Jlvtouc (LLC) u pubpobracmos
(NIH 3T3) mvuuu. Buiasneno makace, umo ece oomenvt SH3 Genxa
Ruk/CINSS5 (A, B u C) ¢ vicokoil a¢pghexmusnocmuvio npeyunumupy-
1om dononnumenvivle popmul Tks4 ¢ M, 75, 90 u 160 k/Ja uz ruzamos
KIeMoK Kapyunomsl 00000YHOU KUWKU Yenoseka u (ubpobracmos
mouu. Monexynapnas npupooa nogvix muodcecmeennvix gopm Tks4
Ha ceco0us He ycmanosaena. Beteoowt. Ilpu nomowu ananuza GST in
vitro pull-down uoenmugpuyuposarvl Hogble MHONCECMEEHIbIE MO~
KyasipHvie ghopmul aoanmeprozo 6eaxa Tks4 ¢ M, 75-90 u 160 x/la,
CNOCOOHbIE C 8LICOKOU APHUHHOCMBIO 83AUMOOCUCIBOBAMb C DOMEHA-
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mu SH3 6enxa Ruk/CINSS. Ilonyuennvie OanHble n03601510M NPeono-
JIOJACUMb, YIMO B03MOACHOCMb 83aumooeticmeus oomenos SH3 benka
Ruk/CINSS5 ¢ snooeenuvimu popmamu 6enxa Tks4 onpedensemcs kie-
MOYHBIM KOHMEKCIMOM, 8 MO 8PEMsl KAK YPOBEHb CEA3bIGAHUSL Pe2y i~
PYemcst 8 npoyecce peanuzayui uUoI02ULECKUX OMBEMO8 KIeMOoK.

Kniouesvie crosa: adanmepnvie 6enxu, Ruk/CINSS, Tks4, domenv
SH3, ananus GST in vitro pull-down.
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