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Aim. Mitogenic signaling from RTK (receptor tyrosine kinase) is tightly linked to endocytosis that regulates the
fidelity of signal transduction. Intersectin 1 (ITSN1) is an evolutionarily conserved adaptor implicated in the ear-
liest stages of clathrin-mediated endocytosis and involved in malignant transformation when overexpressed. The
aim of this study was to find proteins that could connect ITSN1 to RTK signaling. Methods. In silico prediction of
interaction motifs, expression of proteins in bacterial system and mammalian cell culture, immunoprecipitation,
GST pull-down analysis, immunofluorescent studies. Results. Using «Scansite» service a binding of ITSN1 SH3A4
domain to signaling protein SPRY2 was predicted. For experimental verification of this interaction the GST fu-
sion SH3 domains of ITSN1 were produced and purified from Escherichia coli. GST pull-down analysis showed
that SH3A, N-SH3A (neuron-specific variant), SH3C and SH3E domains of ITSN1 were able to pull-down Flag-
SPRY?2 from cell lysate. Immunofluorescent analysis together with coimmunoprecipitation indicated that Omni-
ITSNI and Flag-SPRY?2 were partially colocalized and formed a complex in vivo. Conclusions. Our data showed
that endocytic adaptor ITSNI1 and signaling protein SPRY2 are associated in vivo presumably via PRD/SH3

interaction.

Keywords: intersectin 1, signaling, SPRY2, SH3 domain.

Introduction. Intersectin 1 (ITSN1) is conserved from
nematodes to humans multidomain adaptor that is cru-
cial for the initiation of clathrin-mediated endocytosis.
Depletion of highly similar ITSN1 and ITSN2 scaffol-
ding molecules together with Eps15 proteins abolishes
clathrin-coated pits assembly [1]. Clathrin-mediated en-
docytosis is a common mechanism for internalization
of activated receptor tyrosine kinases (RTKs) and regu-
lation of mitogenic signaling.

Endocytic adaptor ITSNI is involved in intra-
cellular signal transduction through interaction with
Ras activator SOS1, ubiquitin ligase Cbl and signaling
protein CINS8S [2]. It was reported that overexpression
of ITSNI1 results in fibroblasts malignant transfor-
mation [3]. The aim of this study was to find other sig-
naling molecules that could link ITSN1 to mitogenic
signaling.
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Materials and methods. Expression constructs
and antibodies. The GST-SH3 domains of ITSN1 and
Omni-ITSN1 were described previously [4]. The Flag-
SPRY2 was kindly provided by Dr. Susana de la Luna
(Barcelona, Spain). Anti-Omni (D-8): sc-7270 antibody
was purchased from «Santa Cruz Biotechnology» (USA).
Anti-Flag antibody was purchased from «Sigmay (USA).

Binding assays and Western blot analysis. The GST
fusion proteins were purified on glutathione-Sepharose
4B beads («GE Healthcare»). Lysates of HEK293 cells
were prepared in extraction buffer that contained 20 mM
Tris-HCI, pH 7.4, 150 mM NaCl, 1 % Triton X-100,
1 mM PMSF. For pull-down assays, immobilized on
beads GST-SH3 domains were incubated with cell lysa-
tes for 1 h at 4 °C. For immunoprecipitation (IP), the
cell lysate was incubated with antibodies and protein
A/G Agarose beads («Santa Cruz Biotechnology») for
2 h. Bound proteins were subjected to SDS-PAGE and
immunoblotting.
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Cell culture and confocal microscopy. Adherent cell
lines HEK293 and MCF-7 cells were maintained and
transfected as described [5]. For immunofluorescent
analysis fixed MCF-7 cells were incubated with the ap-
propriate antibodies. Confocal images were taken using
a Zeiss LSM510 microscope.

Results and discussion. Analysis of available data
in the field of signaling from activated RTKs suggested
SPRY?2 (Sprouty 2) as a possible candidate for ITSN1
binding. This protein belongs to a family of SPRY pro-
teins known to regulate signal transduction from flies
to mammals [6]. SPRY?2 possesses cysteine-rich domain
common for all family members and contains at the C-
terminus several proline residues (PRD) that could re-
present interaction motif for the SH3 domains. Using
«Scansite» service (www.scansite.mit.edu) a binding of
the SH3A domain to proline in position 307 of SPRY2
molecule was predicted. To test this possibility, the affi-
nity purified GST-fused SH3 domains of ITSN1 were
used to pull down Flag-SPRY?2 from lysate of HEK293
cells expressing this protein. Obtained results showed
that the SH3A, as well as its neuron-specific variant (N-
SH3A), SH3C and SH3E domains interacted with Flag-
tagged SPRY?2 in vitro (Fig. 1, A). To study this interac-
tion in vivo HEK293 cells were cotransfected with con-
structs encoding Omni-ITSN1 and Flag-SPRY2. Using
antibodies against Omni-tag SPRY2 was precipitated
from cell lysate together with ITSN1 (Fig. 1, B).

Immunofluorescent studies were used to investiga-
te the intracellular distribution of ITSN1/SPRY2 pro-
tein complexes. In quiescent cells SPRY2 is associated
with microtubules and translocates to the membrane ruf-
fles upon EGF-stimulation [7]. In serum-starved cells
coexpressing Omni-ITSN1 and Flag-SPRY2 these pro-
teins were spatially separated (Fig. 2, 4) but displayed
partial colocalization when supplemented with FBS (Fig.
2, B).

Accumulated data indicate that SPRY proteins are
sensors and integrators of signaling [6]. In this study we
demonstrated an in vivo complex formation between
SPRY?2 and endocytic adaptor ITSN1. A direct interac-
tion between these molecules was mediated by binding
of proline-rich motif of SPRY?2 to the SH3 domains of
ITSN1. Regarding that several SH3 domains were able
to pull down signaling protein, a role of ITSN1 in clus-
tering a few SPRY2 molecules could be suggested. Ano-

A
SH 3
GST N-SH34 A B C D E
WB: ol s WPl PR
anti-Flag 2
Ponceau S D ey i «~GST-SH3 domain
staining - < < GST
IP

B input NMS anti-Omni

WB: anti-Omni W= W < Omni-ITSNI

WB: anti-Flag - W i-sPRY2

Fig. 1. ITSN1 interacts with SPRY2 in vitro and in vivo: A — GST-fused
SH3 domains of ITSN1 were incubated with extracts of HEK293 cells
expressing Flag-SPRY2 (GST-fused proteins were visualized with
Ponceau S staining, Flag-SPRY?2 was detected using antibodies against
tag); B — HEK293T cells were cotransfected with Omni-ITSN1 and
Flag-SPRY2 (cell extracts were subjected to immunoprecipitation with
anti-Omni antibodies; protein complexes were analyzed by Western
blotting using anti-Omni and anti-Flag antibodies); NMS — normal
mouse serum
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Fig. 2. Adaptor protein ITSN1 and signaling protein SPRY2 partially
overlap in MCF-7 cells. Cells were cotransfected with Omni-ITSN1
and Flag-SPRY2 and starved for 24 h (4) or supplemented with FBS
(B). Proteins were stained with primary antibodies against tags and
visualized with secondary antibodies conjugated to Texas Red or
Alexa488
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ther possibility is bringing together signaling regulators
SPRY?2 and Cbl that are functionally linked and both in-
teract with the SH3 domains of ITSN1. Our previous
results showed that ITSN1 and Cbl form a complex in vi-
vo independently of growth factor stimulation [5]. Con-
trary to this ITSN1 and SPRY?2 displayed distinct loca-
lization in quiescent cells but partially overlapped when
supplemented with FBS. Obtained data could suggest
recruitment of SPRY?2 to preexisting ITSN1/Cbl comp-
lex after growth factor stimulation. This question re-
mains a challenge for future investigations.
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Perynsrop nepenaui mitorennoro curaany SPRY?2 hopmye komrieke

3 agantopauM Oinkom ITSN1 in vivo

Pesrome

Ilepeoaua mimozennoeo cuenany 6io peyenmopnux muposunxinas (RTK)
Y KAIMUHi MicHO N08 ’A3aHa 3 eHOOYUMO30M, AKULL pe2ynioe MOYHICMb
maxoi nepeoauyi. Inmepcexkmun 1 (ITSN1) — ye esonioyiiino koncepsa-
muenull adanmopHuil OiNoK, wo bepe y4acms y HAUOLbW pAHHIX ema-
nax KiampuH-onocepeoko8ano2o eHOoOYumosy ma 3aiyieHuil 00 npo-
yecy 3105KicHOI mpancgopmayii 3a ymos naoexcnpecii. Mema. [lowyx
611K18, siKi MoHcymb 3a6e3newumu 36 130k ITSNI i3 npoyecom nepeda-
ui cuenany 6i0 RTK. Memoou. I[lepedbauenns momusis 63acmo0ii in Si-
lico, excnpecis 6inkie y daxmepiiuHill cucmemi ma Kyaomypi KiimuH
ccasyie, imynonpeyunimayis, npeyunimayis oinkis, saumux 3 GST,
imynogayopecyenmui docniodxcenns. Pesynomamu. 3a donomoezoro cep-
sicy «Scansitey nepeddaueno 36’azyeanus oomerny SH3A ITSNI i3
SPRY2. Jlna excnepumenmanvbnoeo niomeepodicents yiei 83aemooii
saumi 3 GST SH3-0omenu ITSNI ompumano i ouuwero 3 6axkmepiil Es-
cherichia coli. Buxopucmosytouu npeyunimayiro oinxie, saumux 3 GST,
ecmanosnero, wjo oomenu SH3A, N-SH3A (netipon-cneyughiunuii sa-
pianm), SH3C i SH3E ITSN1 30amui npeyunimysamu Flag-SPRY?2 3 ni-
samy knimuH. [ani imyHoghnyopecyeHmHo20 ananizy ma KoiMyHonpe-
yunimayii ceiouams npo yacmkosy Koaokarizayito oiikie Omni-ITSN1 i
Flag-SPRY2 ma ¢opmysanna numu xomnnexcy in vivo. Bucnoseku.
Ompumani oani niomeepoHIcyioms acoyiayito eHooYumosHo20 adan-
moprozo oinka ITSNI i3 cuenanvruum oinkom SPRY2 in vivo.

Knrouogi crosa: inmepcekmun 1, nepeoaua Mimo2enHo20 CusHay,
SPRY?2, oomen SH3.
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Perynsarop nepenaun mutorennoro cursasia SPRY?2 accoununponan

¢ ajantopHeiM Oesnkom ITSN1 in vivo

Pesrome

[lepedaua mumoezennozo cuenana om RTK (peyenmoprvix muposuro-
6bIX KUHA3) MECHO CBA3AHA C IHOOYUMOZOM, PEyAUpyIowum ee moy-
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nocmo. Unmepcexmun 1 (ITSN1) — 26on10yuonno-koncepeamugbiil
adanmopnwlil 6eloK, 806IEUEHHbIIL 8 CaMble panHe CIAOUL KIAMPUH-
0NOCPeNOBaANHO20 IHOOYUMO3A, A MAKICE 8 3NOKAUECMEEHHYIO MPAHC-
Gopmayuio 6 cryuae ezo ceepxaxcnpeccuu. Llenw. Ilouck 6enkos, cno-
cobHbIX 0becneuusams ces13b ITSNI ¢ npoyeccom nepedauu cuenana
om RTK. Memoowt. Dxcnpeccus benkos 6 bakmepuaibHoll cucmeme u
6 Kylbmype K1emoK MAeKONUmMalowux, UMMYHORPeYUnumayus, npeyu-
numayus 6eixos, ciumoix ¢ GST, ummynopryopecyenmuuiii ananus. Pe-
syaemamut. C npumenenuem cepsuca «Scansitey npeocKasamo ces3oi-
sarue oomena SH3A ITSNI ¢ SPRY?2. Jlna sxcnepumeHmanbHo2o noom-
separcoerus smoeo ezaumooeticmsuss GST-caumoie domenwvt ITSN1 no-
ayuensvl u ouuwyensl us kiemok Escherichia coli. Hcnonwv3sys npeyunuma-
yuro 6enros, ciumsix ¢ GST, yemarnoenero, umo domernvt SH3A4, N-SH3A
(Hetipon-cneyugpuueckuii eapuanm), SH3C u SH3IE cnocobusi npeyunu-
muposams SPRY2-Flag u3 nuzama xkiemox. J{anHvle ummyHoghayopec-
YEHMHO20 AHAU3A U KOUMMYHONPEYUNUMayuu ceu0emeibCmeyion o
yacmuunou konoxkanusayuu 6eixos Omni-ITSNI u Flag-SPRY2 u ¢op-
MupogaHue umu Komniexca in vivo . Boteoowt. [lonyuennvie dannvie noo-
MBEPAHCOArom acCoyUayur SHOOYUMOo3Ho2o adanmoprozo benka ITSNI1
¢ cuenanbuwvim 6eakom SPRY?2 in vivo.

Kniouegvie crosa: unmepcexmun 1, nepedava mMumo2ennozo cue-
nana, SPRY2, oomen SH3.
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