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Aim. Activation of receptor tyrosine kinases (RTK) by corresponding ligands results not only in signal
propagation, but also initiates a number of processes, such as clathrin-mediated endocytosis, which
precisely regulate biological outcome. These processes are tightly controlled by coordinated action of a
plethora of proteins — enzymes, scaffolds and inhibitory molecules. An example of an endocytic accessory
protein that also functions in cell signaling is provided by intersectin 1 (ITSN1). Previously we have shown
that ITSNI forms a complex with adaptor protein Ruk/CINSS and ubiquitin ligase Cbl-b, which are
implicated in down regulation of RTK. The present study aimed to determine the subcellular localization of
ITSNI1-Ruk/CIN85 complexes relatively to clathrin light chain and Cbl-b. Methods. Transient transfection
of MCF-7 breast adenocarcinoma cells with the constructs containing Omni-tagged intersectin 1 and
clathrin light chain fused with mCherry fluorescent protein was utilized to determine subcellular
localization by direct or indirect immunofluorescence. Results. We found that Ruk/CIN85-1TSN1 complexes
partially colocalized with Cbl-b and clathrin light chain in MCF-7 cells. Conclusions. In our report we
provide experimental evidence that ITSNI1-Ruk/CINSS5 complexes exist in pre-assembled state with Cbl-b
and are targeted to clathrin-coated pits in MCF-7 cells.
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Introduction. Intersectin 1 (ITSN1) is an evolutionary
conserved adaptor protein involved in the regulation of
multiple cellular processes [1-4]. Its ubiquitous
isoform comprises two N-terminal Epsl5 homology
domains (EH1 and EH2), a central coiled-coil region
(CCR) and five tandem Src homology domains (SH3
A-E). By these domains ITSN1 was shown to bind
different endocytic proteins such as dynamin, epsin,
Eps15, synaptojanin 1, etc. (for review, see [5]). As any
other endocytic scaffolds, ITSN1 is also tightly linked
to both signal propagation and its attenuation. Mo-
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reover, it is known that ITSN1 can directly interact
with MAPK cascade member Sosl and ubiquitin
protein ligases c-Cbl and Cbl-b [6-8]. Recently, we
have found that ITSN1 forms a complex with another
signal attenuator, adaptor protein Ruk/CINS5 [5].
Furthermore, we have shown that Ruk/CIN8S, c-Cbl
and ITSNI1 colocalize in small (d = ~ 0.2-0.3 pm)
structures close to plasma membrane. In this report, we
describe localization pattern of Cbl-b and ITSNI-
Ruk/CIN85 complexes in MCF-7 cells and provide
evidence that ITSNI-Ruk/CIN85-rich structures
contain clathrin, and thus they may correspond to clath-
rin-coated pits (CCPs).
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Materials and Methods. Antibodies. A
monoclonal anti-Omni (D-8): sc-7270, polyclonal
anti-Omni (M-21): sc-499 and polyclonal anti-Cbl-b
(H-454): sc-1705 antibodies were purchased from
Santa Cruz Biotechnology. For immunofluorescence,
Alexa Fluor 405 goat anti-rabbit IgG (Invitrogen) and
Texas Red horse anti-mouse IgG (Vector Laboratories
Inc.) antibodies were used.

Plasmid construction. The Omni epitope-tagged
ITSN1 construct was described previously [5]. Plasmid
containing mCherry-tagged clathrin light chain
(pmCherry-CLC) was constructed using vector
pEGFP-CLC kindly provided by Dr. Havrylov,
Poland.

Cell culture and transfection. The human breast
adenocarcinoma (MCF-7) cells stably overexpressing
GFP-fused Ruk/CIN85 (Drobot L., manuscript in
preparation) were grown on coverslips at 37 °C in 5 %
CO, in Dulbecco’s modified Eagle’s medium with high
glucose content, 10 % fetal bovine serum, 2 mM
glutamine, 50 U/ml penicillin and 100 pg/ml strep-
tomycin. Cells were transfected using polyethylene-
imine (JetPEI, Polyplus Transfection) and processed
18 h after transfection.

Immunofluorescence and confocal microscopy.
Transfected cells were washed in cold PBS, fixed in
4 % formaldehyde for 15 min, washed three times for
5 min each with PBS containing 0.2 % Triton X-100
and blocked with blocking buffer (2 % bovine serum
albumine, 0.2 % Triton X-100 in PBS) for 30 min at
room temperature. Incubations were performed at
room temperature with antibodies diluted in blocking
buffer. Slides were mounted using PVA-DABCO
(Fluka) and images were captured with a Leica TSC
SPE or Zeiss LSM 510 Meta confocal microscopes. All
images represent a single confocal section, taken from
the bottom surface of expressing cells.

Results and Discussion. Clathrin-mediated
endocytosis (CME) is the major mechanism of protein
internalization in eukaryotic cell. While endocytosis
was traditionally considered as a negative regulatory
mechanism for activated RTKs, it is now clear that
positive signalling requires endocytosis as well.
During CME, receptors and their ligands are recruited
into clathrin-coated vesicles (CCVs) that are formed at
the plasma membrane in active sites called clathrin-

coated pits (CCPs). This process is facilitated by
adaptor proteins which interact directly or indirectly
with both cytosolic domains of receptors and clathrin.

It was shown that intersectin 1 localizes to pe-
rinuclear compartment and clathrin-coated pits of en-
dothelial and neuronal cells [9, 10]. In turn, Ruk/CIN85
was found at COPI-coated vesicles in Golgi [11, 12].
To determine whether ITSN1 and Ruk/CINSS localize
within CCPs we analyzed the subcellular distribution
of these proteins in cells relatively to clathrin light
chain (CLC) — the central component of CCPs and
CCVs. MCF-7 cells stably overexpressing full-length
GFP-tagged Ruk/CIN85 were transiently transfected
with expression constructs encoding Omni-ITSN1 and
mCherry-tagged clathrin light chain (mCherry-CLC).
Immunofluorescence analysis revealed that GFP-Ruk/
CIN85 and Omni-ITSN1 proteins colocalized and
concentrated in the perinuclear region and in round
juxtamembrane structures, which were also clathrin-
positive (Fig. 1, see inset). Therefore, intersectin 1 and
Ruk/CINSS partially localize to clathrin-coated pits in
MCEF-7 cells.

It should also be noted that phenotype of MCF-7
cells stably overexpressing full-length GFP-tagged
Ruk/CINSS resembles that of brefeldin A-treated HeLa
cells [13]: considerable number of cells contain
Ruk/CIN85-positive prolonged membrane tubules
(data not shown). This observation points to possible
perturbations in the membrane trafficking and is
consistent with a significant role of Ruk/CINS85 in
Golgi-endoplasmic reticulum and intra-Golgi transport
[11,12].

Additionally, we examined the subcellular
colocalization of ITSN1, Ruk/CIN8S5 and the ubiquitin
ligase Cbl-b in MCF-7 cells. Cbl-b is known to interact
with both ITSN1 and Ruk/CIN85 adaptor proteins:
ITSN1 binds Cbl-b by its SH3 A and E domains [7],
while Ruk/CIN85 interacts with an atypical
proline-rich motif at the distal end of Cbl-b through
SH3 domains [14, 15]. Immunofluorescent analysis
revealed that Omni-ITSN1, GFP-Ruk/CIN85 and
endogenous Cbl-b display moderate levels of coloca-
lization in MCF-7 cells (Fig. 2, see inset).

Both ITSN1 and Ruk/CINS85 aid in assembling
clathrin-coated vesicles through association with
numerous endocytic proteins [S] and are presumed to
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link receptor endocytosis with cytoskeletal rearran-
gements [4, 16]. It is widely accepted that numerous
components of signal transduction cascades assemble
at clathrin coated pits and remain associated during
endocytosis. In our report we provide additional
experimental evidence that supports this idea. How-
ever, determination of the exact composition of
complexes and elucidation of their localization-critical
components require additional experiments.
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Inrepcextun 1 ra Ruk/CIN8S xonmokani3yloThcs B KIIATPUH-

001sIMOBaHUX sMKax Kiitu jdinii MCF-7

Pesrome

Mema. Axmusayis peyenmopHux Mupo3UHKIHA3 6i0N08IOHUMU
J2aHOaMU NPUZBOOUMb HE JUULE 00 PO3ZNOBCIOONCEHHS CUSHATLY, dlle
11 iHiyito€e pi3Hi npoyecu, ceped AKUX KIAMPUH-ONOCEPEeOKOBAHUL
eHOOYUMOo3, Wo pecynioioms KIIMUHHY 8i0nogiob. Taki npoyecu
YiMKO KOHMPONIOIOMbCs 3A80AKU  KOOPOUHOBAHIU Oil  @enuxoi
Kinbkocmi OLIKi6 — hepmenmis, adanmopie ma in2ibimopis. Ilpux-
NA0OM A0anmopHoz2o OiNKa, Wo QYHKYIOHYE K 6 eHOOYUmMo3i, max i
6 knimunniu cuenanizayii, ¢ inmepcexmun 1 (ITSN1). ¥ nonepeonix
docniodocennax mu nokasanu, wo ITSNI ymeopioc komnnexc 3 adan-
mopuum 6inkom Ruk/CIN8S ma ybixeimunnieasor Cbl-b, axi 3any-
ueni 00 HeeamugHoOi pecynayii peyenmopuux muposunxinas. Me-
mow 0anoi pobomu 0yn0 usHAUUMU CYOKAIMUHHY TOKANI3AYII0
komnaekcie Ruk/CINSS5-ITSNI no eionowiennio 0o kaampuny ma
Cbhl-b. Memoou. /{11 écmanosienns 10oKkanizayii OLIKI6 KIImMuHu
aoenokapyunomu MorouHol 3anozu aoounu MCF-7 mpanzienmuo
mpanceikysanu xoncmpyxyiamu, wo micmames ITSNI i knampun,
ma euUAIU MEemMOOAMU NPAMOO [ HENPAMO20 IMYHODIYOpecyeH-
muozco ananizy. Pesynemamu. [loxazano, wo ITSNI i Ruk/CINSS
yacmkoeo konokanizyromecs 3 Chl-b i knampurnom y knimunax aiinii
MCF-7. Bucnosku. Ilpooemoncmposano, wo xomniexcu Ruk/
CINS5 3 ITSNI konokanisytomeca 3 Cbl-b i snaxooamwvcs y kiam-
pun-oonamosanux amxax kaimun ainii MCF-7.

Kunrwuosi cnosa: inmepcexmun, Ruk/CINSS, Cbl-b, knampun-o6-
JIAMOBAHI AMKU, IMYHOGIYOpecyeHyist.
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Hnrepcextur 1 u Ruk/CINSS xonokanu3yroTcs B KIIaTpUH-

OKaMMJICHHBIX SIMKaX KJIeTOK JuHuu MCF-7

Pesome

Llenv. Axmusayus peyenmopHux Mmupo3UHKUHA3 COOMBEMCMEYI0-
WUMU TUSAHOAMU NPUEOOUM HE MOJIbKO K PACAPOCMPAHEHUIO CUe-
Hand, HO U UHUYUUPYem DA3Hble NPOYECcCyl, HAnpumep, KiampuH-
0NOCPeOOBAHHLIL IHOOYUMO3, KOMOPble Pe2yIUPYIOm KIemouHbvlil
omeem. Dmu npoyeccvl cmpo2o KOHMPOIUPYIOMCs 01a200aps Ko-
OPOUHUPOBAHHOMY OelCmEuIo O0IbUI020 KOAUYeCmEd 0elkos —
Gepmenmos, adanmopos u uneubumopos. Ilpumepom adanmopmo-
20 0enKa, YYHKYuoHupyroue2o Kax 6 9H0Oyumose, makx u 6 Kiemou-
Hou cuenanusayuu, caysxcum unmepcekmun 1 (ITSN1). Panee namu
nokazano, umo ITSNI ¢popmupyem xomniexc ¢ adanmophvim 6e-
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xom Ruk/CINSS5 u youxeumunaueaszou Chl-b, yuacmeyrowumu 6 ne-
2AMUBHOU pe2ynayuu peyenmopHvlx mupo3unkunas. [eavio oannoul
pabomol 6b110 GblsGIEHUE CYOKIEMOYHOU TOKANUZAYUU KOMNILEKCO8
Ruk/CIN85-ITSN1 no omnowenuro k knampuwny u Cbl-b. Memoowi.
Hna onpedenenus nokaruzayuu OeiKo8 Kiemku a0eHoKapyuHoMol
monounou cenesvt yeroseka MCF-7 mpanzuenmno mpancpuyupo-
eanu koHcmpykyuamu, kooupyiowumu ITSNI u knampun, u uccie-
006anU  MEMOOAMU NPAMO20 U HENPAMO20 UMMYHOPDIYyOpec-
yenmrnoeo ananusa. Pesynomameut. [loxasano, ymo ITSNI u Ruk/
CINS5 uacmuyno xonokanuzyromes ¢ Cbl-b u knampunom 6 knem-
xax aunuu MCF-7. Boteoowvt. Yemanoeneno, umo komniexcol ITSN1
u oenxa Ruk/CINSS wacmuuno xonoxanusyromes ¢ Cbl-b u naxo-
0AMcs 6 KIAMPUH-OKAUMIEHHbIX AMKaAx kiemok nunuu MCF-7.

Knwouesvie cnosa: unmepcexmut, Ruk/CINSS, Cbl-b, knampun-
oKatMIeHHble AMKU, UMMYHODIYOpecyeHyus.
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Omni-ITSN1 ‘ -G mCherry-CLC

Fig. 1. ITSN1 colocalizes with Ruk/CIN85 and clathrin light chain in MCF-7 cells. MCF-7 cells stably overexpressing GFP-tagged
Ruk/CINS8S were transfected with Omni-ITSN1-s and mCherry-CLC. ITSN1 protein was localized by indirect immunofluorescence with
anti-Omni antibodies followed by secondary antibodies coupled to Alexa Fluor 405 (blue). White arrows indicate some of structures
labelled by all three proteins

Omni-ITSN1 Merge

Fig. 2. ITSNI1 colocalizes with Ruk/CIN85 and Cbl-b in MCF-7 cells. MCF-7 cells stably overexpressing GFP-tagged Ruk/CIN85 were
transfected with Omni-ITSN1-s and double-stained with antibodies against Omni-tag (visualized with Texas Red-conjugated anti-mouse
IgG) and endogenous Cbl-b (visualized with Alexa Fluor 405-conjugated anti-rabbit IgG). White arrows indicate some of structures that are
positive for all three proteins. Blunt white arrows indicate structures negative for at least one of the proteins



