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ITSN1BINDSTHE E2-CONJUGATING ENZYME UBC9

Aim. Scaffolding protein of the intersectin 1
(ITSN1) associated with malignant cell transfor-
mation. A short isoform of ITSN1 (ITSN1-S) can
localize to the nucleus and inhibit breast cancer cell
proliferation but the exact mechanisms of ITSN1
nuclear export have not been fully elucidated.
SUMOylation of ITSN1, or its interaction with
components of SUMO modification, may be one of
the regulatory mechanisms contributing to the nu-
clear-cytoplasmic shuffle of ITSN1 in the
cell. Methods. Full-length human UBC9 sequence
was  subcloned  in pGEX4T2 vector  forin
vitro GST-binding assays with overexpressed Om-
ni-ITSN1-S in 293 cdl line. Lysates of 293 cells
with overexpressed FLAG-UBC9 were used for co-
immunoprecipitation with endogenous proteins of
ITSN1 and ITSN2. Results. Endogenous ITSN1-S
form complexeswith full-length overexpressed
UBC9 in 293 in vivo. Further analysis revealed that
GST-UBC9 hinds human full-length short isoform
ITSN1-S invitro. Conclusions. E2-conjugating
enzyme of the SUMOylation, UBC9, is confirmed
as a novel protein partner for ITSN1 both in
vitro and in vivo. Considering the tumor suppressor
role of a nuclear ITSN1-S in breast cancer and the
unique role UBC9 plays in SUMO-moadification of
proteins, we suggest a possibility of UBC9 and
ITSN1 interaction association with malignant trans-
formation, which can be the ground for the further
studies.

Keywords: ITSN1 (intersectin 1), UBCY,
SUMOQylation, protein-protein interactions.

Intersectin 1 (ITSN1) is a multi-domain scaf-
fold protein involved in the regulation of endocyto-
sis, vesicle transport, and activation of various sig-
nal transduction pathways. Al-
tered ITSN1 expression is associated with the pro-
liferation and invasion of glioblastoma, neuroblas-
toma, and lung cancer cells, as well as with the
development of Down syndrome, Alzheimer's, and
Huntington's diseases. ITSN1 is located on human

chromosome 21 and consist of short (ITSN1-S) and
long (ITSN1-L) isoforms produced by aternate
splicing events that incorporate a guanine nucleo-
tide exchange factor (GEF) domain into the long
form [1].

ITSN1-S shuttles between the cytoplasm and
nucleus due to nuclear localization sequences
(NLS) in the EH domain[2] and the SH3D do-
main [3]. Additionally, ITSN1-S trandocates to the
nucleus and interacts with lamin A/C. Through its
EH regions, ITSN1-S interacts with another PI3K
and PIK3C2A, in the cytoplasm to reduce
PIK3C2A-AKT pathway activation and inhibit
breast cancer cell migration and invasion [2]. Fur-
thermore, nuclear ITSN1-S inhibits nascent DNA
synthesis and replication in breast cancer cells[3].
These results provide additional evidence for the
involvement of ITSN1-S as a tumor suppressor
with nucleocytoplasmic functions in breast cancer.

The detailed mechanism of ITSN1-S translo-
cations has not been adequately established up to
date. One of the regulatory pathways controlling
the nuclear-cytoplasmic transport of proteinsin the
cell that could potentially contribute to the ITSN1-S
tranglocation is SUMOylation: the posttrandational
modification, in which small ubiquitin-like modifi-
ers get covalently linked to target proteins [4]. Pre-
liminary biocinformatics data obtained in our lab
indicates the presence of potential SUMOylation
sites and SIM motifs in a full-length sequence of
ITSN1, which could imply interactions with SU-
MO-proteins and SUMO-modification components
alike. The transfer of activated small ubiquitin-like
modifier proteins to their targets is mediated by
UBC9, the sole E2-conjugating enzyme of the
SUMOylation cycle[5]. UBC9-mediated SUMOy-
lation has been implicated in many processes, such
as DNA replication/repair, cell division, movement,
nuclear transport, and transcription [6]. UBC9 also
functions as a cellular chaperone and transcriptional
coregulator, thus having a SUMOylation-
independent function in protein stability and syn-
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thesis regulation [7]. In addition, UBC9 has several
properties related to cancer development and pro-
gression: a strong association between resistance to
chemotherapy and a heightened level of UBC9
expression in breast cancer tumors have been re-
ported [8], along with heightened expression in
advanced melanomas, head and neck tumor and
lung tumor [9].

Our findings reveal an interaction between
UBC9 and ITSN1-S, which suggests ITSN1 is a
potential target of SUMOylation. Additionally,
considering the scaffolding role that ITSN1 playsin
cellular signaling, this finding may contribute to
further understanding of the SUMOylation process
that involves ITSN1 protein partners and the stabil-
ity of these complexes in the modification process.

Materialsand methods

Expression constructs. The cDNA of FLAG-
tagged UBC9 was kindly provided by Dr. Christo-
pher D. Lima (New York, USA) [10]. The full cod-
ing sequence of human UBC9 was subcloned in the
pGEX4T2 vector (CE Healthcare). Expression con-
struct encoding isoform Omni-tagged ITSN1-S
(+VKGEW) was described previously [11].

Antibodies. Rabbit  polyclonal  antibodies
against the EH2 domain of human ITSN1 (anti-
ITSN1) and mouse polyclonal antibodies of ITSN2
(anti-ITSN2) were described previously [12, 13].
Monoclonal anti-FLAG clone M2 was purchased
from Covance, Sigma. Secondary horseradish pe-
roxidase-labeled anti-rabbit and anti-mouse anti-
bodies were purchased from Promega.

Cdll culture and transfection. The 293 cell
line was obtained from the Bank of Cell Lines of
the R. E. Kavetsky Ingtitute of Experimental Pa-
thology, Oncology, and Radiobiology, NASU
(Ukraine). The cells were maintained in DMEM
(Dulbecco's modified Eagle's medium) supplement-
ed with 10% fetal calf serum, 50 U/ml penicillin,
and 100 mg/ml streptomycin. According to the
manufacturer's instructions, the cells were transient-
ly transfected with the JetPEI (polyethyleneimine,
Polyplus Transfection) and processed 24 hours after
transfection.

Protein Expression, pull-down assay, and
Western blot analysis. The recombinant GST-fused
proteins were expressed in Escherichia coli BL21
(DE3) pLysE cdll and affinity purified using gluta-
thione-Sepharose 4B (GE Healthcare) according to
the manufacturer's instruction. GST-tagged proteins
(5-20 mg) or GST were bound to beads and incu-
bated for two hours at 4°C with lysates of human

cell lines. Cell lysates were prepared in extraction
buffer containing 20 mM Tris-HCI pH 7.5, 1 %
Triton X-100, 150 mM NaCl, and a protease inhibi-
tor cocktaill (Roche). The beads were extensively
washed with extraction buffer three times and
boiled in Laemmli sample buffer (150 mM Tris-
HCI pH 6.8, 2.5 % glycerol, 10 % SDS, 3 % beta-
mercaptoethanol and 0.5 % bromophenol blue).
The eluted proteins were resolved in SDS-PAGE,
transferred to nitrocellulose membranes (Bio-Rad),
and blocked for one hour in 5 % non-fat milk,
1XxPBS (phosphate-buffered saline), and 0.1 % Tri-
ton X-100. Afterward, the membranes were incu-
bated with the corresponding primary antibodies for
one hour at room temperature and washed. Detec-
tion was performed by horseradish peroxidase-
labeled secondary antibodies. Chemiluminescence
was captured with Molecular Imager ChemiDocTM
XRS+ (BioRad).

Immunoprecipitation. For immunoprecipita-
tion (I1P), the cells were lysed in IP buffer (20 mM
TrissHCI pH 7.5, 1 % Nonidet P40, 150 mM NaCl,
10 % glycerol, 2 mM EDTA and protease inhibitor
cocktail (Roche). The lysates were mixed with an-
tibodies and protein A/G PLUS-Agarose (Santa
Cruz Biotechnology). After incubation for three
hours at 4°C, the beads were washed three times
with 1P buffer. Bound proteins were eluted by boil-
ing in Laemmli sample buffer and analyzed using
SDS-PAGE and Western blotting.

Results and discussion

ITSN1 is a multidomain scaffold protein
found in various cellular compartments, with nota-
ble presence in the cytoplasm, plasma membrane,
and endocytic vesicles. Its distribution is intricately
linked to its diverse functions in cellular processes
such as endocytosis, vesicle trafficking, and signal
transduction. In addition to its notable functions in
stabilization of macromolecular complexes and cell
signaling, ITSN1 has emerged as a significant play-
er in cancer biology, particularly in the context of
cancer invasion and metastasis. It has been shown
to promote tumor development in malignant glio-
ma, as well as in breast cancer cells, while being
localized in nuclei in this particular case [2]. ITSN1
also plays a significant role in metastatic invasion,
interacting with WIP and N-WASP proteins and
localized in invadopodia[14].

To investigate whether ITSN and UBC9
could be involved in the same protein complexes,
coimmunoprecipitation was performed. Two mem-
bers of the intersectin family, ITSN1 and ITSNZ2,
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were used in this study. To perform this analysis,
cells of the 293 cdll line with a short-term transfec-
tion of FLAG-UBC9 were lysed and used for co-
immunoprecipitation using monoclona antibodies
against FLAG. The two members of the ITSN pro-
tein family, ITSN1 and ITSN2, share a significant
structural similarity, however there is a particular
difference in the expresson of their longer
isoforms. ITSN1-L expression is specific to the
brain, whereas ITSN2-L expression is ubiqui-
tous[1].

ITSN1-S was detected in immunoprecipitates
obtained with anti-FLAG antibodies from lysate of
293 cells (Fig. 1A).

The interaction of the short and long ITSN2
isoforms was not detected in the precipitates with
UBCO9 (Fig. 1B), indicating the absence of associa-
tion between these proteins. Thus, the obtained
results revealed the possibility of in vivo complex
formation between UBC9 and ITSN1 in 293 cells.

The obtained data were confirmed by pre-
cipitation in vitro. For this, a cDNA fragment en-
coding the UBC9 sequence was cloned into a vec-
tor for bacterial expression containing a GST tag.
Recombinant GST-UBC9 protein was expressed in
E. coli cells, then affinity purified using glutathi-
one-sepharose, and used in an in vitro interaction
study. Because ITSN1 has different isoforms that
are formed by alternative splicing and characterized

A

by tissue specificity, for the experiment, the ITSN1-
S isoform with an additional five amino acid resi-
dues VKGEW in the SH3A domain was used, the
sequence of which was cloned into a vector for
eukaryotic expression from Omni-tag. 293 cells
transiently expressng Omni-ITSN1-S(+VKGEW)
were lysed and used for GST precipitation. The
results showed that GST-fused UBC9 binds recom-
binant Omni-ITSN1-S(+VKGEW) (Fig. 2).

This finding demostrates the presence of a
protein-protein complex between ITSN1 and UBC9
for the first time. Taking into account the unique
role UBC9 plays in SUMOylation, this interaction
can indicate the fact that ITSN1 undergoes
SUMOylation by itself, considering that ability to
bind UBC9 by the substrate is crucia to the process
of covaent attachment of SUMO-proteins. The
identification of ITSN1 as a SUMOylation target
implies potential impacts on the stability and dy-
namics of the complexes it forms during this modi-
fication process. This finding also indicates inter-
play between ITSN1, its protein interactors, and the
SUMOylation machinery. Unraveling the specifics
of how ITSN1 and its partners undergo SUMOQOy-
lation may provide valuable insights into the broad-
er landscape of post-trandational modifications,
with implications for understanding cellular home-
ostasis and potentia therapeutic interventions.
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Fig. 1. Endogenous ITSN1-S forms a complex with UBC9. 293 cells were transfected with FLAG-UBC9. Cdll
extracts were subjected to immunoprecipitation with anti-FLAG antibodies. The precipitated proteins were analyzed by
Western blotting with anti-ITSN1 (A) and anti-ITSN2 (B) antibodies. Mouse immunoglobulin G (1gG) was used as a

control. IP, immunoprecipitation; WB, Western blotting.
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Fig. 2. UBC9 interacts with scaffold protein ITSN1 in vitro. The GST-fused UBC9 were expressed bacterially
and purified via affinity purification. The GST-UBC9 or GST alone (control) immobilized on glutathione beads were
incubated with lysate of 293 expressing Omni-ITSN1-S(+VKGEW). Bound proteins were separated by SDS-PAGE and
detected by immunablotting with anti-Omni antibodies. GST-UBC9 was visuaized by Ponceau S staining. WB, West-

ern blotting.

Conclusions

Our data identify Ubc9 as a new ITSN1 in-
teraction partner and introduce the Ubc9-1ITSN1
module as a new regulatory layer on the controls of
cellular processes. This discovery prompts further
exploration into the specific molecular mechanisms
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ITSN1 ®OPMY€ KOMIIJIEKC I3 E2-KOH’IOT'YIOUUM ®EPMEHTOM UBC9

Mema. Uuromnasmarmunnii ckapdonmuuii mporein intepcektnn 1 (ITSN1) acomifioBanmii 3i 3I0SKiCHOIO
tpanchopmamiero kimitiH. Koporka izodopma ITSN1 (ITSN1-S) 3gatHa jokamisyBaTHCs B siIpi Ta iHTiOyBaTth
npodridepalito KITHH paKy MOJIOYHOI 3aJI03H, poTe MexaHi3Mu siaepHoro ekcriopTy ITSN1 ocratouno He 3’sicoBaHi.
CymoinyBanns ITSN1 abo #oro Bzaemonisi 3 kommnoHeHTamu cucteMn SUMO-momudikamii Moxe OyTH OAHUM i3
PETYJISITOPHUX MEXaHi3MIB, IO CHpHsE sAepHO-IMTOIUIa3MaTnyHoMy TtpaHcnopty ITSN1 y kmituni. Memoou.
[NoBHOpO3MipHY mocmizoBHicTs UBCY moanan cybkionyBanu y Bekrop PGEX4T2 mns GST-npenwmitarii in vitro 3
HangekcnpecoBaunM Omni-ITSN1-S y wmituHax minil 293. Jlisatm 293 wmituH i3 Hanmekcmpeciero FLAG-UBC9
BUKOPHCTOBYBaJIM MJIsl KOiMyHomnperwmmitaiii 3 engoreHHumu nporeinamu ITSN1 Tta ITSN2. Pesyasmamu.
Ennorennwuii | TSN1-S yrBOproe KomIuiekc in Vivo 3 ToBHOpo3MipHUM HagekcrpecoBannMm UBCY y kiritunax minii 293.
INoganemnii aHamiz mokasas, o pekomGiHanTHuii GST-UBC9 mpenumitye in Vvitro kopotky izodopmy ITSNI1-S
moauHu. Bucnoexu. E2-xon’roryrounii dpepment cymoinyBanus UBC9 e HoBum mporteiHoBuM maptHepoMm |TSN1
invitro ta in vivo. BpaxoBytoun posnb saepHoro ITSN1-S B iHriGyBaHHi MyXJIHHHOTO POCTY PaKy MOJIOYHOI 3aJ03H Ta
kputnuny poss UBC9 y SUMO-moandikamii OUTKiB 3 MOXIHMBICTIO peryismii ixX sIepHOro TpaHCIOpPTY, MU
MIPOTHO3Y€EMO, IO J1aHAa B3a€EMOJIS MOXE CTaTH OCHOBOIO JUIS ITOJANBIINX JOCII/KEHb BIUIMBY CYMOUTIOBAaHHS Ha
¢ynxmii | TSNI.

Krouosi crosa: ITSN1 (iatepcextun 1), UBCY, cymoinmyBanHs, 0110K-017IKOBI B3a€MOIii.
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