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SHORT COMMUNICATIONS

Novel isoform of adaptor protein ITSN1 forms
homodimers via its C-terminus
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Aim. Previously we have identified a novel isoform of endocytic adaptor protein ITSNI designated as ITSNI-
22a. Western blot revealed two immunoreactive bands of 120 and 250 kDa that corresponded to ITSN1-22a. The
goal of this study was to investigate the possibility of dimer formation by the novel isoform. Methods. Dime-
rization ability of ITSNI1-22a was tested by immunoprecipitation and subsequent Western blot analysis. To
specify the region responsible for dimerization, site-directed mutagenesis and truncation analysis were carried
out. Inhibition of endocytosis by potassium depletion and EGF stimulation of HEK293 were performed. Results.
We have found that ITSN1-22a forms dimers in HEK293 cells. The dimerization of ITSN1-22a was mediated by
C-terminal domain. We showed that cysteines C1016 and C1019 were involved in homodimerization. Inhibition
of clathrin-mediated endocytosis and mitogen stimulation did not affect ITSN1-22a dimer formation. Conclu-
sions. ITSN1-22a is the only one known ITSN1 isoform, which is capable to form homodimers via disulphide

bonds. This could be important for the formation of protein complexes containing ITSNI1 molecules.
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Introduction. Intersectin 1 (ITSN1) is a widely expres-
sed cytosolic, multidomain scaffold protein, which is
conserved from worms to humans. This protein coordi-
nates several pathways controlling clathrin-mediated
endocytosis as well as exocytosis.

Initially the role of ITSN1 in endocytosis was de-
monstrated at invagination and fission stages [1,2]. Re-
cently, ITSN1 has been shown to participate in other
processes including the determination of cell polarity,
cell cycle progression [3], mitogenic signalling [4] and
cell survival [5] through the activation of the PI3K-
AKT pathway [5].

Previously, two major ITSN1 isoforms were descri-
bed: the ubiquitously expressed short isoform (ITSN1-
s) and the long isoform (ITSN1-1), which are predomi-
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nantly expressed in brain [6]. ITSN1-s possesses two
EH (Eps15 homology) domains at the N-terminus, fol-
lowed by a coiled-coil region (CCR) and five SH3 do-
mains (Src homology domains A-E). ITSN1-1 additio-
nally contains a C-terminal extension consisting of a
conserved tandem DH (Dbl homology) and PH (Pleks-
trin homology) domains, and a C2 domain [6]. Protein
interactions of these ITSN1 isoforms were extensively
studied during last decade (reviewed in [7]). Splicing
affecting 5' UTR of ITSN1 transcripts was also shown
[8].

Recently we have identified a novel isoform of
ITSNI1 that possess unique C-terminal domain instead
of four last SH3 domains on its C-terminus [9]. This iso-
form is produced by inclusion of the alternative exon
22a. ITSN1-22a migrated in SDS-PAGE as two immu-
noreactive bands. Here we report that recently identifi-
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ed isoform ITSN1-22a forms homodimers via the C-ter-
minal domain.

Materials and methods. Antibodies. Polyclonal
antibodies against the EH2 domain of ITSN1 [10] and
anti-CTD antibodies [9] were described previously.
Monoclonal anti-Omni (D-8, sc-7270) antibody was pur-
chased from «Santa Cruz Biotechnology» (USA).

DNA constructs. Constructs encoding Omni-
ITSN1-22a, Omni-ITSN1-22aA86, GST-SH3A-CTD
and GST-SH3A-CTDA39 were described previously
[9]. Site-directed mutagenesis was carried out with
reverse primer 5'-atgcggccgctcacaagtaatggggaagaGC
gagataaaaaGCaccaa-3'.

Protein expression, pull-down assays and Western
blot analysis were conducted as described previously
[9].

Cell culture and transfection. HEK293 cells were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10 % fetal calf serum, 50
U/ml penicillin and 100 pg/ml streptomycin. The cells
were transiently transfected using polyethylenimine
transfection reagent (JetPEI, Polyplus Transfection)
and processed 24 to 36 h after transfection.

Immunoprecipitation. For immunoprecipitation
(IP) cells were lysed in IP buffer (20 mM Tris-HCI pH
7.5, 0.5 % NP40, 100 mM NacCl, 10 % glycerol, ] mM
PMSF and protease inhibitor cocktail). HEK293 cell
lysate was mixed with antibodies and protein A/G. Af-
ter overnight incubation at 4 °C the beads were washed
three times with IP buffer. Bound proteins were eluted
by boiling in Laemmli sample buffer and analysed by
SDS-PAGE and Western blot.

Inhibition of endocytosis. Endocytosis was inhi-
bied by potassium depletion [10]. Cells were washed
twice with depletion buffer (20 mM HEPES, pH 7.4,
0.14 M NacCl, 1 mM CaCl,, 1 mM MgCl,, and 1 g/l D-
glucose). Subsequently, the cells were incubated for
5 min with a hypotonic buffer consisting of one part de-
pletion buffer and one part H,O. Then, the cells were in-
cubated for a further 30 min in depletion buffer at 37 °C.
Control cells were incubated with the same buffer sup-
plemented with 10 mM KCI.

Results and discussion. To investigate functional
features of ITSN1-22a isoform, a construct encoding
Omni-tagged ITSN1-22a (Fig. 1, 4) was expressed in
HEK?293 cells. Western blot analysis of ITSN1-22a im-
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Fig. 1. Novel isoform of ITSN1 adaptor forms dimer in vivo: 4 —
schematic representation of recombinant proteins used in this study;
B — HEK293 cells expressing Omni-ITSN1-s, Omni-ITSN1-22a and
ITSN1-22aA86 were lysed 24 h after transfection; cell lysates were
subjected to immunoprecipitation with anti-Omni antibody or normal
mouse serum (NMS) as a negative control followed by immunobloting
with anti-EH2 antibodies; C — GST-SH3A-CTD and GST-SH3A-
CTDA39 were expressed in E. coli and affinity purified; recombinant
proteins were immunoblotted with anti-CTD antibodies

munoprecipitates obtained with anti-Omni antibody re-
vealed a major band of 116 kDa and an additional band
of approximately doubled size (250 kDa). In similar ex-
periments performed with ITSN1 short isoform, Omni-
ITSNI1-s appeared as a single band with the expected
molecular weight of 136 kDa (Fig. 1, B). At the same
time truncated Omni-ITSN1-22aA86 mutant (110 kDa)
lacking the last 86 amino acids did not produce band of
higher molecular weight (Fig. 1, B). From this obser-
vation we assumed that ITSN1-22a is able to form di-
mers. However, it was not clear weather ITSN-22a
forms homodimer or heterodimer with other protein of
similar molecular weight. To exclude the presence of
eukaryotic cell components we expressed the C-termi-
nal region of ITSN1-22a in Escherichia coli. The GST-
fusion protein containing SH3A domain and the C-ter-
minal domain of ITSN1-22a (GST-SH3A-CTD) was
purified from E. coli and visualized in Western blot as
two bands with apparent molecular weight of 60 and
120 kDa (Fig. 1, C). Given that the bacterially expres-
sed C-terminal part of ITSN1-22a was able to produce
dimer we suggested that homodimerization occurs ra-
ther than heterodimerization. To specify more precise-
ly region engaged in dimerization we prepared trun-
cated form of GST-SH3A-CTD lacking 39 residues at
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Fig. 2. Disulphide bonds within ITSN1-22a mediate homodimeriza-
tion: 4 — HEK293 cells expressing Omni-ITSN1-22a (1, 2) or
ITSN1-22aCA(3) were lysed 24 h after transfection; recombinant
proteins were precipitated with anti-Omni antibody with subsequent
Western blot with anti-EH2 antibodies; B — diagram demonstrates the
amount of dimer of ITSN1-22a(1) and ITSN1-22aCA (2) normalized
to corresponding monomer; densitometric analysis was performed
with ImagelJ software
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Fig. 3. Dimerization of ITSN1-22a does not depend on clathrin-media-
ted endocytosis and mitogen stimulation: 4 — HEK293 cells expressing
Omni-ITSN1-22a were treated to inhibit clathrin-mediated endocy-
tosis (— KCl) or recover this process (+ KCl); precipitated with anti-
Omni antibody recombinant ITSN1-22a was subjected to Western blot
with anti-EH2 antibodies; B — immunoblotting of precipitated with
anti-Omni antibody Omni-tagged ITSN1-22a from mitogen-starved
(— EGF) and stimulated with 50 ng/ml EGF (+ EGF) HEK293 cells.
Cells were mitogen-starved for 12 h and then stimulated by growth fac-
tor for 10 min

C-terminus (SH3A-CTDA39). Western blot analysis
demonstrated that SH3A-CTDA39 did not form dimers
(Fig. 1, C). Thus, the C-terminal residues of ITSN1-22a
are supposed to be responsible for the formation of ho-
modimers.

We suggested that disulphide bonds could be en-
gaged in homodimerization of ITSN1-22a. Non-cova-
lent protein-protein interactions are unlikely given that
ITSN1-22a dimer sustained prolonged boiling. Boiling
of ITSN1-22a with mercaptoethanol during 30 min did
not affected the amount of dimer significantly reducing
it less than in 20 % of cases (data not shown). Homo-
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dimers formed by disulphide bonds could be extremely
stable against mercaptoethanol [11-13]. Three cystei-
nes were found within 39 C-terminal residues that con-
tained clustering signal. The residue C1016 is conser-
ved in all mammals whereas C990 and C1019 are spe-
cific only for primates (data not shown). To assess a
possible role of the cysteines C1016 and C1019 in ho-
modimerization, we substituted alanines for these resi-
dues (ITSN1-22aCA). Fig. 2 shows that the mutations
significantly decreased the amount of dimerized form
of ITSN1-22aCA in comparison with wild type ITSN1-
22a. However, these substitutions did not abolish
dimerization completely (Fig. 2). Presumably, C990 is
also able of forming disulphide bonds, however, its im-
pact on dimerization is moderate in comparison with
C1016 and C1019.

We investigated cellular processes in which dime-
rization could occur. As ITSN1 is a well-established
endocytic protein we studied whether the formation of
ITSN1-22a dimer depends on the endocytic activity.
Our data (Fig. 3, A) indicated that dimerization of
ITSN1-22a was not affected by inhibition of endocy-
tosis and disruption of endocytic sites by potassium
depletion. The dimerization of ITSN1-22a was also in-
dependent on mitogenic stimulation of HEK293 cells
with epidermal growth factor (EGF) (Fig. 3, B).

Thus, the obtained data demonstrate that the novel
isoform of ITSN1 adaptor ITSN1-22a is capable to
form homodimers due to the C-terminal clustering sig-
nal. Previously, Guipponi et al. proposed the coiled-co-
il region of ITSN1 molecule as putative oligomeriza-
tion signal [14], however, so far there are no published
data confirming this interaction. The CTD of ITSN1-
22a is responsible for this isoform homodimerization
signal. The dimerization of ITSN1-22a is not regulated
during clathrin-mediated endocytosis or signaling from
EGFR. The physiological significance of ITSN1-22a
dimers remains a challenge for future investigations.
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Hoga i3odopma ananreproro 6inka ITSN1 dpopmye romonumepu

3a MIOCEPEAHULTBOM BIacHOro C-KiHLEBOTO JOMEHY

Pestome

Mema. Paniwe Hamu i0enmu@ikosano HO8y i30¢hopmy adanmeprozo
6inka ITSNI1, naseany ITSN1-22a. Becmepn-610m ananiz eusieus Ha-
sA6HIcMb 060X ImyHopeakmusHux cmye 120 i 250 x/la, wo eionogioa-
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tomv ITSN1-22a. Mema yiei pobomu nonsizana y 6ueuerHi 30amnocmi
HOB0I i30popmu hopmyseamu oumepu. Memoou. ImyHonpeyunima-
yito i Becmeph-610m ananiz 6uKOpUCmano 0s 00CHIONCEHHs 30am-
Hocmi i30¢hopmu 0o dumepuzayii. loenmugpikayiro dinaHKu, wo 8iono-
gioac 3a popmysanHs Oumepis, 30IUCHIOBAIU 3 OONOMO20I0 Calim-
CHPAMOBAN020 Mymazene3y ma oeneyiiinozo ananisy. Inzioysanns en-
doyumo3sy iHOYKyeanu oeiyumom ioHie kaniwo. [ns mimoeenHoi cmu-
mynsyii knimun HEK293 3acmocogano enioepmanvruil pakxmop poc-
my. Pesynemamu. Hamu susgneno, wjo Hadekcnpecosana 6 KiimuHax
HEK293 izopopma ITSN1-22a ¢popmye oumepu. Humepusayis o0y-
Mmoenena cneyudivnum 0ns yiei izogpopmu C-xinyesum oomernom. Ha-
Mmu nokasano, wo yucmeinu C1016 i C1019 3anyueni 0o npoyecy 2o-
Mooumepuzayii. In2iOY8aHH KIaMPUH-0N0CePeOK08aAHO20 eHOOYUMO-
3y Ma CMuMynAYia KIimuH Mimo2eHom He GnIU8anmy Ha QopmyeanHs
oumepis i30¢popmoro ITSNI1-22a. Bucnosku. ITSN1-22a — ye eduna
gi0oma Ha cbo2ooui izogpopma ITSN1, 30amna ymeoprosamu 20mo0u-
Mepu 3a OONOMO20t0 OUCYIbHIOHUX 36 'S3KI8, WO MOdHCe OYMU 8aAXHCIU-
eum 013 gpopmysanns ITSNI1-emicHux 6inkosuUx KOMNIEKCIE.

Kntouosi cnosa: inmepcekmun 1, izopopma, 2comooumep.

H. B. Jlepeaii, A. B. depeaui, JI. A. L{viba, O. B. Hosoxayxkasi,
HU. A. Cxkpunxuna, A. B. Poinouy

Hosas nzodopma aganrepuoro 6enka ITSN1 popmupyer
rOMOANMEPHI [TOCPEACTBOM cBOero C-KOHIIEBOTO JOMEHa

Pestome

Hens. Panee mol udenmugpuyuposanu Hogyo uzoghopmy adanmepHozo
anooyumosrnozo 6eaxa ITSN1, nazeannyro ITSN1-22a. Becmeph-61om
aHaIU3 BbIAGUN HAAUYUE O8YX UMMYHOpeakmugnvlx noioc 120 u 250
kla, coomeemcmeyrowux ITSN1-22a. Iens smoil pabomei cocmosina
6 U3YUEHUU BO3ZMOJICHOCMU (HOPMUPOGANUS OUMEPO8 U30POPMOl
ITSN1-22a. Memoowt. Ummynonpeyunumayus u Becmepu-61om ana-
U3 UCNONBL30BAHBL OJIA UCCAEO0B8AHUSL BO3MOICHOCU OUMEPUIAYUL
usoghopmol. Hoenmuuxayuro yyacmra, omeeuaioue2o 3a Oumepusa-
Yuio, 0CYWecmeasany ¢ NOMOWbIO Catim-HanpasieHHo2o Mymazene3a u
deneyuonHnozo ananuza. Mneubuposarue sH0oyumo3a uHOyyuposaiu
Odepuyumom uonos kauus. st MUMo2eHHOU CIMUMYIAYUU KIeMOK Npu-
MeHeH 3nudepmanvrulil pakmop pocma. Pezynomamor. Hamu o6Ha-
PYIHCEHO, Umo cgepxaKcnpeccuposantas 6 kiemkax HEK293 uzoghop-
ma ITSNI-22a ¢popmupyem oumepsi. Jumepuzayus uzogpopmer 06y-
cnosnena ee cneyuguueckum C-konyegvim oomenom. Hamu noxazanmo,
ymo yucmeunwvt C1016 u C1019 sosreuens 8 npoyecc comooumepusa-
yuu. Uneubuposanue kiampun-onocpedo8anHo2o IHOOYUMo3a u Mu-
MOEHHAS, CMUMYIAYUS KIEMOK He GIUAI0M HA PopMuposanue oume-
pos uzogpopmoui ITSN1-22a. Beréoowt. ITSNI1-22a — s5mo eduncmeer-
Hasi Ha ce2o0us uzopopma ITSN1, cnocobnas 06pazosvieams 20moou-
Mepbl HOCPeOCmB8OM OUCYTbDUOHBIX C85i3€ll, YUMo MOodcem bblmb 8aAXHC-
HO 07151 popmuposanus ITSN1-codepocawux 6e1K08bIX KOMNIEKCO8.
Knrouesvle cnoga: unmepcekmun 1, usogpopma, 2comooumep.
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