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Phosphorylation of endocytic adaptor ITSN2 that enabled its interaction with the SH2 domains of signaling
proteins was recently reported. The aim of this study was to determine whether tissue-specific ITSN2
phosphorylation and subsequent recognition by phosphotyrosine-binding domains could occur in mouse tissues.
Methods. In silico prediction of interaction motifs, expression of recombinant proteins in bacterial system, GST
pull-down analysis, immunoblotting. Results. Analysis of phosphoproteomic data demonstrated tyrosine phos-
phorylation of mouse ITSN2 homologue, Ese?2 protein. Scansite service was used to predict binding motifs for the
SH?2 domains of Fyn, Abll, PLCgl and PI3KR 1 within Ese2. Comparison of ITSN2 and Ese?2 sequences showed
conservation of predicted interaction motifs between human and mouse. GST-fused SH2 domains of Fyn, Abll,
PLCgl and PI3KR1 were obtained and used as phosphorylation «sensors» of tyrosine-based motifs within Ese2
molecule. Binding of Ese2 to the SH2 domains of Fyn and PLCg1 was observed in brain, lung and heart whereas
SH?2 domains of Abll and PI3KR1 interacted with Ese2 in lung and heart only. Conclusions. Differential Ese2/
SH? interactions in tissues suggest that tissue-specific tyrosine phosphorylation might regulate specific binding

of the Ese2 adaptor to the signaling molecules.
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Introduction. Intersectin 1 and 2, ITSN1 and ITSN2,
are endocytic adaptors that mediate assembly of multi-
protein complexes during clathrin-mediated endocyto-
sis. Both proteins have the same domain composition
and are widely expressed in tissues (reviewed in [1, 2]).
Recently we performed functional comparison of [ITSNs
and showed that ITSN2 is tyrosine phosphorylated in
contrast to ITSN1. Phosphorylated form of ITSN2 was
recognized by the SH2 domains of signaling proteins in
HeLa cells [3]. According to the phosphoproteomic da-
ta and in silico prediction, nine tyrosine residues of
ITSN2 can be modified and each recognized by several
partners [4, 5]. We suggest that in tissues, modification
of different residues could allow binding of distinct pro-

© Institute of Molecular Biology and Genetics, NAS of Ukraine, 2013

424

tein partners. The aim of this study was to verify this hy-
pothesis using mouse model.

Materials and methods. /n silico prediction of bin-
ding motifs for SH2 domains was performed using
Scansite service [4].

Expression constructs and antibodies. The GST-
SH2 domains of Fyn, PLCgl, Abll and PI3KR1 were
described previously [3]. Polyclonal antibodies against
the CCR of ITSN2 were produced in rabbits immuni-
zed with the recombinant His-tagged protein compri-
sing amino acid residues 349—499 of ITSN2.

Binding assays and Western blot analysis. The re-
combinant GST-fused proteins were expressed in Es-
cherichia coli and affinity purified using Sepharose 4B
(«GE Healthcare», USA) according to the manufactu
rer’s instructions. Lysates of mouse tissues were prepa-
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Ese2 is differentially recognized by various SH2 domains in mouse brain, lung and heart: 4 — schematic representation of ITSN2/Ese2 domain
organization and distribution of tyrosine residues (shown as black boxes). Tyrosine residues that are phosphorylated according to phosphoproteo-
mic data are indicated by circles. The number above each circle indicates the position of the residue within Ese2 protein; B — Bacterially expressed
and affinity purified GST-SH2 domains of Fyn, Abll, PI3KR1, PLCgl or GST alone (control) were bound to glutathione beads and used as bait to
pull down Ese2. For in vitro binding assays GST-fused proteins were incubated with lysates of mouse brain, heart and lung. Bound proteins were
analyzed by Western blotting using antibodies against ITSN2. GST-fused proteins were visualized by Coomassie staining. PI3KR1-N corres-
ponds to the N-terminal SH2 domain of PI3KR1. Ese2-S/L, short/long isoform of Ese2; WB, Western blotting

red in extraction buffer containing 20 mM Tris-HCI,
pH 7.5, 0.5 % NP40, 150 mM NacCl, 10 % glycerol,
1 mM Na,VO, and protease inhibitor cocktail («Ro-
che», France). For pull-down assays, immobilized on
beads GST-SH2 domains were incubated with cell lysa-
tes for 1 hat4 °C. The beads were then washed with ex-
traction buffer three times at 4 °C and boiled in Laem-
mli buffer (150 mM Tris-HCI, pH 6.8, 2.5 % glycerol,
10 % SDS, 3 % B-mercaptoethanol and 0.5 % bromo-
phenol blue).

Proteins were resolved in SDS-PAGE, transferred
to nitrocellulose membranes («Bio-Rad», USA) and
probed with appropriate antibodies for 1 h at room tem-
perature. Detection was performed using ECL reagents.
Chemiluminescence was captured with Molecular Ima-
ger ChemiDocTM XRS+ («Bio-Rady).

Results and discussion. To verify our hypothesis
about the existence of ITSN2 tissue-specific phospho-
rylation/interaction pattern, mouse tissues were used.
The similarity between human ITSN2 and homologous
mouse Ese2 protein is 92 %. Therefore we used previ-
ously obtained anti-ITSN2 antibodies [3] that were

able to detect major short and long Ese2 isoforms in
mouse tissue lysates. We tested binding of SH2 domains
of Fyn and Abl1 kinases as well as phospholipase C gam-
ma 1 (PLCgl) and regulatory subunit of PI3K (PI3KR1)
to Ese2 from mouse tissues.

Using Scansite service the binding motifs for these
SH2 domains were predicted within Ese2 sequence
(Table). Phosphorylation of Y554 and Y922 of Ese2
protein was demonstrated by phosphoproteomic stu-
dies (Figure, A) [5].

For all proteins except for Fyn kinase conserved bet-
ween human and mouse tyrosine-based interaction
motifs were predicted within Ese2.

Affinity purified GST-SH2 domains of Fyn, PLCgl,
Abll and PI3KR1 were used to pull down Ese2 from
mouse brain, lung and heart lysates. In mouse lung and
heart lysates Ese2 was recognized by all tested SH2 do-
mains (Figure, B, left and middle panels). Only the SH2
domains of Fyn and PLCgl were able to pull down
Ese2 from mouse brain lysate (Figure, B, right panel).

Obtained data indicate that in various tissues phos-
phorylation of distinct tyrosine residues within ITSN2
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Ese2 tyrosine residues within predicted SH2-binding motifs

Fyn PLCgl Abll PI3KRI

- - - Y39

- - - Y194

- Y554 Y554 -

- Y931 - _
Y949 — - _

- Y974 — _

- Y1021 Y1021 Y1124

- - - Y1168

- - - Y1212

- - - Y1534
Y1584 - - _

could occur and demonstrate recognition of ITSN2 by
particular SH2-containing proteins in a tissue-specific
manner. Recent studies focused on investigation of tis-
sue-specific phosphorylation of proteins in mouse tis-
sues indicated that mainly phosphoproteins are widely
expressed [6].

It was suggested that tissue-dependent phospho-
rylation serves for regulation of ubiquitous proteins and
tissue-specific phenotypes are achieved by ubiquitous
pathways. Expression of ITSN2 major isoforms, short
and long, was demonstrated in many human and mouse
tissues [1, 2]. The role of ITSN2 in various cell-specific
processes such as induction of T cell receptor endocyto-
sis, formation of lumen during epithelial morphogenesis,
regulation of actin cytoskeleton dynamics during gast-
rulation and caveolae endocytosis in endothelial cells is
established [7-10].

The discovered tissue-dependent recognition of
ITSN2 by the SH2 domains of signaling proteins could
contribute to ITSN2 function in reported or not yet stu-
died cell type-specific processes.
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tially supported by target complex interdisciplinary pro-
gram of scientific researches of NAS of Ukraine «Fun-
damentals of molecular and cell biotechnologies».
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O. B. Hosoxayvka, C. B. Ilanvkiecvkuii, M. B. /lepeai, JI. O. L{uba,
A. B. Punouu

Judepenuiitne pniznaBanus Oinaxa [ITSN2/Ese2 nomenamu
SH2 6inkiB Fyn, Abll, PLCgl i PI3KR1 y Tkanunax mui

Pestome

Hewooasno eusgnreno Gocpopuniosanns adanmopa eHOOYUMOo3y
ITSN2, wo 3abesneuye enisnasanns yvoco 6iika SH2-domenamu
OInKI8, 3a1y4UeHUx 00 nepedayi MimozeHHo2o cueHany. Memoro yiei po-
bomu 6yn0 nepesipumu, yu mae ¢3aemoois ITSN2 3 SH2-emichumu
oinkamu mranunocneyugiunuil xapaxmep. Memoou. Ilepedobauenns
Momueie 63aemo0ii in silico, excnpecis 0inKi6 y 6akmepitinitl cucmemi
ma Kynemypi K1imuH ccasyie, npeyunimayis 3 GUKOPUCMAHHAM OLIKI8,
saumux 3 GST. Pesynomamu. /lani ¢hocghonpomeomnux 0ocniodncens
csiduams npo Pochopunioganta Mupo3UHOBUX 3ANUUKIE 2OMON02A
ITSN2 muwi, 6inka Ese2. 3a 0onomozoro cepsicy Scansite y cknaoi Ese2
nepedbaueno momusu 63aemooii 3 domenamu SH2 6inkie Fyn, Abll,
PLCgl i PI3KRI. Iopisusnns nociioognocmeii inmepcekmumia uo-
OUHU MA MU NOKA3AL0 KOHCEPBAMUBHICTb NepeddaieHux MOMusIe.
Ompumano snumi 3 GST domenu SH2 6inkie Fyn, Abll, PLCgl i
PI3KRI, sixi suxopucmano oas npeyunimayii 6inka Ese?2 3 nizamie mo3s-
Ky, necend i cepys muwii. 36 ’azyeanns Ese2 3 oomenamu SH2 6inkie Fyn
i PLCgl cnocmepizanu 8 ycix 00Caioxncy8aHux mKkaHuHax, mooi ax 0o-
menu SH2 Oinkie Abll i PI3KRI ynisnasanu Ese2 nuwe 6 necensx ma
cepyi. Bucnoeku. /lupepenyiiine éniznasanns Ese2/SH2 y mxanunax
00360J15€ NPUNYCMUMU, WO MKAHUHOCheyugiune gocghopuntosarns
peaynioe cneyugiune 36 a3yeants adanmoproezo oinka Ese2 i3 cuenans-
HUMU MONEKYAAMU.

Knouosi cnosa: ITSN2/Ese2, ¢hocghopuntosanmns muposunosux sa-
auwikie, domer SH2, mxkanunocneyugiuni 63aemooii.

O. B. Hosoxaykas, C. B. [lanvkosckuui, H. B. Jlepeai, JI. A. [{vi6a,
A. B. Poinouu

Juddepennuansaoe y3naBanue 6enxa ITSN2/Ese2 nomenamu SH2
oenxoB Fyn, Abll, PLCgl u PI3KR1 B TkaHsAX MbIIIH

Pestome

Heoasno noxasano ¢hocghopunuposanue aoanmopa 35HOOYUMO3a
ITSN2, onocpeoyrouee yznasanue smoeo beixa SH2-oomenamu 6e-
K06, 8061eUeHHbIX 6 nepedayy Mmumozennozo cuenana. Ieavro smoti
pabomol 6b110 nposepums, umeem au e3aumooeticmeue ITSN2 ¢ SH2-
cooepaicawumu berkamu mrarnecneyuguueckuil xapakmep. Memoowt.
Ipeockaszanue momueos gzaumodeticmeus in silico, sxcnpeccus oei-
KO8 6 OAKMEPUANbHOU cucmeme u Kyibmype KIemoK MIeKOnumaio-
Wux, npeyunumayus ¢ Ucnoab3oganuem 6enxos, caumoix ¢ GST. Pe-
ynemamet. Jannvle hochonpomeomupix ucciedos8anuil ceudemens-
cmeyiom o gochopunuposanuy Mmupo3UHO8LIX OCIMANKOE 20MON02d
ITSN2 motwu, 6enxa Ese2. [Ipu nomowu cepsuca Scansite 6 cocmase
Ese2 npeockazano momugul ezaumooeticmsus ¢ oomenamu SH2 6en-
xoe Fyn, Abll, PLCgl u PI3KRI1. Cpaenenue nocieoogamenvHocmeil
UHMEPCEKMUHOB YeNI0BEKA U MblU NOKA3ATI0 KOHCEPEAMUBHOCHIb NPeo-
ckasanHvlx momusos. Ilonyuenwvt cnumoie ¢ GST domenvr SH2 6enxos
Fyn, Abll, PLCgl u PI3KRI, ucnonv308anHbIX 015 npeyunumayuu
benxa Ese2 u3z nu3amog 20106H020 Mo32d, Ne2KUX U Cepoya Mbluil.
Cesaszvieanue Ese2 ¢ domenamu SH2 6enxos Fyn u PLCgl nabnooanu
80 6Cex UCCIEO0BAHHBIX MKAHAX, mo20a Kak 0omenvl SH2 6enxoe Abll
u PI3KR1 y3nasanu Ese2 monvko 6 mkanax ne2kux u cepoya. Bo16oowt.
Juppepenyuanvroe ysnasanue Ese2/SH2 6 mxansx nozeonsem npeo-
nonodcUmy, Umo mranecneyuguieckoe gocgopunruposanue onocpe-
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oyem

cneyugpuueckoe cesazvisanue adanmeproeo 6eaka Ese2 ¢ cue-

HANbHLMU MOJLEKYAAMU.
Kniouesvie cnosa: ITSN2/Ese2, ¢ocgopuruposanue muposuno-
8bIX ocmamxkos, 0omen SH2, mxanecneyugduueckue 63aumo0eticmeaus.
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