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ITSN1 is an endocytic scaffold protein with a prominent function in synaptic transmission. It is known that Ca’
signaling is crucial for the regulation of synaptic proteins functioning. Aim. Checking the possibility of
Ca’'/calmodulin-dependent phosphorylation of ITSNI. Methods. Affinity chromatography, in vitro kinase
reaction, Western blotting, gel staining with fluorescent stains. Results. We show that the fraction of calmodu-
lin-binding proteins is able to phosphorylate the recombinant fragments encoding the coiled-coil region and the
SH3 domain-containing region of ITSN1 in the presence of Ca’" ions and calmodulin. Conclusions. The coiled-
coil region and the SH3 domain-containing region of ITSNI undergo Ca’'/calmodulin-dependent phospho-
rylation in vitro, suggesting a possible regulation of ITSNI by Ca signaling.
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Introduction. ITSNI1 is a scaffold protein involved in
endocytosis and signal transduction. This protein pos-
sesses several domains that act as platforms for binding
molecular partners (Fig. 1). To date ITSN1 has been
shown to participate in numerous interactions with
plenty of proteins [ 1-3]. The number of its known bin-
ding partners is much higher than the quantity of its
modules for binding. Thus, it is reasonable to suggest
that some regulatory mechanisms should exist in order
to determine the sets of ITSN1-interacting partners in
particular physiological contexts.

One of such mechanisms can be provided by the
posttranslational modifications (PTM) which may alter
binding properties of ITSN1 and thus adjust its func-
tion to current requirements. Phosphorylation is the most
common and most studied type of PTM to date. The
phosphorylation of ITSN1 was shown previously by
large-scale mass spectrometry studies [4]. Moreover,
recently the tyrosine phosphorylation of ITSN1 pro-
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moted by expression of LMP2A protein of Epstein-Barr
virus has been reported [5]. However, neither the phy-
siological background nor functional consequences of
these phosphorylation events are known.

ITSNI1 is an important player in synaptic vesicle cyc-
ling [6]. It is widely accepted that the majority of mole-
cular events associated with the synaptic vesicle traffic-
king are triggered by changes in Ca’* concentration and
subsequent activation of the Ca*’-dependent proteins,
particularly kinases and phosphatases [7]. In this work
we tested the hypothesis that ITSN1 may undergo the
Ca’'/calmodulin-dependent phosphorylation. We report
that in in vitro conditions at least two structural compo-
nents of ITSN1, namely the coiled-coil region and the
SH3 domain-containing region, can be phosphorylated
in the Ca*"/calmodulin-dependent manner.

Materials and methods. Expression constructs and
antibodies. GST-SH3A-E plasmid was described pre-
viously [5]. GST-CCR was obtained by cloning cDNA
fragment encoding the coiled-coil region of ITSN1 (aa
323-726, accession number Q15811 in UniProtKB) in
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Fig. 1. Schematic representation of ITSN1 domain organization. Do-
mains used for the experiments are shown in bold

pGEX-4T-3 vector («GE Healthcare», UK). The mouse
monoclonal anti-STOP antibodies (MAB5524) and the se-
condary horseradish peroxidase-labeled (HRP) goat anti-
mouse antibodies were purchased from «Millipore»
(USA) and «Promega» (USA), respectively.

Isolation of calmodulin-binding proteins. Mouse
brains were homogenized in MEM buffer (100 mM
MOPS, pH 6.75, 400 mM NaCl, 1 mM MgCl,, 1 mM
EGTA, 2 mM DTT and complete EDTA-free protease
inhibitor cocktail («Rochey, France)) and centrifuged
for 20 min at 12,000 g at 4 °C. Supernatant was suppli-
ed by CaCl, to the final concentration of 2 mM and loa-
ded to the column filled by calmodulin-agarose («Sig-
ma-Aldrich», USA). After washing with the same buf-
fer, bound proteins were eluted from the column by MEM
buffer, which did not contain CacCl,.

In vitro kinase reaction. Isolated calmodulin-bin-
ding proteins were dialyzed against kinase buffer (50
mM Tris-HCI, pH 7.5, 10 mM MgCl,, 2 mM DTT)
using Spectra/Por 1 Dialysis Membrane («Spectrum La-
boratories Inc.», USA). Recombinant GST and GST-fu-
sed proteins were expressed in Escherichia coli BL21
(DE3) and purified on glutathione sepharose 4B beads
(«GE Healthcare») according to manufacturer’s in-
structions. After purification, proteins bound on sepha-
rose beads were washed in kinase buffer and supplied
by dialyzed calmodulin-binding protein fraction to the
final volume of 50 ul in each reaction. All the reactions
contained 0.4 mM EGTA and 0.5 puM microcystine.
Additionally, some of the samples contained 100 uM
ATP, 3 uM calmodulin, 2 mM CaCl, and 2 mM EGTA.
Reactions were performed at 30 °C for 30 min and
stopped by adding equal volume of Laemmli sample
buffer (150 mM Tris-HCI, pH 6.8, 2.5 % glycerol, 10 %
SDS, 3 % B-mercaptoethanol and 0.5 % bromophenol
blue). Then the samples were boiled, resolved by
SDS-PAGE and either transferred to a nitrocellulose
membrane for Western-blot analysis, or subjected to
staining with Pro-Q Diamond or SYPRO Ruby protein

stains («Molecular Probes», USA) according to manu-
facturer’s instructions. Stained gels were analyzed on
PharosFX Molecular Imager («BioRad», USA), images
of Western-blots were acquired on ChemiDoc™ XRS+
system («BioRady).

Results and discussion. In order to examine the pos-
sibility of Ca*'/calmodulin-dependent ITSN1 phospho-
rylation we purified calmodulin-dependent kinases along
with other calmodulin-binding proteins from the mou-
se brain protein lysate by affinity chromatography using
calmodulin-agarose. The efficiency of purification was
checked by protein staining with SYPRO Ruby stain
and by Western blotting of calmodulin-binding protein
STOP (stable tubule-only polypeptide) (Fig. 2, A). The
obtained purified proteins were used as a source of the
kinase activity for in vitro kinase assay with the GST-
fused coiled-coil region (CCR) and the SH3-domain-
containing fragment (SH3A-E) of ITSN1. Addition of
Ca’' ions and calmodulin to the reaction resulted in the
phosphorylation of both GST-fused CCR and SH3A-E
proteins visualized by Pro-Q Diamond Phosphoprotein
Gel Stain (Fig. 2, B). No phosphorylation was observed
without Ca and calmodulin. GST alone was equally stai-
ned in all the reactions, including a negative control,
which indicates the absence of phosphorylation. Uni-
formity of protein loading was controlled by post-stai-
ning the gels with SYPRO Ruby (data not shown).

Our results for the first time demonstrate the Ca®'/
calmodulin-dependent phosphorylation of ITSN1, rai-
sing the question of its regulation by Ca’* signaling. It
has been shown previously that ITSN1 undergoes acti-
vity dependent shuttling between active and periactive
zones in presynaptic termini [8, 9], but the way of con-
version of electrical stimulation to such molecular
event remains unknown. Taking into account the
crucial role of Ca’ in synaptic activity, the Ca’'/
calmodulin phosphorylation of ITSN1 may occur in
response to synaptic stimulation and result in alteration
of'its interaction profile which may lead to the changes
in its functioning. Furthermore, ITSN1 was shown to
participate in dendritic spine development [10] that can
also be regulated by Ca’" signaling since the Ca’’/
calmodulin-dependent kinases are known to be the
important players in neuronal de velopment and
synaptic plasticity [11]. The precise sites of
phosphorylation and its effect on the ITSN1 structure
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Fig. 2. CCR and SH3A-E regions of ITSN1 are phosphorylated in vitro
by calmodulin-binding kinases in the presence of Ca/calmodulin: 4 —
calmodulin-binding proteins were isolated from mouse brain lysate by
affinity chromatography on calmodulin-agarose (bound proteins were
visualized by Sypro RUBY staining, efficiency of purification was che-
cked by the presence of STOP protein in the sample: / — brain lysate, 2 —
flowthrough, 3 — wash, 4 — elution of bound proteins); B — recombinant
GST-fused fragments of ITSN1 were used as substrates for in vitro ki-
nase reaction with calmodulin-binding proteins. Phosphorylated pro-
teins were visualized by Pro-Q Diamond staining

and functions are the focus of our further

investigations.

Conclusions. The coiled-coil region and the SH3
domain-containing region of ITSN1 undergo the Ca*'/
calmodulin-dependent phosphorylation in vitro.

Kanpuiii/kansmonyitin-3anexHe GochopuinioBaHHI

enjouuro3Horo agantopa ITSN1

M. €. Mopzepep, O. B. Hikonaesnko, 1. 5I. Ckpunkina,
O. B. Pumapenxo, C. B. Kporugko, JI. O. Llu6a, A. B. Punauu.

ITSNI — ye enooyumosruii aoanmopHuil OINOK, WO BUKOHYE 3HAYYUYL
GyHKYIl y cunanmuyHoMy nepedasanti Hep8o6o2o iMnyascy. Bioomo,
WO Kanbyiesa CUSHANI3AYis € KII0UOBUM eNeMEeHMOoM pe2yisiyii (hyHK-
yionysanus cunanmuunux o0inkie. Mema. [locnioumu moowcaugicmo
Kanbyi/kanemMooyiin-3anedcnozo gocgopunosanns ITSNI. Memo-
ou. Agpinna xpomamoepadpis, Kinasna peaxyis in vitro, Becmepn 610m-
2ibpuousayis, papoysanns 2enie gayopecyenmuumu 6apsHuxamu. Pe-
3ynemamu. [lokasano, wo pakyis KarbMoOYIiH-38 3Y6ANbHUX OLIKIE
30amua gocghopuniosamu pekomoinawmui Haocnipanizoeary ma SH3
domen-emicny Oinsnku ITSN1 in vitro 3a npucymnocmi ioHie Kanvyiro i
Kanomooyniny. Bucnoexku. Haocnipanizosana ma SH3 oomen-émicna
oinanku ITSNI nionsearoms Kanrbyii/kaibmMoOyain-3a1ed4CHoMY oc-
Gopuniogannio in vitro, o 00360JIA€ NPUNYCMUMU iICHYBAHHS Pe2Ysi-
yii ITSNI kanvyiesoio cueHAIbLHOIO CUCTEMOIO.

Kurwuosi cnosa: ITSNI, pocghopuntoeanns, karbmooynin, Kaib-
yieea cueHanizayis.
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O. B. Pemmapenko, C. B. Kpontusko, JI. A. I[pi0a, A. B. Peraanu

ITSN1 —53mo 3H00yumMOo3HbLI A0anMopHwlll 60K, 6bINOIHAIOUUL 3HA-
yumenvHole PYHKYUU 8 CUHANMUYECKOU nepeoaie HepeHO20 UMNYIlb-
ca. Mz6ecmno, umo Kanvyuesdas CUSHAIUZAYUS SAGIACMCI KIIOUeBbIM
NEMEHMOM peyasiyull PYHKYUOHUPOBAHUS. CUHANMUYECKUX DENKO8.
Lens. HUccrnedosamsv 603MOACHOCHb KANLYUL/KATLMOOYAUH-3ABUCUMO-
20 ¢ocghopunuposanusi ITSN1. Memoowt. Appunnas xpomamozcpaghusi,
KUHA3HAs peakyus in vitro, Becmepn 61om-eubpuouzayus, okpawiuea-
Hue 6enkos guyopecyenmuovimu kpacumensmu. Pezynomamur. Iloxasa-
HO, YUMo pakyus KarbMOOYIUH-CE53bLEAIOUUX DETKO8 CHOCOOHA (hoCc-
Gopuruposame pexombunanmusie cynepcnupaiuzosannsiii u SH3 0o-
men-cooepacawguti yuacmxu ITSNI in vitro 6 npucymcmeuu uoHos
Kanvyus u karomooyruna. Beteoowst. Cynepcnupanuzosannviii u SH3
domen-cooepacawuii yuacmiu ITSN1 noonescam kanoyuii/kaibmooy-
JUH-3A8UCUMOMY POCPHOPUIUPOBAHUIO IN ViLro, YMO NO380Aem Npeo-
noznoocums cywecmeogsanue pezyaayuu ITSNI xanvyuesoii cuenany-
HOU cucmemou.

Knwowuesvie cnosa: ITSNI, gpocpopunuposanue, kanomooynun, Kanb-
yuesdas CusHanU3AYUL.
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