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ITSN1 is an endocytic scaffold protein implicated in synaptic functioning. Ca2+ is known to be important for endo-
cytosis in both pre- and post-synaptic terminals. ITSN1 contains two EH (Eps15 homology) domains which pos-
sess putative Ca2+-binding EF-hand motifs. Aim. To test the effect of Ca2+ on the EH domain binding properties.
Methods. His-tag pulldown, Western blotting. Results. Addition of 1.5 mM Ca2+ does not affect the binding of the
ITSN1 EH domains to the C-terminal fragment of the endocytic protein Epsin 1. Conclusions. The data obtained
indicate that Ca2+ has no effect on the binding properties of the ITSN1 EH domains.
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Introduction. ITSN1 is a scaffold protein required for
the formation of large multimolecular complexes invol-
ved in endocytosis and cellular signaling [1]. It partici-
pates in both constitutive endocytosis (i. e. transferin re-
ceptor internalization) and regulated forms of endocyto- 
sis (such as internalization of activated receptor tyro-
sine kinases or synaptic vesicles) [2–4]. In the latter ca-
se a signal must be produced by a cell to trigger the en-
docytic process. Usually it is the post-translational mo-
dification of a cargo that leads to its inclusion in for-
ming endocytic structures. Additionally, the action of
endocytosis-inducing stimuli often leads to modifica-
tions of certain components of the endocytic machinery 
themselves, resulting in increased endocytic efficiency
[5].

ITSN1 is enriched in the nervous system and was
shown to participate in endocytosis in both pre- and
post-synaptic terminals [4, 6]. Endocytosis in synaptic
compartments is tightly connected with the synaptic ac-
tivity that is expressed by rapid changes in the intracel-
lular concentration of ions. It is widely accepted that

the changes in concentration of Ca2+ play a central role in 
the regulation of various cellular events, including en-
docytosis, within a synapse [7]. For instance, the Ca2+/
calmodulin-dependent phosphatase, calcineurin, was
shown to dephosphorylate a number of endocytic proteins
in response to the electrical stimuli that result in facilita-
ting synaptic vesicle endocytosis [8].

Most ITSN1 isoforms contain two N-terminal EH
domains (Fig. 1), except for a putative isoform trans-
cribed from an alternative promoter that is predicted to
have one EH domain [9]. These domains interact with
NPF (asparagine-proline-phenylalanine) motifs within
the protein partners. In particular, EH domains mediate
interaction of ITSN1 with Epsin 1 – an auxiliary endo-
cytic protein involved in generating membrane curvatu-
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Fig. 1. Schematic representation of structure of ITSN1 molecule. Po-
sitions of Ca2+-binding EF-hand motifs are highlighted by asterisk
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re, clathrin-coated pit formation and endocytic cargo se-
lection [10, 11]. EH domains are common of a variety
of proteins implicated in the membrane trafficking and
consist of two helix-loop-helix motifs, that often con-
tain canonical amino acid sequences inherent in the EF- 
hand motifs [12]. These motifs are known to bind Ca2+

[13]. The ability of the ITSN1 EH1 domain to bind Ca2+

has been already confirmed by X-ray crystallography
(Vorobiev et al., unpublished data). In the present stu-
dy, we tested the effect of Ca2+ on binding the ITSN1
EH domains to the C-terminal fragment of Epsin 1. 

Materials and methods. Plasmid constructs and
antibodies. To obtain the plasmid construct for bacteri-
al expression of the C-terminal fragment of Epsin 1 fu-
sed to the His-tag (His-Epsin1-C), the cDNA fragment
encoding amino acid residues 457–576 (accession num-
ber Q9Y6I3 in UniProtKB) was PCR amplified and clo-
ned into the pET28c vector («EMD Biosciences», USA).
The construct encoding the GST-fused EH domains of
ITSN1 (GST-EH1-EH2) was kindly provided by Dr.
Dergai. Rabbit polyclonal antibodies against ITSN1 we- 
re described previously [14].

Cell culture. HEK293 cells were cultivated at tem-
perature 37 °C in the atmosphere containing 5 % CO2 in 
Dulbecco modified Eagle’s medium (DMEM) contai-
ning 10 % fetal bovine serum («HyClone», USA), 4.6
g/l of glucose, 10 µg/ml of penicillin and 0.25 µg/ml of
streptomycin. For the preparation of cell lysates, the
cells were washed in PBS and incubated in IP solution
(10 mM Tris-HCl, pH 7.5, 100 mM NaCl, 1 % NP-40,
1 mM PMSF) for 15 min on ice. The solution with ly-
sed cells was then centrifuged at 12,000 rpm for 30 min
and the supernatant was collected and frozen at –80 °C.

His-tag pulldown assay. Proteins were expressed in 
Escherichia coli BL21(DE3) cells. After 4 h of induced 
protein expression, the cells were sonicated in lysis buf-
fer (10 mM Tris-HCl, pH 7.5, 100 mM NaCl, 1% NP-
40, 10 mM imidazole, 1 mM PMSF). The lysates were
then centrifuged at 12,000 rpm for 30 min and the super- 
natants were collected and stored at –80 °C. For His-tag 
pulldown assays, lysates containing His-Epsin1-C we-
re mixed with lysates containing GST-EH1-EH2 or with 
lysates of HEK293 cells and 20 µl of Ni-NTA agarose
(«Qiagen», USA) were added for each reaction. All the
reactions were supplied with 0.5 mM EGTA and some
also with 1.5 mM MgCl2 or 1.5 mM CaCl2 when indi-

cated. The pulldown mixture was incubated at 4 °C in
an orbital rotator for 1 h. After 3-time washing with
wash buffer (10 mM Tris-HCl, pH 7.5, 100 mM NaCl,
1 % NP-40, 20 mM imidazole), the samples were mi-
xed with an equal volume of Laemmli sample buffer
(150 mM Tris–HCl, pH 6.8, 2.5 % glycerol, 10 % SDS,
3 % β-mercaptoethanol, 0.5 % bromophenol blue), boi-
led for 10 min and analyzed by SDS-PAGE and Wes-
tern blotting.

Densitometry measurements and statistical analy-
ses. All experiments were repeated 8 times. Images of
SDS-PAGE and Western blots were acquired using the
ChemiDocTM XRS+ visualization system and the Ima-
ge LabTM software («Bio-Rad», USA). All densitomet- 
ry measurements were performed using the Image LabTM

software. Statistical significance of differences was eva-
luated with the non-parametric Mann-Witney U-test
using the Origin Pro v9.0.0 software («Origin Lab Cor- 
poration», USA). The P-values above 0.05 were consi-
dered statistically insignificant.

Results and discussion. To evaluate the effect of
Ca2+ on the functioning of the ITSN1 EH domains, a set 
of in vitro binding assays was performed. The recombi- 
nant His-tagged C-terminal fragment of the endocytic
protein Epsin 1 (His-Epsin1-C) served as a bait since it
is known to interact with the ITSN1 EH domains [10].
His-Epsin1-C was expressed in bacteria and used for
His-tag-pulldown assays with recombinant GST-EH1-
EH2. All the experiments were performed in 3 variants: 
with addition of Ca2+ or Mg2+ and without these bivalent 
cations. The bound proteins were then resolved by SDS-
PAGE. For each variant the amount of bound protein was
established as a ratio between the signals from GST-
EH1-EH2 and His-Epsin1-C. Addition of bivalent cati- 
ons resulted in a slight increase in binding, which was
even more pronounced when adding Mg2+ than Ca2+.
Nonetheless, we did not observe significant differences 
in binding GST-EH1-EH2 to His-Epsin1-C between all 
the variants tested (Fig. 2, A). To exclude a possibility
of the effect of improper folding of bacterially-expres-
sed ITSN1 EH domains, the His-tag pulldown assays
were performed between His-Epsin1-C and cell lysate
of HEK293 cells followed by Western blotting using
anti-ITSN1 antibodies. This experiment confirmed that 
addition of Ca2+ or Mg2+ does not significantly change
the level of His-Epsin1-C binding by ITSN1 (Fig. 2, B).
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In contrast to our results, Kelly and Phillips have
previously shown that 1 mM EGTA reduces the binding
of the EH domains of ITSN1 Drosophila ortholog Dap
160 to the synaptic protein stoned-B by about 25 %
compared to the binding in the presence of 100 µM Ca2+

[15]. Despite this fact, the authors postulated that Ca2+

had no important effect on this interaction. The discre-
pancy between their and our results could be explained
by differences in the Ca2+ concentrations used. However,
in the preliminary experiments we tested different Ca2+

concentrations ranging from 200 nM to 2 mM (without
adding EGTA to the mixture) and did not observe any
effect on the interaction between the proteins studied
(data not shown). Nevertheless, taking into account the- 
se results, we cannot ignore the possibility that Ca2+ can
affect the interaction of ITSN1 with the proteins that we 
did not study. On the other hand, there can also be inter- 
species differences between the ITSN1 EH domains of
different organisms. To summarize, the data we have to
date indicate the absence of a prominent regulatory role
of the EF-hand motifs within the ITSN1 EH domains,
but it is still possible that binding Ca2+ by these motifs
could shift the binding equilibrium of certain EH do-
main-mediated interactions in some species, thus de-
monstrating the «fine-tuning» of these interactions.

Although the ITSN1 EH domains seem not to be
subjected to Ca2+-dependent regulation, Ca2+ signaling
remains one of the likely instruments in the regulation
of the function of ITSN1. Recently we have shown that
ITSN1 can potentially undergo Ca2+/calmodulin-depen- 
dent phosphorylation [16]. This finding demonstrates
another possible mode of regulation of the ITSN1 func- 
tion by Ca2+ the role of which remains to be determined. 
Taking into account the prominent role of ITSN1 in the
synaptic functioning, the study of the Ca2+-dependent
regulation of ITSN1 functions is a promising research
direction.

Conclusions. The data reported indicate the absen-
ce of an effect of Ca2+ on the binding properties of the
ITSN1 EH domains.
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Іони Ca2+ не впли ва ють на зв’я зу вальні влас ти вості 
ЕН-до менів ITSN1

Д. Є. Мор де рер, О. В. Ри ма рен ко, І. Я. Скрипкіна, А. В. Рин дич

Ре зю ме

ITSN1 – адап тер ний білок ен до ци то зу, за лу че ний до функціону -
ван ня си напсів. Відомо, що іони Ca2+ є важ ли ви ми для ен до ци то зу 
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Fig. 2. Ca2+ does not affect binding of ITSN1 EH domains to the endocytic protein Epsin1: A – Ni-NTA agarose was loaded with His-Epsin1-C and
GST-EH1-EH2, and incubated in the presence of either 0.5 mM EGTA alone or additionally with 1.5 mM MgCl2 or CaCl2 (bound proteins were
resolved by SDS-PAGE; the amount of bound GST-EH1-EH2 was normalized to the amount of His-Epsin1-C; the values obtained for all the
variants within one repeat were summarized and the relative portion from the sum was established for each variant; the statistical significance of
differences was evaluated with the non-parametric Mann-Witney U-test using the Origin Pro v9.0.0 software; the data are presented as mean ±
± SD); B – Ni-NTA agarose was loaded with His-Epsin1-C and lysate of HEK293 cells and incubated in the same conditions as in A (the amount of
bound ITSN1 was established by Western blotting; calculations were performed as in A)



у пре- та по стси нап тич них закінчен нях. ITSN1 має два ЕН-до ме -
ни, го мо логічних Eps15, які містять пе ре дба чені Ca2+-зв’я зу валь-
ні мо ти ви EF-hand. Мета. Пе ревірити ефект іонів Ca2+ на зв’я зу -
вальні влас ти вості до менів ЕН. Ме то ди. Пре ципітація білків,
зли тих з His-та гом, Вес терн-блот-гібри ди зація. Ре зуль та ти.
Пока за но, що до да ван ня 1,5 мМ Ca2+ не впли ває на зв’я зу ван ня
ЕН-до ме на ми ITSN1 С-кінце во го фраг мен та білка ен до ци то зу
Епси ну 1. Вис нов ки. Отри мані дані свідчать про відсутність
ефекту іонів Ca2+ на зв’я зу вальні влас ти вості ЕН-до менів ITSN1.

Клю чові сло ва: ITSN1, іони Ca2+, EH-до ме ни.

Ионы Ca2+ не вли я ют на свя зы ва ю щие сво йства 
ЕН-до ме нов ITSN1

Д. Е. Мор де рер, О. В. Ры ма рен ко, И. Я. Скрип ки на, А. В. Рын дич

Ре зю ме

ITSN1 – адап тор ный бе лок эн до ци то за, вов ле чен ный в функ ци о -
ни ро ва ние си нап сов. Извес тно, что ионы Ca2+ важ ны для эн до ци -
то за в пре- и по стси нап ти чес ких окон ча ни ях. ITSN1 име ет два
ЕН-до ме на, го мо ло гич ных Eps15, ко то рые со дер жат пред ска зан-
ные Ca2+-свя зы ва ю щие мо ти вы EF-hand. Цель. Про ве рить эф -
фект ио нов Ca2+ на свя зы ва ю щие сво йства до ме нов ЕН. Ме то -
ды. Пре ци пи та ция бел ков, сли тых с His-та гом, Вес терн-блот-
гиб ри ди за ция. Ре зуль та ты. По ка за но, что до бав ле ние 1,5 мМ
Ca2+ не вли я ет на свя зы ва ние ЕН-до ме на ми ITSN1 С-кон це во го
фрагмен та бел ка эн до ци то за Эпси на 1. Вы во ды. По лу чен ные дан-
ные сви де т ельству ют об от су тствии эф фек та ио нов Ca2+ на
свя зы ва ю щие сво йства ЕН-до ме нов ITSN1.

Клю че вые сло ва: ITSN1, ионы Ca2+, EH-до ме ны.
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