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We previously reported that Tespal (thymocyte-expressed, positive selection-associated gene 1) protein
expressed in lymphocytes physically interacts with IPsR (Inositol 1,4,5-trisphosphate receptor), a Ca®*
channel protein spanning endoplasmic reticulum (ER) membrane. However, the biochemical character-
ization of Tespal protein remains unknown. In this study, we have found that Tespal protein was post-
translationally modified upon intracellular Ca?* increase in thymocytes. Through the analyses using
various inhibitors, store-operated Ca®* entry (SOCE) was found to be an essential factor for the Tespal
; protein modification induced by T cell receptor (TCR)-stimulation. Remarkably, the Ca**-dependent Tes-
Phosphorylation . . . L . AT .
Store-operated calcium entry pal .prote.m modification was restoreFl by in vitro protein phpsphatase treatment, indicating that this
KRAP modification was due to phosphorylation. Moreover, we examined whether Ca?*-dependent phosphory-
IPsR lation of Tespal protein would affect the physical association between Tespal and IP3R proteins, reveal-
ing that physical association of these proteins is maintained regardless of the presence or absence of
phosphorylation of Tespal. In addition, KRAP protein which represents substantial amino acid sequence
homology to Tespal was also posttranslationally phosphorylated by intracellular Ca?* increase in HCT116
human colon cancer cells and HEK293 human embryonic kidney cells, suggesting that common signaling
mechanism(s) may contribute to the molecular modification of Tespal and KRAP in different cellular pro-
cesses. All these results suggested a novel molecular modification of Tespal and the existence of the reg-
ulatory pathway that SOCE affects the Tespal-IPsR molecular complex.
© 2013 Elsevier Inc. All rights reserved.

Keywords:
Tespal
Posttranslational modification

1. Introduction

Intracellular Ca%* is a universal second messenger controlling
numerous biological processes [1,2]. In T-lymphocytes, antigen
binding to the T cell receptor (TCR) promotes the transient release
of Ca?* from endoplasmic reticulum (ER) stores through the activa-
tion of IP3R (inositol 1,4,5-trisphosphate receptor), and this leads to
prolonged Ca®* influx across the plasma membrane, a process
termed store-operated Ca®* entry (SOCE) [3-8]. Sustained Ca®* in-
flux via SOCE results in the activation of Ca?*-dependent enzymes
and transcription factors.

Tespal (thymocyte-expressed, positive selection-associated
gene 1) was firstly identified as a critical gene responsible for T cell
development in the thymus [9]. We previously reported that Tes-
pal protein possessed substantial amino acid sequence homology
to KRAP and that this protein was highly expressed in T and B lym-
phocytes, and physically interacted with IPsR [10]. IPsR functions
as the Ca?* release channel on ER membranes [11-15] and IP;R it-
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self is regulated by many intracellular modulators including Ca?*,
phosphorylation, and associated proteins [16-20]. However, the
biochemical characterization of Tespal protein remains unknown.

In this study, we identified a novel molecular modification of
Tespal, i.e. Tespal protein was phosphorylated in response to
SOCE in primary T lymphocytes and an immortalized T lympho-
blastic leukemia cell line, Jurkat cells. Moreover, phosphorylated
Tespal protein was maintained in the molecular complex with
IP3R, thereby indicating the existence of the regulatory pathway
that SOCE affects the Tespal-IPsR molecular complex which is a
critical component of intracellular Ca%* store.

2. Materials and methods
2.1. Animals

All animals used in this study were treated in accordance with
the guidelines of Fukuoka University.

2.2. Reagents

Anti-Tespal antibody was described before [10]. Mouse mono-
clonal anti-IP;sR3 antibody (610313) was from BD Transduction
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Laboratories. Rabbit polyclonal anti-actin antibody (A2066) was
from Sigma. Anti-human CD3 antibody (OKT3) was from BioLeg-
end. lonomycin, PMA (phorbol 12-Myristate 13-acetate), forskolin,
cycloheximide, BAPTA-AM, and thapsigargin were from Sigma.
BTP2 was from Calbiochem. Nifedipine was from R&D systems.

2.3. Cell culture and cell preparation

Jurkat cells were cultured at 37 °C with 5% CO, in the growth
medium (RPMI 1640 containing 10% fetal calf serum and penicil-
lin-streptomycin-glutamine). Jurkat cells were stimulated with
10 pg/ml of anti-CD3 antibody in the growth medium for 30 min
at 37 °C. Thymocytes from the C57BL/6 mouse were depleted of
erythrocytes by hypotonic lysis solution, and then stimulated in
the growth medium supplemented with ionomycin (0.5 pg/ml),
PMA (100 nM), forskolin (10 uM), or thapsigargin (5 uM) for
30 min at 37 °C. When cells were pretreated with inhibitor, cells
were incubated in the growth medium containing cycloheximide
(10 pg/ml), BAPTA-AM (5 uM), EGTA (5 mM), BTP2 (3 pM), NiCl,
(100 uM), or nifedipine (1 uM) for 15 min prior to the stimulation.
HCT116 cells and HEK293 cells were cultured as described before
[21].

2.4. In vitro protein phosphatase assay

Cells were extracted in the buffer (10 mM Tris-HCI, pH 7.5,
150 mM NaCl, 0.1% NP-40). After removing cell decries by centrifu-
gation at 20,000g, the extracts were supplemented with NEBuffer
Pack for Protein Metallophosphatases, MnCl,, and X protein phos-
phatase (NEW ENGLAND BioLabs) according to the manufacture’s
instruction, and then incubated for 30 min at 30 °C.

2.5. Western blotting and immunoprecipitations

Western blotting and immunoprecipitations were performed as
described before [21,22].

3. Results and discussion
3.1. Ca®*-dependent posttranslational modification of Tespal protein

To explore the possibility that Tespal protein is modified by a
particular signaling pathway, we treated thymocytes with ionomy-
cin (an ionophore which raises the intracellular Ca%* level), PMA
(phorbol 12-Myristate 13-acetate which activates protein kinase
C), or forskolin (an activator of adenylate cyclase, the enzyme that
converts adenosine triphosphate into cyclic adenosine monophos-
phate) in vitro, and examined Tespal protein by immunoblotting
(Fig. 1A). In comparison with that treated with DMSO as a control,
Tespal protein was appeared to be retarded toward a high molec-
ular weight area on the immunoblot upon the treatment with ion-
omycin but not PMA or forskolin, suggesting that Tespal protein
was modified by a signaling pathway raised by an intracellular
Ca?* increase. To check whether the Tespal protein modification
upon ionomycin treatment is a posttranslational modification, we
utilized a CHX (cycloheximide which is a protein synthesis inhibi-
tor). Tespal protein modification was induced by the treatment of
thymocytes with ionomycin even in the presence of CHX (Fig. 1B),
showing that the Tespal protein modification did not require the
de novo protein synthesis and should be posttlanslationally pro-
cessed. Next, to examine whether the Tespal protein modification
upon ionomycin treatment is mediated by an intracellular Ca?" in-
crease, thymocytes were pretreated with the cell-permeable Ca?*
chelator (BAPTA), revealing that the Tespal protein modification
induced by ionomycin was totally quenched by BAPTA treatment
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Fig. 1. Ca®'-dependent posttranslational modification of Tespal protein. (A)
Immunoblot of Tespal protein from thymocytes treated with DMSO, ionomycin,
PMA, or forskolin for 30 min. (B) Immunoblot of Tespal protein from thymocytes
treated with or without ionomycin for 30 min after the pretreatment with or
without CHX. (C) Immunoblot of Tespal protein from thymocytes treated with or
without ionomycin for 30 min after the pretreatment with or without BAPTA.
DMSO was used as a control reagent. Pretreatment was performed 15 min prior to
each stimulation. Data are representative of three independent experiments.

(Fig. 1C). Taken together, Tespal protein was posttranslationally
modified upon intracellular Ca®* increase in thymocytes.

3.2. Posttranslational modification of Tespal protein is mediated by
store-operated Ca®* entry

To address the mechanism of the Ca?*-dependent posttransla-
tional modification of Tespa1l, we utilized an acute T lymphoblastic
leukemia cell line, Jurkat cells, in which TCR-stimulation triggers
IP;R-mediated Ca?* efflux from intracellular Ca?* stores followed
by SOCE from extracellular environment. In Jurkat cells, TCR-stim-
ulation by using an anti-CD3 antibody induced Tespal protein
modification in the presence or absence of CHX (Fig. 2A), indicating
that TCR-stimulation triggers the posttranslational modification of
Tespal protein in Jurkat cells. Through the applications of various
inhibitors such as BTP2 [a cell-permeable analog of 3,5-bis(trifluo-
romethyl) pyrazole which specifically inhibits store-operated Ca%*
influx], NiCl, (T-type Ca* channel blocker), nifedipine (L-type Ca%*
channel blocker), or EGTA (ethylene glycol tetraacetic acid which is
a cell-impermeable Ca?* chelator), the Tespal protein modification
upon TCR-stimulation was inhibited by BTP2 and EGTA but not
NiCl, or nifedipine (Fig. 2B), suggesting that SOCE is the critical
mediator for the Tespal protein modification. Additionally, as
EGTA inhibited the Tespal protein modification induced by TCR-
stimulation, it was found that Ca?* efflux from intracellular stores
was not able to modify Tespal protein without extracellular Ca®*
influx. To further address the relevance of SOCE to the Tespal pro-
tein modification, Jurkat cells were treated with thapsigargin [sar-
coplasmic/endoplasmic reticulum Ca?* ATPase (SERCA) inhibitor]
which induces passive Ca?* leak from intracellular store and the
subsequent SOCE from extracellular environment, revealing that
Tespal protein modification was induced by the thapsigargin
treatment (Fig. 2C, top). The Tespal protein modification induced
by thapsigargin was inhibited by pretreatment with BTP2
(Fig. 2C, top), indicating that SOCE itself ,but not Ca®* leak from
intracellular store, was required for the Tespal protein modifica-
tion. Furthermore, we treated thymocytes with thapsigargin in
the presence or absence of BTP2, revealing that Tespal protein
modification was induced by thapsigargin and the modification
was inhibited by pretreatment with BTP2 (Fig. 2C, bottom). Taken
together, posttranslational modification of Tespal protein induced
by TCR-stimulation was mediated by SOCE and this mechanism of
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Fig. 2. Posttranslational modification of Tespal protein is mediated by store-
operated Ca®* entry. (A) Immunoblot of Tespal protein from Jurkat cells treated
with or without anti-CD3 antibody (oCD3 Ab) for 30 min after the pretreatment
with CHX or DMSO. (B) Immunoblot of Tespal protein from Jurkat cells treated with
or without oCD3 Ab for 30 min after the pretreatment with DMSO, BTP2, NiCl,,
nifedipine, or EGTA. (C) Immunoblot of Tespal protein from Jurkat cells treated
with or without thapsigargin (Tg) for 30 min after the pretreatment with or without
BTP2 (top). Immunoblot of Tespal protein from thymocytes treated with or without
thapsigargin (Tg) for 30 min after the pretreatment with or without BTP2 (bottom).
Actin was detected as a loading control. Data are representative of three
independent experiments.

the Ca%*-dependent posttranslational modification of Tespal was
well-conserved in the immortalized T lymphoblastic leukemia cell
line, Jurkat, and primary T lymphocytes.

3.3. Ca®*-dependent posttranslational modification of Tespal protein
is due to phosphorylation

To analyze what kind of molecular modification of Tespal pro-
tein was induced upon intracellular Ca?" increase, we performed
in vitro phosphatase assay in which protein extracts from thymo-
cytes stimulated by ionomycin were treated in vitro with A protein
phosphatase. Posttranslational modification of Tespal protein in-
duced by ionomycin treatment was totally restored by in vitro
phosphatase treatment (Fig. 3A), indicating that Ca?*-dependent
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posttranslational modification of Tespal protein was due to
phosphorylation.
As Tespal was previously reported to possess substantial amino
acid sequence homology to KRAP [10], we next examined whether
a?*-dependent phosphorylation is a conserved molecular modifi-
cation between Tespal and KRAP proteins. When we stimulated
HCT116 human colon cancer cells or HEK293 human embryonic
kidney cells with ionomycin, KRAP protein was appeared to be
slightly retarded toward a high molecular weight area on the
immunoblots compared with the control without the stimulation
(Fig. 3B), suggesting that KRAP protein was modified upon the ion-
omycin treatment. The KRAP protein modification was quenched
by pretreatment with BAPTA (Fig. 3B), showing that intracellular
Ca?* increase was responsible for the modification. Moreover, we
performed in vitro phosphatase assay in which protein extracts
from HCT116 cells or HEK293 cells stimulated by ionomycin were
treated in vitro with A protein phosphatase, revealing that modifi-
cation of KRAP protein induced by ionomycin treatment was to-
tally restored by in vitro phosphatase treatment (Fig. 3C). These
results indicated that Ca®*-dependent phosphorylation is a con-
served molecular modification between Tespal and KRAP proteins,
and may suggest that serine, threonine, and/or tyrosine residues
conserved between these proteins are responsible for the
phosphorylation.

3.4. Physical association of Tespal with IPsR is maintained regardless
of the presence or absence of phosphorylation of Tespal

Because Tespal was previously reported to be an associated
protein of IPsR [10], we herein examined whether Ca?*-dependent
phosphorylation of Tespal protein would affect the physical asso-
ciation between Tespal and IP3R proteins. Protein extracts from
thymocytes cultured in distinct conditions, i.e. SOCE was induced
or not, were subjected to co-immunoprecipitation assay, revealing
that co-immunoprecipitation of Tespal and IP3R3 proteins was de-
tected regardless of the presence or absence of phosphorylation of
Tespal (Fig. 4). This result indicated that the physical association of
Tespal with IPsR occurred in both conditions, non-stimulated and
stimulated, and that the Ca?*-dependent phosphorylation of Tes-
pal could be a molecular tag reflecting the signaling status
whether SOCE influences the Tespal-IPsR complex.

In this study, we found that Tespal protein was postranslation-
ally modified by phosphorylation in response to TCR stimulation-
induced intracellular Ca®* increase. SOCE was responsible for trig-
gering the phosphorylation of Tespal, whereas Ca®* efflux from
intracellular stores was not enough to cause the modification.
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Fig. 3. Ca%*-dependent posttranslational modification of Tespal protein is due to phosphorylation. (A) Immunoblot of Tespal protein after in vitro A protein phosphatase (»
phosphatase) treatment of extracts from thymocytes treated with or without ionomycin. As the control experiment, extracts were incubated without A protein phosphatase.
(B) Immunoblot of KRAP protein from HCT116 cells or HEK293 cells treated with or without ionomycin for 30 min after the pretreatment with or without BAPTA. (C)
Immunoblot of KRAP protein after in vitro A protein phosphatase treatment of extracts from HCT116 cells or HEK293 cells treated with or without ionomycin. Data are

representative of three independent experiments.
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Fig. 4. Physical association of Tespal with IP3R is maintained regardless of the
presence or absence of phosphorylation of Tespal. Anti-IPsR3 (aIP3R3) immuno-
precipitations were performed using mouse thymocytes treated for 30 min with or
without Tg in the presence or absence of BTP2 as indicated, followed by western
blotting with anti-IPsR3 or anti-Tespal antibodies. Total, total lysate; IP, immuno-
precipitation; Ctl., control.

Many studies have shown that TCR-stimulation induces the
transient release of Ca?* from ER store through the activation of
IPsR, and this leads to prolonged Ca?* influx across the plasma
membrane, a process termed SOCE, which results in the activation
of Ca%*-dependent enzymes and transcription factors [3-8]. How-
ever, it remains unknown whether SOCE affects molecular compo-
nents which are involved in the regulation of Ca?* efflux from
intracellular Ca®* store. Here, our finding provided a novel molec-
ular modification of Tespal and suggested the existence of the reg-
ulatory pathway that SOCE influences Tespal-IPsR molecular
complex, a critical regulator of intracellular Ca®* store. If SOCE pos-
itively or negatively regulates IPsR functions, the regulatory path-
way would become therapeutic targets for various diseases.
Although exact elucidation of mechanisms underlying the SOCE-
dependent phosphorylation of Tespal should await future studies,
it is not likely that Ca?*/calmodulin-dependent kinases (CAMKs) is
responsible for the Tespal modification because of the absence of
the inhibitory effect of CAMKs inhibitor against the Tespal modifi-
cation (data not shown). Considering our finding that KRAP protein
in epithelial cells is also phosphorylated in a similar manner to Tes-
pal, there might be conserved mechanisms phosphorylating KRAP
and Tespal in epithelial cells and lymphocytes, respectively. Fur-
ther investigations concerning the effects of these Tespal and
KRAP protein modifications on IPsR functions will provide better
understanding of numerous biological processes.
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