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Abstract

To date four isoforms of triadins have been idédiin rat skeletal muscle. While the function of
the 95 kDa isoform in excitation-contraction couglihas been studied in detail, the role of the

32 kDa isoform (Trisk 32) remains elusive. Hereskr82 overexpression was carried out by stable
transfection in L6.G8 myoblasts. Co-localizatiorTofsk 32 and IRreceptors (IER) was
demonstrated by immunocytochemistry and their asson was shown by co-
immunoprecipitation. Functional effects of Trisk 82 IP-mediated C# release were assessed by
measuring changes in [€& following the stimulation by bradykinin or vasopsin. The

amplitude of the Ca transients evoked by 2M bradykinin was significantly higher in Trisk 32-
overexpressingpk0.01; 42684 nM, n=27) as compared to control cells¥8 nM, n=23). The
difference remained significant<€0.02; 2141 nM, n=21 and 929 nM, n=31, respectively) in
the absence of extracellular C.aSimilar observations were made when 0.1 uM vassin was
used to initiate Cd release. Possible involvement of the ryanodineptxs (RyR) in these
processes was excluded, after functional and bioats experiments. Furthermore, Trisk 32
overexpression had no effect on store-operatéti€ury, despite a decrease in the expression of
STIM1. These results suggest that neither the asgre activity of RyR, nor the amplification of
SOCE are responsible for the differences obsenvédadykinin- or vasopressin-evoked?Ca
transients, rather, they were due to the enhanttddte of IP;R. Thus Trisk 32 not only co-
localizes with, but directly contributes to the ukgion of C4" release via I§R.
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Abbreviations

The abbreviations used are: fQa extracellular calcium concentration; fCa
intracellular calcium concentration; AM, acetoxy-
methylester; AVP, arginine-vasopressin; CICR>'Ca
induced C&' release; DAG, diacylglycerol; DHPR,
dihydropyridine receptor; ER, endoplasmic reticujum
IP3, inositol 1,4,5-trisphosphate; 4R, inositol 1,4,5-
trisphosphate receptor;JR-l, IP3R type Ill; PIR,
phosphatidylinositol 4,5 bisphosphate; PLC,
phospholipase C; RyR, ryanodine receptor; SERCA,
sarco- endoplasmic reticulum calcium ATPase; SOCE,
store-operated Gaentry; SR, sarcoplasmic reticulum;
STIM1, stromal interaction molecule 1; TG,
thapsigargin; Trisk 32, 32 kDa isoform of skeletal
muscle triadin; TRPC, transient receptor potential
canonical;

Introduction

In mammalian cells changes in intracellular calciwwancentration
([Ca®™];) control a wide variety of functions, includingvidiion, secretion, motility
and contractility. To precisely regulate these gesnin [C&']; highly organized
structures are present in adult skeletal musclerdibThe depolarization of the
plasma membrane initiates a conformational changie voltage sensors, the
dihydropyridine receptors (DHPRSs), of the surfacemrane which in turn
activate the ryanodine receptors (RyRs). Througisetchannels Gais released
from the sarcoplasmic reticulum (SR), the intradall C&* store (for review see
e.g. [11, 26)).

In the early stages of skeletal muscle differeittrat in myoblasts - this
complex structure, however, is not at all functipnather, inositol 1,4,5-
trisphosphate receptors §fs) have a significant role in the Caelease from the
endoplasmic reticulum (ER) (see e.g. [7]). In res®oto different external stimuli
(as the activation of bradykinin or vasopressirepgars), phospholipase C (PLC)
hydrolyses phosphatidylinositol 4,5 bisphosphat®fFn the plasma membrane
to produce IR and diacylglycerol (DAG). While DAG activates peot kinase C
(PKC), IR binds to the Cd release channel of the ER. Molecular and
physiological properties of the JR closely resemble those of the RyR [10]. It has
at least four known isotypes, which are all presentodent skeletal muscle
together with the basic molecular machinery foruactioning IR messenger
system [22]. The binding of 4o its receptor activates Eaelease from the store
to increase [CH]; [34].

RyRs have been shown to interact with a numberifbérdnt proteins
present in the triadic junction including, amondnest, calsequestrin, junctate,
junctin, JP45, mitsugumins, and triadin (for revisge [31]). From this group of
SR membrane proteins triadin was first to be idiexatiin rabbit skeletal muscle in
1990 [5, 16] as a 95 kDa glycoprotein specificddigated in the triads, and was
later proved to decrease the extent of‘Galease via RyRs [9, 24]. Since then
several isoforms have been identified both in gkéknd cardiac muscle [13, 14,
19, 33].



The 32 kDa isoform of triadin (Trisk 32), smallesieletal muscle triadin
[33], is identical to CT1, the major cardiac triadil7], and is the only triadin
isoform expressed in both muscles. It derives feonalternative splicing after the
eight first exons of the triadin gene and possessesique C-terminal end.
Interestingly though, the expression of this isofqurecedes that of RyR during
muscle differentiation [ZZZ]. This unique timing @6 expression raises several
questions. First, why would a member of a familypafteins that were originally
described as regulating RyR be expressed at tinmesi \RyR is not yet present
and, second, could there be an alternative funatidmnrisk 32 in skeletal muscle?

Despite the structural and functional similarity RyR, proteins that
specifically interact with and modify the functioof IP;R have not been
characterized. In skeletal muscle, Trisk 32 hasls®wn to be localized within
the longitudinal SR, co-localized with JR and the mitochondria, and to be
associated with BR [33]. The existence of a non-triadic ‘Caelease complex
centered around iR and involving Trisk 32 has been proposed, andhia
context, the function of Trisk 32 could be the dagion of the C4' releases via
IP3R [33].

To test this hypothesis Trisk 32 has been oversseck in a rat skeletal
muscle cell line that contains endogenously the pmrants of the KPsignaling
cascade. The protein was found to co-localize amtmenunoprecipitate with
IPsR in transfected cells. The expression of thigdinasoform greatly increased
Cd" release from the ER following the stimulation dfetcells by either
bradykinin or vasopressin strengthening the idest tfrisk 32 is functionally
associated with this calcium release channel.

Experimental procedures

Cell cultures and transfection

L6.G8 rat skeletal muscle myoblasts were obtainexinf European
Collection of Cell Cultures (ECACC) and were cuddrin Dulbecco’s Modified
Eagle’s Medium (DMEM; Sigma, Budapest, Hungary) @amented with 10%
fetal bovine serum (FBS), 2 mM glutamine, 50 U/n@ngillin, and 50ug/ml
streptomycin and were incubated at 37 °C in a hifieidincubator with 5% C@
and 95% Q (according to the instructions of the suppliegli€were seeded at a
density of 1000-2000 cells/émand were cultured for 4 days before the
experiments.

Full length coding sequence of rat Trisk 32 (acoesaumber AJ812276)
was ligated into the EcoR1 restriction site of p@I8.1 (Invitrogen, ZZZ)
expression vector [33]. Stable transfection wagopered in Opti-MEM reduced
serum content medium using Lipofectamine 2000 neiafavitrogen, Carlsbad,
CA, USA) for 2.5 h at 37 °C. Cells were allowedetqress the transfected genes
for 48 h in growth medium then were selected in DMWEontaining 1 mg/ml
geneticin. After 14-15 days, single colonies wesadted and experiments were
carried out on those separated clones (ZZZ thdicpar clone) of Trisk 32
transfected cells that showed the highest Triskxd&ession. To obtain a control
for the transfection, cells were transfected by gnmeDNA 3.1 vector using the
same protocol, and experiments were carried oyoats of transfected cells. The
transfection with the empty or Trisk 32 containimgctor did not affect cell
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viability but significantly reduced, to the sametesk, the proliferation of the
myoblasts (see Online Resource 2A and 2B, respsdgliv

The efficiency of Trisk 32 overexpression was monat at protein level
by immunostaining and Western-blot using a spedciiti-Trisk 32 antibody
corresponding to the C-terminal end of the pepft}. Functional experiments
were carried out on myoblasts.

Immunostaining

Cultured cells were washed with ice-cold phosplatiéered saline (PBS;
0.02 M NaHPQ, 0.1 M NaCl), fixed with 4% paraformaldehyde or0%
methanol at -20°C for 15 min, permeabilized with%. Triton X-100 in PBS for
10 min, and blocked with 1% BSA diluted in PBS @Xmg solution) for 30 min
at room temperature. The cells were then incubatesnight at 4 °C with the
anti-Trisk 32 primary antibody (dilution was 1:500blocking solution) produced
in rabbit or in Guinea pig [33]; the antidfeceptor type I, I, Il primary
antibody (dilution was 1:50 in blocking solutiorggrresponding to C-terminal
amino acid residues 2402-2701 of ;R produced in rabbit (Santa-Cruz
Biotechnology Inc., Heidelberg, Germany); the @Ri-bradykinin receptor
primary antibody (dilution was 1:100 in blockinglstion), corresponding to the
C-terminal region of the protein, produced in ral§igma); the anti-arginine-
vasopressin receptor Vl1a antibody (dilution was01lid blocking solution),
corresponding to C-terminal amino acid residues&4® of the protein, produced
in rabbit (Santa-Cruz). The secondary antibodyi;r@fubit or anti-guinea pig 1gG,
labeled with fluorescein or Cy3 was incubated fdr &t room temperature. The
nuclei were stained with DAPI in Vectashield mouagti medium (Vector
Laboratories, Burlingame, CA, USA). Images were uaegl with LSM 510
META confocal microscope (Zeiss, Oberkochen, Gemphar{For negative
controls for immunocytochemical stainings see GniResource 1C.)

RT-PCR analysis

For RT-PCR analysis, total RNA was isolated fronolmgsts using Trizol
reagent (Invitrogen). The volume and purity of teelated RNA were verified
with Nano-Drop 1000 Spectrophotometer (Wilmingtdelaware, USA). The
assay mixture (2Ql) for reverse transcriptase reaction (OmniscriRiagen)
contained 500 ng RNA, 0.328 RNase inhibitor, 0.2%l oligo (dT), 2ul dNTP
(200uM), 1ul M-MLV RT in 1xRT buffer. Amplifications of spedid cDNA
sequences were performed with specific primerseg@irstted DNA Technologies,
Coralville, IA, USA) that were designed based onblmined rat Trisk 32
nucleotide sequences (GenBank Accession No.: AJ&L2rward primer: 5'-
TGAACGATGTTGTGGAGGAA-3', reverse primer: 5'-
CTCTGGCTTTCGGTGTTG-3'). PCR reactions were allowedproceed in a
final volume of 5Qul (containing 2ul forward and reverse primers,ull dNTP
(200uM), and 0,5ul Promega GoTaq® DNA polymerase in 1xreaction bifie
a Bio-Rad C1000 Thermal Cycler (Bio-Rad, Budapdstingary) with the
following settings: 2 min at 95 C for initial dengation followed by repeated
cycles of denaturation at 94 C for 1 min, primeneading for 60 s at an optimized
temperature, and extension at 72 C for 90s. After final cycle, further



extension was allowed to proceed for another 10ahifr2 C. PCR products were
analyzed using EZ-Vision Three (Amresco, Solon, Y8Aagarose gel.

Preparation of cell extracts

Cells in cultures were washed with ice-cold PBS,vésted in
homogenization buffer (20 mM Tris-HCI, pH 7.4, 5 mEGTA, 1 mM 4-(2-
aminoethyl) benzenesulphonyl fluoride, 2@ leupeptin; all from Sigma) and
disrupted by sonication on ice. Protein contenthef samples was measured by a
modified bicinchoninic acid (BCA) protein assay €Rie, Rockford, IL, USA)
using BSA as a standard. The rat light SR vesisleduas positive control in
Western-blot experiments was a gift from I. Jorja [1

Western-blot analysis

Total cell lysates were examined by Western-blailymis. Samples for
SDS-PAGE were prepared by the addition of 1/5 velwh5-fold concentrated
electrophoresis sample buffer (310 mM Tris—HCI, fH; 10 % SDS, 50 %
glycerol, 100 mM DTT, 0.01 % bromophenol blue) &l ¢ysates and boiled for
5 min at 80 °C. About 10Qg of protein was separated by 10% SDS-PAGE gel
for immunological detection of Trisk 32, TRPC1, §M, RyR, IRR-I, 11, and II.
Proteins were transferred electrophoretically twooellulose membranes (Bio-
Rad, Budapest, Hungary). After blocking with 5% #ah dry milk in PBS,
membranes were incubated with the following primangibodies overnight at
4 °C: anti-Trisk 32 antibody (dilution: 1:5000),teaMRPC1 antibody (dilution:
1:200), anti-STIM1 antibody (dilution: 1:500), af;R type Il antibody
(dilution: 1:200) corresponding to amino acid resisl 22-230 of human 4R-lll,
produced in mouse (BD Transduction Laboratories,Famt de Claix-Cedex,
France), anti-RyR antibody (dilution: 1:100) copesding to whole protein of
pig RyR, produced in rabbit [18], antislR type | antibody (dilution: 1:200)
corresponding to cytoplasmic amino acid residueg41873 of human HR-I,
produced in rabbit (Santa-Cruz), and angRRype Il antibody (dilution: 1:200)
corresponding to C-terminus of humargRRI, produced in goat (Santa-Cruz).
After washing three times for 10 min with PBST (PB$pplemented with 0.1%
Tween 20), membranes were incubated with a secprataibody, peroxidase-
conjugated goat anti-rabbit or anti-mouse, or rabbti-goat IgG (Bio-Rad) in
1:1000 dilution in PBS containing 5% non-fat drylkmfor 1 h. Signals were
detected by enhanced chemiluminescence (ECL) ozaffRierce).

Whole cell calcium measurement

Changes in [Cd]; were measured using the calcium sensitive fluergsc
dye Fura-2 as reported earlier [27]. Myoblasts waexed on a coverslip and
incubated with Fura-2 AM (acetoxy-methylester; ) for 1 h (37 °C, 5% C¢)
in DMEM supplemented with 10% FBS and neostigmimtuobit acethylcholine-
esterase. Thereafter cells were equilibrated imabiTyrode’s solution (in mM:
137 NaCl, 5.4 KClI, 0.5 MgGJ 1.8 CaCJ, 11.8 HEPES, 1 g/l glucose, pH 7.4, all
from Sigma) for 30 min at room temperature. Covesswith the Fura-2 AM
loaded cells were then placed on the stage of rted fluorescent microscope
(Diaphot; Nikon, Tokyo, Japan). Measurements weggfgpmed in normal or

5



calcium-free Tyrode’s solution. To obtain a calcinee Tyrode’s solution no
CaCl was added in the presence of 5 mM EGTA (Sigmaadikinin (Sigma)
was used at a final concentration of 2@ in normal and calcium-free Tyrode’s
solution. 0.1uM arginine-vasopressin (AVP; from Sigma) was usedalcium-
free Tyrode’s solution. The SERCA inhibitor thasigin (Sigma) was used at a
final concentration of 2M in calcium-free Tyrode’s solution. The 3R agonist
thimerosal (Sigma) was used at a final concentmatib 50uM in calcium-free
Tyrode’s solution. Caffeine (Sigma), and ryanodi8gma) were used in 30 mM
and 10uM concentrations respectively, in normal Tyrode'solugon.
Xestospongin C (Merck, Budapest, Hungary) was useda pre-treatment in
50 uM concentration in normal Tyrode’s solution for lirhroom temperature.
Cells were continuously washed by Tyrode’s solutiesing a background
perfusion system. Test solutions were directly ioplto the cells through a
perfusion capillary tube (Perfusion Pencil™; Autd®l&cientific, San Francisco,
CA, USA) with an internal diameter of 2pdn at a 0.35 ml/min rate, using a local
perfusion system (Valve Bank™ 8 version 2.0, AuttdM&cientific). All
measurements were performed at room temperatu@taian wavelength was
alternated between 340 and 380 nm by a dual wag#lemonochromator
(Deltascan, Photon Technology International, NewrBwick, NJ, USA), while
the emission was monitored at 510 nm using a phaitiptier. [C&']i was
calculated from the ratio of fluorescence inteesit{R = F340/F380) using an in
vivo calibration (Rn = 0.2045, Rax=8.315, K =1183) as described [12].
Data were statistically analyzed by Studerttest. The data are presented as
mean +SEM.

Confocal measurements

Calcium transients were also monitored with the L3SH0 META
confocal laser scanning microscope (Zeiss, Obekmclbermany) as described
earlier [28]. L6 myoblasts were incubated with M Fluo-4-AM for 1 h at
37 °C. Calcium imaging was performed in calciunefiigrode’s solution. Line-
scan images were used to monitor the fluorescerteasity, and were recorded at
24 ms per line and 512 pixels per line using a @&#er immersion objective.
Fluo-4 was excited with an argon ion laser. Cell&senvcontinuously washed by
Cd*-free Tyrode’s solution using a background perfossystem. 0.1M AVP
solution dissolved in C&free Tyrode’s solution was directly applied to tedls
using a local perfusion system. All measurementsewmerformed at room
temperature. Images were analyzed by using an ationevent detection
program [28], developed in the Department of PHgglp University of
Debrecen, Hungary. Fluorescence of the images és) mormalized to baseline
fluorescence (§ and amplitudes of the transients were determasatF/F. The
data are presented as mean =SEM.

Results



Cell culturing and transfection

Trisk 32 protein synthesis was amplified using ®DA3.1 plasmid-
vector system. In order to select the clone showlegmost significant Trisk 32
expression from the plasmid (referred to as TraloBT32 in the figures hereon),
immunocytochemistry, RT-PCR and Western-blot expents were performed
and the clone showing the highest expression optbtein (Fig. 1A right panel,
Fig. 1B and Fig. 1C) was used for further experitaeifhe endogenous mRNA
expression of Trisk 32 was slightly detectable amtcol cells (Fig. 1B). On the
other hand the endogenous protein expression gk B& in control cells or in
cells transfected by the pcDNA 3.1 vector aloneyld¢onot be shown with
Western-blot (Fig. 1A left panel and Fig. 1C). Ndtat the protein is detected as
a double band on the Western-blot as describetteptlZ].

Effect of Trisk 32 overexpression on the function of IP3 receptors

The presence of ¥R-1ll (Online Resource 1E, Lanes 1 and 2), | and Il
(Online Resource 1F) was shown by Western-blot ottontrol and Trisk 32-
overexpressing myoblasts. The amount gRHP and Il was similar in control
and transfected cells, while JR-Il was undetectable. Based on these
measurements we concluded that the major isoforrh6iiG8 myoblasts was
IPsR-Ill. The presence of Trisk 32 protein could ordg shown clearly in
Trisk 32-overexpressing cells (Online Resource Udhe 2). Co-localization of
Trisk 32 and IBR was confirmed by immunocytochemistry, using deubl
fluorescent labeling of the two proteins (OnlinesBérce 1D). To prove that they
are not only partially co-localized but also asatemil, co-immunoprecipitation
experiments were performed (Online Resource 1Ees8nand 4).

ZZZ Supp info-ba After immunoprecipitation with afitrisk 32 antibody,
the immune complexes were analyzed in Westernviatbt anti-1P;R-111 and anti-
Trisk 32 antibodies. In control cells neither TriZk, nor the IER were present in
the immunoprecipitated samples. In the samplesrisk B2-overexpressing cells
the immunoprecipitation of Trisk 32 leads to theimonunoprecipitation with
IPsR-IIl (Online Resource 1E, Lane 4). ZZZ

To show the functional effects of Trisk 32 overesgmion on the
regulation of IBR and the C4 homeostasis of the cells, line-scan images were
taken by confocal microscopy in the absence of aegltular calcium
concentration ([Cd]o). The IR pathway was stimulated by the local application
of 0.1uM AVP (the presence of V1a AVP receptors is show@nline Resource
1B). The amplitude of the &4 transients evoked by AVP (Fig. 2) were
significantly higher p<0.01) in Trisk 32-overexpressing cells (32323, n=34,
expressed as RfFig. 2C) as compared to control (10517, n=21; Fig. 2A) and
empty pcDNA3.1 vector transfected (280223, n=25; Fig. 2B) myoblasts. The
amplitude of the transients did not differ sigrdgintly (>0.05) between control
and empty pcDNA 3.1 vector transfected cells (RID). From these experiments
and from those presented below (see Fig. 4), asasdtom our earlier results [9]
we concluded that the transfection with the empgtor does not affect the 3lP
pathway. To examine the effect of the inhibition @®PsRs, Trisk 32
overexpressing cells were pre-treated withubD Xestospongin C for 1 h, and
then fluorescent [G4; measurements were performed with the local afjpica
of 0.1uM AVP in the absence of [J.. The application of the inhibitor
significantly decreased the amplitudes of the Avidiced C& transients
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compared to the untreated Trisk 32 overexpresseig ¢10631 nM, n=9 and
17914 nM, n=9, respectivelp<0.05, Fig. 2E).

ZZ7Z Representative records of the measurementshanen in Fig. 3A. In
this case 2@M bradykinin was used to activate the; ffathway in control and
transfected myoblasts (the presence of B2 bradykieceptors on these cells is
shown in Online Resource 1A). In some of the expenits 1.8 mM [C&]. was
applied to achieve a more physiological conditionother experiments 0 mM
[Ca®]e was used to study clearly the“Ceaeleased from the SR without the entry
of extracellular C&. In normal Tyrode’s solution with 1.8 mM [E%&,
significant difference could be observed betweentrob and transfected cells
both in the amplitude (282 nM, n=23 and 4284 nM, n=27 respectively,
p<0.01, Fig. 3B) and in the maximal rate of rise8£3..1 nM/s and 3549.6 nM/s
respectively,p<0.01, Fig. 3C) of the bradykinin-evoked “dransients. In the
absence of extracellular €zhe significant difference between the two ceflety
remained in the amplitude (829 nM, n=31 and 2H41 nM, n=21 respectively,
p<0.02, Fig. 3B), however the difference in the maai rate of rise of the
transients did not prove to be significant 85 nM/s and 18#84.5 nM/s,
respectively,p=0.08, Fig. 3C). It should be noted that theseediffices were not
due to an increase in the resting {qia[Ca].es) Since it was essentially identical
in control and Trisk 32 overexpressing cells;{Z3M, n=31 and 742 nM, n=21
respectivelyp>0.9) in the absence of [€%. Note also that the amplitude of the
bradykinin- and the AVP-evoked €atransients in the absence of fJawas
similar in Trisk 32 overexpressing cells (244 nM, n=21 and 1294 nM, n=9,
respectivelyp>0.5).

The observed augmentation of agonist-evoke €ansients observed in
Trisk 32-overexpressing cells could be explaingldegiby altered IR function —
increased channel conductance or increasgdsdBsitivity — or by modified
SOCE that accompanied store depletion. To explbee gossibility that the
increased conductance of 3P would be the explanation for the increased
elevation in [C4']; following agonist application, BRs were directly activated by
the addition of 50 uM thimerosal to the culture med The drug induced a slow
rise in [C&"]; that appeared with a considerable latency in lootitrol, mock-
transfected, and Trisk 32-overexpressing cells.(#49. Pooled data proved that
these calcium transients are essentially iden{jga0.8) both in their amplitude
(84.2+5.4, 82.7+7.4, and 83.1+4.8 nM; Fig. 4B) amd their rate of rise
(0.26+0.04, 0.25+0.01, and 0.27+£0.04 nM/s in cdntin empty pcDNA3.1
vector-transfected, and in Trisk 32-overexpresseits, respectively; Fig. 4C).

Effect of Trisk 32 overexpression on SOCE

To examine whether the overexpression of Trisk B8rsa the SOCE
mechanism of the myoblasts, the expression levéhekey molecules of SOCE
was tested by Western-blot. The expression of STI(iiy. 5A) decreased
significantly, to 4&7% of the control in the transfected myoblasts (@),
while the expression of TRPC1 did not change (bigyand C).

Measurements of intracellular calcium concentratieere performed to
assess the functional consequences of Trisk 3Z2gperssion and the decreased
expression of STIM1 on SOCE. Internal calcium-gdosere thus emptied by the
application of 1M thapsigargin (TG) in the absence of {Ga The changes in
[Ca®']i evoked by re-establishing the normal 1.8 mM esitatar calcium
concentration ([Cd]e) were then measured in control (Fig. 5D upper Paared
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in Trisk 32-overexpressing L6 myoblasts (Fig. 5Dtwm panel) [4]. Neither the
amplitude (10518 nM, n=22 and 12&2 nM, n=21, respectively>0.4, Fig. 5E),
nor the maximal rate of rise (&8.2 nM/s and 1#0.4 nM/s, respectivelp>0.2,
Fig. 5F) of SOCE differed significantly in the twell types.

To assess whether a change in ER€antent could underlie some of the
observed alterations, the parameters of the thamgigevoked Cd transients
were compared for control and Trisk 32 overexpregsells. Neither the integral
(27.a:3.1 mM-s, n=7 and 284.5 mM-s, n=15, respectivelyy>0.8) nor the
amplitude (14619 nM, and 19925 nM, respectivelyp>0.1) of these signals
were altered significantly by the transfection (FB&).

Effect of Trisk 32 overexpression on the function of RyRs

To exclude the possible involvement of RyR in tharges described above,*Ca
release via ryanodine receptors was examined blyiagp30 mM caffeine on
control and Trisk 32-overexpressing myoblasts (B#). Only two thirds of the
cells responded to caffeine (19 from 31, and 2&nf&D in control and Trisk 32
overexpressing cells, respectively) and the express RyR could not be shown
by Western-blot (Fig. 6C), which means that onlynamimal amount of the
receptor was present and functional in these c&l® amplitude of the Ga
transients —where such transients were observedillat did not differ
significantly (627 nM, n=19 and 586 nM, n=20 respectivelyp>0.3; Fig. 6B).
To examine the contribution of €anduced C& release via RyRs in the
bradykinin-evoked C4 transients, RyRs were blocked byl ryanodine then
20uM bradykinin was applied to activate the ;Ipathway in Trisk 32-
overexpressing cells. Although the amplitude of tfa@sients were lower in the
presence of ryanodine, this difference did not prtavbe significant if compared
to those obtained in the absence of the drug#26H M, n=21 and 42684 nM,
n=27, respectivelyy>0.1; Fig. 6D). Similarly when RyRs were blocked 1uM
ryanodine then the ¥pathway was activated by QuM AVP in the absence of
[Ca®]. in Trisk 32-overexpressing cells, the differenoettie amplitude of the
transients was not significant (B4 nM, n=9 in the absence and 133 nM,
n=9 in the presence of the drugr0.1).

Discussion

Triadin was described in skeletal muscle two desaalgp [5, 16], since
then several isoforms were discovered, their laaéibbn described, and tissue
distribution revealed. A study of Vassilopoulos amwworkers [33] proved the
existence, among others, of a 32 kDa isoform ofes&kkemuscle triadin. They
showed that unlike the other isoforms it localizegside of the triad, in the
longitudinal SR, and co-localizes withsRs and mitochondria. The possibility
was raised that the function of Trisk 32 could @ithe connected to Earelease
via IP;R, to the maintenance of sarcomere structure dwamgraction, or to the
Ca*-storage in the mitochondria.

To clarify whether or not Trisk 32 plays any ratethe regulation of R,
in a way analogous to the interaction between T9&land RyR, Trisk 32 was
stably overexpressed in L6.G8 skeletal muscle nagibl The co-localization and



the physical association of Trisk 32 andRRvas shown in transfected cells, and
their functional association was also demonstratedstimulate the IPpathway
either bradykinin or arginin-vasopressin was usedbradykinin receptors were
shown to be present on the L6 cell line [20] ararthoupling to the IPpathway
was also demonstrated in skeletal muscle [23]. I18rtyj the presence of the JP
pathway-coupled V1 vasopressin receptors was deston the L6 cell line [29].
These results were confirmed here by showing tleseprce of these receptors
using immunocytochemical labeling (see Online Res®@A and 1B).

It should be noted that the cells —L6.G8 myoblastgsed in these
experiments represent the earliest stage of dewedop Previous studies have
revealed that triadin expression parallels difféegion [33], that is, triadin
expression is very low at the myoblast stage armleases as muscle cells
differentiate. L6.G8 myoblasts should, thereforepvide an ideal system for
studying Trisk 32 overexpression since any intevadbetween IgRs and triadins
— if present — should be minimal in control celléiile in Trisk 32 overexpressing
cells it should be close to maximal.

The major finding of this work is that the overeagsion of Trisk 32
resulted in a significantly higher amplitude andxinzal rate of rise of the Ga
transients evoked either by bradykinin (20 uM) asapressin (0.1 uM) via the
IP; pathway. This observation could have at least foutependent but
functionally related explanations. First, Trisk 82erexpression might alter the
coupling of the surface membrane receptors to thdyztion of IR, resulting in
an increased amount of glith transfected cells. Second, through direct pmete
protein interaction Trisk 32 could enhance the apgwof IP;R in the presence of
its agonist. Third, the overexpression of Trisk@ild lead to an increased ER
C&* content and, consequently, to an increased anwu®# " released from the
store. Finally, Trisk 32 might modulate the cougliof the emptying of the
intracellular C&" store to surface membrane®Canflux resulting in an increased
SOCE. It should also be noted that an interacedher direct coupling or via the
released C& (C&*-induced C& release; CICR), to RyR-mediated “Caelease
cannot, in theory, be ruled out.

We present a number of observations against tle &f the above
mentioned possibilities. First of all, the stimudat of two independent pathways
— B2 and V1 receptors — resulted in a similar enbarent of the Ca signals,
clearly arguing against this possibility, sincevituld require that Trisk 32 should
at the same time interact with both B2 bradykinma &1 vasopressin receptors.
Although an effect on PLC cannot simply be ruledl @ging only the functional —
Cd&" transients — evidence, immunocytochemical stainifugs not favor a
localization of the Trisk 32 protein that could iba®e reconciled with such an
interaction, that is, an interaction with a protiiond in the plasma membrane.

We also present evidence that Bceptor activatioper seis unaltered if
the receptors are stimulated directly. Namely,dakient of activation of I§Rs by
thimerosal — a widely useddR activator ([30, 32]; for review see eg. [8]) —sva
identical in control, in empty pcDNA3.1 vector tedcted, and in Trisk 32-
overexpressing cells as assessed by the amplitudleate of rise of the Ga
transients following thimerosal treatment. It sliuhowever, be noted that
thimerosal has been reported to interact with tyipagt not with type 11l IRR [6].
The above mentioned observation could thus bepregted as an indication that in
Trisk 32-overexpressing cells the conductance @RI unaltered (note that
independent evidence suggests that the contehedE&" store was indentical in
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these cells, see below) or that the Trisk 32 pnoteteracts only with type Il
IPsR.

Importantly  though, both  functional and co-localiae/co-
Immunoprecipitation experiments are strongly inofawf a direct interaction
between IBR (possibly type Ill, see above) and Trisk 32. His tramework the
presence and direct protein-protein interaction Toisk 32 and the calcium
channel would result in an increased amount df @leased from the ER. This
was observed as an enhancement of tHé @sients in the absence of external
C&”*. Note that in the presence of normal external® @ae difference between
transfected and non-transfected cells was eventegresuggesting that the
increased release and, therefore, the more proedwfepletion of Cd in the ER
resulted in an enhanced SOCE in Trisk 32 overegprgxells.

On the other hand, we provide evidence that therexpeession of
Trisk 32 does not directly affect the mechanismS8@CE. To examine the
possibility, the ER C4 store was emptied by the application of the SEROAp
inhibitor thapsigargin in a G&free extracellular milieu, and then the re-additio
of extracellular C& triggered the Ca-influx via the plasma-membrane [4].
Neither the amplitude, nor the maximal rate of n§&OCE differed significantly
in Trisk 32-overexpressing cells, as compared tarob However, as examined
by Western-blot, the expression of TRPC1 — an ingmbrstore-operated €a
channel of the plasma-membrane [2, 3]- did notngbain Trisk 32-
overexpressing cells, but the expression of STIMhe-C&" sensor of the ER
[15, 25] — decreased significantly, despite the fhat its functional consequence
was not detectable by the [€r measurements (similar observation — decreased
STIM1 expression with no parallel decrease in SGGias made on transfected
C2C12 cells, too, [21]). Taken together, theseltesuggest that the main effect
of Trisk 32 overexpression is not the alterationhaf functionality of SOCE.

In addition, these experiments provided means d¢kléathe filling of the
intracellular C&" stores. By measuring the amplitude and the integiahe
thapsigargin-evoked Gatransients and finding no significant differenneeither
when comparing control and transfected cells, ssigti@t the overexpression of
Trisk 32 does not affect the Eaontent of the ER Gastore.

The 95 kDa isoform of triadin is known to regul&e” release via RyRs
[9, 24]. To exclude the possibility that such ateraction from Trisk 32 or an
enhanced CICR was responsible for the increased Eansients evoked by
bradykinin or AVP, functional [Cd]; measurements were performed. Neither the
application of 30 mM caffeine an agonist of RyRr&mor the presence of 10 uM
ryanodine when bradykinin was applied initiatechifigant alterations in the Ga
signals. That is, the caffeine-evoked responses e&sentially identical in control
and transfected cells, while the amplitude of tmadikinin-evoked transients
were not significantly lower with or without ryanioé, and, furthermore, they did
not decrease to the level of control cells. Theseilts indicate that the effects of
the overexpression of Trisk 32 cannot be accoufdedolely by an altered RyR
function. It should, nevertheless, be noted tha #tight reduction in the
amplitude of the bradykinin-evoked €aransients in the presence of ryanodine
suggests that CICR might be involved, albeit tessér extent, in the Easignals
of L6 cells.

In conclusion, the significant enhancement of thedikinin- and
vasopressin-evoked €atransients in Trisk 32 overexpressing cells is tuéhe
increased C4 release from the intracellular €astore resulting from a direct
interaction of Trisk 32 and §R.
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Figure Captions

Fig. 1

Overexpression of Trisk 32 in L6.G8 myobla$ts) Immunocytochemical staining of control and
Trisk 32-transfected L6 cell cultures demonstratimgypresence of Trisk 32 protein. The rat
isoform was expressed from the plasmid used fdMestaansfection. Images were recorded from
2 um thick optical slices. Original magnification wé8x. (B) mRNA expression of Trisk 32 was
detected by RT-PCR. Samples from control and testisfl cells were compared. GAPDH was
used as a contralC) Western-blot analysis of Trisk 32 was performednalyze the
overexpression at protein level. (SR — rat lightf&Rtion; C — control L6 myoblasts; @ — L6
myoblasts transfected with empty pcDNA 3.1 veci@2 — Trisk 32-overexpressing L6
myoblasts)

Fig. 2

Examination of the functional association of Tr&kand IBR. Confocal microscopy line-scan
images and time courses of Fluo-4 fluorescenceiirirol myoblastgA), in myoblasts transfected
with empty pcDNA 3.1 vectaofB), and in Trisk 32-overexpressing myobla&3 showing the
transients evoked by the application of @M AVP in the absence of [¢§.. Time courses were
calculated from the lines marked by arrows on ithe-§can images. Horizontal and vertical
calibrations are the same for all traces in A, B @&(D) Pooled data from the amplitude of the
transients(E) Effect of pre-treatment with 50M Xestospongin C for 1 h on the amplitude of
0.1uM AVP-induced C&' transients in Trisk 32-overexpressing cells inahsence of [C3]..
[Ca™]; of the cells was measured with PTI Delta ScaresysHere, and in all subsequent figures
asterisks (*) mark significant difference betweemntrol and Trisk 32 overexpressing cells and
data represent mean + standard error (SE) of tlenfaragraph signs (8) mark significant
difference compared to empty pcDNA 3.1 vector tfacted cells (shown as @-vector in the bar
graphs). Hashmark (#) indicates significgm&(0.05) change between data obtained in the
absence and presence of Xestospongin C. Numbpesémtheses give the number of cells
measured.

Fig. 3

(A) Representative records of @M bradykinin-evoked C& transients in the presence (upper
panels) and absence (bottom panels) of extracettalaium ([C&"].) in control and Trisk 32-
overexpressing cells. Pooled data for the ampli{fBjeind the maximal rate of rig¢€) of the
transients. Hashmark (#) indicates significant (0.05) change between data obtained in the
absence and presence of {§;a Numbers in parentheses give the number of cedssared.

Fig. 4

Direct activation of IERs with thimerosal(A) Representative records of Céransients evoked by
50 uM thimerosal measured in the absence of extraegltdlcium in control, empty pcDNA3.1
vector transfected and Trisk 32-overexpressingcBlboled data for the amplitu¢®) and the
maximal rate of ris€C) of the transients. Numbers in parentheses givatiaber of cells
studied.

Fig. 5

The effect of Trisk 32 overexpression on store-afegt C&™-entry (SOCE). By using Western-
blot analysis, the expression of STINA) and TRPCAB) proteins were shown in control (C) and
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Trisk 32-overexpressing (T32) cells. 100-1@Pprotein samples were used in each lane for the
Western-blot experimentC) Quantitative analysis of Western-blot results (me&E) obtained
from control and transfected myoblag) Changes in [Cd]; demonstrating SOCE were
recorded following the re-establishment of the rair(@.8 mM) [C4']. in control and in Trisk 32-
overexpressing cells. The internal calcium-storesvemptied by 2M thapsigargin (TG) in the
absence of [Cd].. Representative records of 4-4 independent citiviean values of the
amplitude(E) and the maximal rate of rig¢E) of SOCE after the re-administration of external
calcium.(G) Integral and amplitude of thapsigargin evoked'@ansients. Numbers in
parentheses indicate the number of cells measured.

Fig. 6

Functional effects of Trisk 32 overexpression of'@aduced C&-release (CICR) via ryanodine
receptors (RyR)A) Representative records of calcium transients evblethe RyR agonist

30 mM caffeine in control and in Trisk 32-overexgsimg L6 cells(B) Amplitudes of caffeine-
evoked C&' transients in both cell typeC) Western-blot analysis showing the expression of
RyR in rat skeletal muscle quadriceps microsomed @s positive control (Lane 1), control L6
cells (Lane 2) and Trisk 32-overexpressing L6 dgline 3).(D) Amplitudes of 2QuM
bradykinin-evoked Cd transients in the absence and presence of theaRiggjonist 1M
ryanodine, in Trisk 32-overexpressing myoblastsicamal 1.8 mM [C&].. Numbers in
parentheses indicate the number of cells measured.
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