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Introduction
Physiology of the skeletal muscle
In vertebrates the skeletal muscle system has aipemt role in

performing different movements. During differentat the single muscle cells
(myoblasts) fuse into multinucleated myotubes, d@hdn form elongated,
cylindrical muscle fibers. Contraction of the fibeis evoked by the process
termed excitation-contraction coupling (ECC). Depidation of the plasma
membrane initiates a conformational change in tlndtage sensors, the
dihydropyridine receptors (DHPRSs), of the surfacenmtbrane which in turn
activate the ryanodine receptors (RyRs). Througkdtthannels €4is released
from the sarcoplasmic reticulum (SR), the intradall C&* store. Increase in
intracellular C&" concentration ([C4];) activates the contractilic apparatus of

the fibers and evokes contraction.

The inositol 1,4,5-trisphosphate (IB) pathway

In the early stage of muscle development —in mgstsl— the complex
structures required for ECC are not yet functiomddvertheless changes in
[Ca®™]; control a wide variety of other functions, inclodidivision, secretion,
motility, differentiation and apoptosis. So in njasts — similarly to non-
excitable cells — the other main Carelease channels, the inositol 1,4,5-
trisphosphate receptors {(@s) have a major role compared to RyRs. In
response to different external stimuli (as the vation of bradykinin or
vasopressin  receptors), phospholipase C (PLJ hydrolyses
phosphatidylinositol 4,5 bisphosphate (Plid the plasma membrane to produce
IP; and diacylglycerol (DAG). While DAG activates pgot kinase C (PKC)
isoforms, IR binds to the C& release channel of the ER.

IP;Rs are tetrameric molecules composed of large stshumith a C-
terminal end anchored in the membrane of the ER&pId, a cytoplasmic N-

terminal end. At least three isoforms are knowrhwlifferent tissue distribution



and regulation. Although its structure is highlgngar to that of the RyR, only a
few molecules are known to contribute to its regataor to directly connect to

the channel.

The 32 kDa skeletal muscle triadin (Trisk 32)

The triadin proteins were described in skeletal bedrt muscle. In both
tissues various isoforms are known, all of themsgpiece variants of the same
gene. They localize in the SR, and have a shoop&agmic N-terminal segment,
a transmembrane-helix, and a unique luminal C-terminal segmenthwit
different lengths. The larger — 95 and 51 kDa -eledlal isoforms appear in the
later stages of muscle development and regulatesR{Rt the smallest —
32 kDa — triadin isoform (Trisk 32) appears in thgoblast stage and it does
not localize in the triad, rather in the longitualitubule of the SR. It has been
shown to connect to iR, so its role in the regulation of the receptorswa
proposed, but until now this has not been provet fuinctional measurements.
In the first part of my thesis the role of Trisk B2the regulation of I#R was

examined.

Store-operated C&"-entry (SOCE)

Activation of both IRR and RyR decreases the’Caontent of the SR.
One part of the released s taken back to the SR by the sarco-endoplasmic
reticulum CA™-ATPase (SERCA), but the other part is removed fthecell.
This would lead to the complete depletion of the BRhere was not a
mechanism which enables the entry of extracell@& for replenishing the
stores. This mechanism is called store-operatét-&dry (SOCE). The role of
SOCE is not only to refill the Gastores, but it contributes to €asignaling
pathways and to the maintenance of the amplitud¢hef C&" oscillations.
SOCE has a significant role in skeletal muscle ftit®,decrease can cause

myopathies.



At first the canonical transient receptor potenthéinnels (TRPC) were
proposed to be the pore-forming subunits of the $0&hnels, but the evidence
were controversial. The mechanism of SOCE is sl clear in all details, but
the identification of the Ca sensor of the SR, the stromal interaction molecule
1 (STIM1), and one of the most important store-afet C&" channels, Orail
helped a lot to clarify the issue. As a consequesfcstore depletion STIM1
molecules aggregate into puncta in the SR neapkagma membrane, open
Orail channels, and enable’Cw enter the cell. However in the latest artidles
was described that STIM1 can also open TRPCL1 clgnmbkich can thus work
as a store-operated path.

Transient receptor potential canonical 1 channel (RPC1)

TRPC1 is a non-selective, €aermeable cation channel which forms
functional heterotetramers with other TRPC chamsa®lunits. Its role in SOCE
mechanism is not completely clear, different awthmublished different results
concerning TRPC1 is a part of the STIM1-Orail systw independent of it.
Some workgroups even question whether it is stperaded. In the second half
of my thesis | investigated the role of TRPC1 inCEJand tried to clear some

of these contradictions.

Aims
Examination of the role of Trisk 32
From the four isoforms of skeletal muscle triadime have the least
information about the physiological role of TrisR.38ased on its localization in
the longitudinal SR, and its co-localization witsR it was proposed to have a
role in the signaling pathway viaJR.
 Our first aim was to prepare an L6 myoblast ceatleliwhich stably
overexpresses Trisk 32 and is suitable for examitie functions of

the protein.



« We wanted to examine the expression of the oveesspd and the
endogenous Trisk 32 in L6.G8 myoblasts, and the#ocalization
with IP;R to strengthen the data obtained from adult fibansl
transient transfected cultures in this cell line.

« We wanted to examine the effects of Trisk 32 overession on the
activity of IPR with fluorescent [Cd]; measurements and confocal
microscopy. To this end we applied various agortsectivate the I
pathway via different receptors, andfRRdirectly.

From our results we hoped that we can confirm th@pgsed role of
Trisk 32 in the regulation of §R.

Examination of the role of TRPCL1

The role of TRPC1 in SOCE mechanism —in spite i humerous
articles in this topic — is still controversial. & helation of the protein to the
other two known members of SOCE, STIM1 and Oraidtens, is still not
clear. In our research we wanted to clarify the @i TRPC1 in differentiating
myotubes.

» First we wanted to generate a TRPCL1 overexpre€2@fl2 cell line with
which we could establish the function of TRPC1 asnpared to
control cells.

* Our most important question was to describe the 0dlTRPC1 in SOCE
mechanism, so we wanted to perform functionaf[Ceneasurements
to confirm that TRPC1 behaves as a store-operi@onel.

« We wanted to examine the effect of TRPC1 overesmason the
expression of other proteins involved in“Chomeostasis — especially
STIM1 and Orail —, to investigate the connectiotwkeen them.

e TRPC1 has a role in skeletal muscle differentiativvie wanted to

examine whether it changes in our cultures.



Our results should contribute to explain the rofeTRPC1 in SOCE
mechanism and skeletal muscle differentiation, @dconnection with the
STIM1-Orail system.

Materials and methods

L6.G8 and C2C12 cell cultures

L6.G8 (further L6) and C2C12 myoblasts were culiune Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with%@etal bovine serum
(FBS). Cells were incubated at 37 °C in a humidifiecubator with 5% C©
Differentiation of C2C12 cells into myotubes waduned at 90% confluency by

modifying the culture medium.

Liposome-mediated stable transfection

Transfection of the L6 cells was carried out witha@NAS3.1 eukaryote
expression vector cloned with Trisk 32 cDNA, whileat of the C2C12 cells
was carried out with a pcDNA3.1 eukaryote expressiector cloned with
TRPC1 cDNA. Transfection was performed in Opti-MEMedium using
Lipofectamine 2000 reagent. Cells were allowedxaress the introduced genes
for 48 h in growth medium then were selected in DWEontaining 1 mg/ml
geneticin. After 14-15 days, single colonies warddted. To obtain controls for
the transfection, cells were mock-transfected ey émpty pcDNA 3.1 vector.
The efficiency of overexpression of the proteins different clones was
monitored by RT-PCR, immunostaining and Westerri-bl&unctional
experiments were carried out on control and tramsfeL6 myoblasts and 5- to
6-day-old differentiated C2C12 myotubes.

RT-PCR
For RT-PCR analysis total RNA was isolated from thdtures with
Qiagen RNeasy® Mini Kit and Trizol reagent. Revefsanscription was



performed by Omniscript reverse transcription kitdaoligo(dT) primers.
Amplifications of specific cDNA sequences were peried with specific
primers that were designed based on nucleotideesegs published on the
internet. PCR samples were examined on 2% agarelsestgined with EZ-

Vision Three reagent, or ethidium-bromide.

Immunostaining

This immunostaining protocol was used for both Inél £2C12 cells to
stain Trisk 32, IER, B2 bradykinin receptor, V1a arginin-vasopreSgnwpP)
receptor, TRPC1, STIM1, and Orail proteins. Celluras were fixed with ice
cold 4% paraformaldehyde or -20 °C 100% methanells@vere permeabilized
with 0.1% Triton X-100, and blocked with 1% bovieerum albumin (BSA).
The cells were then incubated overnight at 4 °Ch whie primary antibodies.
Then fluorescein or Cy3 labeled anti-rabbit secopdmtibody was applied.
DAPI was used to make the nuclei visible. Imagesewiaken using confocal

microscope.

Western-blot analysis, co-immunoprecipitation
For the detection of Trisk 32, TRPC1, STIM1, OrailPzR-I, II, llI,

calsequestrin (CSQ), RyR, SERCA, nuclear factor astivated T-cells
(NFAT1), and actin, total cell lysates and nucligactions were prepared from
the cultures. Samples were sonicated, then 1/5melaf 5-fold concentrated
electrophoresis sample buffer was added, and watedbfor 5 minat 80 °C.
Samples were transferred electrophoretically tooéllulose membranes. After
blocking with 5% non-fat dry milk in PBS, membranesre incubated with the
primary antibodies overnight at 4 °C. After washihgee times for 10 min with
PBST (PBS supplemented with 0.1% Tween 20), menglsravere incubated
with a peroxidase-conjugated secondary antibodgne®s were detected by

enhanced chemiluminescence reaction.



To detect the association between Trisk 32 andlthsubtype of IBR
(IPsR-II), co-immunoprecipitation experiments were fpemed by our
collaborating partner, Sarah Oddoux. Control angKTB2-overexpressing L6
cells were solubilized, and immunoprecipitation vasformed with antibodies
against rat Trisk 32, using protein A immobilizesh sepharose 4B. The

immunoprecipitated proteins were then analyzed legtéin blotting.

Apoptosis, viability, and proliferation assays

MitoProbe DilG(5) Assay Kit was used to detect apoptosis in C2C12
cultures. Fluorescence, which was proportionaht mitochondrial membrane
potential of the cells, was measured at 630-nmt&x@n and 670-nm emission
wavelengths using FLIPR.

Viability of L6 and C2C12 cells was detected by M&3say. Cells were
incubated with MTT reagent for 2 hours, and thendbncentration of formazan
crystals was determined colorimetrically at 570inavelength.

The extent of the proliferation of L6 cells was mae@d by radioactive
*H-thymidine incorporation. Cells were incubatedhat pCi/mL3H-thymidine
containing medium for 16 hours, then proteins wenecipitated with
trichloroacetic acid, and after drying, radioadiivof the samples was detected
with a scintillation solution.

To compare the differentiation of control and TRR&¥&rexpressing
cells, myoblasts and myotubes were cultured urfteesdme conditions in Petri-
dishes. Pictures were taken on each day of cufjufiim calculate the rate of
proliferation the number of nuclei were determiaed the value was divided by
the number of nuclei counted on the previous dayoftain the fusion index the
number of nuclei in multinucleated myotubes weranpared to the total

number of nuclei after induction of differentiation



NFAT-reporter system, X-Gal staining

Activity of NFAT in C2C12 cells was examined by risdection with
HSP-NRE lacZ plasmid. The transfected cells exgafsgalactosidase from
the plasmid in function of NFAT activity. The cellgere fixed, then 1 mg/ml X-
Gal in reaction buffer containing s&ke(CN) and KFe(CN) was placed on
them. In the dependence d§-galactosidase activity, the cells became blue.

Quantitative analysis was performed with ImageJ.

Whole cell calcium measurements

Changes in intracellular [ of the cells were measured with Fura-2-
AM fluorescent dye. The cells were loaded with dye for 60 min in a 37 °C
incubator. Excitation wavelength was alternatedvben 340 and 380 nm by a
Photon Technology International (PTI) Deltascan |duaavelength
monochromator, while the emission was monitored 540 nm using a
photomultiplier. [C&"]; was calculated from the ratio of fluorescencerisiées
(R = R4dFsgg) using an in vivo calibration @ =0.2045, Rax= 8.315,
Kqp = 1183):

[Cazqi=KD'B'(R'Rmin)/(Rmax'R)-

Cells were continuously washed with normal (NTY) aalcium-free Tyrode
solution using a background perfusion system. Bedtitions were directly

applied onto the cells through a perfusion capiltabe.

Confocal microscopy

Calcium transients were also monitored with thesgéiSM 510 META
confocal laser scanning microscope. L6 myoblastewscubated with 1QM
Fluo-4-AM for 1 h at 37 °C. Calcium imaging was fpemed in calcium-free
Tyrode’s solution. Line-scan images were used taitoo the fluorescence
intensity. Fluo-4 was excited with an argon ioretagells were continuously

washed by Cé&-free Tyrode’s solution using a background perfassystem.
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0.1uM AVP solution dissolved in Cafree Tyrode’s solution was directly
applied to the cells using a local perfusion systé&h measurements were
performed at room temperature. Images were analgyedsing an automatic
event detection program, developed in our depattmiélnorescence of the

images (F) was normalized to baseline fluoresc€hRgeand amplitudes of the

transients were determined &iK/F,.
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Results

Examination of the function of Trisk 32

Trisk 32 protein synthesis was amplified using ®©NA3.1 plasmid-
vector system. In order to select the clone showhiegmost significant Trisk 32
expression from the plasmid, immunocytochemist;F-CR and Western-blot
experiments were performed and the clone showiaghtghest expression of
the protein was used for further experiments. EmpgbNA3.1 vector
transfected cells were used as a control of thresteation. Transfection with the
empty or Trisk 32 containing vector did not altke tviability but significantly

decreased the proliferation of the myoblasts instmae extent.

Trisk 32 augments Ca** release via IP;R

The expression level of {R-1 and Il was similar in control and
transfected cells, while {R-Il was undetectable with Western-blot. The major
isoform was IER-IIl. The direct interaction of Trisk 32 ands;HRPwas confirmed
with double fluorescent labeling and co-immunopiation in the transfected
cells.

To examine the functional effect of the overexpiesslP; pathway was
activated by the stimulation of V1 vasopressin B@dboradykinin receptors. The
presence of these receptors in the cells was shywmmunocytochemistry.
Measurements were performed with confocal microgdndine-scan mode on
control and Trisk 32 overexpressing cellsg pathway was activated in the
absence of [Cd]. by the local application of 0{M AVP. The amplitude of the
AVP-evoked C& transients was significantly highep<0.01) in Trisk 32
overexpressing cells (3.26.23, n=34, expressed as §)/Eompared to control
(1.450.17, n=21) and empty vector transfected (20023, n=25) myoblasts,
but the amplitudes of the transients did not diffegnificantly between the
control and empty vector transfected cells. Xesiogm C, the antagonist of

IP3R, significantly reduced the amplitude of thesadrants, which suggests that

12



the C&* was released through these receptors. Similaftsesere obtained
with single cell [C&T]; measurements with the application of@® bradykinin
both in the presence of 1.8 mM [Ch (the amplitude of the transients was
76+12 nM, n=23 in control, and 4284 nM, n=27 in Trisk 32 overexpressing
cells, p<0.01; the maximal rate of rise of the transientsv8.31.1 nM/s in
control, and 3549.6 nM/s in Trisk 32 overexpressing ce[}s0.01), and in the
absence of [Cd]. (the amplitude was 929 nM, n=31 in control, and
21741 nM, n=21 in Trisk 32 overexpressing cefis0.02). It should be noted
that these differences were not due to an increatiee resting [C&]; since it
was essentially identical in control and Trisk 32@xpressing cells (2 nM,
n=31 and 742 nM, n=21, respectivelyy>0.9) in the absence of [Eh.

When IBR was directly activated by the local applicatioh 5® puM
thimerosal, the amplitude (84.2+5.4 in control, 82.4 in empty vector
transfected, and 83.1+4.8 nM in Trisk 32 overexgires cells) and the maximal
rate of rise (0.26+0.04, 0.25+0.01, and 0.27+0 ®Msn respectively) of the Ca

transients were essentially identiga#Q.8) in the three cell types.

Overexpression of Trisk 32 does not affect SOCE

One of the possible explanations of the highef" @ansients following
the activation of the Ppathway was an increase in SOCE. Internal calcium-
stores were thus emptied by the application aM2thapsigargin (TG) in the
absence of [C&]. The changes in [G; evoked by re-establishing the normal
1.8 mM [C&"]. were then measured in control and in Trisk 32 exeressing
L6 myoblasts. Neither the amplitude (#8 nM, n=22 and 12&2 nM, n=21,
respectively, p>0.4), nor the maximal rate of rise (882 nM/s and
1.4+0.4 nM/s, respectivelyp>0.2) of SOCE differed significantly in the two kel
types. The decreased STIM1 expression and the ngedalRPC1 expression
were shown with Western-blot in the transfectedscelo assess whether a

change in ER C&4 content could underlie some of the observed diters, the
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parameters of the thapsigargin-evoked®@ansients were compared for control
and Trisk 32 overexpressing cells. Neither thegrak(27.@¢3.1 mM-s, n=7 and
28. 4.5 mM-s, n=15, respectivelg>0.8) nor the amplitude (1469 nM, and
199+25 nM, respectivelyp>0.1) of these signals were altered significantyy b

the transfection.

Activity of RyR does not change in Trisk 32 overexpressing myoblasts
The C&" released via R can evoke a Gainduced C4-release (CICR)

via RyR. To examine whether the overexpressionrdk132 affects via RyRs,
30 mM caffeine was used to activate these recepnty two thirds of the cells
responded to caffeine and the amplitude of thé&" @ansients did not differ
significantly ©>0.3) in control (627 nM, n=19) and transfected E3nM,
n=20) cells. Moreover the expression of RyR cowt lme shown in these cells
with Western-blot. When the Trisk 32 overexpressialls were stimulated with
AVP or bradykinin in the presence of 10 uM ryanedithe antagonist of RyR,
the amplitude of the transients did not differ gigantly compared to those

without the drug. That suggests that the role @RIs negligible in these cells.

Examination of the function of TRPC1

Protein expression of TRPC1 was amplified with ®A3.1 plasmid
vector system in C2C12 myotubes. The clone oveesgimg the protein in the
highest amount was selected with RT-PCR, immunatymistry and Western-
blot after 2 weeks of selection with geneticin. I€dlansfected with empty
pPcDNAS3.1 vector were used as a control of the fesnt®n. For the functional
measurements control and TRPC1 overexpressing, y5otth differentiated
myotubes were used. Neither the viability of thdlscenor the extent of
apoptosis in the cultures changed as a resulteoTBRPC1 overexpression, as it
was shown by MTT assay and Dj(6) Assay.

14



Overexpression of TRPC1 enhances SOCE

To show the effects of TRPC1 overexpression on SQiaEintracellular
Cd* stores of the cells were depleted with 4 uM thgasjin in C&'-free
solution, then changes in [ER were measured when the normal 1.8 mM
[Ca*]. was restored. As a result of TRPC1 overexpresdiom, amplitude
(12946 nM, n=14 in control, and 210+19 nM, n=24TIRPC1 overexpressing
cells) and the maximal rate of rise (3.7£0.6 nM#520 in control, and
6.1+0.7 nM/s, n=24 in TRPC1 overexpressing celfsOCE was significantly
increased in transfected myotubes. In the clongsessing TRPC1 in a lesser
extent, the magnitude of SOCE correlated with thgression level of TRPC1.
In the empty-pcDNAS3.1 vector transfected myotub@€CE was similar to that
of the control cells (3.0+0.3 nM/s, n=12 the maxintate of rise, and
155+10 nM, n=13 the amplitude;>0.3). Resting [Cd]; was similar in control
and TRPC1 overexpressing cells, moreover there wmt a significant
difference in the amplitude of the thapsigarginie C4" transients, which
suggests that the €acontent of the SR did not change as a result QR
overexpression. When control and transfected mysiukere treated with the
TRPC inhibitor YM-58483 during the application ohapsigargin, the
differences in the properties of SOCE not only pissgared, but the maximal
rate of rise of SOCE in TRPC1 overexpressing myesui.1+0.2 nM/s, n=16)
was even smaller compared to that of the contrtd ¢£.8+0.3 nM/s, n=19). In
the presence of the drug, SOCE was slightly butsmmificantly smaller in
TRPC1 overexpressing cells compared to controlclwvisuggests the reduced
activity of the STIM1-Orail system in these cells.

The expression of STIM1 and SERCA decreased in TRPC1 overexpressing cells
To prove the previous hypothesis, the expressigheokey proteins of the
Cd&* homeostasis was examined with Western-blot. Theression of STIM1

and SERCA decreased significantly, but the expoessi actin, Orail, RyR and

15



calsequestrin did not change. However it was shbywimmmunocytochemistry
that the decreased amount of STIM1 is also cap@bferm puncta so it can
remain functional.

To examine the physiological effects of the de@ddSERCA expression,
myotubes were depolarized with 120 mM KCI. Neittiee amplitude of the
Cd&* transients (235+30 nM, n=16 in control, and 230#B8 n=26 in
transfected cells) nor the flux of the Caelease from the SR (188+21 puM/s,
and 19314 uM/s, respectively) altered significani{p>0.8) in TRPC1
overexpressing myotubes, which suggests that metikeC4" release via RyRs,
nor the activity of the voltage gated®ahannels changed in these cells. On the
other hand, following the transients fJadeclined more slowly and returned to
a significantly higher level in the transfected rmumes (the difference in the
resting [CA"]; before and after the transients was 3.5+0.6 nMdntrol and
11.0+1.2 nM in TRPC1 overexpressing myotubes) mtitig a decreased €a
uptake capability of the SERCA pumps. This was tfiad by extracting
PVmax Which was clearly (p<0.01) decreased in TRPC1 rexmessing
myotubes (342+2QM/s) as compared to control (465+3®1/s) in line with the
decreased expression of SERCA.

TRPC1 overexpression alters the differentiation of the myotubes

Morphological alterations of cells in TRPC1 ovenegsing cultures were
observed during the differentiation and were comgdo control cells. Cultured
under the same conditions, multinucleated myotubhswed a delayed
appearance and thinner diameter in TRPC1 overesipgesultures. To quantify
these alterations, the rate of proliferation arelftision index were analyzed on
each day of culturing. As a possible explanatiothese morphological changes
the decreased nuclear activity of the transcriptemtor NFAT1 was observed in
TRPC1 overexpressing cells by the application osi#m-blot and HSP-NRE
NFAT reporter plasmid transfection together withGeél staining 1§<0.05;

16



57.5+1.4 AU, n=75 in control, and 46.1+2.6 AU, n=485 TRPC1

overexpressing myotubes).

17



Discussion

In my thesis two proteins were examined whose pihygical roles are
not fully understood. Both of them were proposedhdve a role in regulating
the C&" homeostasis of the cells; one of them could beoitapt in the C&
release from the SR, while the other in thé*@atry following store depletion
(SOCE). We have shown that the 32 kDa isoform aletl muscle triadin
(Trisk 32) increases Garelease via IfRs, while TRPC1 behaves as a’Ca

channel in SOCE mechanism.

Trisk 32 increases the activity of IBR

In rat skeletal muscle four isoforms of triadin f@ias can be shown, all
of them are splice variants of the same gene. We htle information about
the physiological role of Trisk 32. It was propostx have a role in the
maintenance of the sarcomere structure and in atigglthe C& release via
IPsR.

In our study L6.G8 rat skeletal muscle myoblastsewesed which could
not form myotubes, so the Jpathway could be examined in them under
conditions where any interference from RyR-mediatadcium release is
negligible. Trisk 32 was overexpressed with statdasfection in the cells, and
the overexpression was confirmed with RT-PCR, imowytochemistry and
Western-blot. The co-localization of ;R and Trisk 32 was shown, and their
direct association was confirmed with co-immunojpiéation.

The functional effect of Trisk 32 overexpressionswaxamined with
confocal microscopy and single-cell [CJa measurement. {Fmediated C&
release was activated by the local application @finne-vasopressin and
bradykinin. During the confocal measurements theplamde of the C&
transients evoked by the local application of @Vl AVP was significantly
higher in Trisk 32 overexpressing cells, compaeadntrol and empty vector
transfected myoblasts. The amplitude and the maxiata of rise of the Ca

18



transients evoked by 20 uM bradykinin was alsoiigantly higher in Trisk 32
overexpressing cells, both in normal f{§a and in C&"-free environment. The
observation that the stimulation of both the V1 omsssin and the B2
bradykinin receptors evoked a similarly increasezsponse in Trisk 32
overexpressing cells suggested that the examiradiprdid not affect directly
on these two membrane receptors.

When the IBR was activated directly by thimerosal, the ampitand the
maximal rate of rise of the &aransients were similar in control and transfected
cells. One possible explanation of this observatias that the conductance of
IPsR did not change as a result of Trisk 32 overexqoes while the other
explanation was that since thimerosal acts onlyiRyR-I, Trisk 32 does not
regulate IBR-I, only IRR-I11.

When the C& content of the ER decreases, a‘Cantry process is
activated from the extracellular milieu to fill thetracellular stores. This well
regulated C& uptake mechanism is called store-operated-8atry. As a result
of Trisk 32 overexpression the amplitude and maknaie of rise of SOCE did
not change significantly in spite of the decreastne expression of STIML1.

The C&" released via §R can open neighboring RyRs, causing further
Cd" release (C&-induced C& release). The activity of RyR was examined
with the agonist (30 mM caffeine) and antagonifl {M ryanodine) of the
receptor, and there were no significant differenoetsveen the two cell types.
This can indicate that the overexpression of T8Bkdoes not alter the activity
of RyRs or CICR in these cells.

Thus Trisk 32 not only co-localizes with, but dtfgacontributes to the

regulation of C& release via I§R.

TRPC1 overexpression increases SOCE
In the second part of my thesis our experimentsngxag the function of

TRPC1 were described. Here the effect of TRPClexyession was examined
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on SOCE mechanism, which depends on the co-operaficeveral proteins
(STIM1, Orail and TRPC1). STIM1 is the Taensor in the ER, Orail is the
Cd&" channel of the surface membrane, while the rol#RPC1 — as a store-
operated channel or a part of it — and its relatath the previous proteins is
still not clear.

In our experiments TRPC1 was overexpressed in C20dizse skeletal
muscle cells with liposome-mediated transfectiome Toverexpression was
confirmed with RT-PCR at mRNA level, and with imnaaytochemistry and
Western-blot at protein level.

As a result of TRPC1 overexpression the amplitutt rmaximal rate of
rise of SOCE significantly increased in TRPC1l oxpressing C2C12
myotubes. This seemed to correlate with the exiétite overexpression. When
an antagonist of TRPC channels, YM-58483 was agptiee maximal rate of
rise of SOCE decreased significantly, while its Amge decreased slightly but
not significantly compared to control, which meahst the overexpressed
TRPC1 can be blocked, and it also suggests theedsed activity of the
STIM1-Orail system.

In these cells the decrease in the expression 8M5&nd SERCA was
confirmed with Western-blot. The latter can expltie observation that after
the C4" transients evoked by 120 mM KClI, the uptake of'®@as slower and
higher resting [CH]; was observable. The downregulation of these prstei
could be a compensatory response to TRPC1 ovewssipre The reduced
STIM1 expression — although it was still capablefafming puncta — could
decrease the other pathway of SOCE via Orail, whiedecrease of SERCA
could protect the cells from overfilling the stares

As a result of TRPC1 overexpression morphologicadnges were
observed, differentiation of myoblasts started rladed the myotubes were
thinner compared to control cultures. These chamgesd be caused by the

decreased nuclear activity of the transcriptionidiacesponsible for initiating the
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fusion of myotubes, NFAT1. This was confirmed bylating nuclear fraction of
the cultures and performing Western-blot experisenhe activation of NFAT
is a [C&"] dependent process, so the SOCE — altered bywvexpression of
TRPC1 —, or the higher resting [€Ja observed after the KCl-evoked Ca
transients could cause the decreased ability otdfle to differentiate. On the
other hand the viability and the extent of apoptasi the transfected cultures
did not change significantly compared to control.

Our results suggest that enhancing the expressorl lof TRPC1
increases SOCE and has a negative feedback effdmdtb the STIM1 — Orail
system and SERCA activation, suggesting a cooparaetween these proteins.
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Summary

In this work two proteins were examined which coatthtribute to the
regulation of the IPreceptor (IRR) and store-operated €antry (SOCE) in
the early stages of skeletal muscle differentiation

Until our results the physiological role of the BPa skeletal muscle
triadin isoform (Trisk 32) was unknown. When oveyessed in L6 myoblasts
its co-localization and direct interaction withslPcould be observed, and the
functional consequences of this interaction we@ash When the IPpathway
was activated via B2 bradykinin or V1 vasopressiteptors, the Gatransients
were significantly greater in the Trisk 32 overeegsing cells as compared to
control. This enhancement of the transients wasaws$ed by the increase of the
activity of ryanodine receptors or SOCE, but itmere likely that Trisk 32
directly affects the opening of JR.

SOCE mechanism depends on the co-operation of &ewateins. It is
widely accepted that the transient receptor pakntanonical channel 1
(TRPC1) has a role in the process, but its roleostroversial. TRPC1 was
overexpressed in C2C12 myotubes and it was shoatnrthhe transfected cells
the magnitude of SOCE increases proportionally witle extent of the
overexpression. The reduced expression of stromgraction molecule 1
(STIM1) —the C& sensor of the SR — and sarco-endoplasmic retic@ath
ATPase (SERCA) was observed in these cells whiekdce a compensatory
response to avoid the overloading of the storeffei@ntiation of the TRPC1
overexpressing cells was also altered, which cbeld¢aused by the decreased
nuclear activity of the nuclear factor of activatedells 1 (NFAT1). Our results
suggest that TRPC1 contributes to SOCE mechanisth s a negative
feedback effect on the STIM1 — Orail system.
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