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% 1. Flag tagged human TRPC6°| A}-8% p3xFlag-CMV-7.1 vector = 13
1% 2. YFP tagged STIMI1o| A& ¥ pcDNA3.L(+) vector o eeeersermeseeseeseeeenes 14
1% 3. HA tagged M3R°ﬂ /\],%_%] pCDNA3 VECTOT wwreeeesresrrrereessmmiiiiiieniiiiiieees 15

a9 4. Flag tagged canonical transient receptor potenetial 6 (TRPC6), yellow
fluorescence protein tagged stromal interacting molecule 1(STIM1)3}

hemagglutinin tagged human muscarinic acetylcholine receptor type 3 (hM3R)

IMaging SyStem) @] FLA]IE e 17
29 6. RS el oFk o] & MR FA RO AL s 18
¥ 7. CCh, OAG YGTPyE s TRPC6 olAld Aol ug

fluoxetine Q_l-]xﬂ §_ﬂ]_ ................................................................................................... 20

a9 8 olAlEdEd 484 (Muscarinic receptor 3)o] o3 AMXE W ZfFol

% 10. TRPC6ol>Ad3 7 co-transfection®d oFAEZd 483 (M3)

o] THEF FIUOXEHNES] & BE wroreerereerererreeeereeesssssssssssssssssssssssssssesosesssssssssssssesesseee 923
13 11 A7kl W2 TRPCE BA O] UakA A5 W EFOEAF cerrreierrsssisnrrsseneinns 24
19 12. Fluoxetine (SSRD7} GTPys ool 9ls f#@¥ TRPC6 #F =7]
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29 13. Trazodone (SRI) 7} GTPys Folo <3 2% TRPC6 AF =7]
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*E 8

3oeAo] o8 TRPC6 Ade =4

TRPC6 o] 2x12L canonical transient receptor potential (TRPC) Al gl £
Ste Zg FYUEE A B AddF ol dEA G-duld AFd F83 =
sto]  Ap=H T

TRPC6= 24 ¥ AFexzds 3 dudd, €9 4+ Az +5 3

tyrosine kinase F&#¢ A4S T3 PLC-o&4 7IH&

of

A Higel Fo3 Jds gEsts dor L Fe-Ads oy kA =
ol dso] = v ol Ade A ZIE dEh 53] AddA
B2 7285 xdste Adem Baudd, ofd & ATolAM= dAdA FrE

TRPC6% STIMI(stromal interaction molecule 1) % M3 <& A (muscarinic
receptor type 3)¢} A HEK293A Zo| I HdAZ] & AAE 2D g ol&xd
HAEFHE PHo R Ao IS dolr Ut AE U GTPysE F¢ =

© M3 727k 84 ASS &3 TRPC6 d7Es @43t Al7]a, oo tigh
[e=]

E-9E FASE T ICxe (logM)sZEt Ya3 23kl Venlafaxine(SNRI);
-4.9920.03, fluoxetine(SSRI); -4.94+0.02, amitriptyline (TCA); -4.84+0.02,
bupropion(NDRI); -4.81+0.03, trazodone(SRI); -4.58+0.01. Fluoxetine < GTPys

FEA Ho AFel do] FE-EH oz AAETHE eI oY M3 584
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F&A e 3 TRPC6 M2 =4

<Am FH F O s>
AA e vstd o o
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Y,
i,

Ao A oFEo] =dE AL 19499 lithiume] %5 &
Aol HzxolH, olo]x 1952\l w¥ R EZA|Z A H chlorpromazine©] ZA1E A

% (schizophrenia) A &ol A}&%7] A|ZEHAM EAHoR AW Aas 93

3] A BollAME B2 o] o]Fofxa kB, J. Sadock and Sadock
2003). dA7MA B FFHY FAVF ALEdoy, FErjHoeR B o A4
A 7FA] A A A Tl oA 9 FE o] AWEHAAHT AA, A=

Ed (serotonin) 7HMd=2 235 FA M= AzEd 4=t AdtH ol gl

Jepdnh Ed AzEde] 4729 tryptophand AAGAY AZEIS] A
F51E 2T F Ak AT PR I

2277} braindl A AZEY FAHEE Z7AZ7tE HoA HZEU A7 $

o
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=3 Ze AHAS HbEdti(Akiskal and McKinney 1975). &4, =3}

e



(dopamine) 742 dopamine &4 %2 A3/t 53 #AHo] Y= FAHEO]
ol 9lt}h, Hol= o] e vwA Fal® =3yl A2 (dopamine pathway)’} 3l

t}. §7] Zth71E (tuberoinfundibular pathway):= A A4&kE (hypothalamus) ol A

w8l £7] (pituitary stalk)Z WAFE T, ZZ ¥l (prolactin) #HE GASH=
g 3. 52 A ZA (nigrostriatal system)E 3417 (substantia nigra)oll A

4

7148 (basal ganglia) o= WALEM, B4 &eild 245 243 F

&
2

18

A (mesolimbic pathway)i= ¥1Z F 3 (ventral tegmentum)ollA 2] A5 4
(nucleus accumbens), HEA (amygdala), 3lv} (hippocampus), A]4FH]s)

(medial dorsal nucleus of thalamus) 221 th*43] (cingulate gyrus)® WALE |

24

=]

Gl

£

%5, Z3k(reinforcement) 183 WHE ALE A3 79 A A

)

<
g
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2 (mesocortical pathway)= H1Z S oA <keola

-(prefrontal) ¥ & oz WAateln, s7]5o, I, HHo Fstar 534

Ag e 1A% des AT AN FRAAY =Nl A E Hhe ¢
A

SOl Hol= dAH

ol
o
1o
iy
59
P

ZYUNE) 7FEd2 19509 9k ¥ Ao NES IZA7]E reserpine®] L

tetrabenzamine 72 EE0] $£F5S dov|H, NES &gt @A o}l 4tks)

&7 (monoamine oxidase)® AAAY FEA AN NE AEFE A=
immipramine % 4F3HA| 3-$-&#| (TCA; tricyclic antidepressants)®] &37} &
WA NE9] 7153 As7l 258 dogittes F4o] 73S A A NE

9] AFE<l 3-methoxy- 4-hydroxyphenylglycol(MHPG)©o| %

P
T
A= Bik HE oAk AN, o] F o] Fofxl AgelME Fa

A o
F&4e) At A NEE T2 st AN9A (locus coeruleus)o] 2318 &
AstEe] gloem NE v:u d4de7t 23]y wve HiIERE e 5 %719
H A wEgh /M Aas A4S vx ata gt

HZols ¥ 9ol wep A7 2 A5 gEAor GAd%T AAEE NE 52



el Eetel Ale) =do] AAsHA o] Foj XA GotM Fo F ANt EAdT=

zAolg 7 LS AL ol WA gk s e,

b
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>
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i
%

NEA ol ool vt A& 773

et

T 9= AREE wolEoxa 9l tR(Stahl
2000). $19] Al 71A] 7Hde EUZ dA 2 AlEEHeE &5 AsAE ® 1o

AA 3 vhel Zoh(Kent 2000). 28vh, NE, 239, AZ2EUy} 28 A 71%] 2174

(D)
it
o

= 2o AR 9A9S YT A AL ohurh EF, A
AAGETA) F§A olge]l nrh BEAQ $8Fe] U Folgh

Atk AAlZ e F9-24= NE9| B-=
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E
T
T
—
4
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staF ZAste Zo® HiaEi th(Beck 1967). EgH AE
T &= adenylate cyclaset} phosphatidylinositol & ©] 2% #odtts B
= 9gow, thEAe FTEA olv A amino acid)¢l glutamatett glycineo] A3t
3t NMDA(N-Methyl-D-Aspartate) =& #b7k &35, 53] A7 A3}
oF ¥ vE Adso] Plud Iy JA Bawa JJvkB. J. Sadock and
Sadock 2003). F=3+ 22 ALEA 3} HE U] cascade® -39 71A& A3
© A=7F e, AAAEEE S AlWe F =

AAN oa] wilsEE AR A2 Ax U Ao AsAg AAHS doFlvhe
7hdo]l azlelnt, Mol FEAE G-HMES Fate AxE U A g
it} o]ojA G-TEl A2 adenylate cyclase, phospholipase C, phosphodiesterase
2o AE U 49 dA% L, 1A EL phosphatidylinositol, calcium-calmodulin,
cyclic nucleotide's 2] 23 AE&EAe 285 2dstA ) 23 AEdELA L o2

Aol Te, AdAEEATES EH

, protein kinase &4& F4d3cHB. .
Sadock et al. 2009). 2% AFE= $E&FlA platelet adenylate cyclase 24,
pholphoinositide hydrolysis, M¥ W Z% A, G-g¥lzd 7]5o el o]ao] <l

o Basta vk At &eAe] Azl ek GFol FHAHoR FAA



%43 BDNF(brain-derived neurotropphic factor) ¥4 ¢ =712 7Fxets A
o]th(Delgado 2004). 2&ji} oFEof gt 2850 WIXHA, 54 o]
25 2 O Ygeixs e Sxlo| A= I B8y Algo] AdtEn 53] 4

B R4 AYG 8, AT FEY L ANES oAl ge AAnA
()3

1977, Glassman et al. 1979).

1

ot

A Ao dd P FAES ARy g 2o Ad"H A

e

(e}
o
2EY A& IAA (SSRI; selective serotonin reuptake inhibitors)s= @4 F

(platelet)& EFT AA W Alzed AAC dF= <o S71d 25 AZE

i)

2 843 $F (platelet aggregation)S A|ste] WA LA 2 bleedingS

T Atk ole} FA#ste] SSRI H-§o] 9-dul v 223 AAAZES e
of d#A ek HAgo] B uEH(Dalton et al. 2003; de Abajo et al. 1999).

AZzEU-=2d3u=zd Q&5 JAA  (SNRL  serotonin-norepinephrine
reuptake inhibitors): SSRI®} vl x| &2 A dZol= J8FS njxx] E=t}l 18
1} SNRIC| <3} venlafaxine F%=-9EA o= ¢gs Sgv F480] U=
Ao R ®BudAtHBosse et al. 2008; Reeve et al. 1999). =E2 || ZTH-=37

& 9AAl (NDRI, norepinephrine- dopamine reuptake inhibitors)$l bupropion

flo

7184 A AFEE 59 FA83 AFdo] glv vd, AZEY 43
A&+ AAA (SARL  serotonin 2 antagonist/reuptake inhibitor)el] <3+

trazodone< 7194 Ay dVSS dod Btk ofy, A4

£}

A4 Aol gk Bl ASARL W AARNRSe] FolshE Aow

=
2
H
o
=
T

o>

Ht}. (Aronson and Hafez 1986; Janowsky et al. 1983; Vitullo et al. 1990). 4t
S Aol Y. olgid FALE

#2l&oF stth(Roose et al. 1987).
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ol
S

]
flo

et old uwAAAd  FEAY AS5S G-EHA (G-
Phospholipase C B (PLCR)¢} ZAES &4 3}sle] phosphoinositide & 2FE F 7}
A FQUYAAEEQl inositol 1,45 triphosphoinositide (IP3) ¢} diacylglycerol
(DAG) 84S =33t 12 <98 AXA(ER; endoplasmic reticulum)ol #73
Hol g4 Ca’e fFElek A&He Ca™'e f¢e] dojdti(Minneman 1988). a
1-adrenoceptorel] <J3l &Adstel vl A ol A (nonselective cation
channeD) & #-7HHAH o2 BT Ca” fdol 71ojste], DAGe] ©]3 &As}el 27}
ol MEz olF 9 HEFo %t Hg-olE4 H=Z (voltage-dependent
pathway)Z 3] o]lx42l Ca’9 %< doFIthCarl et al. 1996; Kotlikoff et
al. 1999; Kuriyama et al. 1998).

o]} 7o HMHZA ko] DL HZ Transient receptor potential (TRP) =l
2 AAHA T 22 TRP AE-S trp 82 WHol& A&2Ql Hlof gk A
A A} eSS Hole= xyd 9 #4834 (photoreceptor)odl A AHS 7|EFH ATt
(Clapham 2003; Minke 1977; Montell et al. 1985). TRP A€ o] B2+ 1 +
z 9 g4 gAHA zel& TRPC, TRPV, TPRM, TRPP, TRPML, TRPN

o2 EFEH(Clapham 2003; Huang 2004; Montell et al. 2002). =5 TRP &

i)
rlo

T2 EE oy 4EAAE olF 7]de A o RZ= voltage-gated K, Na',
Ca®  channel; cyclic nucleotide-gated channel, hyperpolarization— activated
channel's 2} FAFSE 6719 ME9S 72 A 2= FE (transmembrane segment2}
N-Zet 2 C-wete] Az 71e (cytoplasmic tail)e] 7+%Z o] Ft} (Hoenderop
et al. 2003; Hofmann et al. 2002; Huang 2004). TRPCs(C; canonical %+

classical2 9rh)E=  RE  EFF EAQ8tE dwAZA i el o)

-

phototransductions ¥3%3 TRP} FAMSE P25 o|Fo] HEEor G-u9
A Agt 84 (GPCRs)9 A3} tyrosine kinase &4 A4S =3 =84 2

€2 A2 (receptor-operated channe)® 2] &¢&#x dtl o] TRPC channel



%, TRPC3, -6} -7 @wldL olu|=il FFoA] 70~80%2 THTAE FAs)H
=8 phospholipase C& 3+ phosphatidylinositol  4,5-biphosphate %
diacylglycerol (DAG) A S o)) @43t Na H]3| Ca®'ol Fojdozn v

o MeErol EXI AE U Ca¥ 2He Fod 93-S @Fdsi(Boulay et al

1997; Okada et al. 1999; Zhu et al. 1996). TRPC AQ¢] stt=A #HEw

>

AESh Ae FBTo| Wol WAHCIYE TRPCGE 84 488 Fol&

Ho
ins

o>
)

(receptor-operated cation entry)2] 9&S F3 e &8 7= A L

o

7S A= Aoz AAEHDietrich et al. 2007; Inoue et al. 2001; Jung et
al. 2002; Owsianik et al. 2006; Welsh et al. 2002). &3 H& A E(portal vein
myocyte)®] Zf-ol= al-FA FEA &Aool Ad(al-adrenoceptor-
activated cation channel)®, 5™ H&Z A EZFA = vpAzga A% o)
2 @ (vasopressin activated cation channe)® 2 A EH ™ HEH] AF 4=
of W& giE53 54 Fask 98-S @ th(Inoue et al. 2001; Jung et al.
2002; Welsh et al. 2002). o]&1gt d¥ F&e] H a7 o] Hd2 FE8&A4

A4S T3 Fold F9 (cation influx)S ©]E I voltage-gated L-type Ca2+ =

k]

He Fostel gRSE ol WdFe Cat fUE opldtel 1 AREA Fae
F5o] dorh vEo] TRPC6-/- TBRLS Fa) JYAs 7ux 2 I
FEY A FEA FEH SR AdwAe] FoE o)eERE Axdn

(Dietrich et al. 2005; Gudermann et al. 2004).

ol Ao A Am X nle} o] TRPC6 AMd-2 FHYF 2 2 AHEo L& T o]
a2 7)) Fed o]le Adw st AFA FeeAE I 3L Fa o
thFgk o] 2F 2o ek ofe] Bavt o]l WkH TRPC6 | del
o &elA A F& AAolth wEkA B ATl A= TRPC6 ©]

AEE B3 1 Bold /15 542 FAsty, F32A7F TRPCE o



E 1 359 A8 o)&F= *E

Class Drug
Amitriptyline
Clomipramine
. . . Doxepine
Tricyclic antidepressants(TCA) . )
Imipramine
Desipramine
Nortriptyline
. . e Phenelzine
Monoamine oxidase inhibitors(MAOQI) .
Isocarboxazid
Reversible inhibitor of MAO-A(RIMA) Moclobemide
Fluoxetine
Gluvaxamine
Selective serotonin reuptake inhibitors(SSRI) Paroxetine
Sertraline
Citalopram
Serotonin reuptake enhancer(SRE) Tianeptine
Serotonin antagonist & reuptake inhibitor(SARI) Nefazodone
) ) ) o Venlafaxine
Serotonin & norepinephrine reuptake inhibitor(SNRI) . .
Milnacipran
Norepinephrine reuptake inhibitor(NRI) Reboxetine
Noradrenergic & specific serotonergic
Mirtazapine
antagonist(NaSSA)
Norepinephrine & dopamine reuptake inhibitor(NDRI)  Bupropion




A2 A5 9 Hy

2.1. 49 AX
2.1.1. A X W&

o AEZF 23 (ATCOONA % wrol wj%kstal 2l HEK293 (human
embryonic kidney) A ¥EZE 10% heat-inactivated fetal bovine serum (FBS), 1%
penicillin/streptomycin  (P/S)e] *¥3t%F DMEM (Dulbecco’s Modified Eagle's
Medium)®] s A= 37T A28 7] (humidified incubator; 95% air-5% CO2)

ol A wlj st adt.

2.1.2. Transfection

Flag tagged TRPC6, YFP (yellow fluorescence protein) tagged STIMI
(Stromal interacting molecule 1)¥} HA (Hemagglutinin) tagged hM3R (Human
muscarinic acetylcholine receptor type 3) 37}*] plasmid DNAZ FuGENE HD
transfection reagent (Roche Diagnostics, Indianapolis, IN)E A}&38lo] HEK293
A3 cotransfectiond} 3} o™ o]uf AF8¥ vectors 1HI1~37 2T} 6well &
Z+7+2e] plasmid DNAZ 05pg® AFg£3to] & plasmid DNA : transfection
reagent®] H] &< 15ug ¢ 450 (1:3)0& gt ®Boh 88 =ol7] Ya %7
transfection 4ol A A3 &AA §lo] Imle] DMEMYo. 2 wjetatal, 6413t

o] F TUY 20% FBS, 2% P/S o] x3¥ DMEMS #7bste]l HF iAo A



o}, thEF 36~48A]7tol A X transfection, 2 2 cover glassel] <43}

ML
ftlo
=)
i

1 AxE Aol AFgsid

22. 448 # %=

221 48 &9

2784 oA EdEFH 484 (muscarinic acetylcholine receptor)d] &4 3}

=

PLCRBel o] IP3RY &4 o= ERY A4dE ZEFi= HAx U ZFEolsk

WastE F43817] 98 AE 9 FFH 24 (mM)S 135 NaCl, 5 KCI, 1 MgCl,

it

10 HEPES, 10 glucose® &1 2™, NaOHE #H7tet & pH7F 747 H=% A4
stttk A71AdE Aol AFEE A= Wl &9 (internal solution)®] %4 (mM)-&
140 CsCl, 1 MgCl,, 2 Mg-ATP, 5 EGTA, 15 CaCl,, 10 HEPES®e]H, CsOHZ
A7bsled pH 7.27F HEE AAsA AXE 9 #iFH(external solution)e] =43
(mM)2 140 NaCl =+ 140 NMDG-CI, 1 EGTA, 10 HEPES, 20 Mannitol®]H,
NaOHE #7Fete] pH 747} =% A4k =3 TRPC6S A4S ¢l A
= W &9de] GTPys (Guanosine 5 -[y-thioltriphosphate tetralithium salt)Z

A7bete] 1 F=7F 200uMeo] HEE &)

2.2.2. &

_4

1

A

Aol ALgH

rie

2k

ot
o

5= A €A1 amitriptyline, A 84 AZE A
T dAAR] fluoxetine, ¥ @ A (atypical) F¢-EAZA AZEY AFF A
A trazodone, A ZEU-=2o| I AF5 AANAQ] venlafaxineZ} =2 o

AU Zd-Z97 AE5F A A bupropion®] Bl ©]% amitrityline> ™ 1 A oF



(A&, 3t=) o 22, fluoxetine?} bupropione -3 Lilly(A-&)Z%E, trazodone

J-LJ
é
U-[H
>
to
o
fr
4z
o
I

2] 11 venlafaxine ¥+ Roche(A &)Z5F 23 &
o2 ARy BE Fwd SHRgel %o 100mMe] HA g F, ARE A7
-20°C9] W% o RB#AsGT. Fura-2/AMS Molecular Probe(Eugene, OR,
USA)25-H, carbachol? GTPys& M| %e oF&E 9 Axuffa e e )

A= Sigma(Sigma Chemical Co., St. Louis, MO, USA)Z ¥ FY3}tt.

3. AX W Zg o2 §&

|\

7

W s ol vLE 457 flstdd FB=4 A (ratio fluorescence
system)9t &34 olul A x| (fluorescence imaging system)S o] &3 H vk AlXL

= =248 ¥} Fu A (Olympus, Tokyo, Japan)¥ olo] dAZ2% 3%
=422 (Ratio  fluorescence system; Photon Technology International Inc.,
Lawrenceville, NJ, USA)E ©]&3t3 ;. & Ao A8H A"l FFAR
7F Fatd MAEE o7 (excitation) Al7]17] 1%t arc lamp housingd ©]& 3
WAL (emission) ¥ ©] e e AV|g ¥F AZE FTEANE F UdE
photomultiplier F X (PMT tube), 1831 &4 3% US EfAZL F£ g I
B2 A5 A9 5). FeliX AZE9 o] (Photon Technology International
Inc., Lawrenceville, NJ, USA)E o] &3lo] 3 M55 54 2 F4& AR}

gk AZ e 54 ol ¥k

mlm

=A317] M 2 ol AFse FH
% = (fluorescence dye)E Al el FAAA 3 AP & &3 HEHE 5
4 FF A7l E EAstelof gt oo E MM E LE ol TEE F43)
7] 9t ZEe T

W 36~48A1 7+ 9l cotransfection (TRPC6-Flag + STIM1-YFP + M3R-HA)

il

v ekt fura-2/AM 3% AEE Agehth 49 %

¥ HEK?293 A Z7F 9+ widH Ao fura-2/AME 5uM 52 X X 5te] A Lo

_10_



A do] Zpgkel 37T Al Z v 7] (humidified incubator; 95% air-5% CO2)oll 4 30
B Fol Ax 2 Feprzv. Fer Eud AlE 9] deldle d% d8E
AAs7 s Ax o] dFAer 23 AH(wash-out) ¥ 15~2023F FATk7t
Anld fle SdFw AP A o] % <kAstE Aol °fEo] E3HH
AFAE FH & 1~2m/min =2 FF3hed], olu YEldE FFA7] 9

= 9 FASA . Fura-29 3 5474 340nmet 380nme] Hlo= 1
Zkol 7w o 7] (excitation) A1Z S W 510nm=E WA emission)¥ = ¥ FA =]

H) & (F340/F380)¢] A2 U] ]2 X5 wkdstA Hrt

2.4. A71 YA AH

A7) AdA A3 EPCY (Instrutech Corp., NY, USA) 3% FHZ ZE7)
(patch clamp amplifier)E AF83to] HAE A HAxE % ZFHZ (whole—cell
patch clamp) WP o2 =43t Hamill et al. 1981). =4 A =& borosilicate
glass capillary (217 1.65mm, W7 1.2mm, Corning 7052, Garner Glass Co.,
Claremont, CA, USA)E P-97 Flaming-Brown micropipette puller (Sutter
Instrument Co.)2 A& 3te] A& WHEAR A= Sylgard 184 (Dow
Corning, Midland, MI, USA)Z =¥ & 3} microforge® @A Zsle] 53U
o, Adsuitel &84S AS W Aol 2~3Meo] He AS AR AlE T}
o] 9= cover glassE =931 7 (inverted microscope, Nikon) €0 & E 1
A gAg FH 9] 1~2m/min $EZ AFAAG AEZT AFe= A
314 H(voltage—clamp method)S AF&3le] &4ttt dAGd W 715 9
el M Alseke] & %F(capacitance)?t 2 E A ¥ (series resistance) 80% ©ld XA
3t ow 238 Al sampling rate2 1 ki, low-pass ZE = 2 Kz (-3dB; 8-pole

Bessel filter)®= 3}o] 7]E3c. AdA3+=  Pulse/Pulsefit(v850) (Heka

_11_



Elektronik, Lambrecht, Germany)& %3] IBM #H3FEol A st 43190 &
T AHS A2022~24°0)e A Aldstdon, & g ALgH AR/ F4 FA+=

29 6ol m=AH oz JE,

2.5. A5 &4

/%_1

rlo
H:l

e Ade A+ FAHSEM)E YER LA, n

rJ_\J
rﬁ

AEe 58 v

o]+ Student’s t-HAS AAlto], p gtel 0.05°18tY WHE

m\m

r£
g
OHH
é
ﬁi
r2
12

ojgk Atel7k ki kFEth AW AFe] 271 Pulse/Pulsefit 42X E o]
(Heka Elektronik)& ©o]-§3ste] Atstgion, wgZA¥ 2832 = Prism 4.0
software(GraphPad software Inc., San Diego, CA, USA)E A}&3slo] T8tk
Aol A7]= HdA7](peak current)d] S ol &3t HAFA7]e Wt 1
X = Igor PRO(Wave-Metrics, Lake Oswedl, OR, USA)°o. & W3R, 18|11
AZ W Ca” o] ¥x W3 gS ORIGIN(ver 7,00 Northampton, MA, USA)L.
A sko] Wit
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Fl_origin lac? s o
AnpR_promoter M13_pUC_Fud_primer EM?_%mmeerlg_pramete
M13_Forward20_prLmer CHY_Fud_primer
Spel 337 CMV_promotar
CAG_enhancer Sacl 301
Neel 567 pLEP_fud_primer
Ek
HindIII 934
Notl 1001
Eagl 1001
EcoRI 1008
BglII 1020
EcoRY 1028
Kpnl 1036
Sall 1039
¥bal 1045
BamHI 1051

fmpicillin Smal 1057

p3xF lag-CMv-7. 1
4717 bp

hGH_PA_terminator
Agel 1603
S40_snhancer pBABE_3_primer
SV40_promoter
SVd0_orlgin
SVa0pro_F_primer
Stul 2022
¥hol 2045

TT_promoter

M13_plC_rev_prlmer
PERIZE_origin lzc_promoter

29 1. Flag tagged human TRPC69] A€ % p3xFlag-CMV-7.1 vector
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pBR3ZZ_origin

fmpR_promoter
Ampicillin

lac_promoter
M13_pUC_rew_primer
M13_reverse_primer
EBY_rew_primer
SWA0_PA_terminator
BstBI 2946

BglII 12
Nrul 208
CAG_enhancer
Nodel 484
EMV_immearlg_promoterT

A
H
K
B
E
E
il
®
H
A
B
b

pcDNA3 . 1{+)

5428 bp

Stul 2053
ORF Smal 2077
Marl 2264
MscI 2346
Meomycin

CHY_fuwd_primer

T7_promoter

Nhel 895

fLIT 908
indIIT 911
pnl 921

amHI 323

coRT 952

coRY 364

otI 979

hoIl 985

hal 991

pal 1001
GH_rew_primer
GH_PA_terminator

fl_origin
pBABE_Z_primer
5v40_enhancer
SW40_promoter
W40 _origin
Svdopro_F_primer

a9 2. YFP tagged STIM1e] A& % pcDNA3.1(+) vector
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pBR3ZZ_origin

fimpR_promoter
Ampicillin

lac_promoter
M13_pUC_rew_primer
M13_reverse_primer
EBY_rew_primer
SWV40_PA_terminator
BstBI 2961

I3 3. HA tagged M3Rdl

pcDNA3

5446 bp

ORF
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BglII 12

Nrul 203

CAG_enhancer

Mdel 484 CHY_fuwd_primer
CMV_immearly_promoter! i_promoter
HindIII 889
KpnI 839

BamHI 907
EcoRI 938
EcoRY 950

MNotI 965

#hol 971

®bal 983

Apal 933
Sph_primer
Sp6_promoter
BGH_rew_primer
bGH_FA_terminator

fl origin
pBABE_Z_primer
5W40_enhancer
SW40_promoter
W40 _origin
SVdlpro_F_primer
Stul 2068

Smal 2092

MNarl 2273

Mscl 2361

Meomycin

A€ ¥ pcDNA3 vector



I 4. Flag tagged canonical transient receptor potenetial 6 (TRPC6),

yvellow fluorescence protein tagged stromal interacting molecule
1(STIM1)3 hemagglutinin tagged human muscarinic acetylcholine
receptor type 3 (hM3R) plasmid DNA7Z} cotransfection & HEK293 A X
E9 FsEu]FH 4~A. 34 o|u|x] #HZ| (fluorescence imaging system) ©]-&
3o 450~490nm o2 M EE o 7] (excitation) A Z] ¥, 520nme] FHHS A

gHog 3T F A= dHE Tl AEolA WAL (emission)H ol A= FFS

TR,

i

A8k transfection® Al 3

il
ro

_16_



Sample

Fluer Objective

Data Acquisition
and Analysis

a8 5 AE W Zg o2 TE SAHE AT FF oA FA(fluorescence
imaging system)9 E A%, Illuminatorel A 2AF o] Yo = #do] AHE =
Teto] MeEH o7 488nm el WnkS WEdk ) dichroic mirrorol]l 4] ¥HALE
o] AEE o7](excitation)A 71" APgo g2 FFo] WAl(emission)HrTt I T
530nm I}l s Fst= FAF O] relay lenset 94 Su]#(image intensifier) &
F3stHA CCD Zhrletel 22 o] & A3t sto] AFH b=t A%
e}
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Pulse/PulseFit

K=

L

I8 6. FAY AP 7 9

£ A~ZEJ o] (Pulse/Pulsefit =

AR 24 FXY 2%, A2 2P 4

KN
T

pClamp6) & o] &35l THE AY Z2E

ﬂJHl

HU

1A A = ANV com)= A/D converter (EPC-9 &2 digidata 1200)=
AR opdE T AS®E mpFro] s A H = (patch pipette) = &3to] st Al
of EAstE olERe & 1A4st7] 93l
71(EPC-9)& &3}
A7 gkt

o

yARE]N
=

PM

==

o
2] ol o =

g Aol wet Wkt dds
e AFI cel)E A OAER st

3z
=

7 3581

rsl'
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TRPC67} transfection ¥ HEK293A 3ol HAEZ sz FHZeflr] whdts
-100mV=Z 3143 ¥ GTPys, CChe OAG 93l WdEAd HAF7F JeEwx
fluoxetine(100uM) ol &) & 90% o] AF2o] =77} 743}
3 2ol E BYPT. F27HA olAEZH 849 M3R wo] transfection ¥ Al

X fura—2/AM (5 utM)S F-3}3t & 33 & X|(ratio fluorescence system)E ©]

g5 AL U ZHEFES ZAHYS W, 10 uM oA g =2 o8 [Ca®l, ¥

AR b BEsgow, MR 2 Aex A ] 2w ol FEE Fo@
Mk glol AANAT. AR FUA 3] Fh AL W B oL BEE AX

9] fluoxetine(10 pM)el <3 W2 TAE YellA= FATHIH  Y).
Inside-out % on-cell & o] A {A] FHZ PHo g At wE H7F
ste} Ade] S FASATE 0mV oA FHAGS YEFHA L fluoxetine(10
uM)= obE Z ™ol o8 Srkd Wad dRE WA 7IA dvi(E 9,10).

TRPC6 o2 AddAde T3 Hu ASKAA WP dFa7 s78 9@

GTPys#&A o

ro
1)
i
]
oX,
% oy
ok
i
o
>~
>,
oo
ol
8
k]
L
2
el
£
ulll
i)
&
2
>,
L)
=)
2

e -100mVE 1A ko]

Fo Aargdes FE-HEE FHAE F3 BHkE W venlafaxine > fluoxetine >

amitriptyline > bupropion > trazodone <22 YWEFHTHICs= -5.49+0.03 logM,

-5.44%0.02 logM, -5.34+0.02 logM, -5.31+0.03 logM, -5.01£0.01 logM).

_19_



MW/ o

Carbachol
B
Fluoxetin 100 ptM
° -
£ 100 - n=3
(e}
o
[T
s
P
f o
O 50
b
=
K o
=
ey oKk
% &Mk ok
= 0 -
3 GTPys 200uM Ach 100uM OAG 100uM

I8 7. CCh, OAG ¥ GTPyE #%"® TRPC6 ol&ad AFd W
fluoxetine g A &3. A. CCh, OAGS GTPysZ %% TRPC6]=Ad H5F
= WS BE Az Ul fluoxetin £A41 Al @A AP oH, A
2ol o3 35X &okrh B. Fluoxetine= #Hdl &/438tEl TRPC6 i3 7]0l
AR Folg A4 s YEAY AdFR7IES AAE A FHE U
S AbESte] S A HHP=-100mV)stel A Z43t 3tk dolHe HFd+RF2

22 vERglon, A3 g 3U(A @S 33 WHESH. s p<0.001
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Ach 10uM +

Ach 10uM Ach 10uM Fluoxetine 10puM
0.5 = f{
— f
g 0.4 + M‘
o
0
3 |
S 03 A
L)
bk
02 1 W
Papeniand .
L1 250 500 750 1060 1250
Time(sec)

a9 8. olMdZd 48 A (Muscarinic receptor 3)d 3 A X W Lol
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o 60[}'}"”’ “‘3 2pa

Shdm s

+ 40mV

+20mV b vl e i o wadimadinonit T gien

0my

- 40my

-60mV

~-80mY

a8 9. 9 A & TRPC6 94d ol2Ad9 AFZE. OmVelAd dHF =&

Eo] 7hgH oz W3stAY. o= B Ao A charge carrier? AFE¥ Na'ol&

tlo
dot
[e]
_(|)(\_|’
o

voltage-dependent 54& 713 TRPC6Y &A1 gelslad g}

=
Ao e gdd ol2xde /MW EAL inside-out @Y g #Hx FH= =)
Ho g FAsAT
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-80mV mww pA
{basal current) R so00ms

Ach 10pM

Ach 16uM

+ Fluoxetine 10pM

I3 10. TRPC60l2ad3} 37 co-transfection®d otAEZ A 8 (M3)
o & fluoxetine®] FF. olHNEZHU FEA A5 B3 TRPC6 o4
2] =R 5 AlE 9ol fluoxetines A A FAAIRE, o] 2 doll = WHItE FA
grokth. TRPC6 ol 2al'd A S o]t ofAEZd F=&Ao] tE fluoxetine?]

=9
FEFES dotr 7] A on-—cell L A A ZE PP AHEEHAT
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2

g 200
TR TR ’
S 3-400 1
=

= il
O -600

-800 . . .
0 1 2 3 4 5

Time (min)

ad 11. A7t @& TRPC6 49 WA AR{F WG opEEd 8
A A=E T oleAd AL 13 ool Hd WFE eI G4 ¥
g43E Yehl= 9bdE, GTPyse 495 o Hd A7F7F Ao vls] vka A

gAste] Jrrt gutstrh. AR7IES AAE HH FHEZ BHE

Ab&she] ]t 3 (HP=-100mV)atell Al 57 33l et
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100

80

60

40

20

0

Current inhibition ( % of control)

-7 -6 -5 -4
shapa Concentration of Antidepressant (log M)

1% 12. Fluoxetine (SSRI)7} GTPys 9o 93] #4¥d TRPC6 AF =
719l Al XE 98k AlE W GTPys (200uM) T 9&l 2w TRPC6 AF+=
ez ARZEY

N

N&4 A A A (SSRI) fluoxetine (0.3~30uM)S A 2 8+9 S

T gEHoR fhdte As AP ¢ AUTCs 3.61£0.12uM). A 5715

£

flo

AAE A2 SR BES AFgste] A9t AR (HP=-100mV) 3stellA A5k

ohodolEE FELEFLAR dehhgor 49 A5t 242 5 6.
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1MEpA ¢ f ;’

100

B [-2] -]
o o o

N
o

Current inhibition ( % of control)
o

-7 -6 -5 -4 -3
Concentration of Antidepressant (log M)

800pA

9 13. Trazodone (SRI) 7} GTPys Fold 93] fF¥d TRPC6 AF A7
o HXE 9. AE W GTPys (200uM) Folol ols f&¥ TRPC6 A+
AZED AFF AAAJSRD trazodone (0.3~30uM)E H et & W vk 9
EHo® fHadte As 90T AATFTCs 8.39£0.19uM). A 77152 AAE

13t Wt AW (HP=-100mV) sl A ZAs ) o]

Hi gisEEesz vehigon 49 d5s 47 sx9 59,

rlr

H
ﬁn]
ull
juich
(K
ok
e
filo

>

ol
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100

[=]
o

[=2]
o

N H
o o

Current inhibition ( % of control)
o

7 -6 5 4 -3

Sipgs L $30p Concentration of Antidepressant (log M)

29 14. Venlafaxine (SNRI)7} GTPys 44 93 € TRPC6 AF =
Z1e A= F9F. AXE J GTPys (200uM) Foo 23] 2% TRPC6 #F+=
Aead AZEd-=2oav =y AFF A AJSNRI venlafaxine (0.3~30u
ME AAsRSE W wx= Ao Ziste s AT 5+ AAHICs
3.23+021uM). 77152 AAEL oA =

(HP=-100mV) &tell A F7stdet. ol = Hd+xFexz yetdiglen A

g

= ope Agstel A 1A

=

it

rr

77t w5 6a.
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160804

100

=]
o

60

40

20

Current inhibition ( % of control)
o

7 6 -5 4 3
30008 Concentration of Antidepressant (log M)

I3 15. Bupropion (NDRI)7} GTPys T4 93 #2"d TRPC6 AF =
719 v X& 9. A¥X ] GTPys (200uM) Fofo ol& f2%¥ TRPC6 AF+=
2o 3] ZH -dopamin A &< A A <1 (NDRI) bupropion (0.3~30uM)Z =] %] &}

K

38

e w B EHoR Fasts AL FAY 5 AUTHICx 4.95:0.260M).
e HAAZ A FAZ PAS ALEse] A 4 (HP=-100mV) ol A

st volHe FirxFEea®E vehdislen A #Ha

S
N

i

b7y e 6.
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$00pA 4
| =
£ o
; £ 100
: o
: o
; 5 80
H B
' — 60
Py 8
r 5 40
€
= 20
8
£ 0
3 -7 -6 -5 -4 -3
250eA ' Concentration of Antidepressant (log M)

a9 16. Amitriptyline (TCA)7} GTPys Fod 93 f2¥ TRPC6 AF
371 v XE 93, AE W GTPys (200uM) Folo] &) f2¥ TRPC6 HH

= A3k &9 A QI (TCA) amitriptyline (0.3~30uM)E A A3} S W = <

O

EHow Fasts AL FAT F AUTHICH 462:0.13uM). AF/15 & HAE
A FAZ PP AHgStel A AW AP--100mV) A FFsarh. do]
B gReREZOAR tehigon 28 A5t 47 Fx9 6.
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A oolo] F9gAE TFAZL A9 Nav 79 27= 273 G249
a 3}

i
4%/
£
I

g} oA EA Aol o3 M

3
A gkskor ©d o] 2

Aol g3l Na'  dE(conductance)E ZAAA vt A=z Azt
HAAE o|F=d TRPC6E
53 AE W Na 92 Axge] gi5S Fusle] voltage-gated ZH ) <]

st olu2 = Ca”' §9e o] & th(Estacion et al. 2006; Gudermann et al.

% HEE MEo] YojA Fa3 9sts F= TRPC6E  a;-adrenoceptor
-activated non-selective cation channel® A A= 71&d], &9 HIL A XE
Tl ATBA XM= vasopressin-, 5-hydroxytriptamine (5-HT)-, platelet

derived growth factor (PDGF)-activated cation channel® X 3% tH(Inoue et al.
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T Woll A Bayliss effect®
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2001; Jung et al. 2002).
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A58 2 =

2 A5+ HEK293 M de ¥ #ds TRPC6 ol=ad &Adstol e 3
SeA) e BASel el A%E A9
[e3] E‘:], o]uﬂ HLxg

=
A%

CCh, OAG, GTPysel 93] TRPC6 °]<
= =3

1.
st WEFd A= NMDG A& 8
2. GTPys® FoAe @524 93 TRPC6 o|=H7Fe AAaxns FAs
A el
= A5l o7 M3 F8A & stell= A4 A<

%oj7} oM =

FEFe TA B
4. 7t A9 IC5HE Hl2stR Y venlafaxine (3.23+0.21uM) > fluoxetine
(3.61£0.12uM) >  amitriptyline (4.62£0.13uM) > bupropion (4.95+0.26uM) >
trazodone (8.39%0.19uM) s=¢]Ath. (mean+SEM)
@ ol2ald V|5 ol 9& TRPC6 AFEAHS SAHE & Ao, ¢

5.
= HF TRPC6 o] =AdE A3

A=

i

o1 ARES

22 AlA == TRPC62]
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ABSTRACT

Regulation of TRPC6 channels by antidepressants

Young-Hun Choi
Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Jong-Whan Choi )

TRPC6 is a member of the canonical transient receptor potential (TRPC)
subfamily, Ca2+*permeable cation channels that are stimulated by activation of
G  protein—coupled receptors or receptor tyrosine kinases through
PLC-dependent mechanism. It hasbeen proposed to play a critical role in
VEGF-mediated angiogenesis, constriction of vascular smooth muscle cells and
cardiac hypertrophy. It has been known that antidepressants possess potent
antagonistic properties on a variety of ion channels in different tissues. In this
study, we iInvestigated the effects of antidepressants for human TRPC6
channels co-expressed with STIM1 (stromal interacton molecule 1) and M3
(muscarinic receptor type 3) in HEK 293 cells using the whole-cell and
single-cell patch-clamp method. TRPC6 currents were induced by muscarinc
stimulation or inclusion of GTPyyS into the pipette solution. Fluoxetine
inhibited GTPyS-induced peak current on a concentration dependent manner

under a holding potential of -100 mV, whereas it was not to affect on open
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probability of TRPC6 by carbachol-induced M3 activation. Many
antidepressants inhibited directly TRPC6 current, with an IC50 value (log M)
of -4.99+0.03 for venlafaxine(SNRI), -4.94+0.02 for fluoxetine(SSRI), -4.84+0.02
for amitriptyline(TCA), -4.81+0.03 for bupropion(NDRI) and -4.58+0.01 for
trazodone(SRI). Our data showed that a various type of antidepressants has

direct inhibitory effect on TRPC6 channel.

Key words : TRPC6, HEK293 cell GTPys, antidepressant, fluoxetine, venlafaxine,

amitriptyline, bupropion, trazodone

_43_



