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Abstract

The current conducted by calcium channels mediate many important
cellular processes. The dysfunction of calcium channel can cause disorders
including epilepsy, arrhythmia and pulmonary hypertension. The
voltage-gated calcium channel has up to four subunits (ay, B, 0,6 and ).
The a; subunit forms the calcium-selective channel pore. The B and a,6
subunits help the a; subunit insert into the plasma membrane, increasing
channel open probability and decreasing channel inactivation. In contrast,
y subunits are much less studied. Recently, the y subunits have added two
new members, TMEM114 and TMEM235. Some evidence suggests that
TMEM114 may be related to the eye development. The yg has been shown
to reduce rat Cav3.1 current in HEK cell line and T-type calcium currents in
cardiomyocytes, but its regulatory effect on human channels remains
elusive. My study was designed to determine whether the rat vys,
TMEM114 and TMEM235 can interact with the trasnfected human Cav3.2
channel in the HEK293 cells. Four of TMEM235 and TMEM114 constructs
were successfully cloned into pcDNA3.1 vectors. Electrophysiological
recordings of the Cav3.2 channel current with and without the
co-expression of rat yg subunit in HEK cells indicated that ys subunit

significantly reduced Cav3.2 current density. The results of interactions
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between Cav3 channels and these three subunits will contribute to our
knowledge of their biological functions, as well as provide therapeutic

strategies for treating T-type channel related diseases.
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T A AT RFFE R hd & RE S e 2 A S K
$& o o s BRE R e AR ~ BT dov (Troponin C) 1% L kev
=Y I RER S I I S U AN LE QAN AP (e
B & (Catterall, 2011) o F]pt > SFAEF W FEH A A AT v A 2 BE A
:]’;3 s BlAodEgR o~ oo 22 B s w g% L % (Nelson et al., 2006; Cribbs,
2010) -

TRATR A endidp 3+ g £ 5 L-N>P/QR~T I 53 - L34
BFAFTRBES SR A B RG2S 64 DHP 4
A ehBE e drd] o NS P/Q R ¥ 524 50 BT BRATR Q4L+ @ f -
WA ¢ Ak bRk d B R 2 3 & Prd(Catterall, 2011) o e T AJ4F3ETF i
FAPEOTHE  fFA > AR 0 ¥ AfRA L rE- S T A4S

S g A mibefradil & % 1998 & Fl i s H 8 Bi & H ¢ $H AR

b

4 2 glie* @ d F7d (Roche) > & T 7 (Glasser, 1998; Levine et al.,,
2000)°iT & KBEZRPEF B F 7 — & TA4TH 3 ch B — drdA) > 4o TTA-A2

% (Kraus etal., 2010) > e & A& » Gk @ * FEEL o T A4 g 4 & 474
gty VR mie il op AR 0 FIP ACERSEEGN A
SREFREFTERETASH L TALP I A FAATERBFEY L

B dRR R B S EAFEIZ cFIAYY FHETRE Y
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e T A BREER > ¢ ERER-|F (F(absence seizure) g 4
(Rajakulendran and Hanna, 2016) -

HHFE A et ke o3 57 d e BH A (00,6
Bry)ities (Bl-)oo =t 8 ~f §F iwfe W ) RATHEF 7 10 )
U 0 a8 v B A i B TR BT B 44 5 m e i
AR Sl i P Fei$ F (Lacerda et al., 1991) o # @ 0 A zbArg y =
H o a F B R %EH L #F (Chen et al., 2007; Maher et al., 2011)
y=xHE <L 3w % HHB (transmembrane segments) > P w0 5 oF L E
FE A5 F) 10 AT Wiy E A (y1-ver TMEM114 2 TMEM235 >
WS ) oy R el BP0 AR IR e ch LA AT T
A Pt b ARG TIETRT A ENFFEME BT oy
HAvep mre ? L AT W B G P n ek @ A 2004 &
Hansen % A B I+ Blehygar sgdrd| < Bl A £ Cav3. 1T Al4T g+ i 3 7
o e 10 B R R P NG A Ay (yifrve) T H A EE I ST
Do > VU AAERR Y 4TS T n (Freise et al,
2000; Hansen et al., 2004; Held et al., 2002; Lin et al., 2008)° @ y,~y3 V4 *
Ve Vs Yy RIARIR 5 H_7 fodd &k se¥ AMPA X B - v  (Tomita

et al., 2003; Nicoll et al., 2006) - TMEM114 2 TMEM235 P| 3T & 375 I



4T 3+ 3 i =  ~ (Maher et al., 2011; Gai et al., 2014) » H 7 5 17 7
4 5o

B By et B P Cav3.l T Al4F& 3 3 3 F 37 a9 drd)
HFmo2008 & A8 R - B A ye ¥ - FHFH(TML)F 9 GXXXA
chg AR BT E G il T onec %k (Linetal, 2008) 0 Flpt F % &
= GXXXA T BLMFIT e P BORAFE B | G0Erk > I EE S Uz gt

PLEHPL TR R B R A

x\“\

)R BOEEREET Cav3.l T 4T
B i i £ F #r4)eni®® (Chen and Best, 2009) o p4F7 5 #i¢ * 2 i if

S CaB L o A o T R A T A R
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W h s BehCav3 AT A48T i + B 4 Frdlamek
ey o S R Cav32T A4+ W~ B3 Frdoak(AgF )3T & &
Cav3.2 T ZU4T 4~ i &2 A s ePF= P b 4e > 3% 5P 4p ) Cav3.2T
A4TH S A FERGARM 0 A7 BT 4L Cav3.2 T AT A3 i i o)
8 R F I € "% #(Choi et al., 2007) » F]pt 2 kL Cav3.2 T 2
I AFHE A R T FEF I chffac E BT S Ryt
AHE Cav3.2 TAIATAEF i PR B Frdonk » AT #3840 T 3
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e LR GFERFAEE A AR &R AR

YRR M e T I AT 44 ¥ TMEM114 32 TMEM235 &5 it
AA A T B E S E A AMPA B X BB H S H AR
SREGHFCR R Ry fove AR AT AR - A (A E)e w4
Fredpdivn® U d foicimie b eandtdg < g (Freise et al., 2000;
Held et al., 2002) > @ ye RIARZEF 7 M Prq| = Bl 5 dmie ¥ a0 T 31470 T
% HEK293 ‘m?2 ¥ e1Cav3.1l 7 /n (Hansen et al., 2004; Lin et al., 2008)-
peek o om A B P I * Morpholino #r4] TMEM114 2. 43 > ¥ 12 &
PEHONER B T i /] P (microphthalmia) (Maher et al., 2011)>
e H o34 R R e TMEM114 fo TMEM235 &_F 4l vy &4 ye P 1

TS E 2 o P T A AR Y - £ B R

& TMEM114 4= TMEM235 £ F]i& {7 4~ + & 3% » pcDNA3.1 zi“%%’l LA

a-k3t o demie P BT 2 R M %fw BIZE o
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e 3k

4 & vs. TMEM114 fo TMEM235 7 4832 + 8 55

=~ & y¢ TMEM114 f= TMEM235 ¥ # & B (£ + > Invitrogen) = =
2AFE A (o= ) 0 M TSRS pMA RRP - f1* T E A%
TR 7 ~ XL1-Blue Fta® » £ #-IR4R 40 » 482 [Fik % 3T 2 %< Agar
(525 %IB ) 2% 16-18 | PR AR GFEIEA LS ¥ E &
1-2mm = /] eh8 - Ff% - L Agar ¥ P EPHE - FE B RY 0 T4
> 1000 & ﬁfrﬁéﬁAmpicillin 2 % > B % 16-18 )} FF -

16-18 /| i PH - FER AR ImEBFFHED RFRETREYE
s 30 F ts E'J",/TTJ i » 4e o~ 100 Wl s solution | 3 & i 1@ FiE 523 A 4T
BRAE Y o LS AE dew F BRE S 40 ~ 200 pl solution Il 0 gE g et T
FE A5 FE 12440 b RS R Bes B R 4o » 150 pl solution
o> fEgEent T g3 45 % 1-2 245 &fé4ex 100 24:1 0
Chloroform : IAA » £ 5 353 T M-prE 3 ¥ 3E 15 A48 0 J0 b i
400 pl 4c > 800 pl 1100 % EtOH » 3 7] 45 & ¥ -3 # 48 & 5-20 & &
fap 20-30 A4k R A R Y 15 A4 R R G T R e
¢ DNA pellet> 12 37 B izi5 &37 pellet T £ 35 P75k > 4c ~ pH 8.0 TE buffer

% RNase 10 mg/ml % ;3 DNA > F3-20 Bk e



+ & ys.-TMEM114 §= TMEM235 2 F]:E 5 (cloning)

A e 2 Cav3.2 T A4F 4+ 3 if ¢ pcDAN3.1 FiEd P 4 47
T P o F e B F P18 o pcDNA3.1 £ - i 43 vf SR P e
o AR et g 3l (LA - )5 PCREIFRA 10 F &
#- PCR # # # » pGEM - T vector ® (Promega)it (7 5 o F K i B
FIL FLi$ > 41 EcoRIl fr Xbal *» BEH#-ve 2 Fl# 4% ~ pcDNA3.1 § 42 >
FURERRAFERAIE AFIER o Km0 L7 AP i HFEE Ve B
0OEFAE AP Al FRFOI AL T - B RA T
71 stop codon 2 ",lrf 1€ ve2o Chk & — B 6X His o myc i F-v > 14
Fle e &> B2 minidy £ o S PR G 2 ye A TR R
* EcoRl fr Xbal f%¥ % *» BL4% » pcDNA3.1 i e o

< B TMEM114 £ TMEM235 =5 B 4 F] 4 5| d }E‘{i?ﬁ!’(‘gﬁ.—? ’
Invitrogen) £ = ** pMA {*48 15 - EF 1 OPCR Hjic s B P ehfl F] 8 B
¥ #-PCR & 4 # » pGEM - T vector (Promega)® > ¥ TR FEinf 7| &+ 4%

& > 1% EcoRl & f% % *» 2] {5 # 4% » pcDNA3.1 TR

Pz 32 & 27 L F1i& 4 (cell culture and transfection)
A5

it HEK293 ‘m@ Rit (FATL g end & o w23 £33 5

1% Penicillin/Streptomycin (100X) ~ 4.5g/L glucose ~ 3.7g/L NaHCO; 14 %
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10% FBS 7 DMEM (gibco)® - # T25 flask(Orange &% Corning)® & /& ‘w
%P0 0 LA B M T ATENT2S flask ¢ o TR A dwve A B chid
B2 B4 F O ime VR FRE  $3R A LR Beri  thim e B
1 1:32 Lﬁr%’% W83 35-mm petri dish (FALCON)® ez gl 7 + > & fw
e RIRH AR TR AR 2 FBS M T 5% Eime RENA X {5 o
£ 2 GFP:Cav3.2:ys =1:1:3 &7 molarratio (massratio=1:3:3 pg) »
i# * 5yl Lipofectamine 3000 reagent (Invitrogen) *% 1 ml (37832 % %
P AP 2R {5 77 S%FBS 2 ATH R AR 0 MR

% 36-48 /| FF o

>me gy fﬁ—#'l $ #7(whole-cell patch-clamp)

Cav3.2 403 if 7Vt 14 2 Jm %o W0 5 ] $Like(whole-cell patch-clamp)
st4k(Hamill et al., 1981) - eéx7 & i * P-97 3 4+ B (Sutter) 4 1 3 38 =
‘m ¥ (Borosilicate) & » I #-F &% =4 12 Narishige MF830 4 & B 4% % ¥
LR A H gt tmie o b (BT ) o dw?e b ena > 5 (H = mM) -
137 NaCl » 1 MgCl, » 2 CaCl, » 10 glucose » 10 HEPES > 20 Sucrose > pH &
2732 74-m% PN %2 = (> 5 (H = mM):137 NaCl-10 EGTA:2 MgCl,»
1CaCl, » 10 HEPES » pH I 4 5 7.3 5 7.4 « sofkPs #im®e N jj 3 430

TN AHMETRTRT RV TEENR A et Re
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LHHITRTRITOE > FRELT - TR RIESTRET R - T
- ELd  DIGIDATA 1440A f- 700B 3t 5Lz < T (Molecular Devices,
Sunnyvale CA) £ 7 "hii ke 4 B~ #48 & 5 10 kHz» & 4PF 8-pole Bessel
Tk Bk T AkHz o 7 Yoo d gt (Clampex 10.6)5 1 & ™ '8 1 %) -
L (TR AL ) Wi A ST f R e E BT

b F T4 10%0hm B R E e W T AR e A (RFERZBEE o

H- = Gigaohm sealo pt P57 fme g ff ~ ek 4 87 4w 3 0w

m\
i

gl A, - BT ARAPE R BRItk (4B T b) o * g il
a2 R IEE fmfe g ¥ 0 I iE {74 F (R-C compensation) » b PF 4
TRER T imre e AT G B T ek mre RN o

F %P5 19 7| Gigaohmseal {6 > sophimiesrZ 2. 4 F R HE £ 45 >
F e 2 R el 2. seal LA R K~ o BT sk o
RACELT 2 51 R RACR T () o S K E ¢ 7 T AR~ B if petri dish
P b g nE gl F o Rl

EARPEPGE AR T B % F k2 e > 254 Gigaohm seal ¥ s gk dw
P ts o BT R M4F £-100 mV (holding potential) » 4+ — % 5]d -100
mV I +50mV 357 BR(F e 2 10mV) > % — PR T R 248 300 ms >
FeF P D30 mV(E 7 AL B A2 TR)E4F 150 ms oy d iR A 300
ms 1% {5 150ms 2 T im0 T A N @I 2 T AT RN G
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(IV curve)rs 2 % & it & & (inactivation curve) o & Bk 4|+ & §) £ 47 -

:’T\'o

S U
FU% 2w ¥e 55 4] i (whole-cell patch-clamp) s & 3] 2 w2
T o5 i Clampfit 10.6 #5842 47 > $B2~7 BT BT orif 2 3 g 700
CHEAEF A E TR A S TR B REI(IV curve) o #37-30 mV
2R B R 4 two sample t-test R F AT ARG i iE A iE N ATAE S W

Pirver P A2 AT 28 - ?,‘}Tﬁ%)i"‘fj*"/f%ﬂjgﬁﬁ? eh oy )T

3o+ B2 (mean + SEM) % 71 o
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5
BFE A TP B AR

Ajprd P Ay MR g2 Cav3.2 T Al AT i oh
pcDAN3.1 48 » & & % 13186 bp > 7 7 Hindlll 2 Kpnl f¥ % *» 2 -
v2 Kpnl fi$ % 8+ 5157 F 484 £ 13186 bp> #1 L 10 kbp ladder + = o
™2 Hindlll 2 Kpnl & %% *» 2]15 » T4 B& 7 & & 5 7495 bp 2 Cav3.2
AR BNIRAT 8kbp B TR R 5 5691 bpo d1IRAT Skbp
6kbp =% 2 B (Bl )

* B yed BB & F T pMA ORI (o2 ) 0 50 PCR B L 1
FI* EcoRl = Xbal *7 BEH4-ye 2k Fl# 4% 18 pcDNA3.L {448 P o 24/ & 3K 35
B AEH A > - 5§ stop codon syg B RE > (5 d EcoRl £ Xbal fi¥ %+~
2]ts > ¥ R 803 bp tirband ! IR*T 800 bp ladder 7k T = ¥ "7 (B8] )
THE RPN G SS5kbp 4= T 2 chband it £d EE W AR R
2 & supercoiled form FRE#TA 2 o ¥ — B EFA Y o BIEA FE 2
stop codon 2 ",f’fé 7 Flac e H b 6X His & myc {Ris v A Flipid o
MASER Y T S BB T RS A2 il e de PR Y ye 2 A TF)
B 7| & & & 802bp- ¥ 41 * EcoRl {r Xbal #-F 7|3 » pcDNA3.1 §*
WY LARRY FT gL 55 kbp (B ~) e 0t A BT S

d TR PRIFFEIRAE Z N R o
16



< & TMEM114 ¢ /J;\r;:l £ = T %33 pMA i\"ﬂ?ﬁ"l » 5 d EcoRl fr
Notl #-% 7|4 » pcDNA3.1 i TP -+ 5 stopcodon 2 FRE S fAAE
S H15 AFE R S 683 bp o 44 [ 5 5.5kbp (M1 ) F s » 50
BF N FER TMEML14 36 2.3 238 > 1% PCR3IF 2 %35 (R 4 )
#-F 7| & ¥ stop codon 2 ",f » X5 d EcoRl v Xbal *LH|f% % *7 ghdx »
pcDNA3.1 48 - * #H4& § 6X His fv myc A 7| - 12 EcoRl fr Xbal g+~
ST 2 R FE R G 682bp (B4 ) -

< B TMEM235 % d o3 & % %753 pMA 948 ¢ » '5d EcoRl fv
Apal #% » pcDNA3.1 §*#8p > 7 7 stop codon 2. F 4853 f¥ % *» 3{s &
B % 650bp>® 48~ -] % 5.5kbp (B-)e 5 7 i A is F TMEM235
v A F £iEow 1% PCR3IF 23K (R % =) %5 7| % 23 stop codon
4 “$ » 1 * % d EcoRl - Xbal *24|f% % *» 84% » pcDNA3.1 fﬂ?ﬁ poooH
B3| E R 5 649bp £448~ | 5 55kbpe 12w B TMEM FF 48 % /5

T R J N o

Jm% 32 & 21 K Tk 4 (cell culture and transfection)

wre & d Lipofectamine 3000 # %4 36 I 48 {& > A A icdi ¥ L ARTY

ToPEHwE Y B8 Y k2w o mlP R R A PR IRLLE

iz

S kR0 2w AE e A EE 0 X8 2 % b FIET 2
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Sohfro FIN BB T AP B UK EY kI 220 2B
Hinve TR T o H A vy T E Ao ¥ K R 2 7 RS | HEK293

e ¥ oo HIEE R AP e L F A 30% s+ o

X B yer#] A A Cav3.2 T 245 i R ik

4 B4 - 7§ 5 -100mV F+50 mV {3300 ms T (R HE 5 10 mV)

FARRIEEAS od WML F AP BN R ow ff o Ft

(\x
=H
w}
=
|
>
e
g
B
ﬁ
D
=
(\x
(=
=
=H
=k
R
W

R-tmPe 7o Mf ™ ke P 1F
d BlL -7 L5 A-30mV ERT 0 Cavd.2 frde » yg2 T LR
T EE Rk B LR IR TR J -33.34 (pA/pF) T % 1-17.43
(PA/pF) ° 1% two tail t-test L3tk TAEL-30MV T BT 3 27 /n %

BENMEAZR »p B4 00298 (3 ens 5 8) e

ED

TR Cav3. 2 i ERENT R A GBI AP AT BT
JB 45300 ms (% — FEE)TS 0 B F 3 -30mV 0 150 ms (% = FEE) PR
Rl Bdlme it F A A S 2 F R APERE R
TN ERER - PEE TR -100 mV I 450 mV @ ] o 2 -
LW (F Z PFE)-30 mV O REETE e nsE Bk R d B B
EEERELF AP plp gAY Cav32 2 B A (B 2) o

d 3 Cav3.2 2 BV A B fipy i B> ¥ E_Cav3.2 &
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g = 2. » 2 K /L U s ° ;\“/B 4= j%%_ Ve -6E
boyed BB ST APLRI| - R G S AP R KR

Z ¢ 2 N2 2 — 55‘ ‘:;J_ N\
FoE i Rssramie Bcp 0 LB F A AT o
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i
+ B oyg#ri) X 5 Cav3.2 T A4FE 3 T i
AR BRERB T S By A 4F Cav3.2 i iE £ £ i3 HEK293 ‘o
etk g ' A BF Cav3.2 s TRk o) o ﬁt.fs‘—;—%,ﬁ?i‘“ﬁ/;%v‘ ~ By &
3 #ri) Cav3.1:id i T /e % — X (Hansen et al., 2004; Lin et al., 2008) -
d 3T P e }’%T AFEF S Behygac sgPrdl A fg Cav3 L g o0 A F
Sk K- BET A Ry ¥ A4 Cav3 T AT iR 4 drdlak oo
G oo A B A e ye 28 F] DNA B 71 I R 1+ (homology)i 3] 90% » #p
i R (identity) 7 & i& 85%1/ F » F| b} ﬁ ?/*ki AFEREET U
Bl By E e A KFE 2 R A g P B g e Cav3 i g e
fooo iB- R X By fr A 4F Cav3. 1 W i B (7 F BRET R K
Mibefradil £ iz * v — 8 AL % Kl TA4FE i L9 en& §-
Phm Hoe sy 1998 d 2t Bl T LR X F i (Roche) 1 # T
(Glasser, 1998; Levine et al., 2000) o F]pt B 70 32 5 @Ak 7 * (1T 3|47
Woip R T 2009 - EAR T H TR <~ Ry % - B 7 RHR (TML)
%’ﬁ GXXXA B 7| e | 3 Bodd Pk T B ]+« B Cav3.1 i i chsc % (Chen
and Best, 2009) o & F B %+ FEIL~ B ye HH A #f Cav3.2 3 i £ 3 HF

FITE (450 PRl B BRI & F #4447 Cav3.1 2 Cav3.2
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Mgz #ag o FIM AT VRGP TAMLEAAMBRL &5 F %

porulh g > 2
RERRE L R

TMEM114 2 TMEM235 2_j§& i* 2 # &

AFEHFAD2ZFE LI FR AN AR NS TR y =

HAPRELGZAEH - ZEraduifpidg=cE~> ¥- 3
AMPA 5 B2 2 & 30 > B 373 2 TMEM114 2 TMEM235 * g =
F- AR KB AEA LG AP E)od WFCRERET
TMEM114 2 TMEM235 2_ 3% M % A 3040 3+ 30 if = H < &7 AMPA &
2B E Fov 2 [ o TPt TMEM114 fo TMEM235 = ¥ 5t & 3 & 454
F i AMPA X2 % ip o 5 7 - HPIEBELBER S AKRTFTHRE
B3R Cav i i & AMPA < f8¥r TMEM114 & TMEM235 £ e i 4 3%
HEK293 ‘ms AP £ F Hia il g2 # e 3 1% AHh T RS54

7+ TMEM114 2 TMEM235 E_F £ 4T3+ i 3g & AMPA X 885 < 3 8% >

oA B RS P Y TMEM114 2 TMEM235 #4 5t 5985 % o

BA BR

WY P H? APFERF F stopcodon FHTMEM114 2 TMEM23
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% % #-stop codon 4 ",ﬁ% F ¥+ 6XHis v myctag h A

Sequence 53’ Length Tm Amplicon Size
ve _ AGA ATT CAT GAT GTG GTC TAA CTT CTT CAT GCA AGA GG 31+7 62.7°C
Forward primer
Ye
Reverse primer CTC TAG ACT GGC AGT TGG GCC TTG ACC CCG 23+7 62.8°C 802 bp
Myc his tag
ve CTC TAG ACT AGG CAG TTG GGC CACCCCG 2147 64.2°C 803 bp

Reverse primer
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% = ~ 4 2 TMEM114 31 3 %3+ 4

FEA LA EoER 33 E % E 33 4 L 3 stop codon 2 “fi’»#%i 6X His = myc tag
=3

Sequence 523’ Length Tm Amplicon Size
TMEM114
] TGA ATT CAT GCG GGT GCG CCT GGG 1747 62.5°C
Forward primer
TMEM114
Reverse primer CTC TAG ACT GAT GGC TTG CTC TTG CCT CTG GC 25+7 67.0°C 682 bp
Myc his tag
TMEM114
] CTC TAG ATC AGA TGG CTT GCT CTT GCC TCT GGC 26+7 66.9°C
Reverse primer 683 bp
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% = ~ TMEM235 313 &3+ 4%

FEL LA EER IS EY K B33 A L d-stop codon 2 “fi’»%i 6X His = myc tag
=3

Sequence 5'->3’ Length Tm Amplicon Size
TMEM235 o
) TGA ATT CAT GGC CCT GCT AGC CGC GTT 20+7 62.8°C
Forward primer
TMEM235
Reverse primer CTC TAG ACT GAG GAT GAC AGA GTG AGG CAT TCC TGG 29+7 67.9°C 649 bp
Myc his tag
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TMEMZ235 o
] CTC TAG ATC AGA GGA TGA CAG AGT GAGGCATTCCTG G 30+7 67.8°C
Reverse primer 650 bp
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Y1 )
}» of calcium
Ve channels
TMEM114
TMEM235
Y2 o
Y3
Y4
— regulators of
Vs —
AMPA receptor
(TARP)
Vs
Y7 -

W =~ y3e wmi R%EM A

pa st PE RSN 10 fEamHF gt (v -ys fr TMEM114 %
TMEM235) > H ¥ E 5 & 8 y(yifrve) B ~ A2 ik 2 T 2§ A &47
BF i aE 7 n e i (Chuetal, 2001) © @ y, > ys > ya > Vs~ ¥s > v B2
¢OERA Ak AP A AMPA 3% B o=t B < (Nicoll et al., 2006) ©
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17 cmvV

BamHI EcoRlI

pMA pcDNA
Rat-cacngb EcoRl - Rat-cacngb Xbal
3189 bp 6303 bp
17 cmyv
Xhol EcoRl
pPMA pcDNA
Rat-TMEM235 Kpnl - Rat-TMEM235 Xbal
3028 bp 6118 bp
CMV
- EcoRlI
BamHI
pMA pcDNA
Rat-TMEM114 Notl

Rat-TMEM114
3022 bp

o[BG

6183 bp

W =~ FH 2 AFE
dORE A S HF X By * & TMEM114 & « & TMEM235 2. pMA
Woogd gyl Jr FEA s o TN e
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Cav3.2 (alH) Hindlll

Kpnl  + Kpnl

W = -~ Cav3.2 FHfEZ LT AYN
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3 kb
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