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IR OEITNET D Z & T, SRR TICB W TER - BX
THZENTE D, REFBHROF THIREIXF ICHIER LITHFET 5720 IREIC
KT DISED S T OMINIEZELRE TH 5, AMFIETIE, ET LW TH
% # B Caenorhabditis elegans (C. elegans) OARIRMPEIR SR 2 fifrE7 1 & LT,
) DIR LIS ERERE DT 2 36 278 o 7=, AR ORIRMHE & 1%, 20C<° 25C T
il H L7oERIE 2 CIZEDN LD EFERT 2 DI L, 15CTHEF L7 Eik1% 2°C
ZEPNTHEFTEDLLVIHIBRTH D, AFETIE, KA DNA > —F
Y7 &% AW T2 BB AT 2> & AR M 2 #1485 9~ 2 FrLEAs 1 xdh-1 % [F]
ELT, ZO@EIE B hoFH o F o5k Kl —E8 (XDH) ([ZE VWA
PEZR"d, XDH 17 U RGO TR Tl &, eRFH o Fonbxdr
F o XY UF U DIREEA~D "B BE D KER LG A il B %R TH D, xdh-
| BAR T O TSI & xdh-1 2 FRARO MR RAEIIERER )5 . XDH-1 1%
AIN & AV] DT 2 SONFE= 2 — 0 TIRIRMMEZ #1325 2 & AR S

Nz, AIN & AVI I —ar ThoHimd, N0 FHICIEE 2 @&Km-4

HEE =2 —a U DEET HAREMEREZE 2 b, AIN & AV NMTfE=a—nr
D EFICIZASG R =2 —a o0 DA T ) ZREREBR L T AR = 2 —

0 BEEAFAE L TV e, £ 2 TA A SERRICEE 0% Y ARIR T AT 2 35
Z 72 o T2 &L, Degenerin/epithelial sodium channel (DEG/ENaC) % 1 7D A 71 J %
K DEG-1 OZ BARIZE W CHE RIRMMERE DR R o7, deg-1 BI5 11X

ASG KR =2 —1a U CTHIAL TWAET=D, Ca?' A A= 71210 ASG R =



a— 1 ORI D ARG E 2 E LTz, £ ORI BFAKTIE, ASG &
o a—u RIS U CHIIEN Ca2REAZ L S E D DIk L, deg-1 %
KTIEEOENBEFIMLT LTV, DFE Y ASG ER = 2 — 1 U OIREIRE
IZ DEG-1 25 LT\ 5 Z & AR S 417z, DEG-1 MREZ A L L CHRE

D DD T2 O R EFICEOGR L7gWy ASE BRR = = —m /(2 DEG-1 &
BRI IC R S R T E RS A 5 2 CHIREN Ca BEEDZbE2|IE L=, %
DFER, DEG-1 ZRBL S 72 ASE ICBWCREISE MR S NTZ, S HICHEEE
12 DEG-1 OIREZKEZMRHTT 572D, 77 U Y A H VO IR
(Xenopus oocyte) ZHW o EBR BT A 20>, #HED DEG-1 LDk
FRER 7 ThHDH MDEG] ZZNENIHBL S E IR IREZ % 5 2 72
EZAH, WTRIZBWTHIREISHT 2B R R bz, DE Y DEG-1 &
MDEG1 TR 21T TR <IEE LA L TWD Z LAvVRIR S fivlz, YL Eo
FERIT, B FEETEMICIBWT AT ) Z K DEG/ENaC NREZZA L., #

ROWREMMEZHIE L TWDHZ 2R LMD TOr—ATh D,



C. elegans Caenorhabditis elegans

cDNA Complementary DNA

CFP Cyan fluorescent protein

cGMP Cyclic guanosine monophosphate

cRNA Complementary RNA

DEG/ENaC Degenerin/epithelial sodium channel

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

dNTPs Deoxynucleotide triphosphates

DsRedm Discosoma sp. Red

EGFP Enhanced green fluorescent protein

FAD Flavin adenine dinucleotide

FOXO Forkhead box-containing protein, O sub-family
FRET Fluorescence resonance energy transfer
GCaMP GFP-calmodulin fusion protein

GFP Green fluorescent protein

GMP Guanosine monophosphate

GPCR G protein coupled receptor

HEPES 2-[4-(2-Hydroxyethyl)-1-piperazinyl] ethane sulfonic acid
H>DCF-DA 2', 7'-dichlorofluorescin diacetate



HSP

HSF

LB

mRNA

PCR

SNP

TRP

NAD

NGS

NGM

PBST

rGC

RFP

RNA

ROS

XDH

XO

XOR

YC

YFP

Heat shock protein

Heat shock factor

Luria-Bertani

Messenger RNA

Polymerase chain reaction

Single nucleotide polymorphism
Transient receptor potential
Nicotinamide adenine dinucleotide
Next generation sequencer
Nematode growth medium
Phosphate buffered saline with Tween 20
Receptor guanylyl cyclase

Red fluorescent protein
Ribonucleic acid

Reactive oxygen species

Xanthine dehydrogenase

Xanthine oxidase

Xanthine oxidoreductase

Yellow cameleon

Yellow fluorescent protein



1.1 BMOREISELETNVEME L TORE C. elegans

IR HRITFICHIER RIS E L BT 5 2 LA TE RN, 207D,
ENESUEMITITRE L ZOEEZZHE L, TR0 L TUSET AR A
H = X LNFET D (Murray et al., 2007), 21X, [HEEW TH D E FDOGA,
B RORER AR b N S AT IR I TR T o 2 MO BUR T RS

. B OB X LD FECMAE & LR S TEE RN T 72 E 0L A5
T2 U CEREEEICEYICSE LTV D (Nakamura, 2011), L2cL, B R L
DEEBWIC 72 513 EARSPIMOME N EMNT 5720, IREISEDS T A
= ALOIICIIFFMEZET 52 ENBEZHILD,

AWFFETIX Y o TNV EZREM CH DR C. elegans % E 7 /VEER R
ELTHWT, BMoORERIREINEEOMIZ HiE L7, M5B C elegans 13,
RED 1 mm O HERIAEFT T HIFFEMEOR R TH Y | ER, My bD
— 7 i x OHifd, BIET. B TFEVI SEIERLVAVT, EMBIGOEAR
BEOMENTICHE L= ET VEM TH D, C elegans \ZIZ L1, L2, L3 £ L4 D 45D
Sdd &R R B v | AETEERIIIEE A (BRI 2000 THI3 B, wE
ITHERERIAR & U CHAE L. BREESIRE L CORFMERREH L Z 12z,
0.1%DHE THIELT HHEZFIM L CRBELA R TH D72, BARTFHIRITIC &
L CW\ % (Brenner, 1974), {KIZEHATH L7, Frtadt ¥ > /37 4 GFP 72

B 72 ROENTRIIE D 2 & TRIEDRIR FOFRBMILORE S



BEED X /87 B OB JRITE & £ X T2 IR (in vivo) IZBWTHNTT 2 2 &M
KT 5 (Zhangetal, 2004), X HIZ, EESDAT =T 4 7 ADIERIC
L0 I IBENO Ca R EIC L » THIEHECHOEIRE N ZL T2 YC3.60
R GCaMP FHEDFZ NI B a— RS L8 T2 0D 2 LTl invive IZBIT 5%
R OTERE 2 E S5 Z & A TE S (Miyawaki et al., 2013; Nakai et al., 2001),
4 959 HOMEHMILD 9 B, MfkAIEIX 302 ECTH Y, ErbfHIlaM o)
TARRX v v THREGNEFHMBEIZL VAL NI TS (Cook et al.,
2019; White etal., 1986), £7=. 7/ L% A XXET NVEOH TH RN S UWE
100 Mb T&H V| 1998 A HALH DI RE STV D (C. elegans Sequencing
Consortium, 1998), 7/ LT OFER NG . BB T DK 36%13 . F DB T &
WL U7 E a1 CTHoT1=720. C. elegans DIBIGZHIFENT D ROho CTE 7218
nfZt b OBGFIENTISHSATT L3 0, 26 DR G | C. elegans 13,
BEINEDS T AN AL ERET DOIENT-ZET VEWO—DOTH D L5

Aoy (N

1.2 Y OiBEmE

BREE A~ & LT, miRERE-CIIEBERE T 2N H 5, KRS
WX A RMTE) OFFEIE. SRR TR I 2bivTns, Kk
ML IE, BHOABFTIRELIVIKEBEORE CHLAGFECTCEIMEDZ ETHD,

B, MfaiEo a5 hiig e a2 S T, KERRE T TbROFE



PaffkoT\\W5, £, MIENICT 2/ BRSO NEEME 2 RET5 2
ETCIREEZREH T2 2 &0, @RI ORIERIZ, E— b a v
782878 (HSP) MHERET 2 2 & CHIRAES N2 022 &0 b
N TCW% (Tsumikietal., 2010), ZiL5H D4+ A B =X AE, I L FEIREICHE
4%, C elegans \Z% HSP Pt — h ¥ 3 v 7 [K+ (HSF) 2MFEL., IBER |k
LARE LD LHERET D Z AL TWD N, BEFRZZAL THLINE

IZE D F CTOFERMR T REERIEIIIRMO SN L RSN TV D,

1.3 C. elegans DKIRHE

C. elegans DEFIREITH 13~27CTH Y, £AFREEB 27 30°CLL
FOEREZIFHMICE S SRS E L1 O Ro Ky mEsh R (£7—)
(272 D EIRITEN N STV D (Barr, 2003), & U — & g o T fE AT E) A3
KTFLTEY, ZLDFER=a—0 OFRTRENFHL TCWDIOEF I F
J&THE S Z & THERD D DEREE WA MW L, HEARRREAAIIEDD Z &N
T& % (Hu,2007),

C. elegans \Z1%, IKIEIZxTT DIMEA 1 = XA B FEET D, C.elegans D
fRIRITE & 1%, B2, 15CTRE SNZBAKR (N2 B 13 2 CoIRERTKIC
btz HIDH, 20°CR° 25CCTHE SN BAKIT 2 CORERBICH 2 &7
T L CLE D (K1) (Ohtaetal., 2014; Okahata et al., 2019; Sonoda et al., 2016;

Ujisawa et al., 2018), ZALE TOYMEEOMHEHTIC LV | BHED ASJ & ADL &



FEEND 2 DOEFE =2 —n U RNIREEZZA L, KIEmMEEZHET 2 2 La3b
7> TW% (X2) (Ohtaetal., 2014; Okahata et al., 2019; Sonoda et al., 2016; Ujisawa
etal.,2018), ASIIFIEEEZZRTHE, VT TANLA LAY U E2HUWL, TD
A VAN NI E MR TRAES L, A VA Y UERRESRE I LT, FOXO Al
BIR AN L » TEBFHIBEEN S Z /ebird (X 2) (Ohta et al., 2014), S5
(L ARIRMEREIC BT AT B A RERAE 2N L OB TIC@BE 2,
FFmD AS] =2 —r D7 4 — RNy JEENFIET D T & DRI ST
W% (X12) (Sonodaetal.,2016), ZAL5H D AS] & ADLIEEZAR=—a—n B &
O W &R U T AR O A B AR 1 . S TR 2o B I3 2 s
T® 5 (Ohtaetal., 2014; Sonoda et al., 2016; Ujisawa et al., 2018), — 5 T, KIEMmH
PEA IEICHIBE DHEREICBI L CIRIE & A ERRIIADIRIETH 5.,

AR T, C. elegans DARIRIMPEEL G % B IR EE I KA O fifthiT £
TV EALE ST ARRIEOFHZE RIEOBIR AT 2 275 L L bz, £
DTN BB S E 7o TE 7o, ARRMMEIZI T 5 A T /) ZRIEORE S RZR

& L COBEREZ fRbT L7,
14 XY Fr5e Fuyh—+¥ (XDH)
HYLEICRB W T, Yo F oAy LA 7 Z—F (XOR) 132 DDRERL

AL BV A—_TF FORBEZLY, Vo —_"TF FafFT5%

hrFrTFe RrnsF—8 (XDH) &V o —_7F FRELE LT



I —F (X0) O 2EEOFRETHEIAEL TS (Xiet al, 2000), X 52
IO OMEERITT Y SRR O T TEW T Y . XDHIZERFH 2 F
YINHXRF T SBITHRY T U0 D REE A~ B O KA % il it
+% (¥ 3. 4) (Moriya and Satoh, 2016; Wang et al., 2016; Xi et al., 2000), = Dt
FROSOERIZIX, NADH 23 [AIRFIZ AR S LD (X 4) (Xietal.,2000), XDH % >
R EIE— IR ER - BiisE L, FAD, EU 7 R T U D3 DD RAAL &t
H, ZEERE LTAEKRNTHFEEL TS (K4), FAD I NAD #EGEMTH Y |
TV T RTT Y TBECHLTH D, $k - BRPOITE TSR L ETZR
KOELLDOMEELRFO R AAL U THY | BIMASKRCTEEIRFEINTND
b MZBWT, XDH [T/ MGRR 72 & THRELL TH Y (Chung et
al., 1997), t hOEEEMALE AW XDH OFRBLEO FH7 I35 IRHE
RRIEFHFEME - IZMES A N IA L OFBO EFHIZEEL TWD Z ERbhro
TV % (Saidaketal.,2018), D7z, b MIBW T, XDH DI H & & 5O
WENBEFRLTND Z ERIB I TS (Saidak et al., 2018), Z D K 912,
XDH [ZMEFFIEIC T 2 HHBRAEW TR N T A =2 —THHIZHEHL 5T, X0
E EFRIZE Z b Ty, ik, WL O XDH 23 AW & 72 13 Al
N XO ICEH SN D720, AN XDH &2 X0 ([ZH_Th 702 EBNFEIAT
b5 AHREMED S D (Saksela et al., 1999; Terawaki et al., 2017), — 5 C. HEHHEEY
® XOR |Z XDH & L COHAFIET H 72 (Terawaki et al., 2017), C. elegans 1%

XDH 2T+ ADICHE LT ET LA THALEZ NS,



1.5 EYMOBERERA T =X I

INETOWNENS, ADOIREZH A 1 =X LIZEBWT TRP F ¥ %
LNRER Y — & LTIEL BTV (Dhakaetal., 2006), TRP F % F/Li%
A A F ¥ /A THY, TRPC, TRPV, TRPM, TRPA, TRPN, TRPP, TRPML
DTODOYT 77 IV =l 1 20FTa=y MI 6 DDOFEHEE R A
A AT UPIRAT DIODRT k> T D, TRP Fr 1Lk Frbif
BETRSRESNTEY , HECIRTE L & O FIROIZ DT ERIE, b7l

WL BRI e R Il Oz A & L CHERE L T\ 5 (Venkatachalam and

H

Montell, 2007), FFLIRIC ISV T IR D & 5 TRP F v kL& LT TRPV,
TRPM, TRPA DY 777 I U —DHINDL 9 OOF ¥ XANRHREINTEY ., £
NEIEMHAL T 2R ERBME N E > T 5 (Dhaka et al., 2006; Talavera et al.,
2008; Tominaga and Caterina, 2004; Venkatachalam and Montell, 2007), 1z 1X5i&
TRIST DI ENRFHITWSD TRPVI IE 42°CLL EICKIG L, TRV2 X E HITE
JRFEE D 52°CLA LTG5 (Dhaka et al., 2006), —J7C TRPM8 <° TRPAI X
fRIRAEIRIZ SRS 2 TRP Fv r/b & LTHIHNTER Y, TRPMS 1% 26°CLLT,
TRPAL IX 17°CLL T OH R 5K & L CHBET % (Dhaka et al., 2006),

TRP F ¥ R/VIRAF LR WVIRESZ B A = AL b HE STV D, f
ZIX.vavvaunRzon RV (G X o7 BILBAIZRIK (GPCR)) 73,
SRR EAR ECREIAREICBET 21TENCEES L TR, v RV 0%
BARTIZZOTHRRFICRDI LN, B RV UBNRESZAEKRE LTH<

AIREMEDS A S 4TV D (Shen et al., 2011), = 51T, #RH C. elegans @ AFD i

10



EZR=—a—ary TRALTWA LT X RO 7T =gy 7 7 —F (rGC)
DIRESZHERE LTHIEL TWD Z ERB X L TW5D (Takeishi et al., 2016),

ZDrGC ZE EFINE LN E RO o>TDH ASERFE = o — (T8
TR BL S, IREREA 522 L. ASE = o —u U NRE ERICKIET 2
X 91272 572 (Takeishi et al., 2016), Z D X 912 C. elegans DFFERIZIIT 5,
TEEZ R L TE 1GC DA STV DA, MR TRIA L, EROKIRm
PEIZ B0 DIRESZRRIT R D> TW o 1o, £ D72 | AWFZE TIRIR M

(RO DR OB A ORIEZ BfE LT,

1.6 DEG/ENaC # A 7 X 71 ) Z /K

DEG/ENaC & N7 BHIFZHeT M) VA4 A FrxL7 7 I U —
5721 (Chen et al., 2016; Geffeney et al., 2011; Waldmann et al., 1996)., F&H#iHL
RO RBROA D )RR B ER) THD (X5) (Geffeney et al.,
2011; Zhong et al., 2010), DEG/ENaC ¥ A 7' D A 1 J S AR IHEAIPL D I1E D
bRk 2 IR E AT D 2 Do TvD, DEG/ENaC & A 7' AT ) %484k
W 7 E O R AR T DA AR E L THERE L (Chandrashekar et al.,
2010; Liu et al., 2003; Ugawa et al., 2003), F7=. WED v F 7 2 AU 12
KA H2ERHIELIE, RS T ORI b B 5 LT\ % (Wemmie et al.,
2003; Wemmie et al., 2002; Wemmie et al., 2004; Zha et al., 2006; Ziemann et al., 2009),

C. elegans ® DEG/ENaC % A 7° A 71 7 Z 454K DEG-1 [TV D DfEF = = —n

11



YTHEBLTEY, BB EZETL2AD /2K KL LTHHTWSD
(Geffeney et al., 2011; Hall et al., 1997; Wang et al., 2008), — 5t F Ti%. DEG-1 ®
B hARERZTHD MDEGl FTEL, B hCTIHIMSCRE Z 5 Tefkix 72/fk T
FHELLTWD, SBHIZ, MDEGlI 7 A Y 7 4+ — A Toh5H MDEG2 (ASIC1) MK
BTETT e Ak T DROSHRT 5 Z &3> TWD (Askwith et al,
2001), L2>L72A 5, DEG/ENaC # A 7' A ) ZRIRNEBREZRICED S

INE D DT OWNT O RIS STV,

12



2. R

2.1 (EEMEICED 2 HHREROFEE

C. elegans DRIRIMHEICRE DL 2 OB ZRET H7-HI2, BHEFIR
FEMRIFIIC R BIA T T 58 IS L TR 28 2 - 72, FTBMFZERICE
TBEICB IO DNA YA 7 07 LA BT L0 15CRBE %2 25°CI2 3 I
MEfE L7 & S ICRAENLTF T LB FRRESLTWe (T 278y v a v

33— GEO: GSE81409) (Sonoda et al., 2016), ZH5HDEIETD I H, 15 %

=6
\

G D2 FARIZBE U CIRIR A M D KRBV A2 8152 U755, RB2575 fIp-17(0k3587)
BRRRFFICIBN T, BERMRRMEREPBIES T (K6), & ZAMN, fp-
178 DOD ) > 7T 7 NERAK flp-17(n4894) % IO TIKIEMET A M &%
ol T A, ZORMITRFEZRI o7 (¥ 7), X 5HIZ, RB2575 flp-
17(0k3587) ZEFARIZEFERR N2 D47 7 A BHEHE L7 1B 78 flp-17 5 1% &
AL, BIEEREZEZ 7257203, RB2575 R R 3 RIRMHE 25 1L EE L7z )
o7z (K8), LAEDZ &2vn, RB2575 MRS R RIRIM MR H X7/ 2 DNA H
D flp-17(0k3587) N DB TR EOER Ny 7 7T RIa—TFT—va
IR THIEEZ SN TND Z LR ENT, £ 2T, RB2575 kAR TRIR
Mt B DJRIA & 72 BB FET 572012, kit DNA v —747 % — (NGS)
% VT RB2575 Rt D425/ L DNA BB & ffie L, 7 ) LT — 2 _X— 2 % AE

B (T 78y a7 73— DRA002599), FDHEHE . RB2575 R I3 B

AERREN2 & B L CL 652 fHD—HEFEL R SNP 2 G BERANFE LT, b D

13



SNP fif # 2 JHV T, RB2575 Rfe 23R SRR 52 3 O IR ZE B D Ye i fA - D7

BT~y B T R2BIRolz e A, RRERIL, 4 FREAMEKOLRIC
~ v 7ENT (K9, v v U 7HEEE S DIV IALT-DIT, 4 BREAKOL
e DAL A4 2 SR Hi#HbeS-1, #be5-2 & KHR066, & 512 KHR066 2> 5 flp-17 i&fn+
D 0k3587 BHEAE LY RN /AL KHR069 2545 L7- (X 10a), ZiH DRk
OARIEMPER I & SNP N — 2SNV TC, JRRERD 4 FLEOE LD~ v
BT EEDTEE 2 A, 4 FYEED 6.13 M M5 16.24 M O KR 2
HWORRER NG D Z L 0RR SN2, ZOEEICIE, DT 4 SOBEEFO
HD 5 OOEBROHREE LT (¥ 10b), 4 DOBLETDHIH 3 DOBEET
B LTk, ZBEREDFIEL Tl 2005 ORIRMMEfENT 23 2 72 - 72,
Fo. BRIKOILELIRD 2Tz irg-6 BIn I L TlL, RB2575 FRICEFAEKE
D irg-6 Bin T 2B AT 5 EIEERRIC L > THEERFTH L0 E2 ks 27
oz, ZIVH DN %3 272 o o ik, F55B11.1 BAR T O RAKT DA RB2575
FREF U< HWVWRIRI MR FE g Iz (K 11), 610, BERD
F55BI11.1 {51 % RB2575 Bk & F55B11.1 ZEBARIZE AT 5 Z LT, FEREKD
RIRMNPE O R 2N EIE Ls (K12, 13), 7z, RIS &> TR S 7o/ 46
Z % %8 KHR066 & KHRO69 1% F55B11.1(0k3234) 75 Bk & [RIRE DARIRIMHE B % %
L7z (K14), RB2575 BREL OARIR M 5L % 2779 KHR066 & KHR069 (Zi &
B 6T F55B111 Bin ¥ LICEBENFEL TWelod, 2 ORI IESS
WEBIEEZTHRRNERCH DL Z LRI T, RIRMMERE 25 &z F

JRIRZE R chrl R a4 L7z (X 13),

14



2.2 [KEmHMEICBE ST 5%V F T e Krsh—E (XDH-1)

F55BIl.] 11X, e hOXH o F o5k Furh—+E€ (XDH)
(NP_000370) (Z@m\WMHEIMEZ RT 0 F&2 2 — R L TWeod, 2 DOBE % xdh-
1 E4AFT, C elegans #& {517 — 4 ~X— A WormBase (https://wormbase.org) (2%
grL7z (¥ 15), XDH I, —MxrIZEk - widH.0 & NAD #5681 & (FAD) &
BT (EV 7 R TV V) 26 b RIKTHEET S (M 4), XDH I,
T RRERE O TR T RE Vo F U2 KBRIL L TF Vo F U RE L,
I bz, ¥ F UKl L TRE~MGHT 28FETH D (¥ 3) (Moriyaand
Satoh, 2016; Wang et al., 2016; Xi et al., 2000), C. elegans ¢ XDH-1 & & k XDH O
TR BESN A LT 2 A K R AL D 3T~5T% DFEME L 52~67% D
FRMEAE R L (K15), RS, BR2E CEEICRFES LTV D8 - g
DNTIFIEF RO B WESI 2 H LTz (X 15, 16; fRIFELSI 1, 2), chrl
BRI, 8k WiEP L AL DO » XDH TIHEFESH TV ARWT 2/ BRik ik
21 DORERNHY , ZHUIMAT, F22 A4 harfH3 sV Dok
THIZHDATTA T T 78T Z—H A h RICHZERNMEELT. (K 13
16), —77. 0k3234 22513 NAD HEHNLAKRIET HERTH 72720 (X 13,
16) ., BIEFHICTNVERTHDLLEEZOND, ZTHNLEDOMNTIZIL xdh-

1(0k3234) ZREARZ T,

15



2.3 xdh-1 EEED ROS L)L

XDH I%, 7V UAREIRBICBWT, eRFV o F UKL D 2
ETRYUFUACRBIL. EBICxI U F a2kt s Z & TRERICRH
%, XDH X, T 0 OKEBLIS Z M 22 TH Y . Kbz ol Sk 2
BRiCiE MRS FERE (ROS) ZPE4E9 % (Moriyaand Satoh, 2016; Xi etal., 2000), % 7-.
XDH OffiIlZ &> TT&E DK ED O RIBIIPIRREWE TH Y (Boardman etal.,
2019), XDH O KA L » TIREEDS FEAE SN0 2 I3 HiBRbE O 12 R
D EAERIIZ ROS I 2 Z L MEZX b D, DE D | MIANICIV T, XDH-
1 DX TEHZRY 72 ROS D] & TRHEER7Z2 ROS O] LW 5 FHT %
Bz s R RS 5, £Z T, ROS ICL o THEEELEZEZ L
THNZEFHT DL OIS ROS A 7 7 —4% —H,DCF-DA Z T, xdh-1
BEIROEND ROS L-IVHIEZ IR Z o7z, ZORER, BFAME CIXRRIFRE
& & BHIT ROS UL D ERANR G, xdh-1 ZEERIKTHREEROFERBGE LN
(K 17), zr hr—%Kift e LT, ARND ROS L-ULMET L TWD Z &R
WESNTWD daf-2 ZERIEZMHEH L7 (K 17) (Larsen, 1993; McElwee et al.,
2004; Murphy, 2006; Panowski et al., 2007; Vanfleteren, 1993), %72, ROS DFEAIC
B 2 < D OBIR T DA FRRE VT, RIRIEZJE L7223, ROS X
VORI B B9 ARIRMMEIZ R 2R3 5RtidBinino7c (K18), LAk
DOFERNE, ROS LV OEEBPMEIRMMEIC R E REEAL G525 Z &idRne
FExoin, —H T, ARB IR EO ROS LULVHIE T, RO E4

KETVIEL., HbEE-H D2 HoDCF-DA 2INT 5 2 L THIEEZ B I o
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7. FO8. xdh-1 EERRITIEESED ROS L-VIVFTIEFTH-T-E L TH,
xdh-1 ZEBIRNOEEED 1 SOMIBIZE T D ROS L~ LI B DN FAET 5 Al BE

PRI STV D

2.4 xdh-1 EEZEPERERTHERE 27372 O OSREFEAT

xdh-1 28 BARD R SARIR ML A3 ARIRFRRERNC & > TEIb T 5
ERENTS 5 72 DIz ARIRAKREE 2 1~8 RER ORI ¢ 1 Wil & &2 S 72 B
DAEGFREZPE LTz, 2 ba— b LT, xdh-1 28 BARAMEIR L R 2R
ZEBRDNPoTWVDLEMTH D 24 R OIKIRHRILZ 5 2 725 COT A M &R
Zhpols, FRATORER, xdh-1 ZRKIT, DT 1 RROKIRIEE 525 2 &
THAFRDK) 55%IART L, 2 R ORI Z 52 2 2 & TR 80%DE A7)
FEIR L 7= (X 19), T35 DOFMHFITE O TEHAKITR 100%£EFTE 25 (K19),

xdh-1 78 SARDN R SARIRMNE S5 & FAEBPE DOBIR 2T~ 572012, R
BHID xdh-1 ZEBAR & Shd] (L4) D xdh-1 28 B4R % FAV T ARIRIREIZ S H A
AU DEMNT LTz, 15CTRE L xdh-1 28 B4k & BpAERE O pl U & 5y th
(L4) DREBEBEENENICIEWTRIERE A 52 72, Shilf] (L4) DT
fEtT 2k 2729 L &I1X 1 BiES T A M&BRAMRT 2 2 & THRABRMAFHE L,
AT DRGSR, BRI O xdh-1 22 FARD R TARERMIME R E X, ] (L4) O xdh-

1 BEERRTIIFHE-7= (X 20),
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2.5 xdh-1 EE LBEADRBIETER L OBEBFHIEEE

ZNETOWNENS, ASTER =2 —n U PNREZEML, A AT
EATaA RBVELCEN LT, KIRHEZAICHIET 5 2 LB bho TN D
(Ohtaetal.,2014), xdh-1 28 % & BEFNORIRMEIC B D 285 T O AR L OBRF:
HIREFR Z fRMT 3 5 721, tax-4; xdh-1 B RAK & daf-2; xdh-1 — F2E FAK %
R 72, TAX-4 X, AST 2N 2 L7z BE, AN cGMP JREN EART 5 2
WL THAT D cGMP KFFMET ¥ XL ToH D | MR Ca® & il S H
AS] ZIEMAL S5 Z E BRI STV D (Ohtaetal., 2014), £ 72, DAF-2 [
HIZBTOME—DA A UZRETHY, BBILO=a—r O 7 TRIR
MBI 5 LT D 2 ERIBE N TV 5 (Ohtaetal., 2014), 15C THE L7=#%
DIFAERIN2, tax-4 78 BARE K OV daf-2 2 BARITIKIEARG 2 5 2 THAEFTE -
8, xdh-1 28 SARIZRISAE T TR L7z (X 21), tax-4; xdh-1 IR FKIT, 4 %
DEMOEEIR L TR D P ORBIZ R U7z (K21), £72. daf-2; xdh-1 —
BERIROFERIG | daf-2 BRI R TIRRMIPERBRL xdh-1 ZRITE > T

PREICIE SN (K21),

2.6 xdh-1 EEEIZEBT HLFEEMEITE & ES BRI

B XDH-1 2ERET 2 M0 2 HER T~ 2 72012, xdh-1 ZBRIKIZET

. FEEDRRRE = 2 — 1 » ORBEITIKAF I 2 ETEAT B IES) U A 2 ] E L
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77o BAKBYIZIZ, BEEBICIE(ET D AWA IR E =0 — 0 N Lo TZRINH DT
TFNA~DIEFEELE AWCIRE =2 — 0 AN Ko TRASND N AT VT
B R~ofblth e | BOBEOEE = 2 —a U Rl53 54V — Bk A
IR E R 2ol TORE, o> ha—LThHbd AWA OEWIEFRIEE
A% TRP F v RV B K LTz osm-9 ZRIKTIL, 7 BFIL~DEMNAS
NIRNDIIK LT, AR E xdh-1 BRIKIZTC T2 FL~OEEZRLE (K
22b) . £72 . AWC OBV MERIREICBI D D cGMP (KAFMET v RV KR LT tax-
4 BERIRE tax-4; xdh-1 —BEERIRIL, AWC TZRIND RNV AT LT B R~D
EMEZ RE RN T DITH LT BPAEKE xdh-1 BRI AT VT8 KD
EMEERLE (® 22¢), 2FD, VT EFILERVIT AT B R~OEMFTE)
% E] DRSS XDH-1 X5 L TV RN Z EAVURIBE S LT,

ML C. elegans 13ERCERBBIE 72 & OBREESATIC X - THtES b (£
—) BT DA A TR, XU —MEShRIZ/R 5 2 LT, w7 ED X
FLAZMA D ZENTE D, AWFFEE D XDH-1 2MEIRA b b 21259 S
PEFEREICBI 535 2 E AR S L7272, XDH-1 & MiHESh B st o BafR %
PR DT, RN 72 2 T — TR A R T daf-2 ZBRKEZ N TH U —k
B O 2B 2 e o7, a2 b —)LRHD daf-2 ZZFRIKIL, 200CLLETEFHE
EidE L1 D L2 ~OB TR 272 %, 20°C, 23°C, 25CT
fRH SND & daf-2 B RARTIIIEF ICE W E U — B E N SN D DITx L
T, BAERRE xdh-1 ZRARIT O XU =R R oiu7einotz (K23), daf-2 %%
FARDRERL 72 20 —TERUT xdh-1 L D " FAERKIT 2 - T hifks L Tl S

iz (023), L7223 -> T, XDH-1 13XV — TR EIC G L T2 L nE
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25, F2. daf-2; xdh-1 “EERKTHLEWA U —BRBEENER I Z
&b, XDH-1 ORIBIL DAF-2 BEPGIEE 234U —TBASE 2 80+F L2

ZEnbhrol,

2.7 XDH-1 OXEH

xdh-1 70 —X — TS VXV GFP Hfi L7 7 A R
R° xdh-1 7018 — % —|Z xdh-1cDNA & GFP %8 L= 7T A X Rig & & Bk
(ZH A L, XDH-1 OFHLifld 2 GFP 30t 2 FRIE AT L 72 /53R, AIN & AVI T
oo —u 2 EREHBOWNL D) OMR &G &R AT IE (Excretory
cell) TRELDNBIZE I (K24, 25), xdh-1 Bl ORBl=a—n ZFET
DT, X072 BT 2 38 Z 72 o 7o, BRI BEIZEB W T, AIN
BRI ZHES S inx-17 7 0B —F —IZ YFP 28\ /27T 2 3 R 1Rl
U. xdh-Ip::dsRedm & [RIIRFIZEFPARRICE A L7z, YFP & DsRedm DA
RS CBIEE LR, 2 DOHEEX VRN AIN = o — U CHFEB L
T (K 24¢), F72. AV FRRICRBLZFHET D hih-34 7aE—H—IC
DsRedm #7275 2 X REAER L, xdh-1p::xdh-1 cDNA::gfp & [RIRFIZ B ARE
(A L7, AVI =2 — 1 2BV TC GFP & DsRedm OIFEH AL Sh
7= (X 24d), 72383, hih-34 3B5T1DY C. elegans 7 — % ~<— A WormBase (231>
TOAVIIZIMAIG THREN A O D L STV, SEIOMHT T L

7= hih-34 70— F —FEKIZ AV] = 2 — 1 TCOLFEBEFEE ST A LE XN
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TV % (Cunningham et al., 2012), & B2, hlh-34p::dsRedm % 3F N L 72 %#ED
DsRedm DHOE A BIEL LT-fE B, AV] = 2 — 1 VEERICEEAN R 6N, IBTo
RENTA BN h o7 (26), ZD72D, ABFFETHEM LT\ D hih-34 70 F

— & —|3., AVIFFRMICEBE BT I nET—F—ThoHEEZLND,

2.8 xdh-17E R OHIFR ZB 72 [BIEARMNT

RIRMMEC IV T, XDH-1 2MERET 2/l Z2 RET 572012, 4 FiEH
DE XD xdh-1 72 %F—4 —\Z xdh-1cDNA & GFP @& L1277 A X RE/ER
L. ENENZE xdh-1 ERIRTEAN LT RME/ER L2 (M27), 26 ORM
(ZBI LT, xdh-1 BRI RITARIRMIERFE AEE L TWD o0, o, BRI O
BRI D xdh-1 70 E—2 =2 Lo THBFFE SN2 MIEBISENDR D D D0
GFP #0002 FRAR I L7z (14 27) , ARIRMFPEREAT ORGSR, 4 FEIED xdh-1 71
E—4— (428bp. 952bp. 1,772bp 33 L TN 3,346bp) T XDH-1::GFP % R ELFHE
L7 T R COBBEARFIZIBN T, xdh-1 28 FARD R JIRIRIE 55 O RIE
@Iz (X 27b), GFP OEN&EIT T BE—X —OR IBEMET HI2o1

THOT NPT L2, BEMIDO A Z — NIETOBBFEARFIZBNT

&r

FERECTH o7 (K 27a), LLEDZ L35 XDH-1 OARIRMNM: I 351T 2 HEREAMN
TORBIL, xdh-1 B+ LD TH428bp D7 0T —F —fEK THEIND
ZENREEENT (X 27) .

TRIRMMEIZ BN T xdh-1 BIn 105 E O/ CTHEET 2 Z LMW HTH
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DNEFET D7D, xdh-1 ZEEIBOFEE ORI T xdh-1 51 & 5B

. AR R e RE SRR A B Z o7 (K28, £ 1), TOME, 1ZITT
THO==2—n T XDH-1 ODEHPFESND & xdh-1 ZEEAROIKIRMER
2AalfE L7z (K28, % 1; xdh-1; Ex[unc-14p::xdh-1 ¢cDNA]), —J5C. xdh-1 75 %

RO G0 % LI ETHIAY (Excretory cell) C xdh-1 Bfn 2B IETH, (KA

MO IXEIE Lo 72 (K 28, % 1), xdh-1 B~ OKIEMEIZIT 5
WiEm 2 —a U ERETH1DIC, Brxrlima—a U TORBAEFESTH 1

T—H—IZ K 5T xdh-1 BIET % xdh-1 ZERRITREH S, AR A0 [E11E LR
EBZmotz (K29, 30, #£ 2. 3), xdh-1 BEKRIZE VT, XDH-1 ) 70 &
D= 2—1 2 TRBEEYE LB (Ex35) 2BV T ARIRIME R o RIE N 75
iz (29, £2), FHEICH30 D =>2—1>TXDH-1 D¥ERZFHE LR
e Ex36 (2B W T, xdh-1 ZERIROMRIRIM MR 23 B8 L7z, Ex36 Hif T,
eat-4 70 E—H —& unc-42 71T —4 —% T xdh-1 B FE2FBLL T\
7o, WIT, eat-4 T RET—H — & unc-42 70T — X — D5 & HINT xdh-1 85
THERFEB SR/ E LTEX38 & Ex39 #1ERLL 7=, 245 Ex38 & Ex39 %k
OIKIRMHEDRBILZ YT LIz & Z A, EH 5 ORM T b IKIRIME R F o E1E
NI (%29, #£2), ear-d T aE—HF —& unc-42 701 E— & — 33 H
BT A a—n Db 2O E—X—CEMEL TREFEINLD
IZ ASH, AIN, AVI D 3 D =a—a DR ThHol-, ZNHD 3 FED=2—
1 T XDH-1 OB FHLE S N7 RmE (Ex42 & Exd46) ([ZBWTH | xdh-1 255
(R RIIRIRIM R OEHEABIZ Sz (B30, % 3), L7L. ASH, AIN

CEAVI D3 FEOD=a—arD9E, ASH = 2—1 > ThDZH XDH-1 2588 X
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72 % (Ex47) Tl xdh-1 ZBRAROREIZRIE Lo 7= (K30, %3), ULk
DFERMND, AIN =a—n b AV] ==2—8 > C XDH-1 2%8BHIEHZ LT
xdh-1 ZZBARDORIRMHERFE NEIET D2 ENBEZ NS, inx-17 7B E—
X =1 LW hih-34 7 0 &—% —Z RN T xdh-1 851 % AIN & AV] T
REED & TR xdh-1 28 ZARDOGRMIVESH 2318 L7z (X130, 3; Ex52) ,
X 51T Cre/LoxP ¥ A7 L% FIWT AIN & AV] FRERAYIZ XDH-1 ORBLZFHE L
7ol A, xdh-1 BERROMKEMER S OEEREE SN (X 31), —FH T,

AIN 7203 AV OWTRNADOHT XDH-1 RS TH, xdh-1 BRI T

RIRMMERE ZREEIES Z Lol (¥ 30, % 3;Ex53,54),

2.9 xdh-1 EEEKIZEBIT B AIN & AVI D Car A A — v THENT

XDH-1 MEIRMHEIZIS VT AIN & AV] D 2 DON(E= =2 —1 > TH
FELCWVD Z EDRBEINTT20, xdh-1 EEARIZEBWT, AIN & AV] =2 —n1
Y OBERENEL L TWDENE Ca¥' A A=V 7EEAWTHIE LT, Ca®' A1 v
T4 —2—L LT CREIC L > THRT DEMANREIT H A =n—h A LA
¥ (YC3.60) =M\ o, BPAERR & xdh-1 ZEARD AIN 7213 AV] T YC3.60 % ¥&
BSHRMaeFi L, £ ORMITIRERE A2 5 2 72BR00 AIN & AV] O5ffifai
Ca?REDEAZRE Lz, ZOREE. BAEKIZ 10C 5 17 CORERI % 5
2% & AIN =2 —1 BT D YC3.60 DHOEHEE S 8%k L= (K 32),

X LT xdh-1 ZERTIE AIN OHIEN Ca?EED EENR LN 7
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o7 (X 32), AV] ==a—u 2B LTk, 10°C 5 17°CORER% % 5 2 %
& B AERR IR EARIIE AL T 4%FEEE U Ava RS FL D 28 K3 L B 41780
DX LT, xdh-1 ZZFARTIREEE EFRIBIER K 10% 0 S 72 /A Ca iz
o ERAPBEINE (K33), 2D O xdh-1 ERIEO AIN & AV] ==2—n1
ZRT DR CaRE DOEAIX, xdh-1 EEIRD AIN & AV] R BT xdh-1

Bl faRE ST LickoTHIE L (K32, 33),

2.10 {KIEMEICEEE 35 A A /) R4 DEG-1

xdh-1 EFARKOENT LV . XDH-1 S AIN ==2—B2 > L AV =a2—a

OIERFERIFN T DML Ca? JREZACICB G5 Z AR Ehiz, Ll

BN, AINDa—BRY AV =a—a 3l b LN i —ar Thhm
. AIN & AVISME= 2 —1 v O FRICEE = 2 — 10 U NMEET 5 LRET 5

. ZOREFE =2 —m UNREEZZA L. AIN & AVIE= 22— 1 IR E
WELES TNDAREMNEZ BN D, AN & AVI =2—1 >0 ERICAFET S
R =a—n % C elegans == —1 7 — X ~—2X C. elegans Neural Network
(http://wormweb.org/neuralnettic) THRE L72E ZA 9 XM DE R =2 —a RNH V|
ZDIHO 5 MO =2 —n ANTBW TR Z AT 2 AT ) ZHED
N A O, ZD7cd, —DOOAFEMEE LT, AW ) ZB/EREHB L TWD
B = o —u UOMRIRMPEICEE 55 Z L 2 TR L. Bk T BRBORITS S s E

P ICB D D BInFOEEKRZ TN 2B IR 2AH, A0/ ZHIK
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RO AR TE ZBE T 2 BB T O LRI TH D mec-1. mec-2, mec-3, mec-
4. mec-5. mec-7. mec-8, mec-14. mec-15, deg-1. let-2 & pezo-1 ZEFEIRKITI U
TR MO R A Sz (X34, 35) , ¥, mec-8, mec-15 & deg-1 72
BLARTIRVMKIRIPERE 2 R 7z (X34, 35) o mec-8 I RNA fEG# /3
'E. mec-151LF-Rv 27 A/WD U B— h KA A > %L T deg-1iX DEG/ENaC %
AT AN ) Z /K KEa— KL TW5D, DEG/ENaC % A TLUSD A H ) ZRIKT
(X, deg-1 ZRMRITEDFEREFEIIR N eh o7 (K 35), ABFETIE, &
WREEZRL, ZRRLE LTMLN TS DEG/ENaC # A 7 A ) ZRIETH

% DEG-1 [ UL TR fffr 23 2 e o 7=,

2.11 ASG BE =2 —ua 2T 3 DEG-1 2/ L - IR

deg-1 ZERAKIZIN T, xdh-1 225K & RBRIARIEMHE R F 0Bl S h
72o & Z T, XDH-1 OFEEMAE CTH 5 AIN & AVI O LI DIER =2 —a D)
5. deg-1 B 1% %EBL L T\ 5 H D% WormBase & C. elegans Neural Network 7>
BTz, EORER., D DRI EGTZTREE = = — 0 UEENC 1 XHFEE

+% ASG =2 —1 > Th o7, ASG 1L DEG-1 BEBLLTWD Z L adbds

STWVWBHEF=2—a THY (Hall et al.,, 1997; Wang et al., 2008). AIN /T 1E=
a— 1 Y OEHE ERICAHEL, AV]I fMfE=a—nrr o= a—nr 2 8#A

TEWRIZAE LTV, 22T, ASG == —a U NREEZZR L. AIN & AV]

(SRR HRZE > TWD E WO Z I T, ZOMGRZMRRES 2 72012 deg-1
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BRI EFHNT, Ca' A A—T U B K DIRERSE 5 2 78D ASG = = —
22 OMIEN CaREDELZJIE Lz, 10°CHh 5 1TCORERBEEZ 5 2 b
5L, BFAERRD ASG TIE YC3.60 DHOGHEEANK) 8% D LA g DIZxE L
T, deg-1 ZRFERTITHIPAN Ca P EZAITE ERROKIr ThH -T2 (K 36),
EBHIT, 2D deg-1 ZBRIKD ASG = =— 11 o DR R EEIS L. deg-1 28 Bk
D ASG FrEWNZE AT D deg-1 BIn T2 RBBLIE L LI K> THIE L (K
36), D OBIGHIHNRIREIL A KT T 13Co D 27°COIRERINR A 5 % 72 B
b s (1K 37), £72, DEG-1 A%HET5Z ERMEIN TV Ao
AVG R PVCIME=2—r VL TH, Ca¥' A A= ZIT K DRI E AT
EB IRtz ZA IRERIMICH L ONEERLIZZ E00n (IX38), DEG-1
WhEx p=a—n  TREL, 0= a2—0 2 OEEISEICHES4 5 TRt

FEABND,

212 VT T RAGERBERKIZBITS ASG =2—v VU OEEIE

DEG-1 73, ASG DR EEHIFIZ 33 2 Ml Ca? IR EE D ZAIZEE-3 %
ZENRBEINIZR, —H T, ASG R —r U, O =2 —r T
A SNTCRERFREZZTRY | RBEREICSOS L TW D ATREME bR ST
Do DT MRAIAE 10D 2 F 7 AR EF R OLERIL A AV T, ASG
DIREISENIEF THDHINE 9 0vE Ca' A A —V V THNTIZ X - THIE LT,

HAWEEREERIT, 7Ly F 72BN Ty T P2/ E L7 AR
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ORI E D Ry Il DY F 7 7 LY (SNB-1) DERKTH 5,
Ca?' A A= T DFER. snb-1(md247) ZEEARD ASG I L ARK & [FIFEEE DR

JREMEZ R LTz (1% 36),

2.13 deg-1 BEIKIZEIT D AIN & AV) = = —u v OMRIEE)

DEG-1 78 ASG = = — v U DOIREIGEICE G2 Z LR h, &6
12, ASG &R =2 — 1 T AIN M E= = — 1 O LFICAIE L, AV MTE
—a—n IO =a—m U EEATERICAE L TV, LD Z b,
ASG &R ==2—1 28 DEG-1 #/r L CREZZA L, AIN & AV IZIREF#
FRELTWDOARMENEZ BILD, EDID, deg-1 EHERMRIZIHNT, IREH
WA 52 725D AIN & AVI SME= 2 — 1 U IND Ca? RN BRI/ 5 2 &
INEZ BTz, ZOWREWERGES D I, IREREE 5 2 72D deg-1 25
KIZBIT D AIN & AV] = =2 — o U OHMifldN Ca? R Z Ca¥' A A —V v Tk
ZRWVTHIE Uiz, T OSSR, IRERN A 5 2 7 deg-1 ERIKTIX, AIN
=a—u BT D HEOOEE L DB KITK 0% Th o7z (X 32), —J7 T, deg-1
BRARD AV] = = — w3, R ERRIE R TR 12% 0 207 /Mia i Ca* k=
EERA2RLE (K33), 25D deg-1 ZERAKD AIN & AVI O EE R I %t
925 B 22 BSOS xdh-1 ZERAKD AIN & AVI ORISR L L T,
BT, deg-1 EERIRD ASG Fr AT deg-1 BInFE2HBIEDLZ LITL - T,

AIN & AV] O B4 7o N Ca? IR EEDZ2 b3 mE L7z (1432, 33),
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deg-1 BI51 & xdh-1 Bn T OBRTFIBEGREZMITT 272012, xdh-1;
deg-1 —FEFARZAER LRI T A N &2 2o, ZDOFER. xdh-1; deg-
] ZHEERRKTISCEHERIC2CTHRIRT 2 RF 2R LI, ZhIIENZEROH

MBI R MPER T & FEORE Th o7 (X 39),

2.14 BEEHIE T CTO DEG-1 OB AT

DEG-1 "ASG =2 —n1 U OIREISEICEE L TWA Z LRI T
72, DEG-1 3 FNREICEREEZ FF OO AT D 72012, IR B 2 &
L72W R = = —1 > ASE [ZBFTAYIZ DEG-1 2 %8 S8 CIRERIGSM T T
? ASE ==—1u O/ CREDEARE Lz, ZOREE, BAEMD
DEG-1 %z RErHIZRE S 72 ASE 13, IR EFAHE D 5 & R & 2l
Ca?RE DAL Z /R L7273, DEG-1 235HL L TR WEFAERK O ASE [ E5-
R~ DRO)S 2R S 8o 72 (1%40),
DEG-1 ORISR 250G % & 0 BRI 27201, B
T2 27289 & LIz, MR TOEKERMBITIXIEE A EEL STV
o FDID, T 7YY AT T )LD DEG-1 23RBS H, 2 K#EL
BIEEEEIC K DEXAEEMT 2k 2ol AH ) ZHIEDEG-1 L£DE |
RER T ThHDH MDEGlI ZIREIARICRBL S E 57201, deg-1 cDNA 3 LY
MDEG1 ¢DNA \Z%)&59 % ¢RNA Z YRR < IZHEA LTz, T b OYIREH

faz W CERAEBMIT 2 36 Z e o 7RG R, IRERNHIZ X - T deg-1 cRNA 33 &
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O MDEG1 cRNA % Z L E AN LT YRR C IV TR & BB AN A 5 S 4Tz
(X141, 42), —F., 2 br—/LTh5, DEG-1 & MDEGI ZHHL T2
WIREEHIE T, £ D X 9 2N & EIRIER 6o 7z (M 4la, 42a; v~ B
Zit) . F7o. DEG-1 % FEHL S 72 U REMIIE o0 B RIS b4 2 BOS I
DEG/ENaC # A 7' A0 ) ZAKAROHEFEAIE L THbNDT7 InTA FiZ&-T
mi s (M43), Sl TVv=URATay MIT—Z &2 &EHZ T LT,
DEG-1 & MDEG! 723588 U 7= 9P REHIAE 0O 18 FE I k9~ 2 SO O 1 ML B i
EEE L, P L& 2 A, DEG-1 13 32.0+0.8°C (F#TilfaEL =8) 125Ut
2~ L (B 41c). MDEGI 1% 31.0+£0.3°C (f#frfiiatt =8) TSz~ L7e (4

42¢) .
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3. %8

3.1 (EEmEICE L 2 FRERDORE

5

A TIE, FBERED EFIC XV BEEL LB S HEE 2S5
FEL, ZNOOEEFO I H 15 HOERRRZHOARIRMMEZHE L, £of
D> BARIR M R A 79 RB2575 Rft 2 B L 7= (4 6) . RB2575 Rt DK
IR 23T LV OBERKETIIR OGN o722 &R0 (K 7). AR fip-
17 BAn17% RB2575 SR iC B A L TH RENEIE Lho7 2 Lnb (K8),
RB2575 AN LIZARIRMPERE TNy 7 770 R a—F—2a UK
KThHsEEZONTZ, KA DNA > —4 % — & snip-SNPs f@HT 2 #LA 5D
BlRRERDO~ vy B 70 n, ARIRMIERE 425 & 2 TR, xdh-1
BIET LD chrl THDHZ Epmmeanse (K13, 14) . KU DNA > —74 v
=GN TeT =% X0 chrl ZRIT xdh-1 BloFH O 2 EFTOEEOE
BERTHY, 1 DBEOERIIF 1 =7 VY ORAERT, 22X Y XDH-1 #
LA EMOEK - g RA A T 2/ BoE#REZ5 S 3 (K13, 16) .
chrl ZRICX > THI&EZ &ND xdh-1 EETHD 2 >HDOERIL, xdh-1 Ein
FDOE2A L " EFEI T DORERICHDATIAL T T IS
A —H A NOFEERTHY, ZOERIZEL>TmRNA ~DRAT T A 20 7 K
MBEFIZRDHEEZLND (M 13, 16) , RRLRZ~ v © o 74 LIS
L 72 RS2 KHRO66 X° KHRO069 (33612 chrl ZERAFf- T, EHHD%K

B, Y rFrre Ryt —+F XDH-1 OIEMHICHATH S NADH OERK
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IZB849>% FAD R A A UKL T D xdh-1(0k3234) 75 54K &[R4 ORIR MM
Wik Ll (K14) . Z2hoD b, chrl 2R3 70 < &b XDH-1 O
R EZR SR TR TRERTHL LEZ OND, & BIT xdh-1(chr]) 7
BLUR L xdh-1(0k3234) 28 BARDIRIARIRMHE 21X, AR O xdh-1 Bio 125
BARICEATHZ L CTRIELIEZ D25 xdh-1 BB MR PEICERE D S 2 &
RSN (K12) , & 512, xdh-1(0k3234) R, DT 1 EEHOMKIR
LA BB L CLE D Z & (X19) . XDH-1 IHKIRIZ % 5 it

PEICBWTHHEDG FTHDHLEEBEADBND,

3.2 XDH-1 ® AIN & AVI ME= o — 1 2B B IR &4

WK X TG H F T fEAT £ 0 L XDH-1 O BAIIEIX AIN & AV] A
fE=a—na U ZELIHHOW D00k & L REEMEMTH 72 (X
24, 25) . S DIT. xdh-1 ZEFARO AR FEHY 72 [RIE SEBR & Mo Ay S Y 7 [R11E 52
Bk D, XDH-1 X AIN ==—n & AV] ==a—na » CTHRET S Z LIck X
MM 2 fE 95 2 Lo s ivie (K29, 30, 31, £ 2, 3) o £720 xdh-1 73
ASTIZE W TR M 2 BICHIBE LT\ D tax-4 EBIRFNC T LALTHD Z
Emn (B21) | ARIRME 2 1 HIAE3 2 Bl ORI O ERE 2 b D,

Ca¥ [ A= v 7% T MENT K 0 R EERIRIRE O xdh-1 28 54K Tk,
AIN =2 —a VOMET & AV] = —8a v OiEHEIEN BRI 2 £

(K32, 33) . EFRAKEMEICIZAIN =2 — a2 o OfEM L E AV =2 —1 >
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OIMHBVETH D EEZHND, XDH-1 137U AR CHERE L. R
PEAEIZRAD D72 xdh-1 ZEFRARITIB W THIFIN O JREE L ~LME TR LTV 5wl
REPEDNE X DN D, RIBIZIIHIRIED RIS X DR RGEE R & D & b G S
ALTWD DY (Ya et al., 2018), ##ERICIIT 2 IREEDHEREIC DWW TIIRA D A3
% <, FRICARMFIED K 5 (TR E O ARG 0O 15 P 2 B3 il AE 3 5 B L2 D U
TIEREITH D, £72. XDH-1 [ZIRFEPEADMRFRE T ROS ZHEAT H Z L 3D
7> TU 5 (Moriya and Satoh, 2016; Xi et al., 2000), —J5C. JRERIZIR S 72 Pl
IEWE Cd 5 7= (Boardman et al., 2019), XDH-1 O KABITHIRILWE TH D IR
D) %1 LT ROS OEMEZ S S EZ T REMENEZ L b5, DFE V| XDH-
1 DFEREARRITIEFEN) 72 ROS DI & 2RI 72 ROS O A 5] & ke Z 4 " Hetk:
DB ZHID, BEIC ROS OEEIMERDO LS LMRGIEHEZ D DN

BB DONTEME D TAZEA SND D TIH WD EE L TS, EDFH )
5. ROS DN =a—v OB ZFET L RN H D Z LERRESINT
W% (Leeetal.,2017), LA LD Z L6 xdh-1 8 BAKTIX, XDH-1 ®/KHE & AIN
& AV] =2 —a UYNIZBT 2 F NI D NIEM S F#EIC L > T, ROS
ALV DEE 7R BEDTREDRE S, MRGHIATEE OIS L < IFEiE (L
DE|ERENTWDLAREMENRB X 5D, ZORRBEEMRGET 572 DI2iE, B
V=B =72 B AWT, xdh-1 EEIRO AIN & AV] =a—na U 2T EH—
Mif & LCHEEL. ROS LV EIET D2 ENMETHLEERXDBND, L
2L, BH—fllaod ROS L-L 2R IET 572012, B BEIR O R iE Ol 7 %
ER L LT, ROS L LRIEICTit 2 5 2+ 5y @ OMIa & 53 57201213

R ZES D L EZ DN D,
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3.3 (IR 2 IE I 49 5 Bl DR B B

Ca¥ A A= 7T X V. DEG/ENaC ¥ A 7" A 71 J % 43K DEG-1 3
AIN & AV] ==2—n COIREIGEICEET 2 Z el anse (K32, 33),
DEG-1 7%, ASG J&HE = = — v & O EERIIEI 6 2 M N Ca? i EE D ZEKIT b
BE3 52 & (K36, 37). £ LT, DEG-1 1T AIN & AV] == —12 > TiIRH
LTWARWNI EH 5 (Hall et al,, 1997; Wang et al., 2008), &I I T,
DEG-1 ® ASG =a2—nr /BT A& O/ E LT, AIN & AV] =2—nBn
DIEHERZEA L TND B R BND, deg-1 ZEFRIKD ASG KFHRINIT deg-1 BAxT-
BAREED LT, deg-1 ZEEIKD AIN OFUGME T & AV OIEFERIIBLE % O
SN Ca? R EHENEE L2 D, ZORMITEAENDH D L&
255 (K32, 33), —J T, 10CH 17CORE EFHE#%Z IS Ekix 5 2
5D IR KT U T deg-1; Ex[ASGp::deg-1 cDNA] O AVI \ZFW\T, &
DRI Ca¥* DERF STV e (133), T, deg-1 ZZFARD ASG IZHA L
72 deg-1 BIn T DRELENE AR ITRR D2 &0, ASG USAAD=a—r |Z
B0 % DEG-1 DEFENEEL HZ TWHAREEREZ 2 6D, oz txF
EbBH L, M7 & ASG TP DEG-1 OEFEMN, IEERIPLEED AIN & AV] D
IR B R 52 Tnb EBEZBND, ETo, BIBFEWRBITING | deg-1 iR
F & xdh-1 B FIIEERFICHE R L THEET2Z2 0002800061
(1X39), "B LTASG ==2—B Y AIN & AV] == —12 > D ki THEEE L C

WHEEZ LD,
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3.4 DEG/ENaC Z A 7D X 1 ) B DEG-1 4t L-IRERE

IRIRMMEIZ IV T ASG R = = — 1 1281 5 DEG-1 DOFERE =1
FERFIFD AIN & AVINTE= 2 — 8 U ORINMIMATH S Z & & (X32,33),

ASG J&FE = = — 1 NIV T T AREP YW S HUTORRE T B IR E RIS E T 5
2B (M36), ASGIHREZA=a—mr L LTHEETLLEADND, &
512, DEG-1 OB KV @R E EA RIS LTS Z R S 720 ASE
R = o —a NREINEREM G L2 & D (X 40)  ARIEIHE 2 I il 4
T2 HOFREEIEE BT, DEG-1 DNEEZRRE L CTHERE L T\ 5 Al g
MEZ DD, Ca¥' M A= T, Ca¥ DIREELE vt LT DT T
H7-%, Na'%i#9 DEG/ENaC % A 7' A 71 /) ST % DEG-1 O JS % B
FIHENT T bl TidZev, LavL, NaJRE O EFIE Ca OHIaE N ~D i
T D72, DEG-1 Z 5B S &7 ASE B = = — 1 U OIRE EF I
OHMIEN Ca 2 L F1E. DEG-1 DIREINE DR TH D LB DND,
T 7Y T ATV O YRR A W B SRR BT N B . 1B I RE
IR ERSIC 3 L TR Z RS20y (K 41a, 42a; ~ B #H) . DEG-1
Db MARERZ MDEG] 3B S W72 IFRHMIARIL 10°C22 6 35CHHEE To
IRE EFFICAH LD Na A BERSEEINT 57 v 772 &R L, 30~32°CAF
I (EMEREREOLE) CalsEiREOZ ez R L (K41, 42), Zh
5 DEG-1 % | 58 8l S A 72 JpREEE O 513 DEG/ENaC ORLEHRITH 5T
274 RTHAabNIZ D (X 43), RERIKIC X > T DEG-1 224036

OL7EMERICEABEDTHDLEEZOND, ZNHLDORE)NG, DEG-1 1377
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n 7RG S B DI E TR MED EFS 5 BIESOG D 2 SOl
EROLAEDETVDAREMERE X biLd, ZORGICHESS & IREN R~ IZE
AT HZLThHIERI SN DMBEDOEICZ A T/ ZHETEH % DEG-1 23k
THZETT ISz R L, £ e FIRFZ, DEG-1 (21X TRP F v /L &
FIBRICIREZ Db O &M DMREN H 0 | 32°CAHHT S FIIE AL IR Rl <
HOLAREERBZ 2 HND, DFE Y DEG-1 A B/ ZRWITREIZ LD BEOZE &
BEZOLDOEFML TWD A REMENSH D, DEG-1 ##H D ASE it =2 —n
> CHRAIFE B S W CTHEAT L72BRI2IX, ASE = = — 1 IR RS LT
R2NZ ERT 27 a7 s A IEHE IR ERIE ISR S o7 (K
40), ASE ==—m 2 CT? DEG-1 FREIFEHMAT TlI, BE LFREI ST 2 =
2 —8n Y DORIGE Ca?' A T 4 /r—H#—GCaMP8 % W CEHII L 72, DEG-1 I
Na'Z T F v RxLTHDHZ EnD, O TIX DEG-1 O RIS Lo
BEETE THH T, DEG-1 MEEREAEICKE RO 2R L TWEE LThH,
WIACBN 2o ToATREE IR B 2 B D,

DEG-1 Z3H S E 700 32°CAHTE TO IR, C. elegans D
BIREPK 13~27CTH D L EFET D, C elegans DEBIREE & JIREMNIZ
B1F 5 DEG-1 OFRE L DEWIZHONT 3 SOFRKRAEZEZEZ TS, (1) C
elegans &7 7 1 71> A F T )VYIREAIRG O BERRBEAE R OE (2) BREBRHT
I TR O BROF RN & L < ITMlast OB, £ LT, (3) DEG/ENaC 7%
1 DOBIGTFFEM TTF v XNV ETERL T E D Al RetEDR dE STV D23, AN
C DEG-1 BMlDOBIRFED L & HIT~AT B F ¥ R ZERL TN ERET D

&L IPREMAEIZ DEG-1 LOMEA L7272 7c 2 EDBRK & 72 > TV D AIEMEDN S
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26D, £72. DEG-1 1%, ASE Wi == —nm IMfIF I S E 2RIz, 13C
235 2TCOWRE ERFBICSUGE R LI Z b RIRICKIGT 2B R TIX
72  BEEFREOEEBIC ST 2ZA R TH L EL2 NS (K40), i
WEOHIENS ., C. elegans OIKIRMIPEREDS, 15CX° 25 C7% £ OB RO BRELIR
ETIZBWTERINTND EWIFIREFE LR (Ohta et al, 2014), D F
D . DEG-1 [ XERMHEIZB W T, MIBOZEIZEb> TWAHO TR, fE
FREDBRBIIRE 2 AT HIREZAERE L THIEL TO A AREMSEWEE XD

o,
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b
E_ﬁ:
ol
hul

AWFIE S, C. elegans DXV F 7 b Ku/t—+ (XDH-1) 23
T2 ODNE=2—1 > AIN & AV] THRET 5 Z & T, [EROKIRTEZ
IZHEIL CW D Z Enbhrolz, 512, AIN & AVINE=2—a > LT
ITASG IR =2 —r U NREEZZH L THEY | ZDREZAITIT DEG/ENaC #
AT AT ) ZHEDEG-1 D Z ENT 7V Y AT O YRS & v
BRI 72 ENBRIB ENTZ, T E T, C elegans DIKIRIMM: 2 A2
A~ 2 AR LR 72 & TR AL T & 78 | ARIRIRE 2 RS A9 2 M
T A ERS)o Ty - 72 (Ohta et al., 2014; Okahata et al., 2019; Sonoda et
al., 2016; Ujisawa et al., 2018), F7=. ZDOHlEIEIC BT 2EEZFEDL Loh
STWhhoTe, LinL. ABFFEN 5 Degenerin/epithelial sodium channel
(DEG/ENaC) # A 7 A H /%K DEG-1 7% ASG TILESZFICEE L, AIN &
AV] %l U CRIR M 2 ECHIES 2 & O i 72 72 iR B P R 5 2 &3
IR E T (X 44)

DEG/ENaC % A 7" A 71 7 =K%, £ < DEMIZI TR 2 2RI
BOGT 2% Z &N & TV A, DEG/ENaC AMEROKIRmHEICE 595 =
EIWTRENDDIFHDTDr—A T D, HhaIRAT 7 ZHRRDIE TR DK
MPESRH 2R L7z Z & 726 DEG-1 O b IRESEIZE 59 % DEG/ENaC #
AT AT ) ZREPEET DB DND, 2D, #it B OKIRmMEZ H Wz
FBRRIZE 5T, TRP F ¥ XD X 5 IZhk & 7RI %3 % DEG/ENaC #

AT AN ) ZHRERN DD A eEN#FE S NS, £7-. DEG-1 [FREZD L
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DEZH LTS AREMICINZ, DEG-1 DA Z 2R T2 A0 ) /KT
HoZEMmb, BEEC XD HIREORENEDZE L & ) WELRIE A 2 L
TWHHREELHD . ZNODZ 2T 2 2 LIk IBEAENEEE
EDEITZHFELTWDLDONEMRERANTHREZRDAEENEZ GND, 6
(2. & hARERZ MDEG] THIREIGEENPBESNLTVD 206, N5
b b E Tl LIRS A O TR O AT IS BN 5 ATREME S B 2 B, sk

A2 K2R 0 50 B P OIRERERE~DISH b B SN D,
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5. Mk - ik

C. elegans DFAE HiE 50N v 7 7 — O/ EE X The Nematode Caenorhabditis

elegans |21t > 7= (Wood and Researchers, 1988),

it L 72 Rt

7 A=Kk N2 (Bristol £)

KHRO66/RB2575  flp-17(0k3587) xdh-1(chrl), KHRO067/RB2379 xdh-1
/F55B11.1(0k3234), VC883 tag-273(gk371), FX07280 thc-9(tm7280), KHR069 xdh-
I(chrl), CB1066 mec-1(el066), CB75 mec-2(e75), CB1338 mec-3(el338), CB1339
mec-4(el339), CB1340 mec-5(el340), CB1472 mec-6(el342), CB2477 mec-7(el343),
CB398 mec-8(e398), CB1515 mec-10(el515), CB3284 mec-12(el605), TUSS mec-
14(u55), TUTS mec-15(u75), TU265 mec-17(u265), TU228 mec-18(u228), TU38 deg-
1(u38), NC279 del-1(0k150), DH246 let-2(b246), VC1812 tab-1(gk858), MT1098 unc-
105(m506), VC2633 degt-1(0k3307), FX010725 pezo-1(tmi10725), PT8 pkd-
2(sy606),; him-5(el1490), TQ296 trp-4(sy695), CB49 unc-8(e49), xdh-1(0k3234); deg-
1(u38), RB791 hsp-16.48(0k577), FX05192 acox-3(tm5192), FX02994 hrg-4(tm2994),
WMI159 T23D8.7(tm1163), FX03455 mak-1(tm3455), RB2207 mak-1(0k2987), VC3059
ZK6.11(0k3738), FX04022 sms-3(tm4022), RB2549 sms-3(0k3540), FX07132 gad-
3(tm7132), FX03007 C52B11.5(tm3007), VC1290 nhr-125(gk578), FX01987 lipl-
1(tm1987), FX06528 cnnm-1(tm6528), MT15933 fIp-17(n4894), CB1370 daf-2(e1370),

FX00776 sod-1(tm776), FX03294 gst-4(tm3294), CB767 bli-3(e767), TK22 mev-1(knl),
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CX0010 osm-9(ky10), FK127 tax-4(p678), tax-4(P678); xdh-1(0k3234), daf-2(el370),
xdh-1(0k3234), N2; Ex [xdh-1p::gfp, pRF04], N2; Ex[hlh-34p::dsRedm, xdh-1p(1,772
bp)::xdh-1 ¢cDNA::gfp], N2; Ex[xdh-1p::dsRedm, inx-17p::yc3.60::let-858UTR], xdh-
I(chrl), Ex[irg-6p.:irg-6 genomic gene, pAK62, pKDK66], xdh-1(0k3234); Ex[pRF04],
xdh-1(chrl); Ex[xdh-1p::xdh-1 genomic gene::gfp, pRF04], xdh-1(0k3234); Ex[xdh-
Ip::xdh-1 genomic gene::gfp, pRF04], xdh-1(0k3234); Ex[pAK62, pKDK66], xdh-
1(0k3234); Ex[unc-14p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[pgp-
12p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[ges-1p::xdh-1 cDNA, pAK62,
pKDKG66], xdh-1(0k3234); Ex[xdh-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234);
Ex[dat-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[osm-6p::xdh-1 cDNA,
pAKG62, pKDK66], xdh-1(0k3234); Ex[osm-6p.:xdh-1 cDNA, ncs-1p::xdh-1 cDNA, glr-
Ip::xdh-1 ¢cDNA, unc-8p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[unc-
47p::xdh-1 ¢cDNA, acr-2p::xdh-1 ¢cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[osm-
6p.:xdh-1 cDNA, ncs-1p::xdh-1 cDNA, glr-1p::xdh-1 cDNA, unc-8p::xdh-1 cDNA, unc-
47p::xdh-1 ¢cDNA, acr-2p::xdh-1 cDNA, eat-4p::xdh-1 cDNA, unc-42p::xdh-1 cDNA,
pAK62, pKDK66], xdh-1(0k3234); Ex[eat-4p::xdh-1 cDNA, unc-42p::xdh-1 cDNA,
pAKG62, pKDK66], xdh-1(0k3234); Ex[unc-86p.:xdh-1 cDNA, pAK62, pKDK66], xdh-
1(0k3234); Ex[eat-4p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[unc-
42p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[ocr-4p::xdh-1 cDNA, pAK62,
pKDK66], xdh-1(0k3234); Ex[ceh-10p::xdh-1 cDNA, sra-6p::xdh-1 cDNA, pAK62,
pKDK66], xdh-1(0k3234); Ex[ocr-4p::xdh-1 c¢DNA, lim-4p::xdh-1 cDNA, pAK62,

pKDKG66], xdh-1(0k3234); Ex[ser-2p::xdh-1 cDNA, ocr-4p::xdh-1 cDNA, lim-4p::xdh-1
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c¢DNA, pAK62, pKDK66], xdh-1(0k3234); Ex[ceh-10p::xdh-1 cDNA, pAK62, pKDK66],
xdh-1(0k3234); Ex[sra-6p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[glr-
Ip::xdh-1 ¢cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[inx-17p::xdh-1 ¢cDNA, hlh-
34p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex[inx-17p::xdh-1 cDNA, pAK62,
pKDKG66], xdh-1(0k3234); Ex[hlh-34p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234);
Ex[hlh-34p::xdh-1 cDNA, ges-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(0k3234); Ex
[ceh-10p::nCre, inx-17p::LoxP::xdh-1 cDNA_::LoxP, hlh-34p::LoxP::xdh-1
c¢DNA::LoxP], N2; Ex[hlh-34p::yc3.60, pRF04], xdh-1(0k3234); Ex[hlh-34p::yc3.60,
pRF04], deg-1(u38); Ex[hlh-34p::yc3.60, pRF04], N2, Ex[inx-17p::yc3.60::let-
858UTR], xdh-1(0k3234); Ex[inx-17p::yc3.60::let-858UTR], deg-1(u38); Ex[inx-
17p::yc3.60::let-858UTR], N2; Ex[gcy-21p::yc3.60], deg-1(u38); Ex[gcy-21p.:yc3.60],
deg-1(u38), Ex[gcy-21p::yc3.60, gcy-21p::deg-1 cDNA], N2; Ex[flp-6p::GCaMPS8, gcy-
Sp::tag-rfp], N2; Ex[flp-6p::GCaMPS8, gcy-5p::tag-rfp, gcy-Sp::deg-1 cDNAJ, flp-
17(0k3587) xdh-1(chrl);, Ex[pAK62, pKDK66], flp-17(0k3587) xdh-1(chrl); Ex[flp-
17p::flp-17 genomic gene, pAK62, pKDK66], N2; Ex[xdh-1p::gfp], N2; Ex[xdh-1p::gfp,
pep-12p::dsRedm], xdh-1(0k3234); Ex[pRF04], xdh-1(0k3234); Ex[xdh-1p(3,346
bp)::xdh-1 cDNA::gfp, pRF04], xdh-1(0k3234); Ex[xdh-1p(1,772 bp).:xdh-1 cDNA::gfp,
PRF04], xdh-1(0k3234); Ex[xdh-1p(952 bp)::xdh-1 cDNA::gfp, pRF04], xdh-1(0k3234),
Ex[xdh-1p(428 bp)::xdh-1 cDNA::gfp, pRF04], N2; Ex[hlh-34p.:dsRedm, xdh-1p(1772

bp)::xdh-1 cDNA::gfp], N2; Ex[nmr-1p::yc3.60, pRF04]
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KIG

BB

OP50 ¥k: #HfE L LTNGM 7' L— MI8®AA LT,

BAREE

Fa IR PES S SZX12 (Olympus Corporation, Japan)

9 W FEARERIEE SMZ18 (Nikon Corporation, Japan)

IX81 BHfEE (Olympus Corporation, Japan)

AR RSB SIRET 7 7 ¥ —fF & (FV1000, GaAsP PMT) (Olympus

Corporation, Japan)

NGM 7' L— | (1000 ml)

NaCl3 g, HIRZER (GHIR A& L3RS, HAK) 20g. Bacto Peptone (Becton
Dickinson, USA) 2.5 g, H20 975 ml & =7 7 X 272 E OEE# I A TEA
L. MADIA CLAVEI10 (INTEGRA Biosciences, Switzerland) ®WNZIZ AtL, 20C -
121°CTINEEE L 72, = D% 60 CIZHRIE L TH 5 | Cholesterol (5 mg/ml in EtOH)
Iml, 1 MCaCL{&E# 1ml, 1 MMgSO4¥&# 1ml, 1M Potassium Phosphate (pH6.0)
AR 25ml Z Nz 72, ZHEEL 6cm DY v —L\Z 14ml OB/ EM (FH-
10SS; k&t 70U, BHA) THOEL THED T, KEMMET 2 M2id, 2h

AEA3Sm DYy — LI 6ml TOBELEDZ D&M LT,

42



{bFEET A N7 L— b (1000 ml)

PR (BHRE L T3S, BA) 20 g, H20 1000 ml 2 MADIA CLAVEILQ
(INTEGRA Biosciences, Switzerland) DN AZL, 20°C - 121°C CTHNEKE L 7,
FD%, HELZALKS0CITHE LT B IMCaCLiAER 1ml, 1M MgS04
YA 1 ml, 1 M Potassium Phosphate (pH6.0) A% 25 ml Z Nz 7=, T aELE
9 cm DY — I 12 ml TOEE T (FH-10SS; At 7D, HAK)

THIELCED T,

TV A LB L— b

H,0 500 ml, LB Broth Lennox (Becton Dickinson, USA) 10 g, {FHRFER  (FHABA 4
TEHRASH, AAR) 10g 2 =A7 T A2 EOMBRGRICANTHREG L, 4 —
N7 L—7 THEGRE LTz, TORBILLAEN LK 50CITMELThLT
U (100 mg/ml) 1000 pl ZNZ 72, ZNEZELIcm DY ¥ —1LIZ 12ml §D

AL CED 72,

LB #EAEZHE (200 ml)

H>O 200 ml, LB Broth Lennox (Becton Dickinson, USA)4 g &5 L. A— K7 L

— 7 TNBIRE L7z,

M9 N> 7 7 — (1000 ml)

KH,PO4 3 g. Na;HPO46 g, NaCl5g, H,0 1000 ml &AL, A— 27 L—7 T

TR L7211 1 M MgSO4 % 1 ml Nz 7=,
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BEMPEEAT e —AF L8y K

M9 /N 7 7— 5 ul, Agarose 1200 (PH Japan, Japan) 0.1 g % 15 ml 7 7 /L= . F
2—7IWANRE L, 78 s HE T Ho0 D A7 100 ml B —H —{Z AR D
72, Agarose WEfRELT= 6, /NAY — L EXy NTCRAIA RAZAIZMEFL, L

MBI BIZATA R T A hSHET,

invivo Ca¥ A A=V 7 Hia—A7 NNy R

M9 /N 7 7— 5 ul, Agarose 1200 (PH Japan, Japan) 0.1 g % 15 ml 7 7 /L= . F
2—7IZAURE L, 78 0 HE T Ho0 D A7 100 ml B —H —{Z AR D
72 Agarose 2NAfRE L=, /SAY— LBy N T24 x 24 HN—HT AT

L. EBEBIT24 %24 HR—H T RSB,

Aoy valf(7 Hia—AF NNy R

Agarose 1200 (PH Japan, Japan) 0.05 g, A A > AZ#i/K 24 ml Z 15ml 7 7 /L2
Fa—TIZAFURA L. 78 43 H £ T H,0 D A7z 100 ml B ——IZ AR
Wiz, Agarose WEELTZH, /NAY—)LENy NTHNRN—=HI AT TFL, b
MH I BIZHN—T T RNt Tz, Agarose X /N—H T ADEHTH LIAT

BN ZATUN=TT7 A% 4L, 60°CT | BpFzERE % L7z,

P E e )ERAEE HoDCF-DA

H>,DCF-DA (0.2 mol) (Thermo Fisher Scientific, USA) 100 mg % f& K DMSO

(Molecular Probes, USA) 2 ml [Z¥&E2 L. 10 pl 32200 pul = — 71257 L -20°C

44



CRFLT., ThEA by Z7RiRE L. AEDERIZITA b v 7% 50 uM (2

A X 912K DMSO TAWR L THM LT,

C. elegans DIEAEIRTEIZ V= Freezing Solution (2000 ml)

NaCl10.85g. KH2P049.8 g, Na,HPOs6g. Glycerol 300 g, 1M NaOH J&# 5.6 ml
T AV DRI Z 7212 HoO T2000 ml £FTART v 7 Lz, Thedad—h

7 L—7 CTMBGEE L7212 1 M MgSO4 AR 1.3 ml Z % 7=,

IR MmTET A b

1 7vEAIZOX NGM 7L — bk (3.5cm) % 4 KW=, BHAERD C. elegans
. 1 FE720F 2 AR OP50 23EBAT I AL 8 LU 2% (w/v) NGM 7' L — RITHE
ZEE (BERIZ Lo TE2~4T8) | P& L7z, Po% 15°CT 16~24 FEHIfAH
LEEIN S H T, fBE®R, BAEBBERIZ 5412 Po Z IV ERE . JF (F) 23
HNZ72 % % T 15°CT 144~150 R E L7z, 7 L— FHdD Fi 70~150 &)
B E TR L72%. NGM 7' L— F OZEXMZ P2 72RRET 20 43Rk
Flz@EW Tz, ZDH% 2°CHA > % 2 — 4 — (CRB-41A; Hitachi, Japan) (Z 1~96
RE[ B i AR & B 2 7 AR . SRS D H U R E S L < 1X
I5CIC L W& Lo, £ 0%, AFEis &SRR 252, %7 L — b4
fFRE T oA 2B IR 7 L— FOAEGFRN O P EGFR, EERAE, 12

HERR =2 L7- (Ujisawa et al., 2014),
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A R SRR EMEAT 2 FH N T2 SO O 5%

ATA KA T A LBIHERL LT 2% (wiv) OT Ha—A7 13y RiZ 100 mM 7
AT U UL (NaNs) Bz 10 pl i F L7z, £ D RIZ 5~6 Lo f & & |
ANR—=H T AT, ZOT VLT — b &L E S (FV1000, GaAsP

PMT) THiZL L. FV10-ASW software (Olympus Corporation, Japan) CHEHT L7,

A7V a Nl XA B FEA

R OBLRFEARKERIIINETCICRESINTEREFEEZL EICEB I 8-
72 (Mello et al., 1991), 7 A0 —ZAZ N8y RICIRTINAA N EEKEL, TD
FUEED N T L — E b By 7 LB EZEWZ, SEOENNTZT T —
ANy REBEMEEICE | RBEOAFERICEE2H L, B O RIER T
ZIEI 5~100 ng/ul &, ~—F—i8{s 1 & LT pKDK66 ges-1p::nis::gfp % 50
ng/ul & pAK62 AlYp::gfp % 30 ng/ul, F 721X pRF4 rol-6gf % 50 ng/ul ZEHA L
oo B FBATEZEDIE, GFP OH0ERHERT 28 X 38l S5, FiI T
~—H—Z AR 1 EERT OB LV NGM 7 L— M2 L, 20°C CfAH L7z,
AFZRICL DV RIRZEEE, RICLbY— D —PHRTEZEZAT, Zh

B FEARME & L THRAT IS IV 2,

E—bva v ZICE DA RO

Y AERK N2 @D L4 (Py) 2 1 7 L— KT 30~40 PLOHT 30°COE RN 2 8 HEfH
Bz, VR, Yo7 ENL N5 P 3T OB LW NGM L — k

IZEE, 200CI22 HEFFE L7, 2 B2, 7L — b4 X (F) ZADTHL
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AVET DAL T 47T L— b~ (EEHIO P LERS 722 KIBE OP50 2 DX7- 1
D) 1B L., & ZITHERERAR DB AR N2 2 5 PEOH—BiASHE S W7, AZBEDSEK

D35 & FolZ 50%DFERTAHANREAET 5,

T e L U Laghl (Bl: RB2575 xdh-1(chrl) flp-17(0k3587))

I HAK RB2575 xdh-1(chrl) flp-17(0k3587) (Po) & BFAERE N2, ExUDAI7[pAKG62
AlYp::gfp, pKDK66 ges-1p::nis::gfp] (Po) DA A & ZARF & H 5 & ARIRM I 2w
Ol &R ZFTER chrl I3~T 1 L0 SRR T DEEN EE T (Fr), MERE
A FI A ARZREIEDL L. chrl EROFBE, ~7 1 H L <L N2 RO R
¥ELE (F), F22 1IEF 28 LUVLWNGM 7 L— MIB L, S F3~Fe 1
DOWTIREMET 2 b2 27 o7z, BARFERIIIE, 1/4 DFE=RT chrl BAARED
FRBHND, 2F V| 14 O CIIRMHES B 72 A9 5, (KR
MORFEEZRLIERAMEREBEL, SOICR ILREZB 27295 2 & TRIRMMEC

BURD WAy 7 TF T R a—TF—3 3 20 ERVWi-,

Bl ERAEEE LR LR, (B xdh-1(0k3234))

75 BK xdh-1(0k3234) (Po) & BFAERK N2; ExXUDAL7[pAK62 AlYp::gfp, pKDK66 ges-
Ip::nls::gfp] (Po)DA A L B R &, 0k3234 BENB~T v LR VBN EHRTD
MBS (F1), Fi OMERERIIAZ B RZRESED & 0k3234 BROKE, ~T 1
H LT N2 HOBRAFEAEL (F), FaZz 1IET 28 LV NGM 7' L— I
BL., —BINZEEE-, B H R0 0 1 EEKEROSF ) 2a8 L, £

D7) LEHAWTPCR B 272\, 0k3234 BEHRoFE, ~F7mad LI N2 A
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ZHIBIL . 0k3234 ZEEROBRERIOZRKEZHANTH ) —ERE LB Z B Z 720,

0k3234 BELUND R 7 7T R a—T7—3 3 UERY RV,

snip-SNPs fEAT  (5il: RB2575 xdh-1(chrl) flp-17(0k3587))

RB2575 xdh-1(chrl) flp-17(0k3587) 22 EARIZ I\ TR MR S 5 23Rl S L7273,
) ARy T T R a—T—va rNBREEIEREILTND EE
Z b, D72 RB2575 xdh-1(chrl) flp-17(0k3587) ZEEAKD L7 ) AERH| %
KR DNA v — 7 = —|Z K> TR L, £ DIFH 4 Tl snip-SNPs fi#t
BIoTe, £TIE 15 F & X LEKZNENOFLERNL & MbGEALD SNP
ZHWT, 27~vv B 7 a2B8lholz,

+ snip-SNPs 7% D JFEE

R C. elegans Ti, HpAM N2 #k & By A= CB4856 PR D —Hi LM (SNP)
BT AEDy TR arOw——E L THW, vy BT EBIRD
J715 (snip-SNPs 1£) 23#ENL S 40TV % (Wicks et al., 2001), Z @ snip-SNPs £ %
R U CARBFZECTIX, £3°. RB2575xdh-1(chrl) flp-17(0k3587) ¥k (Po) % EFAkk
N2 (Po) #HWTRE LKA A I Z 220, EF R RIRMTEZ R 3 R/# (F LARE) &
RB2575 B B R ARIRIYE 2 R 9% 68 (R LARR) & 24572, ENEND RN
B BDEBREL, YR FULEAL & mSEEAL O SNP RIS B AL N2 |3k
Tod 570 RB2575 BUHRTh 203 & 4R Lz, BRMICIE, SRENORR L
77 5 DNA &858 L LT, PCRIZE > TSNP &0/ LK & 80 L. SNP
B el A & RRikT B RIS CULEE LT, ZORE, BFAERE N2 Bl L RB2575 A

ETRRDN N Z =0 PRHEDND LT TA~— RO, HIBREEHE %%
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FrL7ce ULED XD FET, MABBMIIROEMD T 7 L6, PCR K UHIIR
BERALPE & S R 2R B EIC K - T Befafkod & 21T RB2575 xdh-1(chrl) flp-

17(0k3587) BIHkD SNP Z G e D HRIT 2 Z L N TE T,

B FARERL (f51: daf-2(e1370); xdh-1(0k3234))

%

IEHAK daf-2(e1370) (Po) & xdh-1(0k3234); ExXUDAI7[pAK62 AIYp: :gfp, pKDKG66 ges-
Ip::nls::gfp] PO)DA AL ZRBIED &, el370 BE L 0k3234 BEP~T 1 b
YR RET DERNEE T (FI), FI OMBERKEZBRZZHB I TS &
el370/+;+/+, el370/+; o0k3234/0k3234, el370/+; ok3234/+, +/+; +/+ , +/+;
0k3234/0k3234, +/+; 0k3234/+, el370/e1370; +/+, el370/ el370; 0k3234/ 0k3234,
e1370/e1370; 0k3234/+ BLOMBFEA L (F), F2% 1 PEF 28 LV NGM 7' L
—hMIB L, —BIIEZEEE, BH ROOERR L ERERDO S ) AEREL
T, TDF7 ) 5z HWTPCR &llREEZAE (ZRBRH) 22720, B+
TR LT, BARTFHICIEL. 1/16 DfESRT e1370/e1370; 0k3234/0k3234 1D %
HRBLAID, WFOERNFEMORHENRGCTE -6, KR (F) % 5~6
VLB LR 0 . FREE PCR & il BRI SR ALEL Tt s 11 2 51 L SR D TERL

E LT, TOMDELEAEFRKGRBRICIER LT,

ik L~ TD ROS L~ L DJIGE

22 b —/UIZIEROS LXAME TR L CWDERIRTH D daf-2(e1370) % FW
7o RBHIOMERE 2 JLF DR 2 KX L (BFAERE N2 6 #2. xdh-1(0k3234) 6 2,

daf-2(e1370) 8 ) 15°C T 16 FffHfAHE L7z (Po), ¥ H., HREHIZ D72DIZ Py
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EROBRE FISRAIZRDETISCTS HRfAB L, 5 BREICICEE 2 7=,

FRAE 2505 PLIZ72 5 K D IZFRE L, M9 TR L, 3 FEIFEE L CRIBHE ALY
BRunN Tz, PEEE M9 2B Y fRE PBST 400 pl Z¥shi L, PBST TV L2H F
ARED 2T AP —IIB L TREDHERPHERTERIRDLETHRELE, &
DFFT L FAREEH L, K ETEE L, Btk 4C. 10,000 x g, 15 Frizl L
7o EEZ15ml Fa—7I28 L, &fFE4 100 & LT, Bk, 2 EmAR 4
AR, 8RO 77— ar CHINL 8§ #F o —7 B Lz, £/-a b
m—/L & LT PBST OHDERSHE Lz, fRi%OWiKENLIiZ 100 mM
HoDCF-DA A kv 7k %Z 50 uM (2725 X512 0.5 pl T2 L., 7% #FH
T CFX96 Real-Time System (Bio-Rad, USA) T Y64 1 FEfE] 10 73 Z & ICEHAI L 7=

(FhZ Y 485 nm &%Y¢ 535 nm) .,

AR Tin P 28 FAA 0D 2R B R [ 1 SR

IR MNP (S5 2R LT R RARICB AR D 7 7 A BN L 728 s 1. £ 72l

TIAI R —N—BEFPEASNTZERFEARKEZER L, FRL
72 S8 2 O TR TR M 0 SR B 3 Bp £ & [RIFRIE & ClRIfE LT 2 KR it
PET A ML o THENT L7c, 7 A N OBRICITIBE S T8RO HARITR L O Hi
HiZ~——#{5 1D GFP 9 &2 A L COAEIRZT 30 PLLL EX3 7 L— M E

v, B RIERR E 5 2 T,

50



DNA[ﬂ:ﬁ}:IL@?/rbS\_‘\'\/ET/ (11/7 I\Dﬂ_\gl/\_‘\f/a\\/ﬁﬁ)

[7] U IR SR TR % L7z ¥ —DNA &+ % — | DNA % 1 %f 3 O /LI
TIRESGDLHE, 25u £ TdH,0 TA AT w7 LTz, © ZIT Electro Ligase Reaction
N 7 7 — (New England Biolabs, Japan) 2.5 ul & Electro Ligase (New England
Biolabs, Japan) 0.5 ul Z N2 By 7 ¢ 7 ClRA L, 2l 25°C T 30~60 4> [Fl#k

& L7z, %2 Electro Ligase & KiE S ¥ 57291 65°C T 15 43D 72,

DNAWADIA Y —vay (e—hrva vy 7 H)

6 UHIFRRESE CULER A L= X7 Z—DNA & 1 % —F DNA % 1 xf 3 OFE/LI
TIRESDLYE, X7 X—DNA &A1 —F DNA ODAFEEEEICRD LI
Ligation high Ver. 2 CRV¥#5, HA)  Aivlc, BB EE~Xy 7T 47 L, 15C

A Fa_X—=F—T60 pE~—WBEE L., 74 75— a S ET,

L7 haRL—a kb7 T A3 FDNA OKRIBE~DIFE s

BOCIHRE L THDa BT FE/VDHIOB (L7 bRl —ra M) &
K ET20 50MEHE L TN LT, 2Oy hame L TRBWE, Wiz
aET B2 U T T AI RDNA & 1~2 ul Ay v B2 7Tt IR
B, ¥y OB 2720 K 9 1R L7es b A7z, MicroPulser (Bio-
Rad, USA) O L /N—|{ZF =Xy F&ffi AL, Setting % Bacteria (Z3%/E L, Pulse
EEDNTZARE MG S ETH LI, 0%, 180 1l @ LB fRIAE: Hi %
FaXy MIANT LB Rt a 7 heAZEILL, 50 pl~2&

T AN LB S L— MIFEWT 37CTIrEEE LT,
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t—hav 22k b 7523 KDNA OKRIBE~DEE s

BOCICIRE L THDHa BT /A DHIOP (E— g v 7 H) 2Kk ET20
RIFE L CEN Lz, W ar e b 20l i277 A3 KDNA % 1
~2ul ANF v B TIRSBEY, 2C-45Be—bhvavra527-, bB—
Mgy 7ROEKRZK B2 2 pFFFE L72%, 50 u~28Ex2 7 BV A

WLB YL — MZIEWT37CT—WrEZE LT,

In-Fusion

AR LI S L < 1X PCR 2 X » THIRIZ L7cX 27 # —DNA ORImRHIIZAH
[F72 15 k%, A % — b DNA BIEM 77 A ~—o SRIscAHmL ., BAE
frf% PCR CHilg L7z, &&= 10pl & L, 1 % — k DNA (PCR FE#)) 10ng/ul
L7pb L HdEE, 5 x In-Fusion HD Enzyme Premix (Takara Bio, Japan) 2 pl, #iRAL
N7 Z—DNAS5Sng/ul L7225 X omEZIEA L, dH20 T10pl 225 K HITA R

7 LT, IBEWK A 50°C + 15 4> T In-Fusion )i & 77,

KA DNA & —4 > 24 7 A DNA O

BRI ORE R E 3 JLF D 6 cm 7 L— MZ 20 ARIZE X I BEAREAE 2 5
DxEfFolz (15°C -8 H, 20°C + 5 H), K ETdH0800 pl THRHEZ 15ml 7 7
b AZENX L, dH204ml T 3 [FI3EF L7, 2,000 rpm * 3 43 « 4°Cizls L7 %4,
KT 30 RERRE L TR ZTED . IF 2 HLY FRu 7z, dH2O 1 ml IR R L
1.5ml F = — 7B &2 AU L, 13,000~16,000 rpm * 3 43 + 4°C T LT, &

Mg K EIZ30 BEE L. B EEZED RV, Ml ZEET 5729 Cell
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Lysis Solution 600 pl /2, 1.5 ml F = —7 % s S CTRA L=, KIZ DNAase
Z S 5 72 % 20 mg/ml Puregene Protein K 3 pul Z ¥ L., T = —7 % 25 [AI) 5
S CIRA L7z, Puregene Protein K 735 = — 7 NIZ/rHL L7z HAR 2N 5ERITIR
95 % T 3HFMMNS B 55CTA o FaX—hLiz, —BEEWTHARARNE
IZERfRE L TR W4, Cell Lysis Solution % 600 pul~1,200 pl JBEAIL, & 51

1~2 Bl 55CTA v Fa— b LIRS, £OROLUHIRITIES L7 Cell
Lysis Solution Dff53 & 5 LTe, #RHEOEMZ M58 L7~ 5. RNase A Solution
3z, F=2—7% 25 BIKERSETRA L, 150 ~1 K 37CTA v F =2
—hL7, A FaX— ., K EIZ 1 23#E L. Protein Precipitation Solution
200 Wl FRADL, 20 B NA A — RTHRALT v 7 A L7, 13,000~16,000 rpm -
37 4CTELL. XU EERESECEEEH LT 2 — 7B LT,

HLWF 2= Y FasR ) —)L 600 ul 2z, ZZIZEIEFER-T- LG4
Mz, 50 [RIFAFECONTIRS LTz, 13,000~16,000 rpm * 1 55 « 4CTimld 5 &
DNA O HWIREA R S5 b720, WbRWnWE HICERL RiEE2# T, 10~15
DEIR TR RS, LB ERICHEE L7 & Z AT DNA Hydration
Solution 100 Wl THEEE L, 65CT 1 KA »F =~X— k L7z, DNA Hydration
Solution {Z DNA 23%f# L 7= &, Nanodrop (Thermo Fisher Scientific, USA) (Z X »
TIREE & WL 260/280 A FHEI L 72, WKL 260/280 75 1.8~2.0 [T E 5 K 9 7

fiiL. 100 ng/ul DNA ¥&#& 100 pl % & AR DNA > — 7 o AT I V=,
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b EMET 2 b (1% 22a)

HEEEBDWEICH T 2T EEFERIIBEDRIL LS BB IR o7
(Bargmann et al., 1993), #H% 3 8% 6cm NGM 7' L — MMIE X, 20°C THI% P
FELBZE P2V RE 20CO8Z Il EATRFTR 2WE L TELNE
ACHRER (150~300 PT) %7 A MIfEH L7z, ACRfERE M9 Sy 77— 1 ml
TREBEIEIN L, # R 2SERE ORI HotbA 2%, BiEERvwe, KRIBE%
HWORS 72D M9 Ny 77 —T 2 B L, LFEERET XA N7 L— Fofk
BrEICHRBZ 3 R TAR Y FLic, ARy ME AU A 7O 4
SHOKGNIRL IR D ETHRNE ST ALFEET A M7 L — FOIwIZIE 1M
NaN3 &R 1 pl R EVE THL YT 'ET NV 4l 1IN AT VT
F4uZHETFL, fARERCHICiZa hr— 4 LTI M NaNs I8 1l &
TH =)V 4ul T LTz, 60 ZrMFHE L TR B2 B BIZITE S ¥ 7214,

2RV LR EZ RS, 4CTBiA v FaX— ML, BHEHEEZHZ
T2 BVIEIZHES | ST EN S 2 b o — L OFERE AR L, £8%T
FHolebDa MR E Uiz, 2 BERZ DB X COIZAR y b LICrED

SEINTWRWBREBITE F2WnWE 28z 7,

invivo Ca¥ A A — 7

INFETOHEEBZIZELB I 72> 7= (Kuhara et al., 2011; Ohnishi et al., 2011), 2%
(W) THa—=AF )Ny RICHTT 2% a 1~8ILE s, EBREMAT7 e T v
77 A (B-ZHEEASM, BAR) CTEEL, M9 Ny 77— L TR AN

— T A NSETe, AN—HTADRE~Y=F 2T THEZ L TERBEZE, A
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A=T TN D, ZOEMEE 35 LINICE 2otz Y70 % IX81 Bk
#i (Olympus Corporation, Japan) (23 SN TWD, HAX AL RITO BT AT
L — I (Tokai Hit, Japan) ® EiZ{E\W =, T AL — K~ EOWREIIDAZ A A
N IR FE B 2 & (Tokai Hit, Japan) (2 & - CTHIMH « 584k L7=, W-View gemini
(Hamamatsu photonics, Japan) Z W THE2 @122 L7z, #OGHEIL EM-CCD 7
A 7 Evolve 512 (Photometrics, USA) Z M\ T, EM 7 A > 10~300, #&HFH
10~300ms, 1 x1 E=27T1RHI L300 BPRRE LT, TNENOEERO
58 13 MetaMorph Image Analysis Software (Molecular Devices, USA) 2 X Y
iRt L7z, MR O Ca IR DARRIZGIZA = —J X LA (YC3.60) D
acceptor/donor (25 (o # YoMl /B w L) & L <L GCaMP8 & tag-RFP
(pKOBO006 gcy-5p::tag-rfp (Kobayashi et al., 2016)) @ acceptor/donor (k4 YAk~
IREEEEE) O THRE L, A =a—F A LA %, NEKIZ CFP, C K|
YFP b6, FRIZ Ca¥' BT A a2 b OFXF AT XTI ThD, f=u—7h
AL AR, MIREN Ca2 REE DMV & X 12IE, 440 nm Db e & FR 2 L8
BOENERTH, L AN, MR CaREN EFT 5 &, CFP & YFP Mo
FREEDS S nm 1F E12iE5< . ZOBRIZ, 440 nm Db YeE HTH & FRET &I
FN2 XN F—BENEZ Y, HEOHRNERETDHLIICRD, ZOHALE
BOHENDLEZID Z & THIIMAN Ca?REDEZ E &k L7z, GCaMP8 I
EGFP O N RIZHNEY 2V >, CRICIAVVEEMIZ 7T 7 A bEHO
XRATHUNTTHD, CFWHNEY 2 v EFAT D EBEARERRT 5,
ZOBEAEITIMIZ 7T 7 A N EMHENER L, EGFP ONL{RfE 2 2 b &+,

EGFP O ETRENER I N D, ZORMEEZRHT 2 Z LIk - T, Ca¥'®mA
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HREDOZEAE L THRIT 5 Z LN TE 5, AR TIE, gbsENE k45 2
& D720 tag-RFP & GCaMP8 % 5Bl S, GCaMP8 Dkt & tag-RFP DR

DHEED AR D Z & THIIAN Ca? REE DA LA XLV IEfEICE R LTz,

7 7V A A )V OYIRERE & Ve 2 A UEIEEETE

deg-1 cRNA & MDEGI cRNA %7 7V 717 A 77 =)L D IR (Xenopus oocyte)
B/ xRA Vs va vy L BREBRNTZ 5 272 5 Al 3~6 HIH 18°C Thi®E
L7, YRREMIAL D EERENL A -80 mV IZARFF L. 100 mM NaCl %%, 2 mM MgCl &
#%. 10 mM HEPES (pH7.3) &K TERI SN T2 ZX Y Y 22— 3 U HT Oocyte
Clamp (OC-725C; Warner Instruments, USA) & UY pClamp software (Molecular
Devices, USA) ZfiH L7z 2 A2 LEEBEEELX HWCER ARk Lz, IR
J%1X lab-made temperature controller z F\ T 10~35°C & CHHE L. JIREMMALIZ B
BT DR n—7 LR (DIGITAL THERMOMETER PTC-401; UNIQUE
MEDICAL, Japan) Oilj 52 L »> Ttk L7z, 7 L= X7 v MI, x fili EIZiR
FEDHEL (1,000/K), y # EIEERIPLIC X - THE I N ERIMEO XL (log)
Lo TURLEE, BEBMEIX 7y St 2 DOFEBRICOW-#R (w8
ZR) DRRINBERERL, E L, x AT 473 bu—LFE L LT,

DEG/ENaC DOAEAITH L7 I v T4 F2EH L7z, BARICiL, EERRE
HramZIRRERERL 2 500 pM D7 X 7 7 A REE#R (Sigma-Aldrich, USA) % 5 80¥

WH T 18C « 48 Bl A v F 2 X— K L7z,
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e & T ARAT

2 TORNZEFT SH TV DAEAEFA 22T standard error of the mean (SEM) %3 L C
WD, TRTOMFHENTIIIER DA ZE L, 3T A Y > 7 iE Tod % Tukey-
Kramer {4, Dunnett #iE., F730WAE LRV EIUE LT 2ERIZE S tHk
E (Welch) Z H\WTHENT L7, 2 E T Tukey-Kramer 74 & Dunnett f& & %
Wz, Dunnett #EIL S T 7 O —FLED T N—T MO T N—T L T DT
DIZE 272570, 2 FEARD BT t E (Weleh) 24 Lz, o (%) & (%)
ITENZEN p<0.05 & p<0.01 ZEKT 5 (Okahata et al., 2019), tfRE (Welch)
21X T — 2538 —/ (Excel 7 KA ) & /=, Tukey-Kramer 7% & Dunnett

BEIZIE~ > 7 BRI ver. 2 (RUEAE= 2 20 BA) Z W,

RTEYMTFFEEZRN T 7 A I FOfFER

pPNTNO20 xdh-1p::xdh-1 genomic gene::gfp \TEFARKE N2 &7/ . K Y PCR THIE =
N7z xdh-1 Bl 2K L Z D B 3,346 bp D xdh-1 70— X —%2 G TEY
xdh-1 BB DA Ny 7 a R 20 BRI GFP 28 A LTz, xdh-1 #&fs
FTERIIIEFICEVWA Th-o7=720, HIEX 3 Whicod kI oT,

PNTNO26 xdh-1p::gfp IZEAEKRE N2 &7/ 2 X D PCR CTHINE X372 3,346 bp O xdh-
| 7aE—H4—% xdh-1 BlaF® 3UTR 2E5ATEY | xdh-1 ToT—H—L
xdh-1 8157 3’UTR OJIZ GFP Z 4§ A L 72, pNTNO032 pgp-12p::dsRedm | X pgp-
12 i+ D B 3,500 bp O pgp-12 7T —4% — (H%E: (Zhao et al., 2005)) &
DsRedm % & #¢p, pNTNO58 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp IXEARE N2 7/ A

XV PCR CHilE & 7= 3,346 bp D xdh-1 7 E—H —L ¢cDNA 74 77V —X
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DAVERL X T2 xdh-1 cDNA % & /0 CTEY | xdh-1cDNA DA k> 72 R &0 B
VN2 RS GFP &4 A L7z, pNTNI118xdh-Ip::dsRedm L xdh-1 702 E&—% — &
DsRedm %5 AT 5, pNTNO27 (I =~ 7 FdS, xdh-1 ¢cDNA. unc-54 i&
1 3UTR ZE A TEY | pNTN027 OftR a4~ 7 8 & xdh-1 cDNA Ok

[ZLA T D2 RBIR O mE—4 —fEEFHAL, EEOT T A REAE
L7z, pNTNO027 ® xdh-1 cDNA L3itlZ unc-14p (1.4 kb), pgp-12p (3.5 kb), ges-
I1p (3.3kb), xdh-1p (3.4kb), dat-1p (0.7 kb), osm-6p (2kb), ncs-1p (3.1 kb), gir-Ip
(5.4kb). unc-8p (4.2kb). unc-47p (0.3 kb). acr-2p (3.4kb). eat-4p (6.4kb). unc-42p
(3 kb). unc-86p (3.6 kb), ocr-4p (4.8 kb), ceh-10p (3.5 kb), sra-6p (3.8 kb). lim-4p
(3.6 kb). ser-2p (4.1 kb). inx-17p (1.2 kb). hih-34p (2.5 kb)Z Z N EhAFEA L,
pNTNO34, 035, 036, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 057,
059. 060, 061, 063, 064, 067, 068 & {E# L 7=, pNTNO7S5 hih-34p::yc3.60 1% 2.5
kb @D hih-34p & yc3.60 % & Te, pNTN106 gcy-5p::deg-1 cDNA V33 H R0 A
2L DWW P goy-5 Fae—HZ — L deg-1cDNA % &ie, pNTIN116 L84
FEN2 %7 7 520 PCR CHENE STz inx-17 70 E— X —& | yc3.60, X512, let-
858 iEix+? 3°UTR & & ie (Altun et al., 2009), pNTNI123 gey-21p::ye3.60 1284
FRN2 7 ) B X0 gey-21 BAn+ D _EFED 1,403 bp 7' 0 & — & —fHIK A PCR THY
& L. pNTNO75 @ hih-34p & ANiVE 2 T2, BEAFOFRL LV | gey-21p::gfp D gey-
21 7T —H%—|2i gey-2] BInFOHE 17 VU EFEL2Z ) UNEENTE
D, ZO7aE—F —HIZ Lo THRELZFLIND GFP IL ASG TH< FH
L. ADL TiIf5872 8Bl R 5405 (Ortiz et al., 2006), LU, gey-21 7 v €

—HZ—=INHETDOZXY A b ERYEBEWEEZ A, GFP OFRBLL
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ASG TIETHIE I N, AETITTATOZF Y & A ba 3D BRds
N7z gey-21 7uE—4%—% ASG Fri )7 vt —4— L L CTHEHT 5, pNTN126
gey-21p::deg-1 ¢cDNA 1% 1,403 bp O gey-21 70— — & deg-1 cDNA % &6,

pMIU34 fip-6p::CeGCaMP8 < flp-6 iBAxF D it D 2,680 bp D fIp-6p & C. elegans
Hlca Rod 7T 4 ~A REhiz CeGCaMP8 % &1 e, pNTN119 13K A F AT
FlZ deg-1cDNA %7 7 U3V AHT)DB 7t 5SUTR & B 7 1 3'UTR
%> pGEMHE (2 A L CIERL S 7=, xdh-1PCR 1, 2. 3 Wi iZ= 24 1,772
bp. 952 bp. 428 bp D xdh-1 7 70— — & xdh-1 cDNA::gfp % & e X 5 12 pNTNO5S
XY PCR TIERI &7z, pNTNI25 IXES BT FHIZ MDEGI ¢DNA %7 7V
HYAHT)B 7 SUTR & B 7/ 1L 3'UTR % £ pGEMHE [ZHfi A L
TYERIES 7=, pNTNI143 ceh-10p::nCre 1% ceh-10 7 11— % — & nCre Fedl % &
tr, pNTN144 hih-34p::LoxP::xdh-1 ¢cDNA::LoxP % hlh-34 70 & —H4 —L A kv
7a R &&Tte LoxP BLANZEE 72 xdh-1 ¢cDNA % FF>, pNTNI145 inx-
17p::LoxP::xdh-1 ¢cDNA::LoxP 1% inx-17 70 & —4—L A by Fa Rozgie
LoxP BeH N £ 72 xdh-1 cDNA % 5>, pNTNI159 nmr-1p::ye3.60 1% nmr-1 i&fx
TOHE 1 =7V D5 a2t bt 5kb 7 nE—4—fHKE LTEA

(2% (Brockie et al., 2001)) . yc3.60 4kt L= 77 A FTh D

Tag DNA 7R U A 7 —F % HV 7~ DNA K i ™ PCR |2 L % HaiE

H—~</)LH A 7 Z —|% LifeECO (Hangzhou Bioer Technology, China) % L < |% Life

Touch (Hangzhou Bioer Technology, China) % F\ 7=
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- Ex Taq (Takara Bio, Japan) % fJ\ 7= PCR

R0 pl 122D X HIT/ERI L7z, 10 x Ex Taq 3>y 7 7 — 1 ul, 2.5 mM dNTPs
AR 0.8 pl, 10 uM 74U —R7F74~— 05ul, 10 yM U N—RT T f <—
0.5 ul, Ex Taq 0.0l ul, dH05.65ul % 1.5ml F=—7HNTRAEL, 77 L —
NERDDNAZ 1z Tz, =~V A7 T—DRETa 7T NIV A7
JL(94°C = 243), 424 7 v (94°C « 15 F), 58°C + 30 #», 72°C + 1 kb/1 43). 1

YA 7L (15°C » ) % =,

» One Taq (New England BioLabs, Inc., USA) % H\ 72 PCR

EE IO IZR2D L HIT/ER L7z, 5% O0neTaq/Y> 77— 2ul, 2.5 mM dNTPs
Wik 08 ul, 10 uM 747 —R7 T A4~— 02pul, 10 uM UV N—RT T A <—
0.2 ul, One Taq0.05pul, dH,05.75ul % 1.5ml F=—7NTREL, 77 L —
NERDDNAZ Lz Tz, =~V A7 T—DRETa 7T NI 1A
JL (94°C = 2 4%). 42 %A 7L (94°C + 30 B, 64°C + 30 F, 68°C * 1 kb/1 43). 1

HA 7L (68°C - 557), 1 B A 2L (15°C - o) & /o,

» KOD -Plus- Neo (45, HA) % v 7z PCR

RES0U 22D L HITHER L7z, 10 x KOD -Plus- Neo /3> 7 7 — 5 ul, 2 mM
dANTPs IAHZ Sl 25 mM MgSO4 AR 3ul, 10pM 7 4 U — K77 A ~— 1.5pl,
10puM Y R—R27 5 4 <— 15ul, KOD -Plus-Neo 1 ul % 1.5ml F=2—7HNT
BAEL, 77— MIFEI EITEERN L (77 2 DNA ~200 ng/50 pl,

75 23 K DNA ~50 ng/50 ul. cDNA ~200 ng/50 ul) , dH,O IE42 78 50 pl 1272
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LHEOoWEANT, b=~V A7 F—DIRET 2 77 NI 1A 7L (94°C-
297 45 A 70 (98°C - 10 ., 7T A ~—@ TME°C - 30 #», 68°C - 1kb/30

). 194 7/ (15°C « o) Z iz,

- KOD -FX- Neo CRV¥fh. HA) Z v /= PCR

AR50 w1272 D X O IER L=, 2 x KOD -FX- Neo /Xv 7 7 — 25 ul, 2 mM
dNTPs ¥&#% 10ul, 10uyM 7+ YV — K77 A4 ~— 1.5ul, 10uM U R"—R2TFF 1
~— 1.5pul, KOD-FX-Neolpul # 1.5ml Fa2a—7HNTRAL, 77 L — hMZ
R Z Ll ERM L7 (7 2 DNA~200ng/50 ul, 77 A X K DNA ~50 ng/50
ul, ¢cDNA ~200 ng/50 ul) , dH2O IFEED S0 pl (272D K HEEANTZ, —~
N A7 T —ORETa 7T NI 1A 7V (94°C+2 57), 45 %A 7 L (98°C -
10f, 774 ~—0 TM fi°C - 30 #, 68°C * 1kb/30 ), 1 A 7 /L (15°C » o)

Z Tz,

- LA Taq (Takara Bio, Japan) % H\ 7= PCR

RO pICRD L OIERI L7, 10 x LATaq /Yy 7 7 — 1 pul, 2.5 mM dNTPs
iR 0.8 ul, 25 mM MgCL K 0.6~8ul, 10uM 7+ U — K7 T A ~— 0.25ul,
10uM U R—R7F 4 <— 025ul, LATaqO0.1ul., 7> 7L —hkL72% DNA %
<200 ng IZ72 5 L9z, Fa—7NTERA LT, dH0 IZEEN 10 pl 1272
HEIBEEANT ., —~NV A7 T—ORETa 7T NI 1A 7L (94°C-
247). 40 A 7L (94°C - 308D, 7T A ~—D TM fEi°C - 30 ¥, 68°C - 1 kb/1

M 1 P4 70 (15°C « o0) ZHWT=,
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AW A TR OITH =0 Bl TS THiREZ Y £ LI-HFK
FOBLLOEER ARRTREN SRR AR Bdw L KW ISR L L E
T, FINRF ERE EER o ARPHeE PRIEA RS s &)1 %k
AT ERAEBEMITICRE L TR ZTH 120z L EbichH®e TS
ENWETEEE L, LDXVEILR L B ES, K DNA > —7 o —%
T AR RN S )V 272 & F L2 ENCER B ER 0T B % & ok nvE
WA R L VEILE L B E T, BB LTI Z e E LR
R BB AIZER A - BERERM A RVURRETAIC & =R 0 G
FLEFEST, TLT, LD C elegans EREEKZRMEEL T 0T
Caenorhabditis Genetic Center (CGC), National Bioresource Project — 4 E - ##%
Wz, 7 A REREL TW WA HRERY FAE 8%, ARy
R84t — %, Dr. Martin Chalfie (Columbia University). Dr. Laura Bianchi (Miami
University), Dr. Zhao-Wen Wang (University of Connecticut), Dr. Jeff Grant (Miami
University) (ZREHH U BIFET, £/, AR HARPINIRELE Kot E
DC2 (FeBIBFZER No. 18J10116) IZHH L T\ 272 & | BHF &AL X 24198
EANIZIET L TTTEE L, BEHB L LI ET, &618, A
SCOMERHREZ LTS ESWE LEEHERY: A FEELA Bz, B Bz,
REKU #dz, LHEE T dEHdE, MR Zdw, @ R Bow, ERIEE &
IO XV IEHHR L BT ET,

IR D F LTeh, R 4 FRILORTPE 5 FH], RO %2
*

Tz, hELTCTFE SRR EKNTL L EEINTZ L ET,
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AFICEAL TR RTERET S ZhoT- (TytA3 2 9), 15°CEF #&IZ2°CIZ48k5fE &
LMz T5—/\—: 1Z#E5E (SEM), **p < 0.01 (Dunnett’ s test), RB2575% D H-5&

LMERMTEREERL.
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.Iﬁll_ 60 ......................................................................................................................
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(L) Ap-1781IFDEKXEE, FORANSATRY IR (K ok3587ZE R BEWLNITL—HRVIR
(En4894EE%#RL TS,

(F) o178 FDRTLIL DK G EESEFT L=, BEZRIGH - (TytaE
> 9), 15°CHIBFRIZ2°CIZ48BFRIE L V=, TT—/\—: 12#EERZE (SEM), *p < 0.05; **xp <
0.01 (Unpaired t test (Welch)),
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TEKRYT /LD RRE L o-17EFEE (TOE—2—HBEEL)ZRB2575%
HICEALKETMHEDEEMNEIET S50 EMETLT-, RB2575R T DIEKRTH 4D
ERIIEELLGEN =T A 2 9), 15°CEABTRIZ2°CIZ48FFRIE LV =, T5—
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FEARAE BinFE
4377261 eSS
ik 1 6290450 By 4 #£/RB2575
14874142 5 4 #k/RB2575
4795820 eSS
ik 2 6948145 eSS
1540306 54 #k/RB2575
592022
ik 3 4594988 By 4 #£/RB2575
8883292 54 #£/RB2575
1981523 54 #£/RB2575
ik 4 7663908 By 4 #£/RB2575
14412775 [ RB2676
2638723 54 #k/RB2575
ik 5 8773000 B7 4 #k/RB2575
17057384 54 #£/RB2575
2029668 4 #k/RB2575
ik X 9299203
13054947 54 #k/RB2575

X9 RB2575RMDIKEMMEREDREEERFRTET 5726 Dsnip—SNPsFEAT

(S7<VETY)

RB2575% (P,) ZEFA#N2 (Py) LBMTEDHOE TRLREZH AL, EELGEER
M4z R Rt (FLURF) ERB2575E D EEKEMEZERT R (F,LUE) &
/. TNENDRENDY / LEFREL ., BEEERO FILERL E M inERID
SNPE!NEF 4 #RN2EH SE T B HRB2575 xdh—1(chrl) flo—17(0k3587) ¥k BETH S
MZsnip-SNPsEEHTICK > THEMTLT-. BEERMICIE. SREMNSRELI=YS / LDNA
ZEEFIL LT PCRIZESDTSNPEE LY / L HEIEIEL . SNPE SO ERHI A 25H
I HHIBRERTUIEL-, ECFEIIFLEMK. (BHTL) . FEK/RB25T5DANT
0 &Y L—h3L).RB2575 GBI L—HTL) ELTERTT D,
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KHRO069

FAEK
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ABEZBIR

N
< >,

f & EIEF

irg-6 RISALGTOETa—H A+
tbc-9 TI/BRER
RISAL T TOETAHA+
F55B11.1 & 72 EE S
tag-273 TI/BER

10 4% EIKIZEET B5EM7 snip-SNPsZAT

(a) IIVEVTICE-TREZEEDUEIIB L BHARETRONT=T-6 . K
FERL, JYFEMGETYE T E#E S ETIRRAZEEA6.13 cMA516.24 cME
THYIA AT, KHRO66IERB2575 % #ix RIZTEIEIEICRL R EL THERL-R#H T
HY. KHRO66H S fp—171BIEF L D ok3585 BT RN -2 HEHAKHROGITH
5, BEFEIIFER (AHS5L) . FE/RBOATO GBS L—hS5L) . RB2575
GBI L—h3 L), KM (Fyk) ELTERTT S,

(b) 4FBEEARD6.13 cMHV516.24 cMDFEIRIZIFADDEIZFMNEEL TV =, &
EFLICITZEEMNSDHoT=,
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MR E S L 1=(TytA3 2 10), 15°CEH B RIZ2°CIZ48EFEIE L V=, **p
< 0.01 (Dunnett’ s test), rg—6 B FDEEKRIIFFELLEMNo1=1=8 . RB2575%
[CHAEMBEXD g6 B FEEALIZBIEERREZS I ETIREELT=, irg—6
B FEEALERFIIRB25 5B DK ET EEEZRLT-, RB2575% &R L<
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12 A DF95B11.1 B FEREZHAWV-REEER

FAEMRNSFEEILI-Fo5B11. 1 EiFER (TRE—F2—BEEL) #RB2575 R #fi&
F55B11.1(0k3234) ZEKIZEAL . BETHEDEENRET SN EHEITLI=(TY

A 2 1), 15°CEABRIZ2°CIZ48BFRIEL V= T5—/\—: 1Z2HEEGRE (SEM), **p
< 0.01 (Tukey—Kramer), RB2575% k& F55B11.1(0k3234) ZEAD K EMTEREMN

F55B11.1 BIFERNDEAIZE->THIELT-,
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10 11 12 13 14 15 16

0k3234R 8%

RIZGA T T IETR—F A EICRER
7

S/ERER (D — N)

X13 {KEMMHEEREDORRELFxdh-7 GEGFI—F: F55B711.1)

RB2575% MM R IKRM R E DIREE G Fxdh-1 GEIEFI—F: F55B11.7)
DERXE, 16EDITIVY KBRYIR) . A2bAY (VF), MHICUTRGEY L—
RYIR) CEIZFNREND (RT—ILIN— 1 kb)  ABIIVYEIBIIIUHDS
Sl T chr1 ZEZRLTEY . CNIZRB2575%Hk . #EHA AR K DKHR066.
KHRO6IMEL TWAEETH S, 8BILVYVY EIZHBTFRWLR VI R (L 0k3234 R 18
ZEATLTULNS,
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K10TRY . KHRO66 R EKHRO69 R K. L TFI5B11.1/xdh-1EIF LI
kB2 EBEHFOEERAKDEKEMHEREZTLLE LI (7T yEA4E 2 12), KHR066(X
RB2575% RLRELL THERINT-2RMTHY. o178 FLDok3587EEL
F55B11. 1B F LD chr1 ZEEEFD, KHR069(X . KHR066 EEF £k EHITEHE.
flo—171815F LD ok3587 EEZ=MYRE. FO5B11.1 EGF LD EEDHE
BoTUL\DIKREICLI-R# i ThH 5, 15°CHBTRIZ2°CIZ48RFBIEL V=, TT5—/\—;
EAEERZE (SEM), **kp < 0.01 (Dunnett’ s test), KHR066 %2 # EKHR069%R K. 2L T
F55B11.1/xdh-1 ZEEERDT R TORMTIREMEEEN R ont-, BHTIZHL
EEREROT—20O—EER1sEEF LTS,
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X115 C. elegans MXDH-1& Homo sapiens XDH (NP_000370) )7 =/ B&ER S| tEE:(D

C. elegans MXDH-1& Homo sapiens DXDHD 7 X/ EEECHZ= LB L . FBEITE S FE LTS
ZiRRUT=, BRI 2R DR E47%, FBEIEIE59% THoT=, FASL T ED MRS
FLUEE, - BREPLCEIL—) . FADGEIL—) . BRYTRTTI)(TL—) &6
PFLUTRLE=, S RERDICITEDEE TEITEEIZREFESIN TV SR FES
M 2EFRFEEL. EBLDERSE C. elegans DXDH-1& Homo sapiens MXDHIE50%LL
DHEEEE80%LL EDFELIEERLT=,
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16 C. elegans MXDH-1& Homo sapiens MXDH (NP_000370) M 7= /ELER I LLEX D

C. elegans MXDH—-1& Homo sapiens DXDHD 7 2 /EEECHIZLLEIL . ARG 72 /B8

(RYL

)LD TS/BE (T L—) &R LT, chriD TS /BEER (F#) . RTS
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— xdh-1(0k3234)

daf-2(e1370)
ROSL AL
500 OSLA)
700
D 600
x
o 500
$H
= 400
M 300
200 {
|
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O 10 20 30 40 50 60 7O
FFfE (42)

17 H,DCF-DAZFL\V=iE4EEHRTE (ROS) LAJLVAITE

ROSD A >4 —A—H,DCF-DAIZ& B xdh-1 ZEKADROSLAILDBIE (7 vtA
M >10), T5—/\—: {Z#E5E (SEM), * p < 0.05; ** p < 0.01 (Dunnett’ s test),
OV RA—)LIZIZROSLARIJILDIETHAERE SN TULNS dar-2 EEKE AL =, xdh—T
FEADROSLANIFZIEETH-T=,
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sod-1 5 ~|£_|H240
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NS NS &
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K18 ROSELEEELFDEEKRDIK R

(a) TEIAZTEDROSLA)LDIEH,

(b) ROSEXIZEH A B FDEEKDIEETEZBTLI-=(Ty 18> 11), T
F—/\—: {ZHERZE (SEM), 15°CE B #(Z2°CIZ48FFfEIE L V=, **p < 0.01
(Dunnett’ s test), {K;BME R EEZ TITEERKIIEN LG o1, BITIZAW-5FE
MOT—3D—EH=Z14EHEFL TS,

38



15°C—2°C (24~1 hr)

B4R m xdh-1(0k3234)

24hr 8hr 7hr 6hr 5hr 4hr 3hr 2hr hr
1EC ;5 3R 335 B ]

19 xah-1 EEEMERTHEREZ T &/AMEERZF B DIREE

xdh-1ZE2KRIETHT MEFORERIBENEZ SN T-ZITTEEMEEEEZRL
=(7yEAE 2 11), 15°CEB &(22°CIZ1 ~ 24 BBV =, TT5—/\—: 1ZHRE
(SEM),, **p < 0.01 (Unpaired t test (Welch)),
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15°CER B RIZ2°CIZ24FEiE LV = TT—/\—: EHEERE (SEM), **p < 0.01
(Tukey—Kramer), i READ xah-1 ZE A TRIT KR ER T H %) REA(LA) D xadh-

1 EERETIEEE-T-,
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BEAN DK BT BT FNEEIKR tax—4(0678) & dar-2(e1370) ZFALNTxdh-1Z 2
RED_EZERTEELT, KEMMEICH THEEFHEGREBRITLI=(Tyta
# > 16), 15°CEAB &IZ2°CIZ48BMBIE L V=, T5—/\—: 1Z#EIRE (SEM), **p <
0.01 (Tukey—Kramer), TAX-4[&cGMPIKIF I F v~ ILTHY . DAF-2[FA1 R 5%
BIATHD, tax—4 xdh-1 _ELEER KL tax4EEKRExdh-1 ZEEFEDOFREORIR
BIZ Rz, =, daf-2 xdh-1 _EEZEEKDFER MG, dar- 2 EEERNRTIEE
M DRIVE (I xdh-1EEIZCK>THEEIZHIESNT =,
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b STHEFILADELE AWA) C AYRTLTEEADELE (AWC)
1 , *%
0.8 T
0.8 I 1 0.6 " T
0.6
ﬁ 0.4
0.4 +
#H oo NS
* % _l_IH
0.2 I 0 T
0
'
\)8’5{& b(\ \Q\ 1
& @@‘?f o -0.4 % N
G 6 498/ (b /\ \(\
&£ % @@q’ &P
6(\'\ \fb’+ \'8‘:

X22 xdh-1ZEZAEDIEZEFEMETAE

(a) ILEEMETAOEEERXEH,

(b) AWAZA—AVICKO>TRZBINDATC T EFILADESETANT A2 2 9),
TS5—/\—: fB#E0E (SEM), **p < 0.01 (Dunnett’ s test), xdh-1ZEERKITO T
FILIZH L TCIEELGEMEZRL -,

() AWWCZ2—RAVIZE 2 TRBEINAIRNVXTILTERANDEETANT 1
>12)y T5—/\—: {ZE#E5E (SEM), **p < 0.01 (Tukey—Kramer), xah—-1 ZE{K([IAN
AT IWTERIZHLTERGESHEZRL,
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HM20°CEAE M 23°CfA& 25°CEiH

100
80
60
40

20

EI—REL (%)

23 xah-1 REEDIBRIST T — A EE AZAT

XDH-1&2 D —R B L DBAREIARDI=0HIZ. T —HEEDEHZEH
Hof=(ZytA4% > 1), arbO—)LIZIE, BRBLT T —HB R EERT dar-2
TEAER =, xdh-1 EEZRIIEBRGT T —BREEE RGN o=, FT-.
daf-2: xdh-1 —_EEZERKF dar2 EEKRELRBEDT T—HEHEEEZ R L=,
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a :Jf a> _
RAT R . 15
) .F =

\

(24 xdh-1EFDHEREMED

(a) xdh-1 Bz FDRERIFMIZ/ A 2—>DIEHXE,

(b) xdh—T1p:gfo Z FALN-XDH-1D FHIFHAENT , —2—0O2 | 7. REE A
TGFPOE M EEINT= (R —)L/A— 10um),

(c) xah-1p::dsRedm (RER) &inx—17p(AINp)-yfo (§%) (R —JL/A—:10um),
KEIE, ANME=Z2—BV(ZEITSHYFPEDsRedmD HEFH T ETRT (H),

(d) xdh—Tp:xdh—1 cDNA:gfo (%%) &hlh-34p(AVUp)-dsRedm (RER) (R—)L
IN—10um) . KENE. AVUNTE=Z21—OVIZEITBHGFPEDsRedmD L FHKIRERT
(2,

94



(25 xdh-71:EnFDHEIRMZD

(a) xdh—T1p:efo = FALVTXDH-1DHERMAZZ A RIL, —a—0> . 5. ZEEHE
B CGFPOE MR INT- (R —IL/A— 100U m) ,

(b) xdh-1p.:gfo|Z&AHXDH-1DFH IR, HAXGTIIHREHINT , BFETH
RN ETYEBEINT-, ChIFETAIVBRENRRTHSEEZEZAOND (R
H—JLA—: 100 4 m) .

(c) xah-1p:gfo ($%) Epgo—12p:dsRedm (RER) (RT—JL/N—: 100 um) , B#E
(%2 EE A HAAZH T HGFPEDsRedmD EHIRE R,
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26 hih-34p:dsRedm M FIRHARA

(a) Alh-34p:dsRedm|Z&BDAVI=—1—0O> O H ILE R , DsRedm® i LB &
£oT . BIRIFAVIZ 2 —AVEBEMICBEINZ(RT—I)L/N\— 104 m) .
(b) K26aM /T ILAF—ER (R —IL/A—: 10 m),

96



xdh-1

a xdh-1770€F—%—  ¢DNA GFP
, x o L s
PNTNO58: 3,346 bp ﬁffffffffffffﬁq. ++++
xdh-1 PCR1: 1,772 bpf! +++
xdh-1 PCR2: 952 bpFrzA | ++
\
xdh-1 PCR3: 428 bp ¥ +
b JOE—4—NDERS
15°C—2°C , "
g [0 NS— **II ................. I I
;\3 80 ...........................................................................................................
'|’:’i'|' BO |1 el s
It
Y T} S URUSRUSUSUUSION U 0 SN SO S
DOt T T e S
YD D O D o
RGN L SR N
@ F S e
& '\‘”a)/l @&Q Q‘&\ ‘|§(\ @‘6
Nl” AT R N <F
t)’;) ,|§<\ ‘ A ’\\Q/ N
-) Y ‘ \\

K27 JOF—43—DRIEZEZ -xdh-1EE2AXDEERER

(a) R270DEIEFEARMEEE T DDICALV=TSAINPOPCRETH DERE,
(b) xadh-1TAE—RA—DRIFZEEL T, XDH-1DIEEMEIZE 1T HHEEERIIETD
RFEIINEBELTOTE— I —EEEBTLI=Z(7yt14 2 18), 15°CAF%(22°C
[C48BEFFRE L Vzo TT—/\—: 12EEZRE (SEM), *+*p < 0.01 (Tukey—Kramer), 428 bp
FTCTOE—2—NEHEIN-RHE -1 ZEFRDEETMEEREDERENR

Y ¢ f
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X|28 xdh—1(0k3234) DikEEEMEIEEER

xadh-1EE2ADEEMERE (IHMBER Txdh-1 EGFERFIEHEIZEKYEIE
Lfzo —A. xdh-1 EEAKDZREERETHAZ OB CTxdh-1 B FEHRBEIETHE
FBIEEELGMN o1 (T ytA3 2 9), 15°CEB#&IZ2°CIZ48EFEE L V=, T5—
IN—: FBHEELE (SEM), **p < 0.01 (Tukey—Kramer), B55E ¥k & xdh—7; Ex/unc—
14p::xdh—1 cDNA] DT—3D—EBIER29EHFLTULVS,
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D
> S S
H
R

N
o
E

N
Q

o
H

unc- 14p dat- 1p osm- 6p 0sm-6p' unc- 47p osm- 6,0 eat-4p :unc- 86p eat- 4p unc 42p

i i ncs-1p i i ncs-1p
e - gir1p (%P girip uno-42p.

i unc-8 i unc-8p i
P i iunc- 47p

i acr-2
eaf-4g
i unc-42p:

DiE%E

i ADE : /O AIN /<> AIN : AIN /O AIN i AIN

SWE%ECEPE,v AV L L AVUE AV > AV AV
R -3 O B SO RV B L Y

H S H H e H HEVS Y
H : b(/ H /\Q/ o/ : i /\/ in/
. O R A
o)

«8}3\)8/ @@(L — xdh-1(0k3234); Ex[promoter::xdh-1 cDNA]
A

X129 xdh-1(0k3234) DFARRE R EIEEERD

xdh-1 EBKIZBVNT, BABRRNTOE—4—%2 AU Txah-1 BIEFERRE
. XDH-1D{ERTHEI S 1T 2 MEE— 1 — OV REEH 1Ty 18 > 6),
15°CE B 1RIC2°CIC48RF R E L V= TS5 —/\—: 1R#EFRZE (SEM), **+p < 0.01

(Tukey—Kramer), xah—71 ZEAD KR PERF [LEx25, 29, 35, 36, 38, 39%#f TMH
BLT=, B MR Exdh—1; Exlunc—14p:xdh—1 cDNAJ (Ex25)DT—42 N — &% X284

H£ELTWS,
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* %

15°C—2°C = -

D — Exd0 Bd2 Bxd3 Bxd5 Bxd6 Exd7 Ex51 FEx52 FEx53 Ex54 Ex63
g 80 ........................................................................................................................................................................... i ..............................................................
OO T A "SR
" 60 i
*H 40 .............................................................................................................................................................................................................................

20 .............................................................................................................................................................................................................................

0 _ _ - I T T - .

{L ) / / : ocr- 4p ceh- 10p ocr- 4p ser-2p ceh 10p sra- 6p glr- 1p Linx- 17p inx- 17p hih- 34p=hlh 34p

| ﬁ : sra- 6p lim-4p : ocr-4p : P AQH hlh 34p ges 1p;

he | fim-4p - L ASI

N OLQ_ AIN i AIN pyq:i AVJ i AIN { AIN i AVJ AVJ

& : AV AV LAWY LB
=8 : : ' ' ' '

Wk ) 5)

2N I R R La VA0 R B BN

g : : : ol : : :

B T B PO O RV s B

I 498’,\ q:bb‘ O x X

xdh-1(0k3234); Ex[promoter::xdh-1 cDNA}

K30 xdh-1(o0k3234) DFARRE R EIEEERQ

xdh-1 EBKIZBVNT, BABRRNTOE—4—%2 AU Txah-1 BIEFERRE
. XDH-1DIEBMEICHB (T DMAE— 1 — OV RIEEH o1yt 5k 2 6),
15°CERBR(Z2°CIC48BFfEE Lz, T5—/\—: BEEFRE (SEM), *#p < 0.01
(Tukey—Kramer), xdh-1 ZEIAD KR EE [LEx42, 46, 52K TERIELT=,
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15°C—2°C

100 oo ettt —— S

B it e —————

50 N0 I N S

FFE (%)

FH A0 Lo s
P24 O TR T RSN

By A4k xdh-1(0k3234)  xdh-1(0k3234); Ex[ceh-10p::nCre,
inx-17p::LoxP::xdh-1 cDNA::LoxP,
hilh-34p::LoxP::xdh-1 cDNA::LoxP]

K31 Cre/LoxPY AT LZEALN - ErEEEER

Cre/LoxPY AT LIZE D> TAINEAVISF R Zxdh-1 B FERIES U -HaEFE
RIEERER (7% 2 6), 15°CAAT RIZ2°CIZ8FF B LV, T5—/\—: 124
FRZE (SEM), *kp < 0.01 (Tukey—Kramer), xah—-1 ZE{KEDAINEAVITD H xdh-118
EFEHRBRIELE BEMERENREEL
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A =ik = xdh-1 = deg-1
== xdh-1; Ex[AINp::xdh-1 cDNA]
deg-1;, Ex[ASGp::deg-1 cDNA]

15 b NS
& NS
10 —
5 S 13
it Pegib N IR n
s 1
%5 0 w4
‘ -5 gﬂ}R{- 2 ............................
R O o =
-10 w2 GOV SV SEERNY A
&% O ¢ 00@ P
#% 17°C] *&\A deg,\
18 1 o
~310°C WO R
N
03060 120 180 240 300 W\,@“\ e
R (7)) O 409

K32 AINfTE=21—0O2DCa2 A A—TUH

(a) YC3.60Z FALV-AINTNE=2—AV DCal A A—T 4 (RITEERER > 14), 8B
A 15°C, S BERIB/NI— (XTS5 FIZEEEH ., xdh-1 ERKE deg—1 ZEIKIT
BERHICH L TCEBLERSGIETHRL=, xdh-1ZEEZADAINTxdh-1EI-FZ
FIREET=xdh—1; Exlinx—17p(AINp):xdh-1 cDNA] Z#FETIERIGIE THAEELT =,
F1-. deg- 1 EEIKDASGTdeg—1 1B FEHINSEf-deg-1; Exlgey-21p
(ASGp):deg-1 cDNA] 2 CIERIGIE T A EIELT-=,

(b) E32aM120- 131D FFEIDHIIBELL (%) DEHEHET T IICLI-. TS
J2NEEE2aDBERIELTIND, TT—/\—: FZHEIRZE (SEM), **p < 0.01
(Tukey—Kramer),
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a = B} A4k =xdh-1 = deg-1
== xdh-1; Ex[AINp::xdh-1 cDNA]
deg-1; Ex[ASGp::deg-1 cDNA]

b
U | F— "
;\o\ 15 ;\o\ 12 ** =
~ ; 10 bl
ﬂ 10 O o s I e
i ool || _
. SN
R R ool - ................................... ’—=-‘ ............................
WM oo I 0 \ 5
F oo o W W
-5 o de(;\,\ 00&9*\ °0$
1%( 17°Cf P\\V\Qﬁ* 669"66
m
“S 10°C; R
030 60 120 180 240 300 WO e

FF i (%)

(a) YC3.60Z ALV -AVINME=2—AY DCal A A—2 5 (BEHTEARER > 16), £
BIEE 15C, BERIB/NI—UIET ST TIZEE S, xdh-1ER{KEdeg— 1 EEK
(LEEREHCHLTEELEEEERU=, xdh-1 EER{KDAVITxdh-11BIF%
FIDEZHF=xdh-1: Ex/hIh-34p(AVJp):xdh-1 cDNA] Zif TIZE BB T A [E1E
LTzo F£T=. deg—1 ZEERIKDASGTdeg-1 BIFEHIREET=deg—1 Ex/gcy-
210(ASGp)::deg—1 cDNA] R CILEE E R EZDBEEAEELT-,

(b) K33aMD90-101FP D FIREIDESIEELL (%) DFEHEHET SIITLI-. T35
DE(XE3IZaDEERMIELTINS, TT5—/\—: 1ZH#EFRZE (SEM), *kp < 0.01
(Tukey—Kramer),
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15°C—2°C

100 N ~ L
= - * 1 1
*% I **x T
’-\80 I ** I l
0\\01 T**** *% I
4 60 L
.|:H: *% <|7
# 40 | -
I *%
*%
20 I I
0 — —~ —
EePEesygyeeigegygleRs
HS TN N O o oAb B 3 SAVN I LI B
P ™~ X Y~ ™ Y = —=  ™m ™~ ¥ = 5 S T X g Xx c
Bl N 00 00052 0 YOTESTISSTOS
A = ~ o =~ O = - ™~ ™ (0 o) e SV
TERY R ON LN L LT PR oL T
O E 09 O 0 O @ &« T © 0 0 O T g 2ol
o) @ O & & © £ Q O £E £ ¢ O 3 8 O
& € & E € E QEJGE) £ & S

X34 DEG/ENaCAA 7 AH/ ZBAPHEBRIRIERCEEEEGFOEERERD
R M AR T

DEG/ENaCAA T DAN/ZEBAEZI—F T HEEFDEERD., HHRIHIFRI
EEEETRFOEEARDEEMMERNT (T A5 2 10), 15°CEFEIZ2°CIZ96
BEEEL V2o TT5—/\—: 12#E357E (SEM), *p < 0.05; **p < 0.01 (Dunnett’ s test),
mec—1, mec—2 mec—-3 mec—4, mec—5 mec—7, mec—8 mec—14 mec—15, deg-1, let—

2ERBMERMMEREZ R -, P THdeg- 1 EEARMNBELGCEREZ L -,
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**

15°C—2°C

* %

* %

100 . .
1 II
80
< 60 -
15
n 40
H
20 L
0 ~
ml\’\"\‘\"\
£ 85888 2
'I\'HBO’)I\QD (0))
X I o T ) © 2
QQ P
T = £ & ¥ 8
T L T T S
let
mgQ
~CJCl)
Q

X35 DEG/ENaCRATAN/ZBEREFDMD AN/ ZRAREEEEFDEENR
DR T[4 BZ AT

DEG/ENaCAATLUND A h/ 2B HEREI—F T HEEFDEERAKRDIKEM T AR
WLtz (ZytA43 > 11), 15°CAAB #22°CIZ96RF BB L V=, T5—/\—: {ZHERE
(SEM), *p < 0.05; *x*p < 0.01 (Tukey—Kramer), deg—1, degt—1, unc-8|&DEG/ENaC%*
AT AN/ ZBRED—KRT B, pezo-1IZERDPIEZODA LY O ZEa—KT 5,
tro—4 Epkd-2 IETRPF YR ILETA—RTF B, deg— T EERIZERELEEZTTT R
SAECE (WA i
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a m AR == deg-1(u38)

deg-1(u38); Ex[ASGp::deg-1 cDNA]
= SND-1
R Jg ———
S
e |
1 TR e ——_) | \“ “1"1"\‘!\, | .........................................
=y Il ’m ! rl‘m
. N AP SR i1 T
?[_'; H) H/ﬁ "‘\ """dlw‘
¢ m "’L(ﬁ“.
0 """“, \4.' ............................................................................ i \"‘N&
X 17°G
10°C

0 30 60 120 180 240 300
B (70)

36 ASGEZ%:J_D:/O)Caz"{}—:)_‘/Q“

(a) YC3.60F ALVIZASGRRE =1 —AO> DCaZ A A—T2 5 (FRITEIRER > 14), T
S—)\—: {EHEILE (SEM), FAERE: 15°C, BERIB/NI—(FF 5T TFIZEE S,
deg-1(u38) ZEARILEERBIHL TEREELGRICETERLIz, deg-1W38) B2
{KDASGTdeg-1 B FERIRIE f-deg-1(w38): Ex[gcy-21p(ASGp):deg—1 cDNA]
RIFETIEIRGIETAEIELT = v ERIFFZFUNRATATEERTHSHN . A&
BB D deg- 1 B FEEATHETHERRANDRSCEENEIET HENH
£INTLVS (Chalfie et al., 1990), snb—7 EEATIIBFEMRERFDRIGHRS
nt-,

(b) X362 180-191F D11 D HEIIEELE (%) DFHEHET ITITLIz #ET S
JDEIFIHE36aDBEMIGLTINS, TT5—/\—: {ZEHEIRZE (SEM), *kp < 0.01
(Tukey—Kramer),
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a

T4 K
== deg-1(u38)
mm deg-1(u38); ExX[ASGp::.deg-1 cDNA] b

*%*

40 ......................................................................................................... 30

30

030 60 120 180 240 300 ‘@a\k
BERA (B)) AW

K37 ASGRERE=—1—RA>MDCa2f A—T2 % (13°C—27°C—13°C)

(a) YC3.60ZFFL\I=ASGREE —1—0O> NDCa A A— 5 (FEMTERER > 20), T
S—/\—: IZHEIRE (SEM), BB EE: 15°C, BERIB/NE—2 XTS5 TIZEH,
deg-1(u38) ZEARILEERBIHL TEREELGRICETERLIz, deg-1W38) B2
{KDASGTdeg-1 B FERIRIE f-deg-1(w38): Ex[gcy-21p(ASGp):deg—1 cDNA]
RIFETIEIRGIETAEIELT = v ERIFFZFUNRATATEERTHSHN . A&
BB D deg- 1 B FEEATHETHERRANDRSCEENEIET HENH
£EINTLVS (Chalfie et al., 1990),

(b) E37am230-241F DM FEIDEINIEELL (%) DFHEET STITLIZ #ETS
ZDRIIEITaDBEX LTINS, T5—/\—: 1ZHEERE (SEM), **xp < 0.01
(Tukey—Kramer),
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- T4 AVGZa2—0OY
- P ARk PVCZa—0OY

15 ..................................................................................................................

10 o e M

FE Lt (%)

5 .................................. ‘ | A, !Q‘MH ..................................

%EEI- 0 4 «M!H‘;x-" MM' .................................................. "‘ ........... M
|
_5 ...................................................................................................................

'I:hi( 17°CJ\
™8 10°C
03060 120 180 240 300
B (7))

38 AVGHrE—a1—OY EPVCHE—a—O  DCat A A—2 5

YC3.60Z AHLVIFAVGEPVC—2a—AY NDCa A A—T 04 (BT EAEL > 7), TS5—
IN—: FZHEZLE (SEM), fABRE: 15°C, BERE/ N\ 2—2 XTI STTIZEE,
AVGNE—1—AOVEPVCNE— A —OV LR ERMIZ G LT,
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15°C—2°C

100
80| B
°
— 60
1%
E—H:l' 40 NS
20 N
0 = i =
Q) ; , N
\Q
\\
N
A@

X139 xadh-1& deg-1DEIFHIBEMT

xdh-118IGFLdeg- 1 BIGFD _ELEARZERL, KEMMERITZE G071
(T otA8 2 12), 15°CEBFRIZ2°CIZI6RFMEE LV, T5—/\—: 1245 E (SEM),
*x*p < 0.01 (Tukey—Kramer), xdh—1; deg-1_EBEEERKRIZTFNFNDODE—LTEKRE

RFDEEMEREZRL =,
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m— 5 AR
m== EX[ASEp::deg-1 cDNA]

2 b
j:]\ —~~ k. . S
i & 3 =
L 2 25
R i
H w15
R

- " ¥ )

S P 14 &% y OO\\\P
¥ 27°CH 0@
I'I! E 135G -—A @(\P\Sa)

0 30 60 120 180 240 300
B (%)

40 ASEBRE—1—O>MDCa A A—04

(a) GCaMP8&tag-RFPZ LMV -ASEIR E =21 —A> D CaZ A A—T 24 (FRATEIAR
#2>19), T5—/\—: 1ZHERE (SEM), FAFRE: 15°C, BERB/ N2—2 (95
JTIZEE &, DEG-1Z @ HI M ZHITS B T-N2: Ex[gcy-5p(ASEp)::deg-1 cDNA] D
ASEIXBEE ERICRIGHETRLT-,

(b) BE40ad 230241 DD HENIEELL %) DFEHFEITSTICLI-. BIS
ZDEIXE0aDBEXF LTINS, T5—/\—: 1ZHEERE (SEM), **xp < 0.01
(Tukey—Kramer),
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Xenopus oocyte
“ :‘
DEG-1
Na+*
2ARELEBREREEE

DEG-1 -80mV

0 100 200 300 400 500

FfE (%)

a mE (°C)
J0 15 20 25 30 35 40
0] e

< |

2-27 !

7L=HXTAvk

3.4 3.5

B (1000/K)

K41 DEG-1Z#HIRIE 72UV AHT)LINBHEOEERBIZ T 5K

(a) H41bI R ERSEEDHEEMLST 57 EATHEE = 8. HIFRKIT—2DH
L—R), PL=O AT Oy TR SN -EREERMEMETEREDKRELEEL
NRONT-. /20T E > TOWVENWINEE TR ER oG (7

€5,

b) RERIT—EDN—R, (ET57) BRME. (FT37) RE (FRTHEAREK = 8),

(c) b T—RADTL=H X700yt (FEHHEE =8, KIFRTRIT—2DI—
R)o SEHEEEBEX. v ABOXTaNEH L=, DEG-1D;EEEEEE T

3. 32.0+0.8°C,
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a mfE (°C)
Xenopus oocyte 10 15 20 25 30 35 40
Y - 0.5 H
. S o1t il { - DU
—_ 1.30°C
MDEGH El N MDEGH
s e
@@ ot
Nat
2AELEEEE X -3t
b C TL= 7Ok
36 ..........................................................................................................
O ................................................................................... .
R S MDEG1 -80mV
<§_ L S < 32 . NS
= MDEG1 -80mV s ~
-Lll% R K 8» o T e S ———
@ﬁ | e J;J’ D Gl R
4 ------------------------------------------------------------------------------------ @; 26 .......................................................................................................
6 40{ 2?’ ................. 30 C ..................................................
| 3.2 33 34 3.5
ng 20| SBEE (1000/K)
101

0O 100 200 300 400 500
B (%)

K42 MDEG1ZRIBSE1=-72)HYAH IT)LENEHE0E E R x93 5 &b

(a) B42bl I EBHREBEDHEBEMEST -7 @R =8, HIIRRIT—2D
FL—R), PL=RTOvMCEH SN =B REREMETEREDOKRELE
IEBNRoNT=. 122923 E B> TOEVLINEETIERIGIZR S
(REVAR),

b) RF|I1T—RADI—R, (LT 57) EilE. (TFZ7) BE fEHTHIEs=8)
(c) K426DT—RADTL =) RTOyk (FEHTHIEL = 8. RIIIRTIT—2DI—
R)o EHEEEBEL. TP ABOXTaANCEH L=, MDEGIDEHRBIEREF
t4: 31.0+0.3°C,
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0 ...............................................................................
) s
< .
@ 2. DEG 1+ 7305 .
|
Al
) 40[
< 3071
# 201
18 10
50 100 200 300 400 500 5O 100 200 . 300 400 500
Fa] (7)) rfe (7))
C mE (°C)
o0 15 20 25 30 35 40
L
0.5 DEG-1 + 7IASAR ™ d
< 0 + 73034k -720354F
215 — C = 1
<C _1 .....................
2] ) PR —
12 o5l DEG-1 L R I, —
i e ol
-3.5¢ -5 -
4L -6

[X|43 DEG/ENaCOFREHI7IO54FZEHAVTDEG-1D R ZFHIHILT=

(@) KTXIT—EDL—R, (EFFD) ERME. (FF37) RE,DEG-1ZREIHE

-INEHMRED RIG, 7TSOSAREL, fEfTHRLk =5,

b) RF|I1T—RADIN—X, (LT 57) EivlE. (T 57) iRE, DEG-1ZHIRIH

=INEHMREDORIG, 7TESASARHY, fEHTHIELL = 5,

(c) B43a, bIZ RS EREBEDIEREMS 57, DEG-1. 7EAZAMEL (F),

J%Eg% TEASARHY (RELR), RIEENEFNRTRIT—ADI—X, fEHTH
5= 5.

() BRERBIH T HEREDEILEDFEHERLT- (BEATHEE =5), 7305

1LHY (vEVR) . TEAZAFREL (F), To5—/\— 2ERE (SEM), *p <

0.05; **p < 0.01 (Unpaired t test (Welch)),
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frE=a—na> (AN AVJ
XDH-1 XDH-1

1 1
1 1
1
IE:E it v v
&EmtE

44 (ERMEZECHE Y DH-GaERKRET LE

ASGRERREZ1—OVADEG-1ZN L TREZZAL. ANBXUVAVINE=21—AY
~D;RERHRIGEZTBEL TEERMMEEHIET 2= HEREROFEINRESIN
1=o DEG-1WNREEZRRT HEASGHRIGL . AINFEHIESE (KE) ., AVJZED
H9 5 (REEKE) ZETREMMEREIZHITHT 5. ASGHDAVINILE FED HESE
;bzgw:&)\ RKHD—a—AVEEEN LTRERIEENES LGHONTLNSEEZL
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= 1

E28757Mm%k
ZHiA EHE (%) (- SEN) xoh-HEIET R
Wild-type 94.0+1.2 e
xdh-1(0k3234) 1.7%0.3 e
xdh-1; Ex[unc-14p::xdh-1 cDNA] 64.7+3.4 HEER
xdh-1; Ex[pgp-12p::xdh-1 cDNA] 9.7+2.3 2B TR ET AR
xdh-1; Ex[ges-1p::xdh-1 cDNA] 4.3+1.1 %
xdh-1; Exjxdh-1p::xdh-1 cDNA] 82.4+2.9 LSOBOMIE. B,
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= 2

X295 57M%F%

EN ik

15°C—2°C (48hr)

TR (%) (=SEM)

xdh-HEinFHRIE MR

Wild-type

xdh-1(0k3234)

xdh-1; Ex25

xdh-1; Ex26

xdh-1; Ex28

98.6*+0.3

3.8+04

81.0+4.0

8.1£15

7.7+x1.8

JOE—4—
e
e

unc-14p
dat-1p

osm-6p

~
~

ELEEER
ADE, CEP, PDE

ADE, ADF, ADL, AFD, AQR, ASE, ASG

ASH, ASI, ASJ, ASK, AWA, AWB, AWC
CEP, FLP, PDE, PHA, PHB, PQR, CEM

xdh-1; Ex29 28.5+54 osm-6p, ncs-1p

glr-1p, unc-8p

ADE, ADF, ADL, AFD, AIB, AIN, AlY, AlZ
AQR, ASE, ASG, ASH, ASI, ASJ, ASK, AVA
AVB, AVD, AVE, AVG, AVJ, AVK, AWA
AWB, AWC, BAG, BDU, CEP, DA, DB, DD
DVC, FLP, HSN, PDA, PDB, PDE, PHA
PHB, PVC, PVM, PVQ, RIG, RIM, RIS, RMD
RME, RMG, SAB, SMD, URY, VA, VB, VC
VD, PQR

xdh-1; Ex34 59+2.1 unc-47p, acr-2p D, DVB, IL1, PVQ, RIS

AVL, DA, DB, DD,
E, VA, VB, VD

RMD, R

xdh-1; Ex35 545+3.4

osm-6p, ncs-1p
glr-1p, unc-8p
unc-47p, acr-2p

eat-4p, unc-42p

ADA, ADE, ADF, ADL, AFD, AIB, AIN, AlY
AlZ, ALM, AQR, ASE, ASG, ASH, ASI, ASJ
ASK, AUA, AVA, AVB, AVD, AVE, AVG
AVJ, AVK, AVL, AVM, AWA, AWB, AWC
BAG, BDU, CEP, DA, DB, DD, DVB, DVC
FLP, HSN, IL1, LUA, NSM, OLL, OLQ, PDA
PDB, PDE, PHA, PHB, PLM, PVC, PVD
PVM, PVQ, PVR, RIG, RIM, RIS, RIV, RMD
RME, RMG, SAA, SAB, SIB, SMD, URY, VA
VB, VC, VD, PQR, CEM

xdh-1; Ex36 72.2+6.5

eat-4p, unc-42p ADA, AFD, AIN, ALM, ASH, ASK, AUA, AVA
AVD, AVE, AVH, AVJ, AVK, AVM, AWC, DD
FLP, IL1, LUA, NSM, OLL, OLQ, PLM, PVD

PVR, RIV, RMD, SAA, SIB, SMD

xdh-1; Ex37 14.1+£1.9 unc-86p ADA, AIM, AlZ, ALM, ALN, BDU

FLP, HSN, IL2, NSM, PLM, URY

xdh-1; Ex38 41.3%+6.5 eat-4p ADA, AFD, AIN, ALM, ASH, ASK, AUA, AVJ

AVM, AWC, FLP, IL1, LUA, NSM, OLL, OLQ
PLM, PVD, PVR,

xdh-1; Ex39 59.3+6.2 unc-42p AIN, ASH, AVA, AVD, AVE, AVH, AVJ, AVK

DD, RIV, RMD, SAA, SIB, SMD
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E30757M%*
R4 Tea sy JoE—s— xoh-HEIEF O FE M

Wild-type 92.3%+1.1 - /

xdh-1(0k3234) 6.4%+1.4 / /

xdh-1; Ex40 5.5+1.1 ocr-4p oLQ

xdh-1; Ex42 58.5+5.1 ceh-10p, sra-6p AIN, AlY, ALA, AVJ, CEP, ASH, ASI, PVQ
RID, RME

xdh-1; Ex43 42+1.2 ocr-4p, lim-4p AWB, OLQ, RID, RIV, RMD, RME, SAA, SIA

xdh-1; Ex45 3.2+2.0 ser-2p, ocr-4p AWB, OLL, OLQ, PVD, RID, RIV, RMD

lim-4p RME, SAA, SIA

xdh-1; Ex46 66.5+7.4 ceh-10p AIN, AlY, ALA, AVJ, CEP, RID, RME

xdh-1; Ex47 11.3+1.5 sra-6p ASH, ASI, PVQ

xdh-1; Ex51 15.5+2.3 gir-1p AIB, AVA, AVB, AVD, AVE, AVG, AVJ, DVC
PVC, PVQ, RIG, RIM, RIS, RMD, RME
SMD, URY

xdh-1; Ex52 76.5+2.3 inx-17p, hih-34p AIN, AVJ, DVA($1 R #18), DVC($) R#1HH)
PVT (%) R #8A)

xdh-1; Ex53 14.0+2.3 inx-17p AIN, DVA?’J}E*JJ,EJ?), DVC(%h R #1EA)
PVT (%) R4 8A)

xdh-1; Ex54 13.4+1.7 hih-34p AVJ

xdh-1; Ex63 8.0+1.8 hih-34p, ges-1p AVJ, &
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SNPf&#1 Fprimer

KHR No. |Eg51(5'-3) & PCR-RFLPIZHLf=RE
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AR CHALIET S —

F R Hprimer
KHR No. |Fc%1(5-3) &
KHR833 [gcattgtttcatcgtttcca
KHR834 |cagtttcacgcaattgatttt ok3234 B H
KHR1311 |caatgtcatcttctcgtegttgag
KHR400 |cctctatgcctaactattgece
k3587 % R
KHR401 |gtaatctgtggctccattce ° ZRRL
KHR2061 [agagggggagagatgaagattctc
BEER
KHR2062 |tgtaatttgcegtttatettctag | R
L X a—EER Al Fi8i8primer
KHR No. |E25(5-3) A&
KHR687 [|atctccactatcttcctgaatgec i —
flo—17
KHR705 |gtccttgcagctagtaacagtacte P BRFEE
KHR791 [gatttcagtgcaagcatcccaaacg ire-6BIETFSE
KHR792 |gaaagtgtgaactttgatggtggg
KHR1672 |ttccgegttgtctatcttottcte xdh—1 PCR1 forward primer
KHR1673 |aaaaaaacattttctgtttcageg xdh—1 PCR2 forward primer
KHR1674 |gtttgtaaaattttagtggttcgge xdh—1 PCR3 forward primer
KHR1675 |gtacggccgactagtaggaaacag |xdh—1 PCR1, 2, 3 reverse primer

cDNAS AT S51J— &Y. xdh—1 cDNA {EFprimer

KHR No. |E251(5-3) &
KHR835 [gctctagaatgaagaaagaagtaaccgaaatttcatcg
KHR836 |agtggtaccttaaacagaagttatccatggtgtataagt
KHR846 |atgaagaaagaagtaaccgaaatttca

KHR847 [ttaaacagaagttatccatggtgtat

KHR903 [gtcattcattcctccctaaacgac

KHR968 [gctctagagtcattcattcctccctaaacgacaacg

KHR969 |agtggtacccacattttacccgtgatatcagegttttcg xdh—1 cDNA {E Rk
KHR970 [cacattttacccgtgatatcageg

KHR1135 [gtcattcattcctccctaaacgacaacg

KHR1136 [catcattcacacattgattactaattataatctc

KHR1137 |ctaaatacattcaaatatgtatccge

KHR1138 |aaaaataaacaaataggggttccgeg

KHR1139 [ctaaatacattcaaatatgtatccgctcatgag

KHR1140 |aaaaataaacaaataggggttccgecgcac
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AR CHALIET S —

Direct sequencel<XkAHE25I#EEE Fprimer

KHR No. |E251(5'-3) &

KHR893 |tcatcaagtaacaataactgccag |xdh—-18IGF E1TUV2
KHR894 |aatgacactggcaacctacttgag |xdh—-1EB{GF F2IT9V>
KHR895 |tcagcagagccgatattgattctc |[xdh—1E{GF §F3,4TH0V>
KHR896 |ggatgctcaagaaaagctagaagg |[xdh—1E{GF &5, 6THIVY
KHR898 |catgttcatgagatgctccattgg xdh-118{cF £78THY>
KHR899 |gtcacaggagcatttttggtgaage |xdh-11EB{GF F£718T IV
KHR900 [tccatttgacggggagtaacaa xdh-18{cF E9TIV>
KHR901 |gcacactacaggagaagctgtata |xdh—-718{F FITHY
KHR902 |ccagagtgttaaatacatgatagtgc |xdh—-1B{GF F10TOV>
KHR903 |gtcattcattcctccctaaacgac |xdh—18inF 10T IV
KHR904 |taagaaaaccacttgaaacatgcg |xdh—138IGF EI11THVY
KHR905 [cgatgggtgcacaactttgatac xdh-118{F E12THI>
KHR906 |ggtgtttcagcatgaaaaccga xdh-118{F $13, 149>
KHR907 [tctacaatgggaatgacgtcag xdh-1182{F E15ITH9Y>
KHR908 |ggatattcagtgtatggaacggca |xdh-11B{GF F15TOV>
KHR909 |gtgcacattcatcaacttggtg xdh-18{F E£16THY>
KHR2315 [tcttgcaattagaacccgttttge deg—1 cDNA No. 1
KHR2316 |ggcttgcatcagaatgttgtttge deg—1 cDNA No. 2
KHR2317 |catacggtttggttaacttgatcg deg—1 cDNA No. 3
KHR2318 |atagaagttgcttccaaaatggac deg—1 cDNA No. 4
KHR2319 |caaacatgaatttattgaaatgtg deg—1 cDNA No. 5
KHR2320 |gcacaacatcatcagacaaatggec |deg—7 cDNA No. 6
KHR2321 |aaaagaaaaaacccaaagtttccc |deg—7 ¢cDNA No. 7

DIV D LA A= T BT T 5 ASFYERprimer

KHR No. |E251(5-3) &

KHR2346 [gaaatgaaataagctggtacctgcctttgaataaatttgttcce goy-21F OE—A—
KHR2347 |ccatggtttctaccggaattcagcagaataatatgaaaatgaaatttatttag

KHR2795 [gaaatgaaataagctgatgattatggaaccaaactc nmr—17 OE—&S—

KHR2796 |ccatggtttctaccgctgatattcggaacatatctg

KHR1979 |gaaatgaaataagctcggtggtggctggagggactgatge hih-34~ OE—4—
KHR1980 |ccatggtttctaccgttctcaagtggttataagtcaage

KHR2030 |gaaatgaaataagctgcatgcagcttgacaccttgaaaagtttg inx—17F OE—4S—
KHR2031 |ccatggtttctaccggeggeccgcaacccagtatcgatcttcatetg
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AR CHALIET S —

BHENBEER TS ASFERHprimer (FOE—42451)

KHR No. |#251(5'-3)

A&

KHR1224 |ccaagcttgcatgcccctgecaggtcgaggtcgacggtateg

KHR1225 |attctagagtcgacctctagaccecggggatcccccgggetgeagg

ges—17OF—%4—

KHR1201 |ccaagcttgcatgccattttctattactcaacctg

KHR1202 |attctagagtcgaccgtttaacctatttcagaagaatatctg

pgp—127AF—4—

KHR1512 |ataagcttgcatgcccctgcaggetagaactagtggatccacacg

KHR1513 |attctagagtcgacctctagatttctactgtaatttggcatttattgg

xdh-170EF—42—

KHR1514 |ccaagcttgcatgcccotgcaggttgattcgagtgtcccattttgac

KHR1515 |attctagagtcgaccgecggecgcetttggtggaagaattgagggatgaage

unc-147OEF—%4—

KHR1538 |ccaagcttgcatgcccctgecaggecatgaaatggaacttgaatccag

KHR1539 |attctagagtcgaccgeggecgeggetaaaaattgttgagattcgag

dat-17AOF—4R—

KHR1551 |ccaagcttgcatgcccctgecagggeatgttatggatactctgaattce

KHR1552 |attctagagtcgaccgeggecgeagatgtatactaatgaaggtaatage

osm-6 7 OE—4—

KHR1570 |ccaagcttgcatgcccctgcaggtiggaaatgaaataagetttactg

KHR1571 |attctagagtcgaccgeggecgeccaatcccggggatecttottcge

nes—-17AE—43—

KHR1572 |ccaagcttgcatgcccctgcagggaaataagettgcatgectgecage

KHR1573 |attctagagtcgaccgecggccgetgtgaatgtgtcagattgggtgece

glr-170E&—4—

KHR1574 |ccaagcttgcatgcccotgcagggcagtcagaagggcettcagetace

KHR1575 |attctagagtcgaccgcggccgegatectttttcgaattttgtgecg

unc-8 7 OE—4H—

KHE1670 |ccaagcttgcatgcccctgcaggecaataaactcactatagtegetg

KHE1671 |attctagagtcgaccgecggecgeactgtaatgaaataaatgtgacge

unc-47 7 OF—%4—

KHR1713 |ccaagcttgcatgcccctgcaggtatgettcaattcttccaaattat

KHR1714 |attctagagtcgaccgecggecgeccggtttctgaaaatgatgatgat

eat-4 7 OF—4—

KHR1715 |ccaagcttgcatgcccctgecaggtcttcgatgaacggagggagttgte

KHR1716 |attctagagtcgaccgecggecgeotgtgtgagtgaaageggagaaatgtg

unc—42 7 AE—43—

KHR1721 |ccaagcttgcatgcccctgcagggetatcaaagtagagcagtgag

KHR1722 |attctagagtcgaccgeggecgcettttgaageggttgtcgtegte

unc-86 7 OE—4—

KHR1740 |ccaagcttgcatgcccotgcaggeogtgggecatttcttcaaagac

KHR1741 |attctagagtcgaccgecggccgecctaatacaagttagattcagag

ocr-4 7OF—43—

KHR1793 |ccaagcttgcatgccccotgcaggacttecggtecttecctgecagatac

KHR1794 |attctagagtcgaccgecggeccgeccacaagagaaaagtggetgettat

ceh-107OF—4—

KHR1872 |ccaagcttgcatgccggatccgaattcgagttgaattagatggge

KHR1873 |attctagagtcgaccggtaccggtgcaacttgtgacagetge

lim-4770®—%4—

KHR1880 |ccaagcttgcatgccggatccgtaaaagtttagtaaattaactge

KHR1881 |attctagagtcgaccggtacccattatgtgtigtgatgtcacaa

ser-2 7AF—43—

KHR1923 |ccaagcttgcatgcccctgecaggagcettgacaccttgaaaagt

KHR1924 |attctagagtcgaccgecggecgectgaagagtttaaaatgttg

inx-1770%&—4%—

KHR1925 |ccaagcttgcatgcccotgcaggggtggtggectggagggactg

KHR1926 |attctagagtcgaccgcggccgettctcaagtggttataagte

\hih-347 QE—%4—

KHR?2448 |attacgccaagcttgcatgtgecctttgaataaatttgttcce

KHR2449 |aggtacccggggatccatcagcagaataatatgaaaatgaaatttatt

gey-217O0F—%4—

KHR2049 |ccaagcttgcatgcctatacatgaaatacatacatagac

KHR2050 |cctctagagtcgaccttttcatcagaataagtaatttttcg

gcy—57°El:E—’5l—
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AR CHALIET S —

Cre/LoxP AT L TS5 ASF{ERprimer

KHR No. [E25(5-3) 5ibed

KHR2727 |attacgccaagcttgcatgcacttcggtecttecctgece

KHR2728 |ccatggtaccgtcgaccacaagagaaaagtggetg ) .
KHR2732 |tcgacggtaccatgggecgeac PNTN143 ceh=10p:nCre fFR
KHR2733 |catgcaagcttggcgtaatcatgg

KHR2729 |acttgagaagcggccgataacttcgtatageatac pNTN144 {ER forward primer
KHR2730 |gagtcgaccgcggccgataacttcgtataatgtatge |pNTN144, 145 {ERK reverse primer
KHR2731 |actcttcaggcggccgataacttcgtatagecatac pNTN145 {ERX forward primer
F DTS5 AIFYERR Aprimer

KHR No. [A£%1(5'-3) R

KHR839 |cattatcgagtgtatgcaagaccg

KHR840 |atacattgccatgacgaatccagg

KHR841 [ttcatccagttcaggagagacttgce

KHR842 |ccgaatcgagttggtgtcaagtaaattce

KHR843 |ctaaaaatgocgtacctogtety pNTNO20 xdh-1p:xdh—1 genomic gene:gfo {ERL
KHR844 |cgtgctcggcaaattttgagatttge

KHR933 |cccagaatattcaggacgacaagac

KHR934 |cgccctgcaggttacttgtacagectegteccatgeeg

KHR931 |gctagccgecctgecagg attattttttaataactaatttttcag

KHR932 |aacagaagttatccatggtgtataagtg

KHR999 |agcatggtgagcaagggcgaggagce pNTNO26 xdh—1p:efo VERL

KHR1000 |cttcattttctactgtaatttgge

KHR1727 |tggataacttctgttgctagcatgagtaaaggagaagaactt

KHR1728 |caataccatggtaccgcgegcectatttgtatagttcatccatg pNTNO58 xdh—1p (3,346 bp)-xdh—1 cDNA:gfo VERL
KHR1729 |ggtaccatggtattgatatctgag

KHR1730 |aacagaagttatccatggtgtataagtg
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AR THEALLTFREF

FE T MR AR A

TSRIFES

pNTNO20 xdh—1p.:xdh—1 genomic gene:gfp

pNTNO26 xdh—1p.gfp

pNTNO32 pgp—12p:dsRedm

pNTNO058 xdh—1p (3,346 bp):xdh—1 cDNA:gfp

pNTN118 xdh—1p:dsRedm unc—54UTR

e RNETER

TSRIFES

pNTNO34 pgp—12p:xdh—1cDNA_unc—54UTR

pNTNO35 ges—1p:xdh—1cDNA_unc—54UTR

pNTNO36_xdh—1p:xdh—1cDNA_unc-54UTR

pNTNO46_unc—14p_xdh—1cDNA_unc—-54UTR

pNTNO47 dat—1p xdh—1cDNA_unc—-54UTR

pNTNO48 osm—6p_xdh—1cDNA_unc—-54UTR

pNTNO49 ncs—1p_xdh—1cDNA_unc—-54UTR

pNTNO50 gir-1p_xdh—1cDNA_unc—-54UTR

pNTNO51 unc—8p_xdh—1cDNA_unc—-54UTR

pNTNO52 unc—47p_xdh—1cDNA_unc—54UTR

pNTNO53 acr—2p xdh—1cDNA_unc—-54UTR

pNTN0O54_eat-4p_xdh—1cDNA_unc-54UTR

pNTN0OS5_unc—42p_xdh—1cDNA_unc—-54UTR

pNTNO57 unc—86p_xdh—1cDNA_unc—-54UTR

pNTNO058 xdh—1p (3,346 bp):xdh—1 cDNA:gfp

pNTN059 ocr—4p_xdh—1cDNA_unc—-54UTR

pNTNO60 ceh—10p_xdh—1cDNA_unc—-54UTR

pNTNO61 sra—6p_xdh—1cDNA_unc—-54UTR

pNTNO63 |[im—4p_xdh—1cDNA_unc-54UTR

pNTNO64 ser—2p xdh—1cDNA_unc—-54UTR

pNTNO67 inx—17p_xdh—1cDNA_unc-54UTR

pNTNO68_hlh-34p_xdh—1cDNA_unc-54UTR

pNTN106 gcy—5p(lino):deg—1cDNA_unc—-54UTR

pNTN143 ceh—10p:nCre unc—54UTR

pNTN144 hih-34p.:LoxP:xdh—1cDNA:LoxP unc-54UTR

pNTN145 inx—17p:LoxP:xdh—1cDNA:LoxP unc—-54UTR
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AR THEALLTFREF

AV D LA F—D TR

TSRIFES

pNTNO75 hlh-34p:yc3.60 unc-54UTR

pNTN116 inx—17p:yc3.60 let-858UTR

pNTN123 gcy-21p:yc3.61 unc—-54UTR

oNTN159 nmr—1p:yc3.60 unc-54UTR

pMIU34 flp—6p.:.CeG-CaMP8

pKOB006 gcy—5p:tag—RFP (Kobayashi et al., 2016)

FI2VAVAHTILOREHaZERALV-EREHFBRH

TSRIFES

pNTN119 deg—1cDNA_in_pGEMHE

pNTN125 MDEGcDNA_in_ pGEMHE
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