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IR EIER T 2 REFRTH Y . ATREZITHE
WL D 2 L THASF - R L CE T, ABFFETIE, B ORI O AR EE D
HER D= 1Z, #rH Caenorhabditis elegans OIKIREINL 2 fIEIZfffT 2B Z 72 >
T2 ARIBRMEICRE DL D HH Y & LTH U U AF v 2V KQT-2 Z[AE L7, KQT-
213, B MZEBWTLER TANAFIZED S KCNQ B U 7 AF ¥ /LD
RERIZTHY, 2D/ v 770 MR TH D kqt-2 ZEFRETITIAEK LD HIK
IR R BT 2 BN R Havic, BRENZ 12, B 3.5 cm OFEREGHIT
B L7ZGA L0 b, B 6 cm OEREHCETE L2 kqt-2 22 BIKOKIR
B 2358 < oo 72, GFP ViR —# —Z W BTN G| kqt-2 8511 X5AE
? ASK & ADL &R =2 —wm U LG TREL TRV | kgr-2 5K ADL J&F
Z=a— 0 U TRERIZ kgt-2 BoFE2RBBLIE D 2 LI XK o T kgr-2 ZRKDIK
BEEVEEFENEE Lz, ZNETIZ, ADL [JEESF=a—aThbH I &N
MHNTWZD, DT T bA A= THEE VT kqt-2 EEIKD ADL ©
IRENEMEEZRE LTz & 2 A, kqt-2 ERIKTIIRFE N R S0z, FRRIEEE 1T
BT, ADL [TEFEZ KR =a—1v1 > URX O FRICMET D Z ERHE ST
Wb, £ 2T, KIEBILE L OV ADL OIREEISEMEIC BT 2 BTG WO BE M &
FHRDT20IZ, ADL THEEEL T\ A U U AF ¥ %L KQT-2 O BIKIZ URX
THERE T~ D IRA AR GCY-35 DFERERBE R A E AL, gey-35; kqt-2 B F
ROIKIEEIMEE KO ADL OIS 2 HIE LT, & DRER, kqt-2 ZZHRARD Z

NODORFIL gey-35 BERIZE o TIESNT, DFED, URX BEZH==2—n
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Vi

YO T TADLIRES A= 2 — 0 UM & | BRRIRERFI 720 S IR ED
BIRDNWTWDATREMEDNR B 2 BTz, kqt-2 2 ERAROARIRBIM R T W R IR
WD D ATREMEZ B X | kqt-2 ERARZ B T B OBBRE 2Bz, &
DR, BRI DTG U T kge-2 EREDIREIME DR TR R 6T, &
BHIT, EAE 6 cm & EEL 3.5 cm D& DIERIGHM FOBBEREZAE L-E =
A, HE 6 cm OIEREEHO S RNER 3.5 cm OFEREH LD B9 5 %m O EEER
EEmr LTz, AEORRENS, ADL &R =2 —1 280 TH Y 7 AF v RL
KQT-2 1%, URX BEEZR =2 — 1 )b OREEH R IR S s E 4

il REBME 22 b STV D Z L AVRIR S Lle, T OMRREIES T, IR & R

M

F LW HEMICERR DR DOEREEROME DT ET VL0V 2 HLEXD
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ATP Adenosine triphosphate

C. elegans Caenorhabditis elegans

cDNA Complementary DNA

CFP Cyan fluorescent protein

cGMP Cyclic guanosine monophosphate

Dil 1,1°-Dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine perchlorate
DNA Deoxyribonucleic acid

dNTPs Deoxynucleotide triphosphates

FOXO Forkhead box-containing protein, O sub-family
FRET Fluorescence Resonance Energy Transfer

GFP Green fluorescent protein

KQT K" channel related to QT interval

LB Luria-Bertani

NGM Nematode growth medium

PCR Polymerase chain reaction

rGC Receptor guanylyl cyclase

RNA Ribonucleic acid

TRP Transient receptor potential

YC Yellow cameleon

YFP Yellow fluorescent protein
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1. il

1.1 YO EIRE

b bEEREMITE - T IREEITH T DA BOSITEE R A D
ZALTHD, BiE. EHilak L OREDIRESF =2 —1 V TREZZA
L. ZOREFREKROEKEREIEET D Z L TREICHEVIISELTWD &
EZOND, FHIMRERIZBIT DIREFBROZE L ZDIFERIBED D+ AT =
AL B IROIREZAEA~DISEI M T D, MEZH DIy A T = L
ELT, TRP ¥ X WIZ L DAY TRESFRE LTEH ZEnmbiTn
%7 (Dhaka et al. 2006), TRP F ¥ R/VIEIEAFHI 72 M E S A J1 = X B3, frHR
RVavVaUNTIHEELTND Z ERHREZI TS (Shen et al. 2011;
Takeishi et al. 2016),

YauYa unNTOHhiE IREAR LICENND L ERA =2 —1
NIBTFHRARYAN—8 C 25T Gq v 7TV v ViR Z2IEMb L, FRREE
RO TRP F v RV O SEIREFHREIRZET L2 LT, BEAR ETY
3 UV aUNRTORBIFRETHD 18 CICBENT HIEEIRIUTEI N2 ST
Do EBHIT, ZOH A —RiZidn RV UNBRESFIILETHL EEZHN
TV 5 (Shenetal.2011), L2 L., B R7 YV UNEEBICIEESZRER E L THEE
D DN TUERFNI O HHFE S TN D, AMFFETITIREI O X 9 e FlE 5 | B

W DIREINE DFRNTE T V& LT, #H C. elegans & F\ 7=,



1.2 #R® Caenorhabditis elegans

C. elegans 1ZAER 1 mm OIEFAEMEO HEATEHEOBRBTH Y | A2
FERTH D Z LD, GFP R DIl 72 EDHEEH /37 B 2 AW T - A 42
KRG Tl b, MEREF 2 OMBERKETH Y | X KO RSEEHI LD | &I
1 DH%E L OMENRET D, C elegans OMERERIAD % 1X 959 1E OHIIE A 5
B SNTEBY ., 2055 302 EITMHFEAMILTEH S (Brenner 1974), C. elegans D
FEE DR E TOR 3 FHOUFIC X 2B FIEBETEOMRIT G, MEKER
RORIRREHIG 302 fE DT 7 AP L F ¥ v THREGVBHAL M E RS> TND Z
& 725 (White et al. 1986), MR OMMTDOET VEH E L THZE < OHFZEET
HEHSNTWD, S BICIEF, B BMEET D REO SRR >y PV — 2 B 1A
ESNTRY MR LTI, KB O RRAIa A @ Th 512 b b b
T T T REERL X v v TR ONNE =K 30 %R D T LA S
(Cook et al. 2019),

b MIK 37 IRE ORI B SN TS EZEX BN TEY, ZDH
HIKAKI 1000 (M OFFREHIALIZ K D R S TWD 2 & ST 5 &, o
MIRREIIER 2D 2 E3bind, —FH T, Bin 8t b &R TRRED
BEE 2 HETHY, HEBETFHEZ<FHFoTWNDHI LD, b bR E
THE L TWDEARPIA T =X L LW, £o, NN OIKICED £ TOL
ARy R OEFRDS HIRGE S LT OMNZEINTWD, S HIZ, #rHR C. elegans
TR OEERRED TR TH DL Z &b, Bl X /e & DOFIKAR 22

RIFNATRETH D,



C. elegans 13X L1, L2, L3, L4 EFEIND 4 SO T B, £
D% young adult Z & CINZ o 7ok BIc R4 5, #iuL 25 CTRET S &
#1250, 20 CTH35H, 17 °CTS5H, 15 CTK 7 HTIIDS KR BIZHKE
T 5, MEHERIATH D Z Lnb, INLHF T2 EERN TR S, ZRBIIZ BT
L, BHNIEDLEETHHENRL E2—4TK 300 EHOINZET Z &)
5. FABEPRITIIERICES TH D, BE C elegans DAEFIREIT 13 THDH
27 CTHY, FABIREN 27 CE#ix 5 & daver & FRENDMHES) B (L24d)
[ZAD, MHPESh BT 72 B & ARG B & iR &£ CIR T &, ARIRO X 5 2 dRAEIC /e
D RN RN L D REERAEFTRETORAK 4 » ARESZDS Z &
MTED, MAUTEIESCEN RN S RPERAEFTRE T CIIENHTL 5k
FINEMED ZEPHONTND, ZOBREFIE LT, MR & L8 T &0
L2 EIRY, ZELRKOMFHUPLRE LR R ENHRETH D, SEDT /) L
A K13 100 Mbp LAY & LT HIEFIT/NE L, ZHlAEM THID T
5 ARSI SN TEY | IR DNA > —7 =2 X585 7 A5
DIFHZE HWTZRR B F O~ vy B TR EQOE R FETH D | BT O
FrZIAWT WD, &5, BB 7T A ME LA KB 2E8EATL 2 L
(2 & o T RBEINEEFDRIRICEIZT 5 2 Lo b | Bin i 2 R & IE
FICHHMCHEET 22 L T& 5, LEOAND, #R C elegans 1%, W)

OHFFEITIE L7 FEBRE) & L T < OEETHEH SN TV D,



1.3 BRH C elegans DIREITXNT DI EHER

R C elegans DOIRFEIGENCEE LTl IBEE AN, U342 S0k THE),
ERIZ K D MRS A~ D2 b, IR &, S E S ERBEBESN TN D
(Mori and Ohshima 1995; Wittenburg and Baumeister 1999; Fielenbach and Antebi 2008;
Kuhara et al. 2008; Glauser et al. 2011; Schild and Glauser 2013; Ohta et al. 2014), &
FEAEME & 1T, EEOIFIET 5 50 CThlE S L7z C. elegans IXEF O VR FEARL T
WEDEFIREICBET 2T TH L, 2 OIREEMICE D 2 HREEE 23 [ E
ENTHY, RESA=2—n1rL LT AFD ER=a2—arRHb6TnD
AFD IREZ R =2 —n I8N T, RN T =ik 7 7 —8 (GCs) 73
IR AR L UTHRRET D TREME N S S TR Y | rGCs (X cGMP 2703 %
RARY T AT T —8 LEHFIRNCHE . AFD WO cGMP OREZZE(LSED 2
& T, cGMP {EKFMET v 1V Th 5 TAX-4/TAX-2 OO 2 L TR
WEfmEL TV 5D (Takeishi et al. 2016), ZAZ %4 2 S WEATENIC X, TRPV
(Transient receptor potential channels of the vanilloid subtype) T v /L DFREH K E 1
7 T % OSM-9 X° OCR-2 13B5- L TRV | #iERIZIIT 5 OSM-9 & OCR-2 D
BEENPBREFREEZEICKHHEATHD Z LR RBIN TS (Wittenburg and
Baumeister 1999; Glauser et al. 2011; Schild and Glauser 2013), —/ C. OSM-9 &
OCR-2 MMREEIESZ D TRP F ¥ R /L Tl 2 Z LI STV 7R0, TRP F v
FNVFBTHLRIAL TE Y, BB 2RIEKRZED TRP F ¥ /L ThH D
TRPA-1 728, #RHEMHEDHEMICEE L TWVWDZ EAREBEINTWVWD (Xiao et al.

2013),



1.4 B H C. elegans DIKEME « BL

ZAIVE TOMZETH A C. elegans FAEKITEIRIZS & 3415 & daver &
FEIXN D MHPES RIZ 2 5 Z E N BTV DS, IRIRIC)T 3 D PEB IR L
TIIMATE A TR o T, ITEDIMT DG | # 1 C. elegans BFAERKIT SRR T2
T T <V IRIRICERZE SN BB MMEBR S A2 &5 Z L1350 o T&E 7z, (KR
PEBIG L0, Bz, 25 CCTHRIE LB A N2 132 COKIBRIIGE 522 &
FEWT D DITKE L, 15 CTHIE LB AKIL 2 CORERMEZ 52 THAFT
X 5H5ThD (Ohta et al. 2014; Okahata et al. 2016; Sonoda et al. 2016; Ujisawa et
al. 2018), & 52,25 CTHEHBFRICHOT N IEE] 15 Clc@E< Z Lick»T2 C
THEHFTEDH LI B EIBBMEIR G D0y > T &7 (Ohta et al. 2014;
Okahata et al. 2016), 4 THEE X7 C. elegans ZHURIZ L AR AKIRBIE D
KBV Z R L, £ OIKIREIEO AR D 5 R IKE s 137/ S OEEEE
ICv v B 7 &R T 5 (Okahata et al. 2016), L2SL7ZRA 5, C. elegans DIKIR
BHEICBD 2B X INETHE SN TE LT, Do FAERA I =X LI
T EAEMB S TR0,
C. elegans DIRIRM I TR O 70 & &2 B BB O v U —
I BMbo TRV, 20T Y My b E LT, RNOAEFENIEE L3R % & T lE
B A B S, MR O FRENE SR 2 26T 2 Z LT &k - T, REDORE
ZACIZKE LTI T 2 A 1 = A L% K> T % (Murray et al. 2007; Savory et
al.2011; Xiao et al. 2013; Ohta et al. 2014), C. elegans DOARIRMHIED FLALIZ BV T,

B DRSS MNEEICFIET D 2 O =2 —a 2 Thd AS] & ADL T
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SREND ZEDBMHETH D, ASTIER = 2 — 1 %, SEER e IR A % fif
L. A S 1 ROENRZ BT OFR R O & FETI 2 PR ER IR AT LT
%o ASITHEB O EEREZHR T HERE =2 —r L LTHHNTEY | daver
MPES RN DY A RNY —ICDE 7 2 nE SR =a—1  Th D &L RIFFIC
(Bargmann and Horvitz 1991), 4400 H OO RN E SR T H K=o —
oyl L THHEBILTWD (Ward etal. 2008), ADL @R = = — 12 > %, dauer [fiff4:
R EFESTHT Ay RREOD daver 7 =0T 2K TH7 20T U3
Roa—nr b LTHALNTEY (Jangetal 2012), £7-. SREEOLFEWE b
ZRT D (Troemel etal. 1997), {KIRMHEIZISUVNT, ASI & ADL (F3IIRE SR
Za—n & UCHERE L, IRIRMHE 2 A2 HI 8 L CU 5 (Ohta et al. 2014; Ujisawa
etal. 2018), ASI AR =2 —nm U NIREZZRTLHE, GH U NT'H L cGMP &~
TN HEN L TN T AAFT DAL, BNV T NRED 5
THZEILEoTA RN U END, AS] MO SvieA v A Uid
oM R TR S, FOXO AURGR 123l < Z &I Ko TIRIRMHEIC B o
HBIRTOFBEHIET 2 Z LIC k0, ARRESHE SN D Z LRI
TU% (Ohtaetal. 2014), & 512, A > AV URIED T i THF OB 0MEIR
M2 G 92 2 & AlE ST D, BN A Y R A LTIk

HHRITAT oA RARLVE AL OEFIBEES., B ATRERRE AST RE

o

L

XR= 2= NI T 4= Py 7 L. AS] OIS ENCKE L 525
(Sonoda et al. 2016),
BRI DWTE T, BEEDILFEWE 2% /T 5 Z L THHTWzZ ADL

MR = a—n UPIRESZET D2 L0353 h> TE T, ADL TIRIR M A i
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THEME T & LT, Ca ik fEME RNA 3 fiEf%sE ENDU-2 ARIE STV 5D

(Ujisawa et al. 2018), ENDU-2 (I##%% & Al CTHEBLL Tk Y . ENDU-2 L2
e EOMRTEK Z & T, ADL {REZH= o2 —n1 U OREIZHT D RISE
ZiaFE B AR HIE LT b, —5 T, ENDU-2 (X ADL &R == —a NI
FVNT ADL S = = — v & O BELT 63 2 #RRR IS 2 Zflie B RIS B il4E L T
W5, 2F Y ADLIRESZR= o2 —n1 v OIREISEOFENTHB VT, ADL NIZ

I7 % ENDU-2 Ol B B 72 BERE 721 T/ < | #AICI8IF 5 ENDU-2 @ ADL |2
X9 2 AIRIE R 2R b LETH D Z & D RE STV 5, ENDU-2 |37 A
/X—% (CED-3) 2 DT KR b —V ABEEGFORBEHET LN T
YAV T M= LN RO TWD, ZOHEDOT R b— 3 AREER
TFIE, HRRICBW T TIER L T 7 ADORE L &5 2 L AR
SNTND, ZNHDOBGENMHAEDS DI & T, ENDU-2 IX ADL &R = = —
7y OWREISEMEZHE L, ADL 205 PO = 2 — 1 U ~OIREFRIZEICE
WhEZ2 52T, REMEEZZLSETVDEEZLNTWD (Ujisawa et al.

2018),

1.SKCNQE A Y v AF ¥ RV

KCNQ #H U 7 AF v F/UT e MZBWT S S F 72 Ap&E % R
7L T3, KCNQ B+ 7 7 2 U —DOE R, DIEHRC TAn A DREIRS

HATYEHEERE 2 5| S 23K & LTHIB TS (Wang et al. 1996; Neyroud et al.
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1997; Biervert et al. 1998; Charlier et al. 1998; Jentsch 2000; Singh et al. 2003), C.
elegans (21X, KCNQ ! A U 7 AF ¥ )V DARE 1 7 3FAE L, KQT (K channel
related to QT interval) T v /L L A FIT LIV TWD, C. elegans 7/ LAHITIE,
KQT BUF v x )V & 22— RT 5 3 DOBInT kqt-1. kqt-2. kqt-3 ISFFAEL TEY |
ZOBIBTHEDDO S H, KQT-1 & KQT3 1 3L 2 F=a—n | FWRM=
—a—ny, BTRBEL, KQT2 I THIT S Z ENWME SN TS (Weiet
al. 2005), B TIX KQT B A U 7 AF v R VIFHEE Y 1 7 VAl 5 Ca? A
7 VORI EE 2 EN 2 K7 LT D, KQT-2 & KQT-3 1%, A7 Ca?t/ 7
WED 2 U AMRFRRIG~D Ca? R A DHE 208 LT, HEHEY A 7 L2l L
TW% (Nehrkeetal. 2008), 7 » h Tix, KCNQ F v /U= FAKIRES M =X
MR =2 —ry (TG =a—nr ) THIE L, (KIREZ ORI B e E
37~ L CW\% (Abd-Elsayed et al. 2015), L22L723 6, @2 T KCNQ
BTV T LF ¥ RN ED LI L THREFEZHIE L TWH A0 2 E Tl

HE I TR,

1.6 C. elegans = B} 3 R XA CBD 2 tHiEHAE

C. elegans DB AERRIZZ OFEMIC L - T, BHIMITEI A2 5 Rt & EHAT
AT HRFCDDIND, ZOTERERICITREDOMEEE NS L, BBETA
WO HREEIC L > THIE S TWA Z ERLTOHENL REIN TV A,

INT A FED CB4856 #RIFEFDFKICHE T HEMITHN Z /T DIZR LT, 7 U X hb

-11-



FED N2 BRITHMATEN 27~ U, SBHITEIZ R 7220, T A FE CB4856 #k & 7'
A RIVEE N2 BRD 26 OITEIEEROE W & IRE T 5B I5 1 % BB F T IC
IV, vy 7Ll Ah FREBRFEMEI=a—uaXTFF Y ZE KL
a— N9 2% npr-1 815 HIZAFTE L7 (de Bono and Bargmann 1998), 7 U A kL
PE N2 MRIZEMITEN 2R S 720Dz LT, N2 IZBWTC npr-1 @5 1%/ v 7
T L ERKTENITEIZRT, 0 npr-l EREOEMITE 2R B
X, BBREZRIRTH D GCY-35 H 5L GCY-36 DFERE R IEAIZ B L » THE
S5 (Cheungetal. 2004), GCY-35 & GCY-36 I AQR, PQR, URX [EH == —
7T B L (Cheung et al. 2004; Gray et al. 2004), T ®D 9 H URX (REZ K==
— B U NZEIT D GCY-35 & GCY-36 DEERENEMATENCEIS- L T 5 (Cheung et
al. 2004; Zimmer et al. 2009), URX [RRZ R =2 — 1 BT, BHRITMEES
IR GCY-35/36 12 L » TZA S4 (Cheung et al. 2004; Gray et al. 2004), {b5%3
TAEX Y v TG AT LT RMG IME= o — 1 I EAEM R R E S
%o URX BREZAR=a—a U NEOBEFRILRMG ME=2—r % LT
ADL % & BEE OO EHE = = — o OMRIEE) 2 2k &% % (Fenk and de
Bono 2017), npr-1 22 Bk m W IRFRRE F CHME T2 & ADL{L A= —n
YOTATIu Y KT 20 ATKT D MRIGE DMK T 525 ARWERFRIRE T
BT D&, FORENERT S, ADL OMBISEN LRSS LT AIm s R
BEORW G BEERIIBE T EEZ 12005, TAIRY R7zmEY
X, BMEHEDLONWMENDBRMED T 20T TH D720, ADL OMRRIGE
DOERICEY, TAI Y FREOESWERITENRE N T A v & FREO

BEWEBEMATENCZS 7 5 EE2 DN TS, 2D KL HIZ, URX & RMG 4"

-12-



LT, MFEE WA ADL OMEEE) & MRS HIEIT 5 2 i k- T RMITE)

D3ilfHl 41TV % (Fenk and de Bono 2017),

1.7 C. elegans ® TRP F % RV D#E|

TRP F ¥ /LB, B, R, R, R, HERESESE
PRI D2 R0 F DI HREIZ B > TV D (Montell 2005), TRP F % /L
ZNWHEPNARORM 2 Z RS DB/ ME L THRIEET 256 b2V, B,
vauYa RN OMMIZE T DA HFRIGERE TIE, 7 R il
S TZRINTZIHERN, MlENOEI Y RAYyEY Y v —%/ L TTRP ¥
KV B A SR ZIEMET 5, 2O X D2, TRP F ¥ R PERIFHRD
SREE L TTIERERBFRIBEOEET ¥ 2L E L TEREET 26815 20,
TRP F ¥ R /ViX C. elegans \IZ b IR1GF SNV THFIEL TE Y . TRPV F ¥ RV % 2 —
R9% osm-9 BWIaFIFER =2 —0  THRIL, BBEICKT 5 SR T
WK T AR EREZHIEI L TWD Z ERMBILTWD (Colbert et al.
1997), OSM-9 (FIEIRERLSZ D TRP F v x L & L THE SN TE Y | B IEH
BEOEETF v L E LTHEIET A Z ERMLILTW D, OSM-9 [R5
ERATENC B> TEBY . B =2 —0 v TR SN2 ENEONE i
IZBb A EHE T ¥ x L L LTI < (Wittenburg and Baumeister 1999; Glauser et al.
2011; Schild and Glauser 2013), C. elegans ® TRPV %7 2=+ kCToh 5 ocr-2 &

v L osm-9 B IXBBERTL A~ DN MBI T ¥ 2L T, ZILH DEIL T

-13-



75 ASH & ADL &R ==2—n U CHRET 5 2 & T, EEROEHITTE 22T 5
(de Bono et al. 2002),

OCR2 D RIF v b« AT 4 72H (OCR-2dn) 1%, OCR-2dn AEF
¥ FIVEIRL L2560 B D OCR-1 (OCR-1wt) & D~F 1 F v %L OCR-
2dn/OCR-1wt RCEF I D OCR-4 (OCR-4wt) & D~7F 17 F v /L OCR-2dn/OCR-
dwt ZIERL LIZGAIT, % XV OREE RG22 Z Lok v, FHoPER
BEESIERITLEEZLNTWS (Jose et al. 2007), TRP F ¥ 1 /LA DK
NP B BIG- LTV, REMHEZ I L CWDIEERZ AR =2 —1 2 ADL (2
BWT, 3FED TRP F ¥ rH 7 2=y N3, ADL OREFHREEICLT S
FHEF v xLE L THREL TV 5 (Ujisawa et al. 2018), TRP v kL& 32— K
5 3 O0EEF T D ocr-2, osm-9 & ocr-1 Bin+ZFRHZ v 777 KLT=
ocr-2 osm-9; ocr-1 —HZZ AR, RIRMTEIZ R 2777 (Ujisawaetal. 2018), =
DEFIL, —HERKICEIT S ADLIRESA =2 —1 » ORI 50
IS DKL TIZ X D (Ujisawa et al. 2018), 3 fli¥H D TRP F ¥ R/ Y7 2= K
25 ADL DIREEJSEIZBE G2 Z LT 6N TWD N, £O—FH T, TNEN
® TRP F¥ xNH 7 2=y F® ADL REZHK =2 —n /T 5 &ENIFE

STV,

-14-



2. FER

2.1 kqt-2 BERBIZB T 2 KEILEE

PR C. elegans 1%, IKIRIZxT L ClitEZ &> Z &R @HESN TN D, 1K

IRMTE &1, AR TH D N2 EE 25 CTHE L72RIC2 CIIBT LT 5
IZxt L, 15 CTHIF L72RIC2 ClcBT & AFET 285 TH S (K1) (Ohta
etal. 2014), & HITHIBRENZ &2, HHRITREIETR R 2 622 &3 0o T
%72 (¥'1) (Ohta et al. 2014; Okahata et al. 2016), {KIRBI{LERS &%, Fl 21T
25 CTHIAE Lo 28 15 ClTB T2 &Itk o T2 CTHEMAFTE, kR
IZ 15 CTHEE LI R AR 25 ClcB T2 &1k > T 2 CTHET 28
% Td % (Ohta et al. 2014; Okahata et al. 2016), AKIRMHPEER S IXFEEE D AST IEE

SR UPREEZREL. A AV CEHGWL, BN A R &

ﬂ

SRTDH I LI X o TIRIRMTEN G <415 (Ohtaetal. 2014), S HIZ, T2
AR AST ESZA = a2 —u  OMRRIGENIC R E 2 5.2 o1, fF10
HFE~NAT A REALEVZN L TRELEZ TWDLZENghosTET
(Sonoda et al. 2016), — 7 CIKIRBIMEIZEI D D A 1 = X AITIIRA 72 RN % < F%
INTND

IRIRBIMEIZ B D 2 HHBE T2 FET 272012, WMEICE I Rbi:
DNA ¥ A 7 a7 LA fRITOREREZFRIH U, BPAERK N2 #k%& 23 C A L
&IC 17 “CIT 4 FFHEEE > 7 b LIEBRICHBAT T 58 n L LT, 79 D&

G NEEESN TV D (Sugietal. 2011), HEEEFHNASN-BIEFD I b,

-15-



FURDIFET 2R OMIRMMET 2 38 Z 727z (Ohtaetal. 2014), D 9
B ARMFZE T, ARIRMHPEICE T 28 R 572 o7 14 78I L TRIRBIMET
ARNERIo7- (K2A,B,C, K3A, B, C), 25 CTHIELIZZRIZ15 Cl20
2D 8 IFRIIE & | 2 COMRIRAINM % 5 2 7R 42 E LSRR, BAEKIT 25 °C
fABE% 2 CORBAMEZ 525 & 5 %DEFEZ/RL, 15 ClZ 3 KfiE

30 %, S HFME < & 44 %D AEFFEEZ R LI (K2A,B,C), THUIX LT, LT
J—=VDOFTt R —= (dhs-4(tm2418)) DZEFIKIT 25 CEH% 2 CHOIKIR
F % 5 2 % & BAKE N2 ([CHA_EWARRZ R TRER AN (K 2A),
25 CTHIE L7=#%IZ 15 CIT 3 Bf@EW T 2 COIERIEEZ 5 25 &, C-type
L7 F o (clec-67(0k2770)) DZEFRARIZIB W TRVWVEFE R Z 7T BE RS 1,
BV T AF v R (kqt-2(0k732)) . VF ) — DT b Ka S —F (dhs-
4(tm2418)) . G Z XV EF a VYT a=v & (gpa-7(pk610)) DRI TE
WAEFRZRTREN RGN (K2B, K4B), 51T, 25 CHER 15 Clc
8 FFRIE VT C-type L' 7 F 2 (clec-67(0k2770)) DZEFARIT 2 COARIEHIIIL %
b2 2% BT D8 %~ L7 (X 2C), Cation transporting ATPase (catp-
3(0k1612)) ., AT A T a7 T —EBHEEL XY (cpr-1(okl1344)) . VF /) —)v
D7k RabrF—8 (dhs-4(tm2418)) . G Z# /X7 E o Y7 2= & (gpa-
7(pk610)) . EJBFEAYEX LI E (mtl-1(tm1770)) . ATP FE& % %7 (pmp-
1(0k773)) . 71U 7 LF ¥ 1) (kqt-2(0k732)) . 7 IVIR L EeT AT VNS iR IESE
(T28C12.4(tm1013)) 1% 25 CE% 15 CIZ 8 RiffE W T 2 ‘COKIERK % 5
A% EWARICHANTEWEFRZ R T R/REZ R LI (K20, M40), £,

15 CTBEH%., 25 ClZ 0~8 HE & 2 COKIERNEZ 5 2 7= fb 5. B AKX

-16-



15 CEIE# 2 COMKIBRNEE 5225 & R%DEFFRE/RL, 25 CIT 3 FEE
<L 26%, 8HFIES & 4 %DAAFRZR LI (K3A,B,C), THIIX LT,
DNA #E B G K 1 (dmd-7(0k2276)) DZEFARIZIBNT, EFROK TR AL
7= (X 3A), 15 CTEIE L7-#IC25 CIZ3FMELS &, G X I F o VT
2= b (gpa-7(pk610)) DZEFRARICEB N TEWEFREZ T RENRL SN (X
3B),

KQT # A UV 7 AF ¥ XV Th D kqt-2 ZEERIKIT 25 CHEH 15 CIlT 3
Bl &> DN E 8 BFRIE & . 2 COMRIERIN A 5 2 5 L AAAFRN LA T 5 8E
A~ L7z (K4B,C), —H T, 15 CHH W25 CHER, RES T METIZ2 C
DIRIERIE Z 52 TH kqt-2 ZRARTRE 2RI 207 (K 4A, K 5A), %
7. 15 CfBE% 25 CIZ 3 RfH 2\ T 8 BEREIIEE S 7 b L, 2 COKIRHIIL
2 TH, kqt-2 ZERITRESILRE 2 RS 2o 72 (KI5B,C), ZHET
(ARIRM M Z B 538 5+ & LT cGMP IIEET v RV & L i s
PR EOBAR TN SECHBE STV D, cGMP (K AFMET ¥ R VI I AR 2
BOWUERE =2 —a Y OREMNE PO SEDEE 2 TF A F ¥ XL THY
ZORNICL s T=a—v r ZEH LI E 5, — 5 T ARRMMIZEE L TR =
a2 — 1 Y OIEEEZIHIT D F ¥ R Z X7 ORI TV, £ 2T,
AWFZE TR, —RANICHIRIEE 2655 2 L 36N TWD I U U AF v 1
NTh D KQT2 Dfiffr a2k 2705 Z Lz Lz,

kqt-2(0k732) OARIRBILIEE DS kqt-2 BInFOERICLDZHDTH D)
HIRRDLTEDIT, BB RT LA THD, kqt-2(tm642) ORIESILT X M & 2

7o lz, 0k732 T LIVE tm642 7 L VIZ KQT2 F % XV DRT & a— KT 5K

-17-



DX URRIBLTWELERTH D=0 (Wei et al. 2005), T LERTH
DI ENTFRENTND, ZNODOERKRDIKIEIET A b Z2d 273 TR,
25 CCHEIEH 15 CIZ3FHES., 2 COKBEINEE 5225 L. kqt-2(tm642) 1%

kqt-2(0k732) & [RERITIRIREIMES ER TR F 2R LT (M 6), SHIT. kgt
2(0k732) OAKIEBIMLE X EF AT O kqt-2 B T % kqt-2(0k732) (ZEATH Z &
IZ Ko TRFEOEIEN R ST (X 7) LLEDORTIRD S (kqt-2 1325 CHr5H 15 C

(IR ZEALT DB OARIEILICUADEIR - TH D Z LR Sh,

22 BV UALAF Y RNVKQT2 IZEFE=a2—n U THEET S

WEDHIENSE, BV U LF ¥ 32V KQT2 1T TOARIEE ST L Z L3
WE SN T2 (Weietal. 2005), & Z T, kgt-2 B RAKEOICIREINE L5 Bog
G ORSRERE I L > TSR Z SND L& X kqt-2(0k732) 1B W TRGHRF RN~
HE—Z—TohD ges-IplZ LV, WHHFFEAIIZ kqt-2 cDNA Z 3L =¥, {KIESIE
B Te, LSRG, kqt-2(0k732) OARIREIML L H 12545 B A kgt-2 cDNA
AREIETHEE L o7z (K 8), ZNETOARMIEDMHTIZLY . C
elegans DIRRMNMEIIER =2 — 0 LB THEI SN TWD 2 &EBME ST
% (Ohtaetal. 2014), T D7~ , EE=a—n  HEYT 0t —%—Th D osm-
6p & T kqt-2(0k732) THRIFEMIZ kqt-2 cDNA %R &, KEHLT 2 M %
BIloTo, TOREHE. kqt-2(0k732) OIKIRBIME EH ORE IFER =2 — v L FF

BN kqt-2 cDNA #RBLSE D Z Lo L->TlafE L7 (X8),
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WIZ, kqt-2 WRBLT DT =2 —a VEFET H12OIT, kqt-2 BIET
HkD BT 9 kb 70— & —HEIRD FHICS ) AHRD kqt-2 EIEFD 1
BoxX /o 12 FDXY U ETHEENTEINIE GFP 2207777 A3
R% AguanD. Wei i1 0 73 5- L T\ 720\ 2, KQT-2::GFP 23ME A S 7= B4
ROBBMMIT 23 2> 72 & 2 A, GFP @GIIM R QIR =2 — 1
TSN (K9A,B), WMEDOWMILIZED &, kqt-2 1T TITRIL L2 &
STV (Weietal 2005), &R =2 — 1 D kgt-2 BIn ORI L~V 5
WIIHBUBEE DI LD 55V ATREEEZE X . 1 kb 205 9 kb D kqt-2 Ein D7
nE—H—|2kD, ME=a2—0 ORBAEZTHI=, 1kb 25 9kb D kqt-2 i&fn
FHEDO T ET—Z =D FIRIC kqt-2 D1 F XY onb 2 FEAOZF YV |
GFP Z@h&a L7c 77 A REBAKIZEAL, BR=a2—a ORI~V E
EEALLTZE 2 A, kqt-2::gfp 13 bEN T 1T —% — (1kb) THIL~ULHHE
Motz (X 10A,B), ZDOZ END, kqt-2 BIa 1O LI 9 kb 7' 0 &— & —fH
D W kgt-2 BARF ORI O FEHL 2 i 3~ D BFIAMFAET D 2 & DVRIR
ENT, ST, kqt-2::gfp 134 ADRHONdEE THHRZEEZMHEL TWD B
O =2—r  THRAN LN (M90),

KQT-2::GFP % H W7o R BLMAMEAT 2> 5 . KQT-2 A FRELT DD = =
— 0 IR RS R E TR O TV AERE =2 —a > Th D 2 L HURE
7= (M9A,B, D), KQT-2 NHERE L CWABEMIER R == —n v 2H#HEET 57
DI, kgt-2 ZZFRARIZ BT DRE DT = 2 — 1 o OREZATE) L~V TiffT L
Too BAREIICIE, HIRHBE G IATEMT 2 27020 AWA MR =a—n &

AWC &H = 2 —r UG TARFISET A &2 Z7eo7- (K 11A, B, C),
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AWA IV T2 FLE2ZRTIRFE a2 —a & LT, AWC IRV AT LT b
REeZRTHRE=a—r & LTHLATVSD (Bargmann et al. 1993; Colbert
and Bargmann 1995), AWA IR = = — 1 2B\ T, BWEIL 7[RI E R o
ZRIRH LRI X o TR S (Sengupta et al. 1996), G ¥ > /37 ZiHPE L &
B, BAAVBRT ¥ XL THD TRP T v %/ (OSM-9) ZIEMHLSH S
(Colbertetal. 1997), osm-9 7 B AKIT AWA OB WHFHIZZICERE 2R3 2 &b,
AT 47 aryha— e UTHEHALE (K 11A), BAEKIZY 7 2F UKL
TESFEMATE 278 LT DIZx L. osm-9 BEKITEMETEIN R SN hhoiz,
kqt-2 78 BARIZEFAERR L AR O KRB 2R L (I’ 11A), [FIBRIZ, kqt-2 2 BYR
IZBWT, AWCIRE =2 —a DX X7 VT b Rk 26 FEET X &
BZholz (M1IB), xHT 473 br—Le LT, AWCHE =2 —1 /|2
BWT, XRUXT T B FOBWIEFRIREICE DD cGMP (KFMET ¥ 2L tax-4
B DOERKZMEN Lz, BAEKIIR X7 AT v RISHT B EMITE)
DR ONTZDITK L, tax-4 BEKITEMHATEIN R ONRWEF LR L, 21
2R LTy kqt-2 28 BARIZEPARR & RIBRIC N XT LT & Rioxt L CIER (b
EMTENZ R L7 (K 11B), 2B DORRNG . KQT-2 DOREMILIL AWA =
2—RB L AWC = a2 — 1 U TIERWAEEMNRE X bz, £ 2 T, AWA & AWC
LIS DT DEFE D 6 %f DR = = — 1 > (ADL, ASH, ASI, ASJ, ASK, AWB) %
TR CYe a4 % DIl Yetaih %z VT KQT-2 OB 2 87, kqt-2::gfp
ZEANLCHREZ DI G L, HHORE =2 —n 288 L7 2 A, DIIZ
Lo TPt SN D ADL & ASK KR = = — 12 2BV T, KQT-2::GFP OFEN

Aoz (K9A,B), kqt-2 B TR OE | XfOKRE=2—8v 2 ThH D ADL
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& ASK THRELT 5 &9 FERIT, kgt-2 Z AR DIKIBEIML AT NE R =2 —r
THFFNIZ kqt-2cDNA Z 3B EIE DL Z LICEVEET D Z & & 5T kqt-2 B R
KD AWA & AWC IRH = 2 — 1 C ORFISENEHR THLH LW IHRRE —EL
TWs (4 8, 11A, B), KQT-2 OEFE =a—v > OMisNRTEZ R~ 57
B, kqt-2 HRDOT v E— X —O I kqt-2 cDNA & GFP Z4f A L7277 T A 3
REfERLL . JRTEMT 2B 2o 7=, T ORER, KQT-2:GFP [IEFE == —1
BERTHREANLONTZN, FHIOER = 2 — 1 > ORGE AR & Miad Ty Y GFP
AN R BT (K 9D), DF V| KQT-2 (TEKH = = — 1 > OREF AR & il
BRIZEIZRELTWD EEZX NS, £70, GFP BREBLL TWbH=a—u i
MEINL T, OB E LTIE, ZOREMITICHVCZDNA 2> A T 7
NE. kqt-2 BIa T OBtE= R EWE 9 kb 7' & — X —DIE T kqgt-2 cDNA::gfp
EMAESEELOTHDIZD, 7 b DNA (SEFEFEIET D kqt-2 Bt DA >
N e VRSN EE ATV, EDTD, 7/ L DNA D kqt-2 BIE DA b
o OEANIE, WL OND = 2—1 o TORBZIEIT 5 725 D DNA BRI

GENTNDZENEZLND (KID),

2.3 kqt-2 EREOKBEIMLEE X ADL BE =2 —n VBRI kqr-2 BIZT%

BAEIEDHZLTHEETS
kqt-2 ZEEAROARIREIMES LR35 BB IIER = = — v CRRRAYIC kgr-

2¢DNA ZRBLESEDHZ LIk THIE L (K8), £ I T, KQT-2 »MEIEHIfE
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EHIET R =2 —u r BRET 72010, MRERNL 2% 2 —EBRE R
Zlolm, ADL &H = —n U EBRI7 o —2—Tdh 5 sre-Ip & ASK B
—a—u VR e Ee—HX—ThD sra-7p AT, ENENDOD=a—a
RERLIOIC kqt-2 cDNA % kqt-2 ZERRICEH S S, KIEHLT 2 hE2B 27257
(X 12), ZDFER, kqt-2 ZEAL ORI EFH-3 2 B 1d ADL R = 2 —
0 R BN kgt-2 cDNA 3B S D Z LIk > THE L, ASK R =2 —n
YTCIEREIE LR o7z (K12), ADL &R = = — 12 1% l-octanol 07 A 123
R7zmEr2l, BEEOICTWEEZZAT OER=a—n 2 LTHLI
TWD T2, 1-octanol (2% T % kqt-2 ZREARD RREMEDITENT A 2B /o7
(X 13A, B), l-octanol |3HH%E ADL, ASH, AWB & =2 — 1 TZA SN
HZENMBITUWD (Troemel et al. 1995; Troemel et al. 1997; Hart et al. 1999),
X AT 4T arbr—)LE LT, ADL & ASH 28T 5 1-octanol D% F 1M
BB D TRP F v /L OSM-9 &, ADL & AWB (21} 5 1-octanol D32 K
HWUREEIZES D D cGMP KA FMET v x /L TAX-4 DA FAR%Z H\ T 1-octanol 1257
HEMHATENT XA F A2 B 27 (K 13A,B), EDOFEHE. BFARKIX 1-octanol 1Z%)
LCEBTEIZ R LEEDICH L, RHTF 473 hu—LThb osm-9 ZERIK
& otax-4 EEKTIIRRTEIOBE LR O (K 13A), kqt-2 BERAKTITEA
HRIZEE 1-octanol 123 5 b TEIOR TN 647 (K 13A), 2406 Off
ROAF R L A 2 2 —F26 & Sl TEN T A R OFE RS KQT-2 13 ADL &R = =
— B BV RIREINE & S TR OFIENC R 5 2 L RE S vz,
ZIVETIZ, 25 CTHE Lo BHARICIRERMEZ 5 % % & . ADL R

=a—u NOMRN T VT ARENREZRISIS U TERIET 5 2 L&
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ENTW5 (Ujisawaetal. 2018), Z D Z &5 ADL IHEEZ A ==2—0Th
HEBEZLNTWD, 2O ADLIREZF =2 — v » OIREICEES FFIREIC
CAFT DM ERRDIEDIT AN T AL T 47 —2—Tdb5H YC3.60 % ADL
RESZSHR= 22— UREICHEBLSE, IVT UL, A=V U TRfTEB 2
STz, 25 CHEHBEHROBARTIZ, 17 TH5H 23 CITIREZE L SE72FEIC ADL
MR =2 —r UNIZBT D0 A VA OaOEEEE A 9~10 %Z{k L7z (K
14A, B), ZiuZxf L., 15 CHHE OBAKTIT 25 CHEOBEAK LY & ADL
RESA=2—u COREZGICKT D 0V T MREEPMELS K 4~5 %
DI DAL N R Sz (X 14A,B), LLEDOFE RS, FBEEEICE -
TADLREZA =2 —a U OIREISEMENET 5 Z RSz,

25 CHFBHRD kqt-2 B HIKD ADLIBES R =2 —n8a > OREISENE %
AN T IA A=V TRITCIRRTZE 2 A, 17 Thrb 23 COREE(ITK
LT, kqt-2 ZBHEAKD ADL TIXEFAERKIZ R IR O MR O T 23 A
Sz (M 15A,B), kqt-2 ZEBAKD ADL IRESZ R = = — 1 o OIREESEME DK
THEEIZ, ADL &R =2 — v VR kqr-2 B T2 RBESE2 L Lo T
[ L7z (K 15A,B), L L7enn, 15 CTEHE LT kgt-2 ERIKTIZ, ADL
DIRESEMEICRFIX R o2 o72 (K 16A, B), LA ED kqt-2 ZEFRAKD 1 v
VLA A=V TORERIL, kqt-2 EFRIRD 25 CHRIBRITRIEDILEE %2R
T35 CHEIBE D kqt-2 ZERRITEF 2MREILEZ R 2 L & —FL T\ D,
UL EDOFEEIN S B U 7 AF 4 %)L KQT-2 1% 25 CHIBMAIZIVT ADL 1EE

TR =2 —n rOREFINERIcE SAEIHL ZHIE L T2 2 LR En

K

7’9
—o
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24KQT & Y U AF % XV KQT-3 iX KQT-2 & A& EZ R4

YLD KQT A U 7 AF ¥ /L TH D KCNQ F v F/UWFiEMAL+
52 I o THRIRENZ MM T2 2 ENMBNTWDR, PRI LT kgt-2
2R TITIRE AT % ADL OMREEIOK T2 A 647z (K 15A, B),
FZTKQT2 R ED X 91T LT ADL OARFIRE) 2 HIE 5 M E2 D 72012,
ADL &5 = = — w1 > T kqt-2 cDNA % s FIFE Bl S 72 B AERR OIR BER A9 72 0 v
Ty LAREEEWE Uiz, kqt-2 I8 T% ADL ClRIFHL S 7= B EkKICE
WTC, AN T A A=V T B 2 o7& 2 A, ADL OMRRIEE) A%
EMEALT 2 RBAN RSN (K17A,B), 2F 0, 7Y 7 AF ¥ 3/ KQT-2 1L
B AR ADL (Z3BW\W T, MR 1M LT 2@ & 4 > 2 LR S iz,
iHFLE O KCNQ2 & KCNQ3 [I~T B F ¥ XL BT 5 Z L S Tng
(Wang et al. 1998), Z D7, KQT-2 b 7=, Moo KQT B AV 7 AF v FL &
BEKRETER L, KQT2 BN HT 4 7L ¥ a b—F—& LTHI< FTREMENE
SNT=, C. elegans X kqt-1, kqt-2 & kqt-3 O 3 FEFED KQT A U o7 AF v 1)L
a— RLTWD, £Z T, kqt-1 BRIKE kqt-3 ZRILOIGEDIET 2 M2k Z
7ol kqt-1 2 BARIRBHNLIC R IL R SR o 12D kgt-3 282 B4R TIHR

EHUEA ERT 2 EE N R 57z (K 18A-F, X 19), kqt-3 1% ADL & & Lok

2

[

DFEF =2 —a U TRELLTWD Z ERHRESIIN TS (Wei et al. 2005), & Z
T, KQT-3 WNEEZLIZRT 5 ADL &R = = — 1 o OMRIEENC b - T\ b
WEFARD =0T, kqt-3 BRIKD I NS T DA A=V TR B 25T,

kgt-3 BEEIRD ADL [&H =2 — o U OIREEICHTT D DLy 0 MEEELE

4.



WE LT E ZA WAL SN LT T AEFEO BN ST (X 20A,
B).

kqt-2 2T & kqt-3 ZE R OBRTFHIBN R EZ XD T20OIT, kqt-2; kqt-3
CHEREAER L, ADL OIREISEYED IV T LA A—T 0 TRENT & ARIR
BifbT A &R otz, kqt-2; kqt-3 —EERIAD ADLIBESZR=a—1 0
AN T DA A= 2 TRRITOREIR, kqt-2 ZEFRAROWREZEAGIZ 4% ADL O
PRREERNOIR TIX kgt-3 BRI K > TMES I, kgr-3 ZBRIK L RROLB 2
LTz (X 20A, B), &5, kgt-2; kqt-3 —BEEBKOEIEILT 2 b D5 R,
kqt-2 2 BARDIRIRBIM LR F 1L kgr-3 BRI > THES . (K19), Zhbd
BIRFBHIRIT DD | kqt-3 1XEBFHNE kgt-2 O T CIRIREIME & ADL O#IE
BAflET 2 2 LRI, ZO/RRIZKQT2 W KQT-3 DT 4 7 LF
2 b ==L L TH LI ERIE =B LTWD, UEORENSG, KQT-2 &
ADL R =2 —r BT, KQT F¥ RADXHT 4 7L Falb—F—L L

T Z LIk - T, ADL O EERGN & filfH 3 2 "l REVEN B 2 BT,

2.5 TRP F ¥ %/ OCR-1 IZ ADL BRE = = — v > OEERREM D& OFHIHERF

& LT

A1 U LF v R0 KQT-2 1% ADL iRESZH = = — v o TIRIRBIL % ]
L., ADL &R = = — 1 OIREISE M2 EICHIE 2 2 LR ani, Kk

12, KQT-2 L BEZ1D ADLIRESZ R = o — 1 BT HIREFRICEb L 57 &

5.



DEARFH 72 BR 2~ T, imEDfENT2~5 . ADL THH4 % TRP F ¥ /LT
&% OSM-9, OCR-1 & OCR-2 [HMEIRMIPEIZE S L, OSM-9, OCR-1 & OCR-2
ZJr L C ADL WOIREBMIZEN B Z bt Tnd Z ERHEInTn5
(Ujisawa et al. 2018), F£72. osm-9 ZFIK L ocr-2 osm-9; ocr-1 —H 28 RARI TR
MR SR 2RI A8, ocr-1 ZERAR & ocr-2 78 AR DA BUh 00 28 AR T IR IR it
PED BT R b0y - 7= (Ujisawaetal. 2018), % Z T, ocr-1 ZERIK L ocr-2 75
RAROEFEFMOZEFRKRIZEA L T, KRBT 2 & ADLIREZA==2—1 D
EISEMED AN T DA A=V T 2o Te, T ORER, ocr-1 25
K& ocr-2 28 FARITIRIRBIIZ BE 2R S22 0vo 72y (X 21A,B) | kgt-2 28 BLAK
DIRIEBIME R E 1T ocr-1 BRIZK > THESH (M22), 202 e, (KR
Bz T, ocr-1 ERIT kqr-2 BRI U CRIRTFIICEM TH D Z L AVR
iz, 2FED ARESMEIZBEI LT, OCR-1 & KQT-2 [EEABFAYIC A —fR I
ETEALTWS EEXBND (X 22),

TRP F % R/LIE, IGHEALT D & B a 5] &k 2 3 FRIRMERS 1 4
F ¥ FNELTHLN TS, TRP F ¥ 1 I/LORERER T D28 BAR T ph
RIEEIAME T35 LB X b Do ocr-1 BRARDIIN T T A A—2 0 T DFER
FAUCK L TIREZALICHR LT ADLJER = = — 1 > OHIRN A /L3 7 L EE 73
BPAERRICHANT ER TR EN R O (K 23A, B), & HIZ, osm-9; ocr-1 —
BERIKL ocr-2; ocr-1 “EEBKD N T DA A= TEHB IR T-HER,
ocr-1 ZZFARIZ VT ADL OIREESEMEN EFR-32 RE 1T, osm-9 ZBRETIE
ocr-2 ERIZE > THE STz (X124A,B, X1 25A,B), L EDFERND ., osm-9

BH L ocr-2 ZBHIT. ocr-1 BERITHK L CERIZFINEBNTHDH Z EDRREBIN
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72o 2F Y, OCR-1 (X OCR-2 & OSM-9 DO HIH|K ¥ & L THEHRE L. OCR-1, OCR-
2 & OSM-9 IR RIS IR —# B ETIEH L TWa & B R b b,

WIZ, kqt-2; ocr-1 —EIERAKD N T hA A= 0 TRl 2 278
ST, ZORER, kqt-2 ZZEAROIRERITRIT T 5 ADL OFRRIEER) DK T ocr-
1 BRI X > TEHOWNTINE ZH, ocr-1 BERIRE kqt-2 ZFARD ADL ORI
EHEOFROERBRZ R LT (X 26A, B), ULEOZEERIRIZEITS ADL O
REISEMED TN T DA A= TrinG . ADL IRESZE =2 —1 NI
BWT, TRP F¥ XL THD OCR-1 1T 4V 7 AF ¥ /L KQT-2 & IFHIFREEE T

ADL R = = — 1 OIREZICH T A2 RRIEE 2l L T\ b &2 6 b,

2.6 BBRERIT ADL 23 2 REHICEEE2 52 5

ZIVE TOMMTIND kgt-2 ZRHART ., RIEHHEICRE 2 65 2 L VR
ST, kgt-2 BRAROIKIRBIME O RBAENT 216D 5 72T, TR LT,
kqt-2 28 BARDIRIRBILIZA B EERELH (NGM 7'L— k) ORESITE > TR
HFRBBN L ST, IR G £ THEAS 3.5 cm OFEXRERH (B 3.5em 7' L
— k) CHEIE L7t&IC 2 COMRIBRIEEZ 52 Th ., BAEKE kqt-2 ZERAROR T
PHEMRIEIEDZIT R oo T, & ZAD, A E kqt-2 B RAR L B
6 cm DIFERIEHMH (B 6 cm 7L — k) THE L72#&IZ 2 COKIRAIAZ 5 2
% & kqt-2 ZERARTIIB AR AR THEFIKIRIES EFT 2 RES RO

7= (X27), 2%, SHEEEICNA T, fEEIORE SJTERT 2 Mo
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K128 kqt-2 ZZERARDIRIRSIME R T BEL B A TWD Z LR shiz, 22
FCTOD kqt-2 ERAROEIRELT A N E TN T LA A= 2 THEHTNG . ADL
RESZR= 2 —r UPMGERIE 2 HI#5 Z & R s/ (K12, 15A,B),
ADL (32D E A Z R T AME o —a 2 LTHHMLNATEY . &
BWE CTHHT AN Y K7 2 v T KT D ADLIER = = — 1 > OFRISE
PRI, BBSRIRE DB L T 5 2 LA ST 5 (Fenk and de Bono 2017),
BRI, BEZA=2— 1 ThHD URX KR =2 —1 I RMG TfE==
— 1 &S LT, EEIZ ADL OfRHEEI 2 2L S 5 2 & 2P RIE L~L
T2/ > TW% (Fenkandde Bono2017), Zh 6 DOfFEHRE H L2, EE3.5cm
TL— MEER 6 cm 7L — N OREFRIREDEND kqt-2 ZEELORIREIL DR
BB A 52 TWDAREEZE 2 72, MEDOMEND KT L— kN O
FRIEETHRAROETHL RBEICL > TEEINLI ZEAFREINTND
(Gray et al. 2004), = T, KEHLT A FTHEHA L TWAELE3S5em 7 L— k
CEAE 6em 7 L— b TCERRIRE N R B0 E T, BIRMITIE, R
FREZNETEXDEEL AT TH D KIBENE DN TR EORERE
ZPE L7 (B428), ARIEEIET 2 FOEWET = b =L & RERIC, KIGE A AR
ST B IERE L ECRUCON A PEEH | BRFMRZICB A fRE fMEF 7 L —
FENRT T ANV ATEH L RO L— k% 24 B2 5 64 FERTEE L,

flH 7 L— N OEREM BB SN KIBE P OBBEREZE L, £
DFGE. PEINF 52 B2 D 64 BRI ICHB W T, B 6em 7 L— FOKIGHE L
DIEFIREEITLE L TR 15 %DBFRIREZ R L7-DIx L, BHAEA3S5cm 7' L—

b TITIEREFH_EIZ8AT S VT2 RIGE T OBRFATREEITA) 10 % Th 72 (F 1),
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PRI MNVRIREIMEIC B2 5 X DA RENE 2 e izo, B
LR b OB RKICET DIKES LA T 5 2 S IC LT, URX BERZ A
—2— B I RMG MHfE=a2—1r %24 LT ADL &R = = — 1 > b R [EK 4
e L T\ %, 20 URXIZHIT DEEFRZ KK GCY-35 DA AR DUV THRIRBI
b2 ME LTz, goy-35 ZREKZ AW TRIEIMET X 2k Thholo & 24, goy-
35 BRMIICIRIMEOIK T 2R LTz, 2D gey-35 BRKOEIEBILOIK T I
kqt-2 ZREARDP R ITRIRE L O B L IIPCFORBBTH 7=, S HIZ, goy-35
BRI L 5T hqt-2 BEREOKIEB Lo EFEFERIES L (K29), 7=,
TN T DA A= TR DS | kqt-2 ERIRD ADL JRE =2 —1 » OIRE
BACICHKI T DARITE O T b goy-35 BRICX > TIES 72 (1K 30), LLE
DFERMNDS | BEFEZ IR GCY-35 1, ADL &R = = — 1 > O EHFHRRE &
KROKIBHHLICEEEZ 52 TWD Z ERB ST,
il B R OB RN RIRIHEICEEEEL 52 TV A0 ER~R D1
DI, MBRREEZERTEDLA o FaX—F—ZHNT, 20 %EEFRIRE, 10 %
WESRIRIE. 5 YMEFRIRE CRE LB OB AEK L kqr-2 ZZRAKDIRIESIME DB
T2~ To, BAMRTIR, 20 %IEHRIRE & 10 %R IRE TH 4 fF LIk DK
EEMEIZ TR N hoTz, Lo, S%BHFRRECTERHET 5 & 20 %Rz
TEH LB AR TRWERFRZ R L (K31), 202 &b, BAK
BT HIRIRILI IS BERRRIREICRBEIND Z LAVRIR S LIz, kgt-2 285
R, ARDEERIRE (10%H50ME5%) THEIND &, BFARK LRI
Bt TEPIRWAEFRZR L. (X 32), ZORIRIE, BRFREIMEVER 3.5

cm DOFERFEHITHE LIRF L0 & BRFEER LA VERE 6 cm DOFEREEHT kgt-

29



2 BRI EEE LI AMRREUEA LR 2R E —B L Twd (K 27), URX
MFEZR=—a—m THBEZHEMERLE LTEH GCY-35 DERKTIX, URX T%

X SNIZBFEEHRD ADL ITBES RN, goy-35 BRROIKIEFIE O£ B
IR BRBRE O ELZ TN TR, itz Zo72 (K33),
FEL. 20 %MRSRIRIE & 10 %EEFRIRE CHIB %D gey-35 ZARKTIE, KIRHHEIZ
BEERMM CHERZITIR N o7z (X 33), & ZAR TR LT, goy-

BRARE 5 YRFRIRE T CTEHET H L. 20 %BFERE T THE LSS LY
BARWAELFREZ R LT (X33), FERIZ, 10 %MERIREEEILS %DEERET
THIE ST gey-35; kqt-2 —FEEBIRIL, 20 %EEHRIRE T CHE Sz goy-35;
kgt-2 I BARIZH A TIRIESET 2 B W TERWAFERZ R L2 (X 34),
ZRODOFRERNS GCY-35 UM BIRIRHILIC B % b 2 5 W R = HNIRITAFE
T HAREMEDN B 2 b b,

UEDOFERNS D7 &b URKBRZ A =2 —n TR L

L C< GCY-35 /L CHARIE A ADL IRESZ K=o —na @ BE 5 x|
BB HI SN D Z EAVRB ST, BRI T Tl URX &R = = —
2 BEME L, RMG M E==2—1r %2/ LT, ADLIRESZA=a—r Dk
FEISEMEEZAICHBE L TS B2 b5, TORELE LT, k-2 ZERIKTIE

EWERRRE TIZREWTREIES LR T2 RER AN EEZX BN,
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3. EE

3.1 ADL BRE = = —n U3 §HE3 3 EEBIE

ARG DA BLFHIFRAT & BARTFHIATIC L U . KQT-2 OFEN A 51
TAEfkD 5 B ADL &R = = — v U MR VIS T D MG E 2 2L S 5
ZElZEo T, KIEBVEEZSIET S Z RSN, KQT WAV 7 AF v v
TdH 5 KQT-2 & KQT-3 DERMKLDIEIRBIET 2 F DfEEI D, KQT-2 & KQT-
31Z ADL /& = = — v TIRIEHIE 2 HH 95 2 L AVRIR S uiz, & 512, ADL
R =2 —a VOIREREEEZRET DN T bA A= 2 TR
KQT2 IZKQT3 DR AT 4 7L X2l —H—L LT Z LIk, ADL ==
— 1 OMREE 2 HIET 5 2 EARBE L (K 20), MEDHFEND ., kqt-
2 BB TIXEFAERE N2 & 23 CCHIE L7 17 ClC 4 FFEIRE S 7 95 2
I o THREN EHT 22 & HESNTVD (Sugietal. 2011), AWFZEDIK
EEHET 2 ROZKMEE LT, % 25 CTHE L7-%IZ 15 Clo 3 RefE
2 CORERMAE 52 2 ERREH W, TO7D, BAKIZIBWT, 25 Cl
EWZEFOMKE D L, 25 THH 15 CIT 3 R EE S 72 @IRIE kqe-2

BT ORBENEINL, KQT-2 OHMMERIEIICEE L B2 T-&E 2 b

tf

%o KCNQ AT U 7 AF % R/ T 5 KCNQ2 & KCNQ3 [I~T n AR 2 AL
L. ARV EEE A2 FFOENAKGFEDO Y U LB TH D M B = HliE7 5
Fy e LTEH ZENmB5 TV 5 (Wang et al. 1998), KCNQ A U 7 4

F ¥ RV EAERRIZ, KQT-2 1325 CTHE LIZBRIIRWREICE SN D 2 & T
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WAL, KQT-3 L EAIREZ A L T, KQT-2/KQT-3 ~7 2 F ¥ R /L &AL
L. v XVOIEMEEZIHT 2 FTREMENRE X DD, kqt-2 ZRAETIL, KQT-
2/KQT-3 ~T aF v AN ST, EEL L7 KQT-3 REF v R0, H
U AAL BRI T 2 2 L1k - TLOBEERICHT 5 ADL OFFFRIE
MR T LZEEZBND, SBIT, kgt-2 Enf% ADL ClgEIRBE &5 L
KQT-2/KQT-3 ~7 & F ¥ R/ EMENCTZ S dv, Fr mADBHAT5Z &I X
DAV T LAFOHAPIHIESID Z LI L - T MRIGENIN EH L7z &35
265 (®17), 2D L5112, KQT2 IFBREDOZLIZS U TREEEZ B S
52 LIk D KQT3 OIFHOHEi 2T 22 /"7 BHE L TEH Z LRI S
iz, KQT2 2M#< Z &2 LY, ADLIRESZH= o — 1 > OMRIEE A FHE X
. BT LWIREREA~OHLA W= X ARG S TWDE Z ENBEZ LD,

KQT2 1T KQT3 DA AT 4 7L Falb—H—L LTH Z L2k »>T, ADL D
MHREEhZ EH- S, TRP F v RV Toh 5 OCR-1 iX OCR-2/0SM-9 DR H T 1
TLFXalb—F—L LTI ZLIZL>T, ADL OMREEIZ K TS5 &
Nomolz (K35, ZDLH2, KQTEIA Y 7 AF v %)L& TRP F ¥ 1V
FARL L 7= HI A CF v 2 A OBAEHIE L TWD 2 ENRB ST, kqt-2;
ocr-1 " FHEBARDIKIBEML E IV T AA A= 0 T OfifFT IS KQT &A1 Y
U LF v Rl TRP F v F/LITHIREE T < Z 125> T ADL OMiRIEHE) %
FHET L AREEIM LA S LT D 2 R ST (K35)  iRENE(LT D &

ADL THZL T2 TRPV F ¥ %L Th 5 OSM-9, OCR-2 & OCR-1 B3 H /LT A
AT EHRASESLZ LICL Y ADL OMEIEE 2 LA S8, WIC KQT HAh U

VAT ¥ RNMEII D T DA T D 2 LI X o TADL OfiEE 2 KT

-32-



SELZ eI (135), ZOXIIZTRP Fry /L& KQT A U & L
F ¥ FIVBZN TN ORREE B2 2 L2 X > T, IBERIILRE D ADL O#ffE
[EERNOTEMEZ B CTHEI L TWD LEX BN D,

WEDDNA ~A 7 a7 LA RETORRN G TAEKE 23 CTEFL
ToA2IT 4 BE[R] 17 “CISHRE L2 BRICRIRAET T 28 isF & LT 79 BEin+ 05 Hij
STz (Sugietal.2011), ZNH 19 B TFDO OB, IRbFEBEEN LH L& LT
Hif s FX 7 b7 —8%E a3 — N4 2% endu-2 BInFDOERKIT 20 Ch
HNE 25 CCHEIE®RICIRIRM S EA3 2 8% 2R L7 (Ohta et al. 2014;
Ujisawaetal. 2018), & H1T. endu-2 2 BIRITIREZ0ITK3 % ADL A=A =
o — B OMBEEIMET T2 E8FH 2 A 67 (Ujisawa et al. 2018), 7 U 7 A
T v RV EIT— KT D kqt-2 BAE 1L endu-2 B TIZIRVT 2 FHITRBLEN
EH Uz n T & U CHBES 72 (Sugietal. 2011), kgt-2 28 BAKTIL 25 CCf
B L7ZRIC 15 Clz 3 BERIEWT 2 CORIERILE 5 2 5 & BRI~ T4E
RN LRI L8 2R L. ADL OIREZGIZRT T 2 GBI MK N3 2 25
MA OGNz, ZOKIEHEE R & ADL OIREZLREOMRRIEEI O B4 X ADL
Za— 0 U TREMIZ kg2 B 2B IS5 2 LI ko THIE L7z, S 61
ADL THHL 5 TRPV F v /LD =HLEERAK (ocr-2 osm-9; ocr-1) TIE, MR
PeD EHEENR 54, ADL OMBIEEIME T35 8% b3 2 Lamd s
TUW5 (Ujisawaetal. 2018), Z L5 D endu-2 ZEEAK L kqt-2 B HEAK % L T TRPV
F ¢ RV BARORIHE - ARIRBIE O RBA & ADL OIREISEM D LD
IA A= TIRITORER DS, ADL IRESZ R =2 —0 » OIREZEIIZHT 5

FRIETE B OAR T AMEIR MM - AREBI O ERICSRNR D EEZ BN D,
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3.2 BERFR L EEFROKSITED 2R E R

kqt-2 ZZBAROIRIEEIS ER 2 RE IR EMRRREIC L > TRES
WD ENprole, MEOHEND, URX BBRZE=a—1 )b OIEFEN
WITRMG ME=2—0 %2/ L CADLILHEZR=a—0 DT Ay 7
T ENIH T HMBIEE A AL S5 2 LA SN TV D (Fenk and de
Bono 2017), kqt-2 ZE54K1Z ADL = = — 12 > OFRIEEIAME T L, KIEEIN LY
A4 BB 2R TOICK U, kqt-2; gey-35 —HERIA T URX BBEZ R =2 —
0 TRBEZRRE LTH< go-35 BRIZE D | kq-2 DIKIREIMEO EF 3T
S, WA E R CIRIESEEZ R L7 (K 36), LA EOFRERNS, URX BBR=
Koo NI Lo TRAESNIBRATERE ADLIEEZ A =2 —1 Ik > T
SR SNIZIREFHRS ADLIER =2 — 1V THREIND Z LI k- TRIRBIL
MHIE SN TS AREERE 2 b D (K36),

IIRME 2 32 Z EAME SN TV D ASI == —a TR
TIEEARL, O ZETDHZ ENMEIN TS (Wardetal. 2008), ADL & F 7=,
REFPITTIEIRL, 7AITa Y R 7 =1 E % 1-octanol 72 & DL FWE %52 45
T5Z ENFHEIN TS (Troemel etal. 1995; Troemel et al. 1997; Jang et al. 2012),
E 52, ADL O EICHFET 2 URX ER = = — 1 VI FEEZAH L. RMG It
fF==2—vr %/ L CADLOT Ah u Y K7 =0 IR D s #2321k
THIENMBILTEY (Fenk and de Bono 2017), AHFFEDEMNT /> 5, URX />
O DOMEFATEMIZADL = 2 — v U OIREISEMEICE BT 520 2 L b o TE

7o TNHDOZEMNE, ADL IO T —a—a o & o F T RAFEERF v v
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THREAEN LU TERLTEBY, ADL O LOERR =2 —1 v TR SN2 BRE
fHEHAE TIROMRICEET 2EE G RT RN Do T, ZDLHIT,
ADL (3 & F & ERBEEMIBNT 6 U CIEEEN), £ 72X BR BT 2 52 1 HY
D, TRO=a—w NEREBET DEEZ R LTS, BB C elegans D
PREHIIX 302 [ CTH D . ZD 5 BEFIDOKE =2 — 1 3L 125, DFh
24 I TH D, MR C elegans 1X[RHNT-E DR = = — v o THEOBEREIGH
B L. TNDOERE KO E T MR EEATER SN TWD EERD
N5, b hEE0LERSEHY T, S DICEKRAEREZ BT 572008
HEZL AR BN AR L TN Do N - PR R A AR T 5 4 ORI AT S 4L
DEFOIEBRPMRIRT 5 Z L7 EDOX D ISR A N T X ]
LA, 70 A =27 SN TWVDHDONITHONTIEL, RERENIESL TS, &
N OO Y N U — 27 OICIIRMEZET 5 B2 6N5720,
AWFFED C. elegans DIEEXDFFRAE WO XHILHEEIZB D D A 1 = X L Ofifkr
D D Z LT ESEE O - AR D ARIE RO XL A IS D

PRIR[ENEE A T = X D DFERF I 2 B+ 20 0ICR D £ B A Db D,

3.3 {KIEBIE ic B D % it [E Bk & AR

15 CTHEIF LI=BAERK L 25 CTEE LT- kgt-2 ZZFAKIT ADL O
WO TN R B, 2 CORIEREE 525 EmWEGFERERT, 2F 0,

ADL OMRIEENIME T35 2 LIk - T, KRBMES R+ 2 /REMEA B 2 5
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NDe LNLRING, kqt-3 BEIK L ocr-1 28 BARITIEEZ(LICKTT D ADL O
PAGENS LA DI B BD b kgr-3 RRIRTKIEHMED EFH L ocr-1 ZZEIK
IEHEZRMKIE L0 FHI 2174, & 5I2, gey-35 BEIKTIX ADL DIREZAL
(%t 2 MR BN IE R 720 IRIRBIHEIC B L TIRWAETRR 2R, D7,
ADL J&F = = — v N HREBME 2 HH 95 L B2 b2 2, RRBIbD X 7 =
ZLIZIX ADL TN 2, ARIREHEA~OBI R RFEED = 2 — 1 b & AT
PRREIE] A LB S BT do D ATREME N B 2 B D,

IIETOWENS, KRS AST IREZF=a—m 2, B,
f5. AL THnD Z LRGN TS, ASTHRES R = o2 —a UM RE
ERRTDHE ARV EZFWLIGNA A U EZRTHI EICL o TR
IRAES I S, S 62, BFREHEO ASTIRESA = 2 — 1 OGS

B L EZ TWDHZ ENbh->TU% (Ohta et al. 2014; Sonoda et al. 2016;
Ujisawa et al. 2016), F&DZERIK, gsp-4 2 BARDALIEHE I 13 kgt-2 BRI
Lo TMEENDZ END, BTN ADLICEEE 52 TND Z EIVRIBENT
BY . KQT-2 OIEBIE A 7 = X A FBERN OARIR M2 B 2 4k & D FH AR
I L > THIEI STV D AR E 2 54115 (Okahata et al. 2019),

KD FEZR=a—1  URX IZBWTEEZAEARE L TH GCY-
35 D RARTITARIRHUL DK T 28 7 5 4L, gey-35 28 Bl kqt-2 28 BAROAKIRBI L
O LA & ADL OFRRIEEY IR T AME L7z, £72, 20 % & 10 %iER L T
B LT gey-35 BERRORIEILIZE D & 72 o723, kqt-2 ZRHRIKIT 10 %lRHE
IRECRITE L2020 %EFRREFRBEHRD kqt-2 ZERAE L0 ARRBHEAME T

THREME IR L (X32), ZDZ 05, URX 205 OFEFBEERDN kqt-2 12 &
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S TIRIRBIME A HIEE S 415 ADL OFFRIEE)NZ 8% 5 2 T, RS2 b3
HTENTRBENT, Lol BERRE go-35 BEREE 5 %lBFRIEE CRET
&L AKIEHMEDIR TN L S0, 10 %EERIREE T % O gey-35; kqt-2 T kqt-2
ZBIR L FRRIAGEIE IR T2 R b iz, 2D End gey-35 UM b RS
SRWITE L, hOREEZFERN O OMBHFRIMREIICEEL 5 2 T
HAREMENZ X bILD,
gcy-35 BHEIRIT ADL OMRIEENS EH Th 2 DIZH D 5T kqt-2 &
FLRD ADL OMFRISBEI O TIX goy-35 BRI X o THIE SN, ZOREHEIE
gey-35 BRARTIE, goy-35 ZRIZIVBBEHFRPMBESNR2VRI A T2
. MOEBERZ BRI AR B R E WA ADL ITIRZ 5 2 & T, BpARR & Ak
® ADL O#feiEE 278 L2 AlReME 2 me LT %, L. gey-35; kq-2
BRARTIT kgr-2 ZZFIZ L0 . ADL OMETEENME T L TV D720 fhomkEFR=
BRI O DELFATFEHRE D b gey-35 BFEIZ K D ADL ~DOMFiRETHE) O 5287358 <
BN RN ZE 2 b,
VEDZ &6 ASI 1. KT, M7 OB OBIRMTEIZEH 2
FEASC, M DR TR AR & DEEFIT @, FIZRE STV Ry MEIRBIE A i 15
ThHoa—ar RO Rr Yy hT =272k, RV TOMIRRED

KRBUPIRE SN D ARMENEZ BN D,
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AWFTED B | BRI C. elegans 1ZHEFA IR EARAFHNIRE T BImEZ LTV
D ENTRREI, LDV T NIRMRERIE A RE Lz, ZhAE T, KRS
B30 2 B AR - AR it 2 fHI4E 9~ 2 AR AR E STV 223, IREEBIE A
A= AL L TIMENE)N - 7o, SOOI LY IRERIEIZIE KQT &Y
HV LT ¥ AN TEY, KQT AV 7 AF v /L% ADL TIKIEHI
fbZHIET 52 L RNboo7-, £72. ADL Tl TRP F+v /L OSM-9, OCR-2,
OCR-1 23R FEZRALIT 64 2 it i Eh 2 il il L TR Y . OCR-1 7% OSM-9, OCR-2
FREICHIET 2 2 LR ENTz, S HIT. KQT B Y w7 AT v R VW HlfE 3
LB BIRBIR LI L > TREELZ T D5 Lo 7-, KQT BA Y

7 AT v U MEIEEIE 2 5 ADL IBESZR =2 —1a O EifiZiX URX

s

Efi
R
ﬂ

ZR=a— R UPMAELTEY | REFHE URX 26 ORRFEIG#HIY ADL

ﬂ

ZR=a2—B U THRAEEIND Z EICL > T, REBHE BRI IR FT
HEBEZOND, BT ICHEBOREHEREZ T L0 HRAFE L TWD LE
2 ONDD, @EMY TITEHETH 5720 BROREE R A (52T 2 mirkEl g
DA T = AL Z AT DIITIRMZE ST 2 B2 60, AFETIZY 7L
IRETNETH DRRAR C. elegans % JAVWTC, IREER EBEEHRE VD, B
% 2 DOERFEROMAIZEADLMREIKET LV EARBE LT, 5%, ZDOER
R MWTHT 218D 2 Z & T, ®mFHY £ ThAF SRR IZBIT 216

WO KB DEARFHOBMRIZIEN D B2 6D,
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5. K- Tk

BRI C. elegans DERIH L, FHSC Buffer OFLKEE T The Nematode Caenorhabditis

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

R L 7R RRHE

N2 Bristol England, KHR181 kqt-2(0k732), kqt-2(tm642), CX4544 ocr-2(ak47), CX4652
ocr-2(ak47) osm-9(ky10), ZK64 kqt-3(awl), KHRI182 kqt-3(awl); kqt-2(0k732),
CX4533 ocr-1(ok132), KHR183 ocr-1(oki32); kqt-2(ok732), KHR184 ocr-2(ak47); kqt-
2(0k732), CX6448 gcy-35(0k769), KHR185 gcy-35(0k769), kqt-2(0k732), RB1415 catp-
3(okl1612), VC693 cgt-1(ok1045), RB2095 clec-67(0k2770), RB1262 cpr-1(okl344),
FX2418 dhs-4(tm2418), RB1772 dmd-7(0k2776), FX2468 F58E6.7(tm2468), NL795
gpa-7(pk610), RB1373 gpdh-1(ok1558), RB883 kqt-2 (0k732), CZ1758 max-1(jul42),
FX1770 mtl-1(tm1770), FX830 pgp-9(tm830), RB908 pmp-1(0ok773), T28C12.4(tm1013),
CX0010 osm-9(ky10), FK127 tax-4(p678), VC1149 C25B8.4&kqt-1(ok413), KHR186
tax-4(p678); kqt-2(0k732), FX05415 gsp-4(tm5415), KHRI187 gsp-4(tm5415); kqt-
2(0k732), kqt-2(0k732); Ex[pKDK66, pAK62], kqt-2(0k732); Ex[kqt-2 genomic gene,
pKDK66, pAK62], kqt-2(0k732); Ex[gesl-p::kqt-2, pKDK66, pAK62], kqt-2(ok732);
Ex[osm-6p::kqt-2, pKDK66, pAK62], N2; Ex[pMSK029 kqt-2p(1 kb)::kqt-2 genomic
gene(lst to 12th exon)::gfp, pRF4], N2; Ex[pMSK030 kqt-2p(2.3 kb).:kqt-2 genomic
gene(lst to 12th exon)::gfp, pRF4], N2; Ex[pMSKO031 kqt-2p(4.6 kb).:kqt-2 genomic

gene(lst to 12th exon)::gfp, pRF4], N2; Ex[kqt-2 cDNA::gfp], kqt-2(0k732); Ex[sra-

-390-



7p::kqt-2 ¢cDNA pAK62, pKDKG66], kqt-2(ok732); Ex[sre-1p::kqt-2 cDNA, pAK62,
pKDKG66], N2; Ex[sre-1p::yc3.60, pRF6], kqt-2(0k732); Ex[sre-1p.:yc3.60, pRF6], kqt-
2(0k732); Ex[sre-1p::kqt-2 cDNA, sre-1p::yc3.60], N2; Ex[sre-1p::kqt-2 cDNA, sre-
Ip::yc3.60], kqt-3(awl); kqt-2(0k732) Ex[sre-1Ip::yc3.60], kqt-3(awl); Ex[sre-
Ip::yc3.60], ocr-1(0k132); Ex[sre-1p::yc3.60], ocr-2(ak47); Ex[sre-1p::yc3.60], osm-
9(ky10); ocr-1(okl32); Ex[sre-1p::yc3.60], ocr-2(ak47); ocr-1(okl32); Ex[sre-
Ip::yc3.60], ocr-1(okl32); kqt-2(0k732); Ex[sre-1p::yc3.60], osm-9(ky10)ocr-2(ak47),

Ex[sre-1p::yc3.60].

FREDEEE L THEMA LI KRGHE

OP50 #k: #HEE L L TNGM L — MNI&A LT,

BEAREE

Fn X FRTESSE (OLYMPUS SZX12) (Olympus Corporation, Japan)

Fa IR HOLIAREE (NIKON SMZ18) (Nikon Corporation, Japan)

Olympus IX81 BEf# &% (Olympus Corporation, Japan)

L REME BKET 7 7 ¥ —fF% (FV1000-IX81 with GaAsP PMT)

(Olympus Corporation, Japan)

MR EZEFEETDDITHEH L gsH
B oo fERLZ 134 B B i ERI%E E MEDIA CLAVE10 (INTEGRA Biosciences,

Switzerland) % FHV 7z, Nematode Growth Medium (NGM) Plate (1,000 ml): 3 g @
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NaCl, 20 g OFIRFEXR (GHRE S TEHKASH, BA), 2.5 g @ Bacto Peptone
(Becton Dickinson, USA). 975 ml ® H,O % MEDIA CLAVE10 ®NZIZ AL, 20
43 121 CTMEVEE L7=, T D% 60 CIZHRIEL T2 5 1 ml @ MgSO4 &R (1
M), 1ml ® CaCL &% (1 M), 1 ml @ Cholesterol ¥&# (5 mg/mlin EtOH), 25 ml
? Potassium Phosphate A% (1 M, pH 6.0) =z 7=, ZHIEZEL6cm DV ¥ —
LiZ14ml, HH5WV0E3.5ecm DY ¥ — LI 6ml T OFEVER (FH-10SS, #R

2T AU BHA) THIEL THEDT,

7T Y AD LB (Luria-Bertani) 7L — b

H,O 500 ml, LB Broth Lennox (Becton Dickinson, USA) 10 g, IR ((FHHFE N
TEBMRASI, BAR) 10g 2 =A7 7 XA a7 EOMNBARHICANTRAE L, T—
h7 L— 7 THNERE LTz, TO®REHR L2255 50 CITHELTRLT B
U (100 mg/ml) 1,000l Z N X 72, THEELIm DY ¥ — L2 12ml §O

SR L CED 7=,

LB #4854 (200 ml)
H,O 200 ml, LB Broth Lennox (Becton Dickinson, USA) 4 g & A 27 AfRIZ AL T

BAEL, A— b7 L—7 TMEJRE L 7=,

C. elegans DIFEAERIFIZAV 72 Freezing Solution (2,000 ml)
NaCl 10.85 g, KH2P049.8 g, Na;HPO46g. Glycerol 300 g, 1 M NaOH &% 5.6 ml

AV LN A T2 H,0 T2,000ml £FTARAT v 7 Lic, ZN&EA— T
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7 L—7 CTMBEE L7-%12 1 M MgSO4 A1k 1.3 ml iz 7=,

M9 buffer (1000 ml)
KH,PO43 g. NayHPO46 g, NaCl5g. H0 1000 ml #B& L, A— k7 L—7 T

TR L7211 1 M MgSO4 &% 1 ml 20027,

IRIRMHET 2 B

B 3.5 cm & D WIEEE 6 cm O NGM 7' L— kT T 5 E. coli OP50 %+
25272 C elegans ZMEMTIZHZ, 1 E£7213 2 f8{A9> OP50 3B 728 L
VW2 % (w/v) NGM 7' L— MZEE (Po)., FHEIHFIRE T 12~24 FFfHfE L, £
100 fHOINZFEE T2, PoxBREL, JF (F1) DEHRIZR D E T, 15 COLAIL
132~150 B¢, 25 COHA L 52~67 FEFIfAE L=, 7 L— M D FEED AL
HETHE L72%. NGM 7' L — b OFEREFHA 20Kk D 112 20 77FFE L, 20 7
#% 2 COWEE (CRB-41A, Hitachi, Japan) (28 L T 48 BE#HE L7z, 2 ‘CT 48
REIERE L7oth, 15 CIC 1 BEE L, EX TV LOHBBEEA TN DM RE I Z
oo 1EIOT v EAIZIZ3 7L — A EHEL, B2 HIC3EUE, 971

— ML EA (i L7 (Ujisawa et al. 2014),

KIEBIET X b
KIREIET A MZiREDOR L EZEICT L TE I -7 (Ujisawa et al. 2014), [H
35cm BHAHWTEE 6 cm D NGM FL— K TEFTHh B E. coli OP50 % +4312

H.Z2 7= C. elegans ZATICH Wz, 1~2 IEORKHE (Po) ZHRMIOIREE T 15~20
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FPEAH L. %9 100 O ZEE T2, Po % 3 ILLLLE < 5E13K 100 fH DN
% PETE THERMEE L, IEBULOMHTIC 0 22 B IR& FE £ 8 7= 1%, AR
iR HT2OIZ Po ZHD brE ., Ui B ARICR D F THRYIORE CHBE LT,
BAOWEN 15 COLA IR RIC/R D E T 132~150 KfilfdE L, 25 COHE
1% 52~67 FFFIER T L7z, RAIOEE THRBIZZR S E THE Lk, 2 FH DR
DA FaX—2—ZBL, 0, 3, 5, 8 FfilFH{E L7z, 2 FHORE CTHE
%, 0. 3, 5, SHffR~72 5, NGM 7 L — b OEEREEMAIZ KD FIZ 20 70F
&L, 20431 2 ‘COWEE (CRB-41A, Hitachi, Japan) (28 L T 48 Wil E L
72, 2 CT 48 BEFE L7214, 15 Clo 1 AEFE L., £ TV DA EIEAT

HRBRERZ T2, 1 EOT AL 3 7 — A ERHEL, B2 5 HIZ3[H

PLE, 59 7 v — NELEZEfiE L7 (Ujisawa et al. 2014),

t—bra v 2B FAORE

BT A DETWERBEZRFED L4 (Po) & 1 DD 7 L— KT 30~50 PLOHET 30 °C
DIRE S 3 v 7 & 8K G- 27z, FR | sRAIZR o7 iK% 2~3 P28 L
TL— MIEE, FI BHRICRDETRE Lz, FiI BRI R-726, 7 L—
FRBAA (F) ZRAOTFH L, 2=3 LT DAL T 1 77 L—F (FEHioP.L
HTZTICRBEZ Db D) IR L. £ JITHENT & DR 72O B SR HE O MERE
FAZ R 4TEDE, RS, 2O L— & 3~5ME L, Ba, #i
BT MERERAZ 1 BFo% LT L— MIB L, RIRBRRIC/RDET

fRE L, HERHTOD0MER LTz,
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RIBERZTIEL LR LRE (Bl: kqt-2(0k732))

M I R O kqt-2(0k732) (Po) & N2; ExUDAIL7[pAK62 AlYp::gfp, pKDKG6 ges-
Ip::gfp] (Po) DA AL RELEH, ®HEHT D FiEIK, >F b 225 (deletion)
I~T 1 b HMERERIR (Fr) ZHEEL7-, BEZET D L AR OKE, ¥
ARDKRE, b LAINT B 2o B RN BAET D (F), Rkz 1 535
Ty — LB L, BN EEE L, BH R bRER L EREkD S ) L%
L7z, €07 7 L HWTPCR 2B 272\, BRBOKRE, ~7T 1, BE
BORTE Ry T 2, BIEFNICIE, 14 OMRTERBOKRE 2R - I253#
BHND, ZORMEHANTS ) " HERLAZREBZ o7, Tz 5D
WY& gux ol ZEHE (deletion) SN OERITEATICEES#D S, &I%ZIC

RIEBIET 2 b 2B 220, BREDPK-> TV L NEHER LT

kqt-2 EREDOKEHILRE 2 B FEAIC LV EE S5 ER

kqt-2 BIn 2R ZEHAEKRDO T ) 22HH e LT PCR EXZHWT T rE—F —
2 5T DNA W 2 H8iE L, EXikEZz ks 2oz, BONY Fa2E10
L. BT L5RNTH A L, A2 B0 bR, SRR A 7R kgr-2 28 5
RO RIE SEERIZ 1L Aguan D. Wei 181 0 73 5 L TN 272072 kqt-2 ¢DNA @ Lk
IR T o — 2 — A LTI A REHAWE, SATIEIET&A 2
Vxlar~v—I—, ges-Ip:nls::gfp WK E AlYp::gfp TWiRABA LicA ¥
=7V a VIR E N T A WT kgt-2 BRIKOAFERIZEA L, A V=
7 va LIRS AEENTZRMED 5 b v — I —2FoMEEEL Rk L, &

BANEAERE E FIRRE £ TEIE L CWANMERIET A V2B 2 o7-, T A
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N OBZIFARIERIPL O/ B IZ GFP O 2 A L TWAEIRO A %4 30 IL/7° L

— MR B X HICED, FnE3 L — LR LT 2B 2o 7,

53T A FHORRAT

(D) PCRFE L —~ VYA 7 F—DIRET v 7T A

« Ex Taq (Takara Bio, Japan) % H\ 7= PCR

1 ul @ 10 x Ex Tag Buffer, 0.8 pl ® 2.5 mM dNTP Mixture /A%, H HIDi&E(s -8
BAEE S5O DT7 4V —RF T4 ~v—L U N=XTF T4 ~v—%% 10 WM
TO5ul o, 0.05ul D ExTag, 7> 7L —h &72% DNA % 100ng A FIZ72 %
oz, 2E10uiZ25 £ H5I1I2dH0 # ANTELSIRAE LT, —~ ¥
4 277 — LifeECO (Hangzhou Bioer Technology, China) & % \»{& LifeTouch
(Hangzhou Bioer Technology, China) DiREE~7'm 7 Z AL, 94 C% 2757, 94 Cx%
158, 58 C% 308, 72 °C B0R/1 kb) 1A 7L, 42 DKL,

15 CCTRAFE LT,

» KOD -Plus- Neo ({45, HA) % M7z PCR

5 ul ™ 10 x PCR Buffer for KOD -Plus- Neo, 5 pl @ 2 mM dNTPs &%, 3 ul O 25
mM MgSO4 iR, HHDOELFHEREAEE S 572007+ U — K7 T4 ~v—
EVNR—=2FF 4 <—%%10uM T 1 ul >, 1 ul ® KOD -Plus- Neo, 7 > 7
L — b % Genomic DNA ~200ng/50 ul, Plasmid DNA ~50ng/50 ul (Z72% X 912
Mz, ZESOu 225 L 9512 dH0 % 200 pl F=— 7 AN TELEE LT,

H—~< ¥ A 27 7 — LifeECO (Hangzhou Bioer Technology, China) & % (%
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LifeTouch (Hangzhou Bioer Technology, China) DIRE 7' 12 77 A, 2 AT v 7'H
HWNE3 ATy TOTa T AW, 2 27 vy 7 OEEIX, 94 CTx 2 47,

98 C% 100, 68 C (30sec/1kb) & 1A 7t L, 35EEVIKL, 15 CT
RIF LTz, 3AT vy 7 OHEE, 94 CE224r, 98 CH 108, fEHTHTT74
~—® Tm EIZG D TZIRE T30, 68 C (30sec/1kb) #1417/ L 35

DI L. 15 CTIRE LT,

» LA Taq (Takara Bio, Japan) % f\ 7= PCR

1 ul @ 10 x LA PCR Bufferll (Mg?* free). 0.8 ul @ 2.5 mM dNTPs Mixture %%, 0.6
~0.8 pul @ 25 mM MgCL iR, HRDOBInFHEMEZ R ST 572007 + U — R
TIA =L VN T ~—%% 10 uM T 0.25 ul 32, 0.1 ul D LA Taq,
T L—RERDDNAZ Lpg LFICRA L5112z, 2E10u 225 L9
IZ dH20 % 200 pl F 2 —7 I AN T EIRA LTc, h—~ /A 7 F— LifeECO
(Hangzhou Bioer Technology, China) & % > ¥ LifeTouch (Hangzhou Bioer
Technology, China) DIRE 7' 7 7T Ak, 94 Cx 2457, 94 CE 30, 774~
— O Tm HIZADETIEE T30, 68 °C (Imin/lkb) & 194 7 /L L L 40 [H]

KL, 15 CTHREL,

2) 7T A ROEFUZH W =Tk
« In-Fusion }EIC L 277 A X RX7 X —~D DNA Wy OFfFi A
il BREFEZEALEE S L < 1% PCR (2L » THRAIRIZ L7272 % —DNA O Rumhcs 2+

772 15 Hg k% . AR 7 7 A ~—o SRimi AL, BEE 2
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PCR g L7-, HEEMZEXKEI L, 706 LT, 5 x In-Fusion HD
Enzyme Premix (Takara Bio, Japan) 2 pl & #piR{E~_7 % — L A4 o — R E2ZhEh
100ng 12725 X912z, & 102725 K912 dH,0 ZIRA L. fiaSHiz

(In-Fusion JJi&s : 50 “C, 1543), In-Fusion )G CIE M2 220, HIY

I — A7) —=T L,

- Ligation {EIZ X 577 A I RRJ X —~D DNA Wi )i Offi A
FIRT27T7AI R Z—L A P — s ZERROHIREESRE TUIK L, Bk

;g SNSRI X — A Y — b =13 OEIETRA LT,

Ry H—b A P — N DIRAVEIE : Ligation high Ver. 2 CR¥ERS. HA) =1:1 OF|
ATRALEREZ 15 COA v FaX—F—T30 5L EHEL, oS8

(Ligation SUiit) » Ligation SUGNK TR B2 22y, HZ n—r 2 X7 )

—= 7 L,

- T L7 hrRb—va kDT T A R DNA OKRIGE O EixH

20 CITEELTHDa BT /L DHIOB (L7 buRlb— g )
K ETEN LT, 2OBRF a2y FanPLTRE wiicaryeysy b
20l I27 7 A2 RDNA®EIHEZ 1—2 1l AN BEETHS, F 23y DR
IZYANLTZ 720N L D R L7 A7z, MicroPulser (Bio-Rad, USA) @ L N—|Z
& Z RS L CHEA L, pulse & EIIZARZ 2 L7-, 180 pl @ LB RIAE;
icare sy beAZRBEILL, S0u~100ul 27 > B U A LB 7 L— b

IZE X, 37 CT—MpEz®& L7,

47-



s b—hTa v ZEICL DT T A K DNA OKIGE~DOFE sk

80 CITIRFELTHDH BT bk DHIOR 2K ETEN L, WL
DHI0B & BEWD T 7 A RIEREIRA L1z, IREADLETIAEREZ 42 CT45 R
Me—bravrzhbz BIIOTIAI REarE7 0 hEVICEAL, &
—hra v 7 BOWREKEIZLELSHFHELZER, 7 -0 FTT v

UUAD LB L— MY IR, 37 CT—BiEsE LT,

FEFTIZVV PCR TR & 775 2 X FOfERIE

kqt-2 75 AR OARIRBIME B 2 [ & 5 FBRICH W2 PCR Wi 1%, 77/ A3k
D kqt-2 851 B 3.2kb E 2 THOTX Y &G ATZMEZ PCRIZ LV BEIE L,
BRIKEZICZ I L OB L2 b D2 LTz, kgt-2 28 BARO MR LAY
7R ARIEBIERE SEBRICH W 7T A X RIZLL T O HFIETER L7z, pMSKO008 |
Kozak Fic%l & kqt-2 cDNA, % O Tl unc-54 @5+ ® 3UTR & A TWD, =
7 pMSKO008 D kqt-2 ¢cDNA O FiRIZHG R 7 1 & — & —ges-Ip (3.3 kb), f&IT
Za—n URERF) T 1 T — X —osm-6p (2.1 kb), ASK ¥R 7 10— H —sra-7p
(4.2kb). ADL $3 587 10— H —sre-1p (1.2kb) %N LA L., pMSK004,
pMSKO005, pMSK007, pMSKO024 Z{EHL L 7=, AW CHBILE LT- kqt-2::gfp DT
Z A3 RiX AguanD. Wei i1 L 0 53 5. L CW 2720, 2075 A Rid kgt-2
WA O 9 kb 70 E— X —FEIK, kqt-2 BT O 1 FHZXY U D 125
HxXx Y UBNEENTT 7 LHROBEFESIO Tt GFP BAEA I LTV
(Wei et al. 2005), Z D77 A K% JCIZ Inverse PCR %% F\V T H AUBELSI] & HE R

L7241 self ligation #3272\, 7' ®— ¥ —fdl % Z N1 4.5 kb, 2.3 kb,
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1 kb (ZHg D727 T A 2 K (pMSKO031, pMSK030, pMSK029) Z /ERL L 7= (X 10A).,

KQT-2 DORTEMHTH DT T A RTHD kqt-2 cDNA::gfp (pMSK028) DERLC
I%. GFP N E £ TV % pPDY5.75 X7 X —T7F A I RIZHW -, kqt-2 s T
DL 9 kb O — X —GHIK L kgt-2 ¢cDNA % GFP O _EJRICIEA L, & DR

kqgt-2 ¢cDNA DF&IE = R 2R\ T GFP & O A B2 1ERL LT,

KRR E OKIEBIET 2 b
fHCd 5 E. coli OP50 & 4312 5 2 7o pli . (Po) & HEEENGM 7' L — MZDHE,
#9100 fHOIRZ EETe F CHIEHIGETE Lz, +o7RIlaEEEiok, 2R %
HIZOIWZ Py ZHVERE, XT 7 4 )LATNGM 7' b— hEHEHA LT, HANRY
T FAED B~ Oy A — 4 —BIONIX-3 (nB-3) (SUGIYAMA-GEN, Japan) % A
. ZOFTEIUINGM 7'L— M & EE | D AREFREAZ A QAT ICEN T
70y FTEE Ule, W AREFEHHNCZ D ST FHNO Oy BRI S FL, 02 A —
Z—=PNHID O REZ R LT, HAREMEHE NGM FL— 227V v
SEEL. O W Z A by 7 EHTe, NUFRICANIZE £, I bAHRIZAR
HET2 COA U FaX—4—T52~67 FEfER. 15 COA v FaX—H
—IZB L, 3REEERE L7z, 15 CT3RMEAF%R, NV F R AN E £, NGM
7 L— N OFEREEHM Z T LK R 20 08HE LTz, 20 0%, ST FRN5
NGM 7L — FZO H L, # v 3—ZB L T2 COMEE (CRB-41A, Hitachi,
Japan) T 48 BEEFAE L7-, 2 CT48 Biffl1%, 15 CIC1 HEFE L, £E&E T35
BRI EFEA TWDMBZEZ -, 1EOT v AI23 7L—MHEL, AR5 H

WZ3MmIEL R, F9 7 L— FEL & e LTz,
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ERRIRE DHIE

iR X OXY-1 SMA (PreSens Precision Sensing GmbH, Germany)% F\C, B2
FIRE &N PRNCHE LT, BEsE & —F v 7" SP-PSt3-NAU-D5-YOP (PreSens
Precision Sensing GmbH, Germany) % [ELf% 3.5cm & % WMEEE 6 cm O NGM 7' L
— hOEETHLRIBHEO LICE S, 20125 272/ HB (Po) BT 60~100
VCDBR % pETe E T 2~3 IefilffiE L7z, Hooela eS8tk REaHiz o7

DIZPoZ IO BRE /XT7 4V ATNGM 7' L— R 2L .25 CTHE Lz,

Y% pEA TN D 24 el ~64 IR, 67 7 A N— bt aFE v o —F

TN TT, BRAREIIC U a0t 2 ET 5 2 LI Ko TEFERICIRA R

\

JEZE LT, BRZIREEE (PreSens OXY-1 SMA) ZHWT, 1B 1 [HIDREIE
TIEEREEZRE L, JIZFEATH S 24 Bifil~64 FRI%ZICFHFh 10 BRI O

MR A L, BiEaR I LT,

Dil 5,

Dil $efal2 kv, BHLTWAEEED =2 —1 > (ADL, ASH, ASI, ASJ, ASK,
AWB) & E#i D = = — 1 > (PHA, PHB) "% & 5, Dil %1
WORMATLAS @ 7' ks =2 /L (http://www.wormatlas.org/EMmethods/DilDiO.htm)
EBEICB 5T, DDA Ny 7K (Smg/ml) & AN F 2—71L7 /13
RANEBNTEL L, 20 CTRIFE L, % DIl 9 55213 DIl A b
v Z VIR (5 mg/ml) 0.7 pl 2 2 ml O MY IZIEPLTHRL, £TDIHH 150 pl &
200l DF 2 —FNT1E Uiz, Yefh U2 W AL 2 Y B ik 12 AFL, 1 BRI

BESICHtn LI, /SAY =By | o CRIBEASE BB LU
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NGM 7' — MIHHBEEB L, F 1R EZEDbE5 Z E THICAVAAT
Dil Ge =P RIZ DU = Y ik & it U 7=, 100 mM NaNs ¥R & B0 iE N 7= 7 4
—m— 2Ny F RICEHEOBEEZ O T, I AA—H T RENT, BB L

7’9
—o

BETFEA

BETENIINETICRESNTE R HEZ L EICB I 57 (Mello et al.
1991), B FEADE, co-injection mix (ZILEERIZMH 45 DNA #ZHhFh 5
~50 ng/ul DEET AN, A1V x=7 v ar~—h—IZiE. pKDK66 ges-
Ip::nls::gfp % 50 ng/ul, pAK62 AlYp::gfp % 30 ng/ul, F7=1% pRF4 rol-6gf % 30

ng/ul DR TANT,

feZEMA 7L — FOrER

20 g OFIRER (FHRA TEMKASH, HA), 1,000 ml @ H,0 % MEDIA
CLAVE10 (INTEGRA Biosciences, Switzerland) T 20 45 121 “C CHIEAKE L 7=,
Z D% 60 CIZAEIE L T2 5 1 ml d MgSO4 &% (1 M), 1 ml @ CaClh &R (1
M), 25ml @ Potassium Phosphate /A% (1 M, pH 6.0) # /%72, T ZEE 9cm
DY — 212 ml TOEBNEM (FH-108S, HfX&tte 700, BAR) TH

FLTREDT,

R T BT

SR TE OFEAT I3 £ OFRSUIHE > TEB 272 > 72 (Troemel et al. 1997; Kimura et
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al. 2010), EHT& % E. coli OP50 % +/312 5 2 7=l H 2, 3 PE& 3, 9 200 LD
IRZ&E £ T, MRHT T DR O RRREE & G 5 72912 20 R4 128 (Po)
YD BRE I BRI E T 20 CTEE Lic, BB TEIOMHT I 7 L — ML,
E£9 ecm DLZEEMH 71— b [2 % agar, 1 mM MgSO4¥&1%, 1 mM CaCl &%,
25 mM potassium phosphate &% (pH 6.0)] ZfH L7-, E£ 9 cm OfbpAEMH
T L— NI 12 K #1-12) 1255 L THEWE, 20 CTHE L TRBW kR %
NG NNy 77 —T15ml Fa2—7IZRIL L., #RBRNEIZTEATED ZHER L7212
EEAZERO RV, SHIENG Ay 77 —% 1 ml Iz, REPEIILATZD
RRERR LTI BB A A R, RIBROEEE & 5 —EB T, 2 [
NG Ny 7 7 — G RAZHEF LTz, B9 cm OFEXEH T L — O i EiC
3FEATICOT THRAEZE S, NG Ny 7 7 —Z Y RWIZRICEND 3% B O
B2 2 fATIZA T T l-octanol ZE Wz, T L— M AEIR L, fR A A BT ALE
vV THoTRLTEBW, Tyt A 7 b— N 12 5FE%R, SR TE)
L7o# @ /oun K 912, CHCL R & &iE LTz, 7 v A3l RIZ 3 A
ol 12 RKEZNENOXKENAAEST DMBOKEE AT ML, Faedit
H3U (Avoidance index) ([ZH TIEO TEIAAZB Z2>72 (K 13B), 'L — b
RO~ Ty 7 THbDIZES (RIDITH R A B TALE) OEBITIEED RS
TEHEOWERREMEDR H D7D, T MWDo Tz,

Avoidance index = SWiNi/N, [Wi: -2.5 (#1), 2.0 (#2), -1.5 (#3), -1.0 (#4), -0.5 (#5), -
0.25 (#6), +0.25 (#7), +0.5 (#8), +1.0 (#9), +1.5 (#10), +2.0 (#11), +2.5 (#12) ] (Ni: %

NENOXE O RO, (N: &2 TOREIIFET DM AEDOE)
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BVWHEIZH T DIET R b
b5 M7 A M X Bargmann & OF@SUIHE > TR 272 o7 (Bargmann et al. 1993),
EE 9 em OALFEMMT L — N ORI E 2 EALEICY Yy 7T A
(A I Attractant (F55|E) OEKE), =% / — L% B AL&EIZ C (C X Control
DEWR) BB A E G E PRIl Lz, #R% 3PLE X, 20 CTINZESE
7otk Po ZWV BRE, 20 CTHEA 52X T-44F T F 28EF L T b
A BB (150~300 {E{4/6 cmNGM 7’ L— k) %7 A MR L7, B 6cm
O NGM 7' L— bk EIZ, M9buffer Iml Z1 %, #fH % 1.5ml F = —7(Z[A L,
F 2 —T DIRIZHDRA TR, EEEZRWZ, & 512 M9buffer I ml Z1%, ##
HREICIEATZES SICHO REZRE, e Le 2 1), fbEM7r—Fh
DA RECRIZTM NaNs B ZZNZEI 1 W TO F L, b EERTV
— FOFRAR IR REE 3 RIZTTARYy h Lz, ARy M, T4 v =
¥ LT A T O EM DK VBRL IR DETER -T2, 7L—FD A I
ROV EEZFER 4l FL, C Aoy ba—L e LTRETH D
TH )N EFER A TFLE, P —FE2ERL, BBEEW - IEE~
Uy THo TR L TRV, 60 2FHE L TRRBZ BHITEISE, 7 A |
DORETRREIZ o726, L — M2 EIRL7CEE CHCh I8k HITH F L, %=
AT ITIC N T 7 A 5 DU ERHET 22 LI28 - T, Ml Lz, £0D
%, 4 CT—MA v Fax—F L, BHAA T LT, BWEMEZSY ) —1
HIOERE % D A (attractant) & C (control) & L CHHHI L. Chemotaxis
Index % . Chemotaxis Index = (A (ZW D EES — ClI2WAEEE) / (Alnb

A + CloW B EFE) TRHLZ, A% 2Hr (FL—hhRo<y
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v 7 THDIIZE S (WIDIZHR R A B TALE) OMEEEIIEE DR T TE oW

TAREE N B BT, Iy M Ao 72) (K 110),

invivo ANV O BA A= T

AHFFED ADL @ in vivo IV T hA A= U TR EOR - TB 22
7= (Kuhara et al. 2011; Ohnishi et al. 2011), /L7 hA A —T 0 7 L3N EIG
P O THEARR N v o SR b 2 EBAL T 28 Th 5, AHFFET
X, IV T LA T 4 r—2—L LT Yellow Cameleon 3.60 (YC3.60) % >
72, YC3.60 1Z, N RIZ CFP, C RICYFP 2 b b, HICH LT 7 LEEFAEML %
HLOFRAT LRI ETH D, MKEAN TV LR DMEVERIC, YC3.60 12 440
nm O N2 HTHE 480nm 2 ©— 77 LT HHEROENEZHRT D, & Z AN,
AR I L T BAREN EHS 25 L. YC3.60 DAV T MERIZA N T A A
FUNREGT D Z & CINBEENE({L L, CFP & YFP M DOEEREN ST/ A — b
NWEEL TR D, ZDEEIZ, 440 nm Db A2 H TS & CFP OHEOE A #0O
ST —BE) (FRET) LMEHIND =X LF—BENIZLY 535 mm & —7
&T5 YFP OEADFENZRET L L IR D, ZOHALFAOEIND L &I
5 LTINS D MREOELE ERTHZ LN TE D, YC3.60 ¥
NRIBFITEBIEFIC L > Ta—RERTWATD, BRI L 28 E DI T ye3.60
BIRTAFBEIEL7TAI FEERL, SBOEHBICEATLZLICL-
T RHT LT D L2 0 DREZE LA ET 5 Z E N TE 5, AAFSE
TIZ ADL == —n » THENICEIG FRRZHET L7 0E—F—Th D sre-

1 7mE—4—% A\ Tye3.60 BT a2RBFHEET DT AR [sre-1p::yc3.60
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(pPTOM63)] Z#EHIZEA L, ADL DIREZCIZK T DN T AL A =D 7
fENT 23 272 o 70, FRATIZIZ. 25 CH DWW 15 CTEER IR T DB
TEIE LI EZH N, IV AL A=V TR 2B 2729 4 HirH 2 H
AIE TIZ24 %24 HX—=H T AD EIZ. 2% (W) T Ha—Ay REERLT,

TH—a—AXNy bD BTN T IA A= T DR Exfsre-1p::yc3.60]
AR ALE X | ERAEERT e T LT 7 A (B S2epkaart, BAR) Tl
e RHAEE Lz, M9buffer #HES L, LGS LS IN—H T 2 &2 #T

Y =F a7 TEHZEZ L TARZIWE, TICiE 4 lEo 5 b, 85T £<
ETCEMEEAZMHEH L, > 7 /L% Olympus IX81 microscope (Olympus
Corporation, Japan) (23 XL T 5 ITO A7 A7 L— |k (Tokai Hit, Japan) ™
FlZ@E W=, 2451F K & Dual-View optical system (Molecular Devices, USA) %
AW CTHEEEBIE LT, 4¢6EI#8 X EM-CCD 7 A7 Evolve 512 (Photometrics,
USA) C. 1x1 =27, EM Gain 100, 30 ms DFEJEHRHT1 2 s L
oo HTAT L— NOIREIT I A X A A A RIREEHIHEIT A7 2 (Tokai Hit, Japan)
IZ X o THIBE L, IREZFE LT, TNEN OGO H LR IL MetaMorph
Image Analysis Software (Molecular Devices, USA) (2 & 0 fifghr L 7=, HIEND 41
T NPREE DA ZE(LIT YC3.60 O acceptor/donor (E& A HOGAE / FHAAEOGIE)

HHDHTEHE L2, 2TONRY RN T 4 L2 =T YC3.60 BN TZNET
DO %252 (Kuhara et al. 2011), ZNENOWH R L=/ R/8R 7 1)1
F—mHWle, DAL DAL FIRERIE S AT 22T, 17 C-23 C
—17 COWRELECINE A 52, %9 S 53 ADL &R = = — 1 > Ofa kN O 4

N NREEOELZRIE LT,
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e RBMEE A A T B

S SR A W CHOEBIE T 201 H & 5V I3y B IS B
Hu—2y Nl LTz, ATA4 RHTAD EIZ2 % (WV)DT Ha—A7
ZAER L. 100 mM NaNs &% 10 pl i T L7z, 0 RIZ 5~10 PLopkd % &
MR EZEE L, LB N=TFREN T, 207V oRT — & IR
4% (FV1000-IX81 with GaAsP PMT, Olympus Corporation, Japan) 0 AT — 3|3
B, BIBICE L7 0 v E—ICE DY Caot BB & iRk Lz, 21X FV10-
ASW software (Olympus Corporation, Japan) % U 72, ARWFFEOBZIZH N kqt-
2::¢fp D7 A3 RFiE Aguan D. Wei - L 035 LTWERE W, ZOF T X

I N kgt-2 BEFO LW 9 kb OF 01— X —FE, kqt-2 5T O 1 HHT X
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DZFEHLL T D o ¥ 8 JE 2 MetaMorph Image Analysis Software

(Molecular Devices, USA) % Fv > CTHufEfb L 7=,

w T ARAT

RIRMTET A MET 8 FL—hoL bk, A< &b 3 BOT v 2B RoTz,
2 TORNZEFT SH T DAEAEFA 22T standard error of the mean (SEM) %% L C
WD, BTCOT—FOHBITERSMTHEMREL. NTA M) v 7RETH D
Tukey-Kramer 3% & Dunnett’s iR €., F 72130803 % L < 220 ERE L72 2 FEARIC
£ % t#E (Welch) 2 FVTREST L 72, Z B FLERIZ 1T Tukey-Kramer % & Dunnett’s
FiE % VN TC, Dunnett’s UE X —HEDHT 7 7 LD 7 V—T 2 g LTz, 2
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0.05 & p<0.01 Z&EW9 %, unpaired ttest(Welch) (2137 — % 5347 —/L (Excel
7 KA V) &M=, Tukey-Kramer % & Dunnett’s #iE21E~ ~ 7 $EEHARIT ver.

2 (ESUMI, Japan) % H\ 7=,
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Jigﬂi%( 15,000 e

ind <

S 10,000 e EE

Ha T 1

s A 5000t e L Lo

it S 0

1kb  23kb 46kb  9kb
TRE—5—mEE

10. kqt-2B8EFNTAT—S—FEE DI AT A MEHT

(A, B) 1 kbh'n9 kbDkqt-2E{EFHEDTOAE—A—DTHRIC, kqt-2D1HEL
FYUDNL12EBBNDIFY Y. ELTgEIEFERME U TIAI FEEFFE#IC
BAL, ZIRPREONLEHORE - 1-OVOHAAOE N IEEEEES
£ LTz, KQT-2::GFPIIFwRE5ELNVTOT—4— (1 kb) THRIRLAJLH @I,
Tt AE =7, I5—)\—IESEM, A%y MRTECLE#ETEEHT. *p < 0.05;
**n < 0.01,
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A IT7EFIL (AWA) B RVZX7ITE R (AWC)
L T 0.8 e
~ T e L
x 08 L f X 0.6 n e T,
g 06 -1 1 [ e
B e I e [ o 04 ) B
8 02 4 -l | — § 02 4d  bd
E *%*
g 0 = 5 o
O 0.2 - (-_C) T

2 ‘%/\* 16{2\ \J\O\ '02 --------------------

k5 o\0 o

o o

C
BVE . NaNo& & <§ T8)—)L. NaN3&&

Chemotaxis index =
(AIZWVVB{EREL - CICLVBEARER) / (AICWBEAREL + CICUVBERED)

1. kqt-2Z E2EKRDIE=EEET A

(A) kqt-2ZZERIAKDIT7EFIUTEEVEME AWATITEFILOZEICED
20sm-9Z BAKIFE M TE R RSNk, kgt-2EEAKRF U7 EFIVICKHTB5E
HTECEBEIRONGH R, 7yEI18 =9, I5—/\—IESEM, ARy MEEIC
LBIETEET, *p <0.05; **p < 0.01,

(B) kqt-2EEIEKDR VX7 ILTE RT3 ELVEME, AWCTAYZX7ILTE RD
ZRICEADD tax-4NE R KIS EMEITEIE RSB, kgt-2ERIKERI XTIV
TERICHTIERITEICERE >R oNGH o, PyE1$ =29, I7—/)\—(&
SEM, A%y METECLDHET#EHT. *p <0.05; **p <0.01,

(C) Dv—LZhRT22E L. AMAIICEVIEENaN, B &Rz, CAIICEI MA—IL
ELTIA/—ILENaN,BRZTE LV, EBHTICAVVSIEREP RICEE, 6077 fE5F
BLE, BEKRIEIMEICHLTESIZRL. ABINTEEILE,
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25 °C—15°C (83 hr) -2 °C

80 P, '.--_--_--_--_--_--_--_.-l- !
R B -frorrrrrrrr g :
1% | e
i 40 : :
H 20 ...............................
T D kD oo
o\ 4% A58
N (L\O\(\"Y“O\ (L\O\(‘,ys()\
RV S N LN\
EIARC

K12, kqt-2Z R ADHIZMARFEN L A¥1—3EER

kqt-2Z ZADIEREMEN L R T2 EFEISADLTHEMICkgt-2 cONAZ IR S
B3 IECEHTEIE LR, ASKTREIEIF R onhok, Pyt /% =18, I5—
N—=IESEM, T1—F—D3MIV—RE(CLDHHETEEHT. *p <0.05; **p <0.01,
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A {.octanol (ADL, ASH, AWB)
X A4
O 1.2 e
c 4
 — 1 Femmmmmmmmmmnemmsmmeeoeeeeeoee-
Q 08 Ly e
C 06 ~TTTTTTTTT T R %
S 04 b ] e T
© 02 b1 |l
> xx
<C 0 T T — T
-0.2 e \ """"""""""" \ - \
Rk 32 A0 &1°
¢ 0T oW @
YT o LT et R
\g \s
B E®IemIL—k
6 7 6 7
Qié(:;::f\g{oﬁ }ii, ‘5\91011
At | TEIN( I 12 ommE |1 R K
RS 1T
#1441 D PECE
U P s N\
-octanol

Avoidance index = >W,N,/total
(W;: -2.5 (#1).-1.5 (#2). -0.5 (#3). +0.5 (#4). +1.5 (#5). +2.5 (#6) )
(N;: ZNENDOREICLBE A%K)

H13. kqt-2ZEFDEEHITEITA

(A) ADL, ASH. AWBTZ &SN 3 1-octanollCxt T3 Z#ITENTA b, ADLE
ASHT%IRYT %0sm-9Z At ADLEAWBTHIRT Blax-4ZEKIF1-
octanollCx1 93 B R TENICE®EZ R U, ADLCHEIFT 30U LFvRIkqt-2
ZEK(E1-octanol ST B Z@ITEICEEERU, Py /8 =9, I5-)\—
[FSEM, A%y MEEICLDMMET RN . *p < 0.05; **p <0.01,

(B) Yv—LZ12573&IL. 3XE B O#R L (C1-octanol ZE LVz, FEATICALVGHRHR
EhRICEEF., 20 BFHE Uz, BFFEMKIT 1-octanol S LT R & 1TEIZR L. B

BINBEILI,
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— T4tk (25 °CHIE)
— Bpttk (15 °CEAE)

#y 23 °C ;

"8 15°C T
0 50 100 150 200 250 300
B¥ I (sec)

X14. ADLEE _1-OVDEEIGEME

(A) 25 °CTHEIE UL Er A #4315 °CTHE LB ERRICHEAT REELICH
T3 RIGEN ST, ImEEL)\R—VUIET 57T ICEEE

(17 °C—23 °C—17 °C),

(B) J57AN160-170 sec 10 EDE KLIEE LLDF 1, BISTOBB>TSTA
DEEX G, N =16, I7—/\—(ESEM, tHRTE (Welch) [CLBHETHEEMT. *p <
0.05; **p < 0.01, 25 *CEABEDEFEMRDT—RIR15, 17, 20. 23, 24, 25,
26, 30L&, 15 *CHB DT E/DT—RIR16E £ B, TNENDEERIIF

FRrHAICH BT,
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A 25 °C A5
— 5 A K
— kqt-2(0k732)

== kqt-2(0k732);
Ex[sre-1p::kqt-2 cDNA]
-5
i 23 °CH
P8 15 °C

0 50 100 150 200 250 300
B%fE (sec)

o D
&> o“j(b D%
N )
‘l~0"\ \0\(“ ‘\(sd\
/‘l "

¢

X15. 25 °CEB R Dkqt-2ZEEADADLERRE —_1—OVDRE &4

(A) kqt-2ZZ 2{RIZADLDEEELICHITRREENMETIE3EREETRL.
CHEEIADLTHEMICKgt-2 cDNAEFIRSEBZEICL->THRIE LR,
FART 25 CHE, REZIL)INI—VRTSTTFICEEE.

(17 °C—23 °C—17 °C),

(B) J57AM170-180 secD11 ¥ REIDEIIEE LLDIF S, HHIIDE(T
D57AQBER . n = 18, I7—)\—IESEM, T1—F—D7313—RE( L
BIETHRMT, *p <0.05; **p < 0.01, FFEHDT—H(IH 14, 17, 20. 23,
24, 25, 26, 30EH &, kqt-2EEEDT—RIEK20. 26, 30EHE, Th
FNOERIERFHICHE BT,
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A 15 °C A&

= kqt-2(0k732)

'WWW — B
byl

i 23 °C 1
8 15 °C

0 50 100 150 200 250 300
B%fE (sec)

;\310 NS

i
oN A O

X16. 15 *CEABRFDkqt-2EEADADLERE —_1—AVDRE G E 4

(A) 15 °CTHIB Lickqt-2ZE B AR B EMERBRORELEHETRT . BREE
E)INB—VIET 57 TFICEE#E (17 °C—23 °C—17 °C) ,

(B) U57AM160-170 secHD11FEADESIEE LD, TS0 RFTSTA
DEER . N =216, IT7—)\—(ISEM, tH&TE (Welch) [CL#iETHEMT, *p <
0.05; **p < 0.01, 15 °CEAB DEFF LMD T —RI X148, FNENDEER(T
BRFHAICH 7,
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A 25 °C A5
30

—~~
3
~
A
)

ey 20
{E?’r — A

R 10 == N2; Ex[sre-1p::kqt-2 cDNA]

w23°C

0 50 100 150 200 250 300
B%fE (sec)

B

B17. kqt-2&EFREIRIRADADLEE Z1—OVDREREH
(A) kqt-2 cDNAZEF EMRDADLTEBEI RIS EHE. ADLOREZELISHTHhIL
U IEEN ER UL, 25 °CEE . BEZIL) - UIET5TFICES

(17 °C—23 °C—17 °C),

(B) F57AM170-180 secD11 FEIDH SIEE LLDF Y, BT STDRTSTAD
BEX G, N 225, IT5—\—FSEM, t!#&5E (Welch) (L2 #iETEHT. *p <0.05;

**p <0.01, 25 *CEAE DT EMDT—AEE 14, 15, 20, 23, 24, 25, 26, 30t #
& ZTNENOEERISREFHACH LT,
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A 25 °C—15 °C (0 hr) —2 °C B 25 °C—15 °C (3 hr) -2 °C C  aecoisec (8 hr) -2 °C

100 100 100
< 80 < 80 < 80 =5 S5 SR
§ 60 g 60 B 60
it it &

y 0 w 0 w 40
20 20 20
5] =
0 0 0
< ek ;3 R A3 ) RE)
L5 2 « q’V\ (OK L5 2 \(Q‘A (OK % "\fj\% Kq\— A (oK

D 15°coo5:C (0 hr) »2°C E 15°c-25°C(3hn—2°C F 15 °C—25 °C (8 hr) —»2 °C

100 100 100
< 80 R 80 ? 80
w60 o 60 ﬁ 60
i — - -
i 40 i 40 W 40
20 20 - - 20
=
0 0 0 -
3)
%,Q%Kq"‘ (OKMB) %gﬁqﬂw\‘m ? ‘ﬁgﬁqt—“okm

X18. HJ LFv#IVkqt-1ZEFEDIEEEIE

(A) 25 °CEIE#IC15 °CICY T METI(Z2 °COIRERIBES 2 -2 DETFE,

(B, C) 25 °CTCHAT %15 °CIC3mFE . HB U E8HEE 7 FUIZEENIEESIME ., LWI'h
LEEEERonBHMRE,

(A, B, C) 7ytA1# = 11, I5—)\—IISEM, iR (Welch) [CL 2514, *p <
0.05; **p < 0.01,

(D) 15 °CEAE %25 °CICY7 METF(22 °CHIERRIHE 5 A - DEREIE .

(E, F) 15 °CTCEAE %25 °CIC3r%E. HBLMI8FFMM 27 FLEEDIEREIE ., VTN
LEEERonBHMRE,

(D, E, F) 7yE1% =7, I5— ) —(ISEM, tHi& FE (Welch) ([CL2$EETEEMT. *p <
0.05; **p < 0.01,
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25 °C—15°C (83 hr) -2 °C

80 —
U0 [ E— S —
5
ST, R - R - i T e
H 20 | IS e IR I SR R
T
° ) ) 2
% 2) 3
X 4% @ ¢
A\ 0 %) 0
> \@!2\ v
\N’\\’
3@
ot

19. kqt-3ZEAFENDIE RSN

25 °C T B %15 °CIC3E I V7 U R EINE o kqt-3ZE 2K ISEEEIME
NREFTIEEERULL, kqt-3; kqt-2—E X BIA T kgt-2ZEEADIEEEIME
FREOEREMNESN. kgt-SERKRERHEDRIBEEZRLE, 7yE1$ =12,
I5—N\—IESEM, T1—F—D3M/I¥—RFEICLDMMET#EHT. *p <0.05; **p <
0.01,
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A 25 °CHA&

= FFA

= kqt-2(0k732)

= kqt-3(aw1)

= kqt-3(aw1); kqt-2(0k732)

-|1LP( 23 °C —/_\__
18 15 °C ——————
O 50 100 150 200 250 300
e (sec)
B
— 20
o~
~ 16
)
w12
B 8
R4
e &
Xk a2
@;ﬂ‘%’ ’L\O\ﬂ
o

20. kqt-3ZEEZADADLERE Z1—OVDREIGE T

(A) kgt-3ZEEZFRIIADLOBESE N LR TREEERUE, kgt-3; kqt-2—
BELER TR kt-2ZERDREICE DR Th kgt-3ZE(CL>THIESN.
kqt-SZEEARERBNDERIFEERUE, 25 °CAE . REZEIL/N\A—VEFTITTF
[CER&E (17 °C—23 °C—17 °C),

(B) J57AN160-170 secO 11 FPEID R S HFE LLDF 1, #HTSTDRITSTA
DEEX . N 216, T7—/\—IFSEM, T1—F—DI731Y—1&REICLBHEHEEHT
*p < 0.05; *p < 0.01, FFE#HDT—H(EE 14, 15, 17, 23, 24, 25, 26. 30&
HiB, kqt-2EEERDT—HIER15. 26, 30EH @, TNENDEERIERIFFEAICH
_Iaofz,
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A 25°C—15°C (3 hr) »2°C

20 S
S —
B 40 e
&

H
SO B
. % N
ot o

B 25°C—15°C (5 hr) —»2°C

B0 e
£ 60 S e
tﬂf 40 Sl N R N iy
H oo L[ L1 L. |

° % ) )
X LAY
00(’ OO(

X21. ocr-1ZE{Ktocr-2Z B IARDIEREIE

(A) 25 °CHA B %15 °CIC3FFRIE L VLR DIEREIME
(B) 25 °C T B #15 °CICSRFMIE LV IEOERIE, WThEEFEEIRoNG

hofz,
(A, B) Pyt = 13, T5—/S—I2SEM, Hxy METEICLBHEHRRIT. *p <

0.05; **p < 0.01,
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25 °C—15°C (83 hr) -2 °C

100 o een ———
- (o I P—— o R ——
5/ Y P SUNSSSUUS [ o —

N T
iﬁ 40 -l e -
20 ......................................
% 32\ 3@\ g@\

%’&\%’ Ko\d \O\(\ \0\4

\,(L ,\ \»2
W ot O
\3@\*
A0¢
oo

X22. ocr-1; kqt-2—_ EZ EZANDEREIE

25 °CE B %15 °CIC3EFEE VIR DIEIREIME . kqt-2ZE R IADKREI{EH L
HIE R ocr-1ZEICIH>TMESNE, 7y 1% =8, I5—/\—(ZSEM,
T1—F—DIAI—REICLDHET T, *p <0.05; **p <0.01,
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A 25 °CEA®

- FFAK
== Ocr-1(0k132)
== ocr-2(ak47)

.”]l( 23 OC -_/_\—

i~ C . . ; . r .

0O 50 100 150 200 250 300
B¥fE (sec)

B o5 -

X23. ocr-1Z 21K, ocr-2Z ZADADLERE Z1—OV DR EE

(A) ocr-1ZRIKIADLOERELEEN ERTIEREERLUE, 25 °CEE . B
EZELNI—IIFTSTTFICEEE (17 °C—23 °C—17 °C),

(B) H5T7AM140-150 secHD1 P EIDEAIEE LD, HBIITDETTITA
DEER G, n=17, I5—)\—IESEM, 4%y MEFEICLZ TR, *p <
0.05; **p < 0.01, FEMDT—HIEX 14, 15, 17, 20. 24. 25, 26, 30L&,
ocr-1ZE2RKDT—AR3XK24., 26L 8@, ocr-2Z 2 KD T—HII X258 &, #

NENOREREREFHICH 37z,
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A 25 °CElH

. 25
& 20
ﬂ 15 — E‘T’_&LHE
i == OCI-1(0k132)
& 10
= = 0sm-9(ky10); ocr-1(ok132)
s 5 " = ocr-2(akd7); ocr-1(ok132)
| 0
-3
i 23 °C _/_¥
I.I!E 15 °C —
O 50 100 150 200 250 300
B%fE (sec)
B ’a 25 * % I *x%x

& oo ' R .

1

i LY R -

% 10

w0

0

X24. osm-9; ocr-1—EZEE{K. ocr-2; ocr-1—EZEZAKRDADLEE —1—0OVD
REIGE M

(A) ocr-1ZRIADADLDEEISEEN LR IBEE(Fosm-9Z R, ocr-2ZEE(C
O TENENINESNT, 25 °CER . BREEIL)\I—VIFT 57 TFICEE S

(17 °C—23 °C—17 °C),

(B) U57AM140-150 secD 11 FEDENIEELLDFEE, HT70RBIETITAOE
Extht, n =18, I7—/\—IESEM, T1—F—D3MJ—REICLDHEHET, *p<
0.05; **p < 0.01, FAEKDT—RIEX14, 15, 17, 20, 23, 25, 26, 30t i@, ocr-
1ZEAERDT—HIER23, 26 HE . TNENDOEERIIRIFFHAICH BT,
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A 25 °CEA&

- BPAk

== 0osm-9(ky10)

== ocr-2(ak47)

== OcCr-2(ak47) osm-9(ky10)

0 50 100 150 200 250 300
B%fE (sec)

12
& 10

i

et
==

im

X25. ocr-2Z 2K, osm-9ZEADADLERE_1—OVDEEILSHE

(A) ocr-2ZZ 2K, o0sm-9Z R{AIIADLDEE S EEICEREERIGH O, 25 °Chd
B BEZILINI—VIEDFT7TFICEESEH (17 °C—23 °C—17 °C)

(B) J57AM140-150 secD 11 ¥ REIDHEIZE LLD T, BT I7DRIFTITAOEE
X htso N =17, IT7—N\—IFSEM, T1—F—DF3MI— R EICLDHETEEHT. *p <0.05;
*n<0.01, FEHKDT—A2IEK14, 15, 17, 20, 23, 24, 26, 30t &, ocr-2Z &
AKDOT—ARIE23EHE, FNFNDEERIIRBFHAICH o7,
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A 25 °CEH
25

20
15 = T4k

ocr-1(ok132)

e ™= kqt-2(0k732)

M il | = ocr-1(0k132); kqt-2(0k732)

FEIBEELL (%)
S
I

0 50 100 150 200 250 300
B%fE (sec)

HAIEEL (%) P

B26. ocr-1; kqt-2— E L EADADLRERE - 1—OV DR E G &1

(A) ocr-1; kqt-2— EZEADADLDREZALICX T DNV LA A—I VD R DFE
B . kgt-2ZBAROHIEDIE Fldocr-1ERICL THIESN . BHRIC, ocr-1ZEE
AN EED LR Ikgt-2Z EICLHTHNESNT=, 25 °CHE . ;BEZE L/ \A—(F
5357 TFICEEE (17 °C—23 °C—17 °C),

(B) J57AM140-150 secD11 ¥ REIDHENIZE LLDTFT, BT I7DRIETITAOEE
X htso N 218, I7—)\—IFSEM, T1—F—D3MV—RE(CLBHETEEHT, *p <0.05;
**n < 0.01, FEHRDT—RIIE 14, 15, 17, 20, 23, 24, 25, 30EH1&E,, kqt-2ZE 21K
DT—AHIEE15. 20, 30 E, ocr-TEEEDT—RIE23, 24 E, TNENDE
ER(IRIREAICH L,

94



25 °C—15°C (83 hr) -2 °C

100 e
< 50| NS
w60
I+ 40
#H  2p
0 % D) ¥ a2
0™ 850"
1) ")
3.5 cm 6 cm
FHBEEXREHOE R

H27. E1%3.5 cm6 cmDEX i THE Uik kqt-22 2R DIEREI1E

25 °CTEE %15 °CIC3BFR V7 FUEIROIEREIME , B%3.5 cmTHAB L
kqt-2% BA TR B £ MRERHOIEREIEER LN, ER6 cmDEXRIEMT
8 Ukkqt-2E RINIBBE B REIE L ROREER UL, Py 8 =8, I
7—IN\—(ISEM, t1&3E (Welch) [CLBHaTEHT, *p <0.05; **p <0.01,
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PreSens OXY-1 A=y A
SMA system

BRI TR | S Losins
NENBFYS | BEsERS

t

28. XFHIBEEREEDRIE

PreSens OXY-1 SMA systemz L\ B REEDRIE, BBREECHILMED
aﬁk?’é?“}j’é‘/\”—lﬂﬂ(lﬁi NS4V LTERALE D Y—LDZED LTy
JIChhER It EEA L TR AEERE UL,
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25 °C—15°C (83 hr) -2 °C

80 T
. T
X 60 [ B
PTOR oy M +
4 T
20 -E— B
° DO
Bl v
G @0 4
AR
@ qcﬁ .
&
N
0
o
go*

X29. BERZ B A gey-35Z EHANDIERENE

25 °CTCHE %15 °CIC3EM V7 LR DR EIME . EER 2 BIAGCY-350
ZEATHERIMEMET TR EERUE, kgt-2Z E2KDIKEEIEN £ F
IBEE(Lgey-35EEICL THIESNE, 7y = 11, I5—/\—(FSEM,

T1—F—DIMV—RECLSHETAEHT. *p <0.05; **p <0.01,

97



A 25 °CEl8

15
O\o k4
2 10 A o A%
i o (oo = Kqt-2(0k732)
o O Wy = gcy-35(0k769)
{-H 0 I e il M = gcy-35(0k769); kqt-2(0k732)
5
M 23°C _/_¥
8 15 °C -
0 100 200 300
F¥fE (sec)
B 14 . £
S 12
ﬂ? 10
gy 8
B 6
R 4
W,
0
X
o> »\!L\OY\ 260
WA N

X30. BERZEIA. goy-35FEADADLEE —1—AVDRE &4

(A) kqt-2Z BRADBREZILICH T 5 HIZTEDR T IIEERZ DA THDgcy-
35ZE(CIHTHIESNT:, 25 °CER . iREEIL/NI—UIFT ST TFICEEE

(17 °C—23 °C—17 °C).,

(B) U57AM140-150 secD 11 FEIDEIIEELLDFEE, BT S70RBIETSTA
DEEX G, N 218, I7—/\—IESEM, T1—F—DI3MI—1&E(C LS ETEEAT,
*p < 0.05; **p < 0.01, FHFE#DT—RIZR14., 15, 17, 20, 23, 24, 25, 26&
Hi#, kqt-2Z E2ERDT—RIFE15, 20, 26E &,
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25 °C—15 °C (3 hr) =2 °C

(EE6 cmEX i ih)
80 NI
X 60 S —
% B T .
g 40 1 I B
# T
20 Ao b e I I —
0
o\oO(L o\oO(L O?
Q,Q ,\Q 60\0
P

X31. HFAEKROEERREERFHEIERIIE
FFEHRE20 %, 10 %. 5 %R EE THE LLBEOIKRENE, 5 %EE R IR E T
B UL E#I320 %% R E THE UEFFERRICHEA, KEEMEDIETHR R oNE,
Tot1# =9, I7—\—(ISEM, A2y MREICLDHiETEEHT. *p <0.05; **p <

0.01,
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25 °C—15 °C (3 hr) —2 °C

(EE6 cmEX g ih)
50
T
> 1
&\/ *%
15 T
£ 25 7 T L
N T
0
O\OO‘L O\OO‘L O\OOQ/
Q/Q »\Q %)

kqt-2(ok732)

X32. kqt-2ZBADEHBERIEEKRFHIGERIE

kqt-2ZZ E2{K%20 %. 10 %. 5 %R IEE CEE LIZEDIEREIME . 10 %&E5 %EL
REETHE Ukgt-2Z BRICB VT EREIMEDIE T RoNE, Py 18 =9,
I5—NN—IISEM, A2y MRTEICLDHEEHEHT. *p <0.05; **p <0.01,

COFMTIE., BBRREZEILSEAEHICERD)IIDFICANTERBRZFHF UL, )N
DFICANTEHETSEICED. 20 % OREICENTHAGt-2E EADEREIMED
ETULTVE, BEXKNDFICANSZELED TL— PADZEEP\UTROKERE
NEEFRT LT — B RGO IENRE THR RIREMENE 20N S,
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25 °C—15 °C (3 hr) -2 °C

(B 6 cmEX i)
80 T
g R NS
i T
i 40 ] T} e
H 1 .
20 71 L i —
1
° o\oO(L o\oO(L O
Q/Q RS (oo\o

gcy-35(ok769)

H33. gey-35ZERDEBHRRIREKRFHLBIEKERIME

gcy-35ZZ E{K%Z20 %. 10 %. 5 %R RE CHE ULIRDEREIE . 5 %EERIE
ETEE Lizgey-35Z K320 %M RIRE CHRE Litgey-35Z EIKICHEAX, KR
BMEDIE TR oNE, PyE18 =9, I7—/N—IISEM, 43y MRTE(CLDHiEHRE

#r. *p <0.05; **p <0.01,
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25 °C—15 °C (3 hr) —2 °C

(EE6 cmEX i)
GO v
) T
R e el e —
II;“\II- *%*
it =]
#H o0 e Tt [ e
0]
O\OO‘L o\oO(L ok
Q/Q ,\Q (oo\o

gcy-35(o0k769); kqt-2(ok732)

X34. gcy-35; kqt-2—EZXERADF B R EEKFNLIEEIME

gey-35; kqt-2—FZE EZ{K%E20 %. 10 %. 5 %R =E CHE LEEOIEREIE,
10 %5 %R B E TR B Lizgey-35; kqt-2— B EEKICHNT, EEEMEDIE
THRENEZ, 7oAk =9, I5—1—(ISEM, 4%y MEEICLB TR, *p<

0.05; **p < 0.01,
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KCNQZ!
TRP FvxIJl HUY LF v )L

OCR-1 KQT-2
e A1
OCR-2 KQT-3
OSM-9 /

ADLOD##E;EE)

(35. ADLO &% EEN & Fl{HT 50 FOEEFRIBER
TRPFv %I THBOCR-113OCR-26OSM-9D A A T4 T LF21L—a3—ELTEE. C
NOOTRPFv#IE S KIZADLOMHFEFEENI EEIEILSE D, E FOKCNQF v 2RI
ORERTTHEKQT-2BKQT-3DX A T4 TLF1L—F—ELTEE. ADLOFRIEE

BEHET 5,

103



Wild type gcy-35; kqt-2

X 1
JEEEIE EsEe 4 TR, |

X36. Bi%iEEKRFHGERMEEHEIET 2 #ZEERETIV

EPAERRICH T, B LFvRILKQT-21ZADLE ES A 1— OV CRELTLICXT
RS E EREIERTECLD. KBEMENHIHIENS, COBESAR-1—0OY
ADLO#EEET EROBEZ A 1—OVURXM S DOEERIFHROZEEZ(T3,
URXEA R Z AR _1—NVTBERZRARELTEKGCY-35NEEREZ A L. RMGAt
HEZ1-OVENULC. ADLEREZRI1-OVOMREIELEILSE S, kgt-2ZE R
{KTCl&. ADLO#IZEEINME T T2, KREIEN ER T3, goy-35; kqt-2— &
ZEAFTIE, GCY-35[CL THERBHRMEZESNE VY., kgt-2ZEE(ICLBHADLD
HEEREDIE THHNESN. kgt-2ZE2ARDIKEEEN ERTIEENFISND,
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F1. EE3.5cmEERZ6 cmOEXREMOERERELTIL

EEDN#Z DRFE 7’;—@2@ BREEDTHELSEM (%)
3.5 cm 14.07+0.34 1.

2485 6 cm 16234033 1
3.5 cm 11.64+£093 17,

5285 6 cm 15994077
3.5 cm 11.23+1.03 1,

SAEH 6 cm 1693079
3.5 cm 11.13£1.10 1.

SBE M 6 cm 15604094 1
3.5 cm 11.04£1.11 1.

S8BT 6 cm 15394094 4
3.5 cm 10774119 1,

G0Bs M 6 cm 1538101
3.5 cm 10154130 1.

6285 6 cm 14874120 A
3.5 cm 9.79+1.40 1.

GaBsH 6 cm 14414119 4

FEDR#Z 24852 D 064 BRI R EFTOERE3.5 cmEER6 cmDEXIFHDEESR
BEEZL, EE3.5 cmOEXREHIIERC cmOEXISH SNEIEETELVEE
REEERLE. N =10, tHRE (Welch) [CX#iEH#E#T. *p <0.05; **p <
0.01,
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K2 ARARTHRALLETIAV——E

Primer

Mutaion checkA751=—

TSAR—ES & 51(5'-3") i3

KHR854_kqt-2_inner_fwd GAG AAT GCC GGA AAATTC AA

KHR855_kqt-2_inner_rev TGG CAA TAA AGT GAC GCT TG kqt-2(ok732)ERF v IRT 543 —
KHR856_kqt-2_internal1_rev GCG TAA ACG AGT TCT ATT TGC G

KHR1179_kqt-3_deletion_fwd GCT CGA TAC CGT AAC ATA AAG GAG

KHR1180_kqt-3_deletion_rev AGG AAT CCG ATG TAG AGA GTT GTG kqt-3(aw1)ERFTvIRT 547 —
KHR1181_kqt-3_deletion_inter CGA CAT TTA GCA GGA CCA G

KHR2022 _ocr-1(ok132)_fwd GAT GAA TTC GAT CAG GGA CAA GC

KHR2023_ocr-1(ok132)_rev TTT CCC GAT CCATTT CAT CCAG ocr-1(ok132)ERFyIRT 54—
KHR2024 _ocr-1(ok132)_inter_r TCT TTC ATC AAC GCT CCATAC C

KHR2025_ocr-2(ak47)_fwd CAA GCT AGC ATT AGA ATG TGG AGC

KHR2026_ocr-2(ak47)_rev CCT GTC GTT TAT ACT CCA GTT GTG ocr-2(ak47)ERF v IRTS54<—
KHR2027 _ocr-2(ak47)_inter_r GGC AAATGC TTCCCATTT CG

KHR2074_gcy-35_f TGG AAA ACT CCG CAA CAA CG

KHR2075_gcy-35_r GTT GAG CTT CCC AGT CTC GC gcy-35(0k769)ERF Ty IRT 54—
KHR2076_gcy-35_inter_f ATG AGA CAC TCT GAC ACC ACG TG

KHR132_gsp-4tm5415_fwd1 AGCAGGCAGGATTTTATGC

KHR133_gsp-4tm5415_rev1 TGGCAAACGGAAAAACGC gsp-4(tm5415)ERFryIRTS54<—
KHR134_gsp-4tm5415_int_fwd2 TACTGTCCGTGGATGTCTCC

L2¥2—H PCREfi K

TIAR—&S & 5(5'-3") ik

KHR1053_kqt-2_full_fwd

GAT CAT GTC GAT GAC GCA ATG AG

KHR1054_kqt-2_full_rev

CTA GCG ATC CAATTG ATT TCC GTC

kqt-2BEF LR3kbTOE— S — Rl kqt-2BIETF L REWIBT 2HDT 517 —

KHR1055_kqt-2_full_out_fwd

CCA GTG GAATTT TAT GCT TTC CGG

KHR1053, KHR1054 Tl 7=PCREE#IZ TemplatelcL T kqt-20TOE—5—&

KHR1056_kqt-2_full_out_rev

GTC AGG AGATTT TTG GTT TCC TGG

BETFEREWIET D=HDNested primer

Plasmid¢ERICRWVET S4<—

ToAR—ES B 51(5'-3") i3

KHR1112_kqt-2cDNA_primer1_rev TCCGTTGCCTTT GATTTCC

KHR1113_kqt-2cDNA_primer2_fwd GAC GAT GCC GAAGAT TCA G

KHR1114_kqt-2cDNA_primer3_fwd CAT TCT CAT CAT CCC AGC C

KHR1115_kqt-2cDNA_primer4_fwd ATG GTG GTT CAC TGC TGT C kqt-2cDNADS AL oo —4> 2
KHR1116_kqt-2cDNA_primer5_fwd TCT ATG TTA CCG AGG AGC G

KHR1117_kqt-2cDNA_primer6_fwd GAA GTA GAC ATC AGC CTG C

KHR1118_kqt-2cDNA_primer7_fwd

ACA AAG AAC CAT TGG ACC G

KHR1141_kqt-2_3UTR_infus_fwd

CAT TAT CAC CAC GTG CGT AGA ATT CCA ACT GAG CG

KHR1142_kqt-2_3UTR_infus_rev

CCC GCG GTG GCG GCC GAC AAG CTG TGA CCG TCT CCG

kqt-2cDNAD T iilcunc-54UTREBA S B1=6 DTS4 —

KHR1157_kqt-2_arti_infu_fwd

GGG AAC AAA AGC TGG GTA CCA AGC TTC CTG CAG GGC ATG C

KHR1158_kqt-2_arti_infu_rev

ATA TGG CGC TGA CGC TGC ATT CAATGG TTT TTC AAG G

kqt-2cDNAD N TEEF 2B AT B7=8DInfusionl 7517 —

KHR1159_kqt-2cDNA_primer8_fwd

CAC CTC TAA CAA TGA AAT TGT G

KHR1160_kqt-2cDNA_primer9_fwd

CAA GTATTG ATG AGC ACG ATG C

FAVoN =T R

KHR1342_kqt-2_pro_4.5k_inv_f

TGA CCT TCT GCT ATC ACC GAA CTC

KHR1343_kqt-2_pro_2.3k_inv_f

TTCTCG AGT TCCTTC TTT CGA TCG

KHR1344_kqt-2_pro_1Tk_inv_f

GAC TTC GTT GCT CTT GAT CTC ACC

KHR1345_kqt-2_promoter_inv_r

GAC ACT CAT AGA TGA AAA CGA CTG G

kqt-2BIEFOTOE—F—FEBDL ATV A MERAT S AZRMERICANVETS54<—

KHR1947_pMSK027_kqt-2cDNA_Insert_f

GACTCTAGAGGATCATGCCAAAATACGTTGCGTT

KHR1948_pMSK027 _kqt-2cDNA_Insert_r

TCATTTTTTCTACCGAGACTCTATCCAAGCTGACT

KHR1949_pMSK028_kqt-2promoter_infu_f

GAAATGAAATAAGCTTGCTCTAAGACACATATGAAA

KHR1950_pMSK028_kqt-2promoter_infu_r

CCTCTAGAGTCGACCTAATTCATTGATTTAATTTTCCAT

KQT-20 BB TS AZRERICAN =T 54— (kqt-2cDNA::GFP)
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R3. KR THEALLTIAIF—E

Plasmid

Rescue kS

TSRIREF

pMSK004 ges-1p::kqt-2cDNA::unc-54UTR

pMSKOO5 osm-6p::kqt-2cDNA::unc-54UTR

pMSKOO07 sra-7p::kqt-2cDNA::unc-54UTR

pMSKO008 kqt-2cDNA::unc-54UTR

pMSK024 sre-1p::kqt-2cDNA::unc-54UTR

FEI AT

pMSK028 kqt-2_9kb_promoter::kqt-2cDNA::GFP

pMSK029 kqt-2_1kb_promoter::kqt-2 genomic gene(1st-12th exon)::GFP
pMSKO030 kqt-2_2.3kb_promoter::kqt-2 genomic gene(1st-12th exon)::GFP
pMSK031 kqt-2_4.5kb_promoter::kqt-2 genomic gene(1st-12th exon)::GFP

Calcium imagingR##ESL A

TS5RINES

pTOM6G3

sre-1p::yc3.60

Injection markerH

TSRIREF

pKDK66 ges-1p::NLS::GFP
pAK62 AlYp::GFP

pRF4 rol-6gf
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