#E Eﬁf’?‘%LL 20254108308
@ P R K

. - BERLAFEA
/ ;&f{ffg( UﬁVERSITY {LX)\ %EEI¥*4 BAERXZE
. K

\/ MEIJIUNIVERSITY Q‘ ) ﬁ?ﬁjﬁ% i .é ﬁ:ltj(—]h ¢ *Wi*i‘ Z2EEBIT¥EKXE
,,,,,,,,,, oo

University of Bukuba  1ouoku  TOMOKU UNIVERSITY THE UNIVERSITY OF 0SAKA

FUEKRE

FiL ke

KPR

K AEAL RSBENAI ARV T FIVTICBEBET S
DFAA Y FZ=[RE
—ERORERERERS L. ARSI ET 25 EREES
[EEo+r4 v 1]

® Cryo-EM SPA (7 7 4 A% 1 BEMEEER 7)1 - 2GRN GE (ATR FTIR) 2 - 3EHERY
N « 7B MD) v 2 2 b—3 a v e n ) RO SRR A k A A4 FZERE

KOR) “DA_ATARL 7F ) v 7 GERWY 7 F M EEE) 0 Gﬁ%ﬁk@ﬂ%ﬁﬂ%ﬁfpﬁﬂ
o 2TEHOIFHEE (F 7 77 4 v /U-50,488H7) IC X 3 ZFMNEM LA E 2 vt L., &2
FADIEDRLES & 725 T 3 A FIE
o AR, AWERZIIZ 724 e A VRIS & KHBIZEEIG 1< ) 7= R oy e HiEsH &
it

AR NBAPEIERIRSE: CRIRAFROT T R - MBI, 2R - RELELE) oAl s K O
) iz, PR T HERgR. bR LR Ry - IOHME R R LR, R,
HHRAERABEREIGER) - BACRSAREGER AR FREEdR. G/ SRS . BRER
Aokt st BERGR. FUBORK FERSTAMERIRERI Ao AssaEsds. RO EaE
Wger IR 2 Bd% O ORI /v — 71k, e bk AEHA FRBEEROASAA T AV 7 F Y v o
Wik X 0 EEIICHT L, Fi7zics 7 nBERIECBIS 327 I VB ZFRIE L £ L7z, FEL WIS
R IIR A~ — VLR RIRNERE SR 7230,

k. AL & 73X [Nature Communications (f 327 + 7727 Z— :15.7)] 1210 H 28
H () 10 R (= v B o EEERs, HARHERIE 19 W) g g Lz,

WETIER
4

g & ['Nature Communications]

Wi

Structural and Dynamic Insights into the Biased Signaling Mechanism of
AL E A b the Human Kappa Opioid Receptor
DOI:10.1038/s41467-025-64882-1



Chiyo Suno-Tkeda ", Ryo Nishikawa ', Riko Suzuki*, Shun Yokoi, Seiya Iwata,
Tomoyo Takai, Takaya Ogura, Mika Hirose, Akihisa Tokuda, Risako Katamoto,
Akitoshi Inoue, Eri Asai, Ryoji Kise, Yukihiko Sugita, Takayuki Kato, Hiroshi

£ H Nagase, Ayori Mitsutake, Tsuyoshi Saitoh, Kota Katayama, Asuka Inoue, Hideki
Kandori, Takuya Kobayashi’, Ryoji Suno®

TThese authors contributed equally
*Corresponding Authors

<FHARDER>

G 2 v X EHEAZRAE (GPCR) 813, HlIs R % Sk ilas g~ & s 2 EddifRoh
AR Vo 7 BRECH Y EHEMF & Lo CEECY, GPCR IZ=EKR G X v 375",
B-TLAF VN G 2 "IEZREFF—E (GRK) 1 74 CEBOMIEANT- LG L. ZhEni
%y 7FREEETEE L £ 37, FEE OMBINK T & OFRI GG - WG RIC X > T T Ao 72>
TIMEE SATAVY 7 FY v 7)) 13 BNERFEHO—KTH 3 L[FEIRHC, BIEFH O 7 ks
DL L CERNICEH ST 3, A A4 FREAREEEEIR)) SRR 2 n U 3728, [
il MR T8 [V 7x & OBEELREWER A EE o TnE 3, i Td « (I yod)
et A4 FEEAE (KOR) FEEEIL. 7A@ RoERICEE c3 03, BIfER D 72 O RERIGH 23R
INTEE L7z, 2009 4, RS 51 X 0 EYBEE 2B L 72 KOR {EBItE0#RATEZ 5 FEiEREeE
FAT7T774v (LIvF®/ 7 ea—i®) g3, KOR 2BHUREEZ -7y e LCEFEHILE
L7ze L2 L., $EfERZ EoRIERIZZERIcIdflc & 37 2RI KORICK S B-TLAF v
FMBEICH B LEZ LN TOE T, TE, UF L G X v 7RSS ERICEE L L, BIERICS
BB B-T L AF VRIS 2EFZGD [ NA T AR 7Y v 7] L LCER IR, AR 2~
—>a vt TN TwEd, Tao Che Hlt. KOR ©F N7 T 7 4 VEATISERMES L 7B 3
alb—=vavhb, NSATANYZFY v G327 3 RIS A TE L £ L7z (Che et
al, 2023), L72>L. FEERREHT - BIRSERT 2 A G0 T & 7 F ik T2 REE L 720
RN THE L7,

<FHRDOBIE >

KIFZETIE, k A LA A FREMER KOR) D4 T AR Y 7F Y v 2R 1 L~ LGl Big§
5L RBNE L, BEEEY - 0y - 3 - GHERRA R RS L2 S AT 2T 0 E L7z, BRI
I, 7 7 A AEFBERE R AT (Cryo-EM SPA) I X 2 FEEOFERE (v 7 7 7 1 v, U-50,488H)
FEAR KOR-Gi & v 8 7 EBHAROFHEREEZIUE L, AR 0ECZHL I LE L, S5
I RTINS (ATR-FTIR) %W CHEAIREAICHE S BIEEZE 2 Bit L. SEEAIMTIC X
Do IFGEREICEIS T3 4 oo T I AL (K227, Y312, C286, H291) %[EEL F L7z M
T, FEF MD) v Iab—ryaviHouT, s OBy 7 F A R 5E R R L
~OUTHEEL £ L7z, SO OFATITIC X . KOR ICEF 2 TEWER] & TEWEH] osriuEx



TEE - BERERIC R 32 2 L ICABH L £ L=,

KAEASRREE -

-

- =y
1

L
¥ by
weR

s |
cl
4

\

P

o
g
e
PPt =S

&

o
Iy
P
a A
oy,
1
1
rd
r
r

CIVINIEIIFIL  FLAFULIFI
(SEFE{EFR) ICA ATV (SEAMERR : BIfEFR) ICEE

=5 BIEROREEHBZKORDATY FERE
GYyYINVE SEIER DB RN |
AWFE OHEER]
<AHRDREE >

Slal, BIEERERY: R L
A EAK OMER) ththBdz, FIFR
IR b offtgE 7 v — 71, Cryo-
EM SPA i€ X T KOR #3&(td 2
2 OOEEEE (FAr777 4 v, U-
50,488H) 28 % L2 ki & L 72 KOR-
Gi 2 v 7EEAREEZ ZNZE N
2.76, 2.90A HREECHIET B Z Lic

EPT =B

FNIST71Y U-50,488H
BE1RE KOR E&1REE KOR BIHLELZ (1), £9. Bons-

— - ] Ml b & fEBEER ARG
®1 2780 KOR(EHEE (51777 4 v, U-S0488H) 56 | iy e L. sedfiens/ sl ko

IKRED KOR-Gi & v ¥ 7' EIAKD 2 7 A A HEuAfIE J EIREZIZ oM s — 7 b ik

W CERKY 7F LT vEeA4
(NanoBiT assay) #FMEL F L7z, ZDFEHR, v 7 I uERECED 2 22007 1 /7 (K227, Y312)
ZIRET 2 2 LB L £ L7z, K227 I3MifFEEE L A3 E 2 b DD, 77 = VERATIE G £

3



VRPE Y FFAEHIZIZIEED ST, B-TLAF VI 20— MEHEDOABEKE D LE L7, Y312
T MfFEEE EFEAEEES R A ) T3, TI=V/ 7 2o AT 7=V ERATIE G 2V X0 EY I
OB KIEIIED L3, B-TLAF V) 70— MEED AR E I LE LTz, 25 DFERD S,
ZD220DT7 IMEIB-TLAF VY I A— MEWEICEETH L Z LBHL2ICRY E L2 (M2),

(A yu7574> U-50,488H
o~ Y312 =
/ ‘ | >41
e ot t &5
1294 1294
(B) GHvINVE B-PLAFY
DI FIViEE VIIL—NiEHE
‘a‘ 1.04 o= 23 P
2 28 B4R ‘,;’: T 55'&73‘
D\ 0.6 15 M TH3
# 0.2 1o == ZRK
~ —r——r—T |- o e wa—
0 10" 10° 107 10° 0 102 107 10° 10°
{E@EE [M] {E&E [M]

X 2 774 AEEEED»SRH L2 A TA RS 7 F Y v
B 2 24 v FD 5 b, Y312 offl, (A) 2 EoFEEE L Y312
DOFHAEH, (B) Y312 OFFAERL 7 2 =7 7 = v ERRDHK
¥ TP IEEDE

e
TM6 l T™M7

c28 T321 » c28 ‘321
—s

X3 IRANEE L ST A DB D D2 & T o TN A T AR
Y v b BT 2 ] (C286) , {EEISEES SO T321
& OHBHFILOMHANERD B-T VAT v ¥ 7 FMEMEICEE,

K, HiETHERY: MHGEHR
Bz, FILEERHEBES & offfge /v — 7
IR, ShENCHE L 72 bRy
ik (ATR-FTIR) & sk & fH A4
HbRTETEEZRG, 2 DOEHEE
RGP S EZ L 2 RIER =7 b
AL UCREIEEICHH L, f82 b 2 &ic
Bl % L7z, Cryo-EM SPA CfSH i
7- KOR iEHIIGEIX, G % v ¥ 7 Eifk
ErIRIEDFHN e G EIRCH 5 D ITnf
L. ATR-FTIR “Ci3 KOR I {EEf#E A3
GF iR OB eiEZ 2 T
¥, 2R VAT A VB X
Ce ATV VBN T % > 7 F v
DELL. DT I/ A FENER
KR RS LIS L Tnwa 2 &
PRI NE L7z, KORAD Y AT A
VIEHL, e ATV VEEICOWTAR
KDL TFNT vl BiTo728 T A,
C286 & H291 o7 7 = v ERKIL G %
VRIE Y T VER D RKIEEIIZ
boI, B-TLAF VY Z— bEED
BBRKELFILE L2, 2 OfER
Mo, ZD2DODTIBLB-TLA
Fv) I — MEEICEETHL Z L
DAL TR Y F L7z, ARG
(PDB 1ID: 4DJH) & iGHHUREE % ek
$ 2L C286 & T321 DIGHHIHEEDZE
fELTHD, 2DF5- 56 REE~Y
v 7 AOMASFRDB-TLAF v Y
7V — MEEICHATS 5 2 L AIRE
nE L7z (X3), 7. H291 OffilfHIZ
GPCR DiEMALICEE R b V24 v
FEMEFINE MY T 77 R



W287 DSE L AHAMEFAL, ZomEZHHL T3 eEz2onE Lz, 20, H291 o7 7= AR
R W287 oflllg L HAER b, B-TLAF v 70— MEHIGHX Witz & o> T g &
EENFE L7

RIS, BROEMTCRIE L 72y 7P AR D 4 DD T 2 h, BEETIIREBR-TLAF V) 7
— MEHEZ R D DHICOWTHRAERY:  SCaliR e &SRR BB LT 21TV E L 7z
HEHLZDIR, BEROT v OF T v VZER AT 8B T 24 T AL 2F Y v 7 O45F8Es 3
2 b—v a VIgE el E iz, GPCR OfEHEALICESE 2 DRY €5 — 7 N7 v = VI o fIgERd M <
T+, BERClE. CoTAF= VEIROMIEER G & v o3 H Y iR & ML, B-T
VAT vy FER RS & 2 ITHIREIICEDR 3 5 L T T g3, KOR DR LKA
BURICOWT Z DELAIZ IR L 7250, BRI T v F = I SHIErEhc B < EHEIREDEIA MK
TLTCwE L, 2%0, INHD4DDZEKE, B-T VAT v 7Pz ts 2 RE8IC72 0 1<
WIBEIREEZTER T 2 2 L L 2 ic e D £ L7,

<SHERDEL>

SEFEE SN 4 >OT I BRI, #8557 & KOR FEEEORIWER ICERS T2 B-7 L A F VidK
DIGHALICETH D b a2t & L7 38ARGEHE. BIWER 230 2 o o A%E % (R OFTEREE 2>
WA IEDIEDOFHFEE K E CHtES 2 LHRFINE T, X 5T, AWFE T L 72 [Cryo-EM 1T X iy
W) & TATR-FTIR I X 2 BhIREEMT ). X0 (3SR - MD v 2 2L — a3 v EfAED
IO 12, KORICIRS T, o GPCR 7 7 3 U —#ATERE O A1) 1C & A TRE
T, RIRIITIE, P - W& - RS - DSA TR & SRR B BIVER /D 7 BT AR
DEIFEICERRT % Z LI nE T,

<FAZRBHRR >

A2 IE, JSPSKAKENHI  SEZS RIS [~ L F R o — L 7o A B R D RSO M R isar | (Ra s -
FE%) (JP21HO05111, JP21HO05112, JP21H05113, JP21H05115) . JSPS KAKENHI (JP19H03428,
JP24K02231, JP21H04791, JP21H05113, JPJSBP120218801, JP20H03230, JP23KJ1997). JSPS HFiiiEite
#F%E (JP21H04969), AMED CREST (JP21gm0910007), AMED J¢hiiift)- S 4 A BISREH A  ihihHrg
RIEEAEERSE (JP21am0401020), AMED ARG ESRSE (JP20ak0101103), AMED L —v' & =
v b (JP21zf0127005, JPMJMS2023), MEXT leader program. the Young Runners in Strategy of
Transborder Advanced Researches (TRiSTAR) program . H A& H B £ 1 & 1. JST FOREST

(JPMJFR215T), JSTSPRING, JST Mirai Program (JPMJMI22H5), 5+ v 7L~ UfFEiils 7 v 27
7 2 (WPD. [HHEFZEHREIAR ). [PEEECSRREARBIE] . /ML, BINDS O33R X ) Fhi X
NE L7,



< PAGERES >

*1 7 A4 AT T

FEIREREEC & v o3 7 B RNCBE TR IR L. BRA e AR & D55 D & 3 XTHE 23R L
~ v T x{G5FE, 2017 R ) —~UALEEEZZE L 72,

*2 BRI (ATR-FTIR)

I ZRRERIIC R & &, FURICAE L 2 =354 v v v MIEEFIF L CoFREN 2 B3~ 2 70k,
(LA A DIREMRREZ L 2 BMBUCIR 2 DN D T2, & v X - O R EC RPN L 2 T < & .
BOTENEY I aL—va Yy

IV 2—X ECHT LRV TORT- OB X 23 2 7k, FRCIIfG2 2 Lo L w2 v o7 B oH)
RS2 L DI 1S5 Z L3 TR 5,

* g At A4 FEEAE (KOR)

A A PR, FEERIIEERSE S LRSI I T 525, BHEE SEIBEEORIVEH 3R
Lo T\nh B,

B NATAN T F YT

W USRI L TR 5 ) 7Y P NZ N 5 ¥ 7 F MBIERE 2@ R CEE L 2 3R, EE
UWER (1 - 85) L L WER - 858 2980 30 on2” Y 7y Fehbiuld, BfFfo
BRI S 415,

6 FINTTT 4V

KOR fF#iEs, Yt orFRO S BRI L, BRAMEZ 5 FEiEOREEE (et I v F7°// va—
e & LCEERD S 5,

*7 U-50,488H

WIFECIL S bt s KOR fEBEE, $HiF, FEYHEEDORIER 2773 C L 2 ST 5,

*8G & v AR RAR (G protein-coupled receptor : GPCR)

7 RREEGEA ) v 7 AfEE R S OIEE VN, . BCEL Rve Y MR mEE R L OS5 D
A HENICIE 2 5 2, % K DEELD Z OZEREHFNIC L T2,

9 ZBIRG X VvoNIH

a,B,y D3DODVT2=y b5 HENY 7 F MR T WEHELL 72 GPCR G35 L.
et L L L, RN IcE 2 28 % 2 Ho,

*10 B-TLAF v~

GPCR DillaN > 7 riE ik f-o—fEc, U vi#tz3z17- GPCR &G LT GPCR OWNTE(L
G, 2 I FNDORUBERFIET 2, 72, B-T L AF V%A & L%y V' FUGED FHET 3,
*11G & v 37825k * > —+ (GRK)

GPCR L HHAMERL TV vk d 2HilaN & v <2 8C, Fic GPCR OBUBIEEHIHT %,



<AfFZEIc B 3 BRiAE >
BAPUEERIRY: R AIE #d% K UMK fhth
KEIFFHOG T 2-5-1  TEL : 072-804-0101 (ft3%)  E-mail: kobayatk@hirakata.kmu.ac.jp
F #EBdx HE R
TEL : 072-804-2677 E-mail: suno.ryo@kmu.ac.jp

PETIERY: by - JORME AR dEBdR Al #ER
FRRL R TIBAIXEZRAMT  TEL : 052-735-7159  E-mail: katayama.kota@nitech.ac.jp

A RpEdR #E Fhet
TEL : 052-735-5207 E-mail: kandori@nitech.ac.jp

<IEHicBES 3 Bhia-ee>
BEPUERRERS: [LHIS =
TEL : 072-804-2128 E-mail: kmuinfo@hirakata.kmu.ac.jp

FHEORY: R ERSAARE 85 - SN
TEL : 075-753-5729  E-mail: comms@mail2.adm.kyoto-u.ac.jp

PR TEERY: AR
TEL: 052-735-5647 E-mail: pr@adm.nitech.ac.jp

WK REEAER LG 5 - =
TEL: 03-3296-4082 E-mail: koho@mics.meiji.ac.jp

PR EFSRAMERER AT CHRE (WPL-IIS)  JA#dH Y

E-mail: wpi-iiis-alliance@ml.cc.tsukuba.ac.jp

FAURE: SATTEResstR 10 - B
E-mail: ph-som@grp.tohoku.ac.jp

KRIORS: EHEWTIERT TS
TEL : 06-6879-8592  E-mail: uraoffice@protein.osakau.ac.jp



mailto:kobayatk@hirakata.kmu.ac.jp
mailto:suno.ryo@kmu.ac.jp
mailto:kmuinfo@hirakata.kmu.ac.jp
mailto:comms@mail2.adm.kyoto-u.ac.jp
mailto:pr@adm.nitech.ac.jp
mailto:koho@mics.meiji.ac.jp
mailto:wpi-iiis-alliance@ml.cc.tsukuba.ac.jp
mailto:ph-som@grp.tohoku.ac.jp
mailto:uraoffice@protein.osakau.ac.jp

