BHHOLBRENR A F o F ¥ RIVOEERA L RS F Y — VORI
~HRERERITEY TH~

1. RBERE

o FRE GRRRY RFBGHRE SUBIIZERE RR P (B 2 )

Yoon Seok Kim (Postdoctoral fellow, Department of Bioengineering, Stanford University)
il B5h GRERY: RFBHRE SULHIZERE 8 SeER P sersts AT

HE  Ef# (Postdoctoral fellow, Department of Bioengineering, Stanford University)
A W GRURTE REFBEESEROER AR Fs S 3h#)

Peter Wang (Postdoctoral fellow, Department of Bioengineering, Stanford University)
AT hdal (REPRSY: KIFBREFARGER  HeEdR)

mHO M GUERRY: RFBRESIER Bd%)

b B GRECRY WMERRERT  HESER)

Karl Deisseroth (Professor, Department of Bioengineering, Stanford University)

gk B GRECRSE REEFGRE SUUITERE IRIR 2RI - R SCER 2T e HEE0R)

2. BEDRA VB :

& LHIRIZ K> THA A v Zk T 52 LV, Ty xia R7vy (FE1 2) OFTHIUT
FEHREICEH &S TVW% ChRmine (3 8) 129WT, 7 T4 A& FHMEE (1 4) ZHWTE
DNASHEEZPRE L, ChRmine 731 A F v L& UTHRET DA ZH LN LEL
77

® G ONTNEREEDF AR LT, BARFUTIIFE L7202 ChRmine 2R L, 43
T — e LTHWS Z & TRV EARGRETHER (E5) ARl LE L,

® AMRIZE Y, Frxnrm R OA F UiE A T = X LDOSERME~OBRENEE D |
HIZBA%E L2 ChRmine 13GE RS2 U THRRZCEFEA~ORIBIZERT 5 2
ERHIFFSIVET,

3. RRMUE:

JEAERAR PR E O OTEEh 2 D) 12 & o THIBEIT 2 5 chH 0 . ARk
FATBWTHHADEAM & e > TOWET, HBEFITITINZE S RV ETHL T v xvm R
DR E LTHRIHENTEY . BAHHONRETY — AR, WRBENTWET,

THEARAMN SRR ENT-F ¥ %o K7L TH5H ChRmine 1%, @A AU B, @0
SRS, RIEEEIC X o> TEM LI D &9 JEBEE Y — v & UCIERICI D e hie a2
LTCWAET TR, HEEF yxriu R7Y U THHICHLELLT, 72/ BESITR 7
Mo R7vr (E6) &ilrn&n ) BBRIRWEHEZ A L TWE L7z, LA L ChRmine 23728
AF TN LTI ZENTELONTIRATLE,



ARl BRKRFEREPER G SULAFFER O 22— B8, IR o 0 7V —71%, 7 74
- BAMEE 2 FH T ChRmine DN EEIEZRET 5 Z LIZHIILE LT, TORE,
ChRmine [FAIEANICIEA Y 7R E BETWD—T7, RFTNZIIREROFR 7R F v R v
BNZIEA BN WHEE RS2 B LT, 20 Z &5 ChRmine ®==—7 7253 1-H&HE
DWEIZFG L TNDEN ZERDLNY E L, SHIELNINREEOM NG, B
EHiz KXo TiEMH LSS Evv) ChRmine OPEE % & 52\ _E & 722 ChRmine % [
L, 3 O ABYEAFIH U CEE O MBI & FIRFCEERE - SHT 2 L5 K%
JRAYZCEIR T FERE FRBICLE L,

AR TN, AR TF v 3va R UNA F o F v 3l UTHRET DT 5
HfRZTROT-E W 21T T, Fililn R7 v 0 OGEHCAIRUC T 5B, & L TR
BRI — LV BRAE L7 8 D T, MRRELE, EROEIBIZ O D T ERHIFF S
\ij‘o

ARBFFERRIL, 2022 4F 2 A 2 B CRIESREERER, AAKFH 2 H 3 H) IZKEFRRE [Cell)
DA TA Ui S E Lz,

4. BERNE:
WHFEDH 5

b R DA E TEL DAEEIMINZES L E e N L TREZITRY . Z 20 bIEHR
RTFNF—EZ T TVET, HZRY I BEORTOHOMAEMPE T LA F R 7R
A A F e FN b LTEI A Ao 7Y 13, B X—% A Uikl D
IR D885 70y THEE T, ZOMENEH S, A A viadila K70 3R ED
AR OTE T 2 I & 0 HEIATREZR B Y — L & L TR &N D K 912220 . #REEICE
WCHEDHIN Ctlfir) L7rvE Lz, LaL, IhETE#ERFEY—LE LTHY DR
TERT vrnm RV ADLERPT, SRR, EEREE (Ff) TodeTLa
EHE L CTE et Vo RS EZ L TV E LT,

THERRAMN SRR ENT-F ¥ %/ba K72 TH5H ChRmine 1%, @A 4B, @0
SN, RIEESE (REJE) ICXoTEM bshd Lo | SRy —/L e L TIHERICHE
JN7eMEREZ A L CVET, SBICT 2 BRSNS RIS, BT T vy 2 rm R
TUTHAICHEDLOLT, T BESNIIR L TR O R BT & S BLBRZE RS A A
THZENDN->THNELE (K1) , L2L [ChRmine &R 7Hla K7y 3 E O,
TWHON . METW5E L2578 ChRmine 134 Ao F v kL& LTI Z LN Tx 5
D7) . £72 TChRmine DMWE % & 5 I|\ZH] LSV TEBIEFEY — NV EED Z LN TE 500
EWV o TIPS TWE L,



RN E

ARl FURKRFPRFFH G SR O IMEESEAnE Az 2 thb & T D8 7 —T1%, 75
A A BB A VT ChRmine O ARHEEZ 2.0 A 25figRe (5 7) &0 9 BRI ARG
TIET D Z LRI L Lz, £OfEE, ChRmine 1% 3 &BAZ K L THBY ., 2 BIEEZEK
THZ L THRET DUERDT ¥y rbn 7V L0, 3 BREERT 2R 7RELEI TV D
ZENRDLMPDELE (K2) , SHICHERR - CTHEL I L TH 5 L, ChRmine 13063k D
2 BTy x e R7V R0, A7 Ba R7V U ERTHhWH I Enbn Lz (K
3A)

ot

e\ T 724 ChRmine (3748 > 7R EHELOMEIE 2 LN B A A F ¥ xr e LTE
EMTEDLDON] LVIIWVIZER D720, HEROHEZIEERBELE L, 75L&
ChRmine (IR 7 Rin R7 o L ibig LT, (1) 2 % HOBEEEA~Y » 7 ZAHHITENSLCHMIl
BN TWD Z &, (2 3FHOEEEAY v 7 ANFEOBRFTIE LT CnizZ &, 3) 1 2H
O —TNEL, FLTHRY <A TWE=Z EnHLMNERDFE L (K3B) ., =D
FE L LC. ChRmine [THIfERNSMIA Ao N T D720 DK E 72 ZER A2 > Z L by
FLE (M4 , A A m2—oFomkt 5K PRI RN SR A2 -2 nW—T7, Zh
FTCHENRHOMNIZENTE T vy 3ve K7V UL, X THERNICA A odilig s LT
B)< ZERZFF-> 2 LD, ZERZFF> Z &1d ChRmine 3 F v kL & L THERET B 72 0DICHE
ThHhdHZENRINE LT,

FWTHEENSE O REZFIH LT [ChRmine OME % X H12M L SE7- & BT
—VEESZ L) B LT, ChRmine ODRIEEN REJL) IZL o> TEMH LS D LD FF
BUCE R LE L7e, £ LTRMZES V—T03, e WS DAL 07 X Witk e+
HZ LT, L0 EKREM GRAD DXz Ko TIEM L A[EEZ: rsChRmine (red-shifted M)
Zate, 3F ChRmine tiZ8{K (rsChRmine, hsChRmine (J£8) ,frChRmine (J£9) ) ™
TERUZERED L E LTz, 5122 @ rsChRmine # WA Z & T, 3 (F. H, &) ONEHW
T, B To~ U AN THEEOMRAIIE R & FIRHOGEE - 5HT 2 LD 13 EOtERT
Fr) 2R THO TR S E Lz (X 5A) o %2, rsChRmine (3R (>740 nm)
THIEHALFRTREZ2 WD F v Fva RV ThH Z & %R L, rsChRmine OfEH L7468
FEELE Lz (¥ 5B) .

S 1% D e

AWFZETIE TR FRUGEWEREDOF v Fbn K7L | Ths ChRmine O NL{AREE % )
DTHOLNILE L, AFRIOFRERIE. 22T vy K72 DA A o idniEiE B2
PR 2R S22 Tl Ty xn K7 v v OBEIT FEOIEZ AT, v K7y o
DFECE AT 5 ECORmTERFRNEERE LT,

IMZTARMPFETIL, 5 o7 EE#RE HV, ChRmine OFFOHEH L7-VERELZ S HITH] &
H L7z 3O Z{A (rsChRmine, hsChRmine, frChRmine) #&|H L. %72 rsChRmine %



AT 2 Z & THIZZOGBIRFERZ FEEICLE Lz, 2750 ChRmine tiZ8 A 3H# LT
DI HEET 27200 T3 < IRFIREISHE T 2B HRRICHZR SIS bR S D Z &
WrFs v Eds,

AWFgEIE RIS, [JST APEHIMFFE SR FE GREHR S : JPMJFR204S) | . [JST CREST
GREFE S : JPMJCR21P3) |, [JST & &2 GREE % : JPMJPR1782, JPMJPR1888) |
TAMED-BINDS (GGREEFE = : JP18am0101079) | [FRIZ#arse & B F¥E GREE S -
JP20K21383, JP21H01875) | OIHRICEV EhishE L7z,

5. FRMEEE

M4 - Cell (AT A Rl : 20224E2 A 2 H)

i L X A kv Structural basis for channel conduction in the pump-like channelrhodopsin
ChRmine

2% : Koichiro E. Kishi, Yoon Seok Kim, Masahiro Fukuda, Masatoshi Inoue, Tsukasa
Kusakizako, Peter Y. Wang, Charu Ramakrishnan, Eamon F.X. Byrne, Elina Thadhani,
Joseph M. Paggi, Toshiki E. Matsui, Keitaro Yamashita, Takashi Nagata, Masae Konno,
Sean Quirin, Maisie Lo, Tyler Benster, Tomoko Uemura, Kehong Liu, Mikihiro Shibata,
Norimichi Nomura, So Iwata, Osamu Nureki, Ron O. Dror, Keiichi Inoue, Karl Deisseroth,
Hideaki E. Kato *

DOI %% : 10.1016/j.cell.2022.01.007

6. B

(1) v RS

b FOAEMETE DAV ONZE S XV E, T IREE@SZ X7 B THY |
DATHERINT DK F & LT F T —Aafia LT 5,

(2 Fyxina K7y
0 RFL o DOFTHA A DEBEBSILFAN > TA A ZlaET D (A A Fyvr] L L
THEBET 2D H D, 2002 FIZEFAN LR R ST,

(#£3) ChRmine (f1—~A1 )
2019 FEICHARRMNORAINEFHRF vy rba K70, EESY —L e L TENT- MR
ZFEH | 1100 LL_E ORI 2 B—Hia L ~L CRIBHSEHRE - R 5 2B R A B |
(RT3 2 b T HHEEB ISR 2 TG LT 2 7 7 A4 =7 U — BB o
TRk 2 DIEBIPERZFEBR A AIREIC L, F oMl AR A MEIR R~ T X 2 Rtk b 54
INTNDHZ LD, BUEIERICERZHED TN D,



(E4) 7 74 A% HHbE

2017 T ) — AL E &2 B LT BN, — 0070 aMEE & 135872 0 | KIREREE (7 7
A F) THEUNRTGY T MCEARERE L, ZOREEG» ONEEEZFHE L TR DT
Ho ZOFTIEIZ L o TH /8 G OREIERRATIC 23 5 B 28 KIE I B0 SIVER 280 T 5,

(E5) BT TN =T 47 R)
opto (J6) & genetics GEIZF) ZHMARDELESETHY . TOEKO@Y | BEFOTIE
Z O TREE ORFRAIIIC G B X /37 B R BL S, T Ko THRRSHIA O 1E 8 2 il 8-
% HAlT, Stanford K520 Karl Deisseroth {81512 X - THRE Sz,

(JE6) Ry7Ma kK7
Fyxnm N7y v (T 2) SITsBICA 4 v 2N — Hakicis s K7y v,

(7)) SofiFae
G DFERE, EBATAMEE ST D 7 4 ) 7 4 R TERICHW B L, EA NS WE S E i
FE. 2.0 A BSFREEITTF v Rl r R 7Y U REEINT I BT B e A REE D —,

(## 8) hsChRmine
ChRmine DA 7Xx X7 4 7 A (EATZIZLTOOLF v RANHL D ETORE) 257
2SR,

(#9) frChRmine
rsChRmine (23 A L7~ b hsChRmine (23 A U772 R 285 b 72k,

(¥£10) r.m.s.df&
& Ry G REE OFAUE OFEEE, EDS/ NS WIE EFRE D &V,



7. WfHEE

R7EORTY Y

O
’b,,-)@

FrRIOART2 Y

Ry FRCEVWHED o1
FrRILOR T

X 1. ey —L e LTHOWONS (Ao R72 ] ORI IS 7
— 75315, ChRmine IZ4R > 7HRUNTWHFEO T v xva K7L D7 N —F 2 @d 5,

ChRmine R TRIOR Yy Fy)LORTI Y
(R FRYUTIEWFTIED
FrxJLAORTIY)

X 2. ChRmine L R 7o Ry Frxin RV OLRESE, (kOF v xra R
TNE 2 BEREERTH DIk L, ChRmine, Ay 7o N7y 0% 3 &EZ2 BT 5.



(A) 7% ChRmine #: ChRmine
A AY7EARTYY & EROF e XIARTYY
AL
BEEAY IR 2E

rm.s.d=171A S

AEIAE T
BEEDEA v IR 2E

(B)

EWEE®
AUy J X3%H

D <l

o ERML—T 1 B

fhD<n-t
wRNAIL—T1E

3. (A) ChRmine ¢ R 7o K7y v Fypria K7 oFNFEREOEREDLE, i
EOHELEZ 7T rm.s.dfi (7E10) XY ChRmine 13F v VB L0 b de LARL 7RI T
VY, (B) ChRmine O HEROEE, HUWRERA~Y v 7 X 3F LMY < - =fifastr—7
1 F DR



ChRmine MRy 7RIORYYY FyxI)LORTIY
Ry FRUTEWFTED
FrRI)LARTIY)

RERZER ZEBRANR N

4. ChRmine & R 7o 7L Fypina RV UFNEFNDA o m@K, N7
Bla R 7 AT EENICZEZR A 72720 012kt L. ChRmine 3 X OF ¥ #bm RFY 0%
A F R & LTl < ZE2RR A2 o,



(A)

PVZa—OvdOiEH(E

WEDEBENBLHO  rsChRmine byr=a—ovoums

A VO EA  mEaEEE D00
WYy /9 EB rsChRmine%
SEAEAL &£ BT DR

(B)

rsChRmine (ZXZZ) ChRmine (RAH)

i [
750 nm 750 nm

5. (A) 3 AN A - 7o B GBIRFE R OBAN (f£) LFEEOT— (h) .
ZOERTIE 3 ODOZ NI EEMNTND, 1 DHIZPV =a—m U AEHLISE L7200
rsChRmine, 2 DB Pyr =2 —n0 U OIEENZJ D720 D2 /X7 A, 2L T3 2HIT
Pyr —2—n NZEALTCWD PV =a—o OIFEIA 5720 0H N2 37 E B, PV =
2—a UNEE LT D L2 ORI Pyr =2 —arMab b, Pyr = —a U H &5,
(B) rsChRmine I 720 nm <X° 750 nm & W o 720/ THIEH LS, Fyxrin K7 v
DIEHALI R DOFeekE RIBIZE® Y R T,



