5 -2 Pl - s53
K 0 v @
KYOTO UNIVERSITY ORAVAMA LR IVTRSITY

. TR A ﬁ
$%E%§,3mwmm§

THM546A6H

MBEDAEEYEVILEAENTELNSCEZEZHR
~AEMOBEMLHERIZEFS LT HEIHEME~

[(REDARA 2 K]

- RIMFRDSNEEICEESH, BEOFERYE L LTHONEEYLE VA, IBEMEMETES
BEERRLELL,

* UnaG &MEIEND, EYILEVIZHEALERICEAEZRT 24/ BERVT, £E-HEYMRTEY L
EVEBNELENO TEET 5 EITHIILELE,

- HEPDEILEUIE, REHOBICREL., RARDELETSEIERELIBMIER NLRE,
BHT 2BENHZEADMYELT,

BRI E

FHRERENAAHAIVREERAR LU 4—DRESHIR G BLEAEREEREEARE
VA—BEBFEMRE) OMES IL—T L. BUXZZMAEREREREHOR) | — B (AR
B FEERZEREU2—35EH) . FHE RERtEI—0H E BARKIR. KIGEFK (Gt FHE
RERERRYE) . BILEM R EME I — AEFIEME LI —DERBEF—L
) =% — R#MRFRFREIFARHOBHETNRR (K BILEARARREERNERR L 2—TF
—L)—45—) EEIC SO MAEDREFCEESNLIE)ILEVD . B TEESN TSI EEXBHLL
IZLELT=,

AT RIL. 2023F6 A8H. FfiTiE Science Advances |IZf§&E SN E T,

BHEOER

EVILEVFEMIEDFYICEVTIMRICEFNANLDRBEYMELTHONS REDERTT .
NLIFBEROEWRTEEITI EVBEFRAREDFTT . AKIZBEVTEANLDZLATFRMBRB DY
AEVEWSIRUNVEICHELIINET OEY JELTHEL, BRELH(CHIE T OHEEZR-LTLS
CETHATY , AT MBRNDESNARGEIZE, TOEL IR IENOHNTAL GEREN L) A
RELEFIN, IO BVEHZETHENFONTVEY , ECTEHYIL., RO ERZE - THlat
NLERRTBVATLERLTVEY , BT BEREANLRXEINIL DD EWVSYEITEoT=1&IZ,
RRMICEVIVEVICREEINAZENMONTOFET (B1) , MRS E AT LIZEESNREL, SRE
DEVILVEVAMERICERT HE. RENRE T HRELLTHRN, HAERICEES-5AINEREESIE
RBCTHENHYET ., — AT BELREDEVILEV & MEEMELL TEBZ . SMELECHERRBL



EDRIEVRIETIF RN HAIEEDLNTNET  COKIITEVILEV(F, AMAITHLTEELAED
BOMELELTHLNTVET,

EYIEYMEFERTYMBZFLFE R AN, BIERBRITANLZEL, BREKBEIHLET, AP
HRGEE D H L HHREEEICEEGRENZR-LTOET  LOLIEYIZE 1T DB LT, ERARD
BERICEOTEURLDVIZEBEIND LD D BIYERFELY, EVILEVIZEARBESh GO EEbI T
Flfzo CNIFEIC BYOHMERNOEVIVE U ZEAT HERDFENMRESNG N HTL, Kb
VIS, EURILD VN, T4R70FEY D 2LV PEICRBEN S EVEMRHFEORBNEFELET (F
1), LA, BRI EFENE T4 OEEY VI ALDBEIYDKRIBICDLBNERBLON D EM
5. FAT=BITHEMTIEIREB RS DALY, TAMAEE YD LIFEGIMEICRBISN TOSATREMEE A,
HLALIEMTHEVILEVAMELN TLSD TIFGELAEFELELT,

(BT DA LREHER -t T8

IR W EULE Y BRER “
2%n3 N .
€A | N

AL Ep EURLYY

\ f y
‘ v HERORBI I —%
FIF L CIEBERmICZ
Z14870FTEVY P
/7%}
ETOALRBEIES (GEF) A ,
SEIRE S hicER

1. EHEMIZETAINLDBRREBEE)IILE VEE
ZEOBRLEMTHN > TNIES T, HEOBRISEPD THN > TSR ETRT, HOEYEL
[ZSEIOMETHLMNIE =89 % T,

EEHRER

FBIE EVIVEUICHE T HEBONENEHKT DI /VE UnaG*® = iEYHIRRICRITSE 5L T,
EMICEYILEUHFEELTWSHIZERARFEL, 75L& ERET BN THAOAMXFXF AUH
FFHAAQ, EZT5ONTHLOMETE, FRZAFRIZH T UnaG NBNENERLELI=(K2), iEH
M5 UnaG U\ VBZEEIRLTH5E EVILEVHEELTWASIENEMN DL, A EYFEIZEY
ILEUDTFHEL TSI EMNBELMIZHRYELE,

RIZHEPHIRRTEDKSICLTEVILE U HNEESN I ERARD-HIZ. ERARNDRELFHBRERNT
BELTALDDBERIGERILELZ, T4E. RIGEDRFICEVILEVHNEFEN TSI EATMYE
Lfzo ZET.EVIED D EEITHELRR/IDERERYAATLKE, NADPH** LLVSETHDELSD
FE EURLDUAFEET NI, BRELTEVILEVAEESNDEWNSZENLMYELT=, HIRBDH
BB ZDILZERGIEEBZECHMEINIIGENELALETHY . IMTIXEVILELE2E/T SB%
NHEETIIENMON T2, FENDIERTLIz, LHL. EPIZH VD TITERAETO R SR
LVKED NADPH D EASINDZ L. LA R THEYHOLE Y IILE EE KT HBERDEEIRE SN
WCEEEHBLTHRY . REGHRLEEAF T,

HEYTEYILEUDEEINSZLICE ALREINHENERLMNCT S80I, UnaG ZALTEYILE
UEAMIRRTARIEL T EVILEV EMMEMT DEBERANE L, THL. SRV AERIFTUFBRIZERA
DEYILEVEIE—BMICENTIENHLMYEL, ThIE, REBRD Y AT LDENAEZIRIL . 1B
E|20M NADPH MEESN=1=-HEEZONEL =, SO KB E|D NADPH (FZERKIANDELLE TTIREE
FREATIEEDONTEY. AEBIELERTIEEI—DONERTYT . AMEDIEREEHETEZ DL,
EVILEC DEEIL. BF|L4Eof- NADPH EZ{E TS, ERANDBEGZZET OO LREINZ 5EEHN



HAHLHREINEL, - BYOE)IILE L EHBERZEYDOEZANTRIRSE | EREDE)ILEY
REZANANICERSELE ERIEDBIEAMN ALRNILMERLEL-, Chid. Biila THRESN
TWBESIT EVIVE BHRASRBEMBEEL THEEL TWS=HEEZAONEL = LEDIEMND, HEY
DEVIVEVEAIZ(F, FRADBILZTREZRE T SN DS ENTHRSNELT,

EREEREN

2. EYIEEHES LIzUnaG N OA XFXFDEZAP THILIHF
UnaG &Yt () AV, FEFALATAETEREN (FR) E—HLTHEY (H). ERAERIZEY L
EUNERELTWS I DM,

BSEDEE (HIRDA 2\ FORBRRHREE)

HEOREBRRTHY TMEDHREY] L LTERBEISNTELEVILEVD, BYOXEREFE
SERRTEEINTVBRENSHERFX., EVILEUABIEDIHBOEEYETHH_EERLT
WET, LALIBEMIZEBITAEYIILE D OMEEIZ DT, FEFEEFBELENAZ L, SHBROHET
AL T BELRHY ET, §%&. BERMICEELGYME THIEILEUIZDOWNT, EHREN LD
AERAED T, HEHEEEICEI=0TEVIILE L DEBRIGREINBES MY | iEMFZEET T E
PORERPICEETAIENHFINET, T, EVILE U EREDEELETIREDHEZFIZEILT
WBIEMND . FFRMICITESL T THUNERMNLEIE RO G, SINEDEMIDORRIZDEN DD TIELE
LWANEEZTUVET,

W ERCIRER

M4 : Bilirubin is produced non—enzymatically in plants to maintain chloroplast redox status
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