\ @ PEE K lj 1L
ﬁﬁ%ﬁ UTSUNOMIYA UNIVERSITY OKAYAMA UNIVERSITY

S 643 H28 H

NLRBEYME)ILEL DEYA S D RIRIEIZED)

~BRIVNVEEFRALIZSATA A=V 2L SRR~

HWRDOKRA b

B ~LAORHEME Y L E L G L TD #2378 UnaG R LT, fEAEERNIC
BITHE U AE U HAAO RGO TR LT,

B b UL EEROFRRAME T, MRNTIIEERED R b v~ T2 RTED
Sz,

B OERA L UL AR Y — AORNTIE, ~AUHEED OISR NMFAET D AT RerE Y B
Do

B B ULEUOAFEICIE, HERICEDMIEA N U ADBEFLAOF T 72 A B RE AT
ET D ARt B 5

WA ST 2

] LRI FE R 2 o s D 0 )| | — B (RS0 2 e - s RPN A A A = X
HEWE Y 2 — T E) & FEE KRR Y v Z — O EEHR T, A& AP
BIAO~LHEDE Y LV OR8N A A=V ZIZR VLML, AR
FECPHIE RIS I BT DRI & G- 2 F LT, ARFIERCRITAE M OREEY & Ml NR B
LUV TTIEMIZ AL LD 72 Bl —2TH 0 | ) TIIEA BRSO IC AR 2 &
THI BN D~ LONHEMIC BT 287 e A BRE O FIE A RET 5 L D TY,
ARFGERRE 2 A 27 B A CEBSEE Plant and Cell Physiology \ZB#iSnE Liz,

W AFTET

NLORBEN TH LBV Ve T, B TIRMRICE EN5~EZ BB NiafRsh
HZETHELET, —H MO~ LBFEELET R, B L ITR R D EPES AT ATE
UNLEURELDZ ENSD>TWET (Ishikawa et al. 2023 Science Advances) (X
la), LirL, BV AECPHEY TRIEIREIIELEERITHH S T EEA, AW
B UL E S QAR ORI T, AN T OBIREOMERE L~V T O ERE A R
W TH Ly aA XF AT Y ITF AN HOTHE L,

WA FERR
EUNLVEAINERDSG THLERAETEESNE T, AJIBIEGIZL D 2 E TO



FEmh, BUVEAERE (M 1a) (2i&, 5806 F TR U7z NADPH 4 {H b U BERk IR D
LA U REAEET A RN RENTWE L7z (Ishikawa et al. 2023 Science Advances).,
ARFZE TR RENS T O TOE Y L E v OFEMAR REZ 5=, U LE
VAT D EWMNAERT D F L0 E TUnaG) 23T 5 86 TR MM &2 B LE L
Too ER L — VP —BAMERIC X DB ORI, UL E 13T NADPH 234 PE S 4 5 ZERR A
NOA Sa<IZRET 52 En00 EL7 (KM1b), RICEKL~LTOE Y Ve 5570
EIARD L BEORKMROIERAK L | MOREMIO T T AF N FERRRTERA) (231F
LE VI OBEREREPHER SIVE L,

A gy~ LRBHER PUILE Y AREER

AL B EYRNLYY

NADPH & D
IERERMIR IS
HEY DA LR BHRER (Ishikawa et al., 2023)

¢

b UnaG Ehﬁb'@:

M1 a B OR TR ~LDLE Y LEVPRE L LR, b EkkohT
H, FRCE U L E D UnaG # Y 7 TRz A b~ OBEMEETHE, AFEHOE (F
) TRZDEERROFEEERNTF T a4 RTHY, UnaG & () (X, THEITERS AR
WA e T Ax b (h),

SHIZANBESITE Y L E L OMBEANRE S AT LERD720H, ERkiEoOE ) Le
R PE T NIRRT S THLO M/ N E ~ DR AT~ E Lz, TAIEY | AT
EUAECOBREIEREICLY FTAF RO VEVERL-VLREILE LR, £
WZEENA LA Y —ADE Y LEVEBLVRAEIE TFLELE (K 2), Lo
TTITAFREANAFY Y —LDMIIZE Y L E L RFDRE TH D BT Dl
EREDOFIEN R INE LTz, SFBITHEDICB T 2~ 0RHED D kT o AR —
Z—DFFENR-EIZ2 D £,



ERiE
I } RIVAFSY =1
; “V TIRY: k%
“{ 2+ ShAVRYUZ
U MR )L
= T IR/
=
A 14
7 i
z
- ol - L by T
o T T T T T T T T T T
& B b T & & B
i;) (-;) ‘(:/-) *f;) 5)
\ N \ N \
\\ \\ ‘(/\ -\\ ‘Z/\\

B2 FERADE U LB Lo L OEEANIAE S ORI NS E ~D 2, kiAo ) v e
VLAV D FERITHED GRERD) SAFF T Y =20 Y L E L LoYVERD LD (FR
FN) . Mioo#iia/ NMsE CIXEER R S hoiz,

W45 % O

B UV E AR I E o TRAT DIGTER RO R EBEREN R SN TV D —
Ji T AR TITH AR & VFXBR D2 VIR O R COE LWERA R S E Lz, &
DI LD, AT LT~ AR OREIN R 5 REERB 2 b ET, 4%, kL
D LRHHERE DR GREIZ 22 0 £3, M OHA IR E 78 &R O EFEVED
A FIC b 2R3 D~ b b Z ORBEY OABBSREOIIEIX, S ETFTEHEEIC/ARDTL

-

£ 2

W7 SR

ARWFFEIL, BHREANR LGS (JST) BRESAUAIENTFTHEE 3 AR MEAITSE (ERATO)
(BHANH R IRIGE7 FAZ—FaY=27 b (FHE £57, BE & HEES
JPMJER1602), SCHEMEE FHAFFRE B AN S se (A) [ RE)—BREEA I3
LMD LT =0 A% R D% @RI O i) (R 8 S8R5 20H05905)
DXL Efi < E L,

I i S

FwC4 : Bilirubin distribution in plants at the subcellular and tissue levels
(M1 2 B U v B OfifaiN s KON L~ L T 45Am)

ZH : Kazuya Ishikawa, Yutaka Kodama

YB#EEE « Plant Cell Physiology

URL : https://doi. org/10. 1093/pcp/pcae0dl?



| P

In heterotrophs, heme degradation produces bilirubin, a tetrapyrrole compound that
has antioxidant activity. In plants, heme is degraded in plastids and is believed
to be converted to phytochromobilin, rather than bilirubin. Recently, we used the
bilirubin—inducible fluorescent protein UnaG to reveal that plants produce
bilirubin via a non—enzymatic reaction with NADPH. In the present study, we used
an UnaG-based live imaging system to visualize bilirubin accumulation 1in
Arabidopsis thaliana and Nicotiana benthamiana at the organelle and tissue levels
In chloroplasts, bilirubin preferentially accumulated in the stroma, and the
stromal bilirubin level 1increased wupon dark treatment. Investigation of
intracellular bilirubin distribution in leaves and roots showed that it accumulated
mostly in plastids, with low levels detected in the cytosol and other organelles
such as peroxisomes, mitochondria, and the endoplasmic reticulum. A treatment that
increased bilirubin production in chloroplasts decreased the bilirubin level in
peroxisomes, implying that a bilirubin precursor is transported between the two
organelles. At the cell and tissue levels, bilirubin showed substantial
accumulation in the root elongation region, but little or none in the root cap and
guard cells. Intermediate bilirubin accumulation was observed in other shoot and
root tissues, with lower levels in shoot tissues. Our data revealed the
distribution of bilirubin in plants, which has implications for the transport and

physiological function of tetrapyrroles
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