Studies on Ferredoxin-NADP[+] oxidoreductase
iIsozymes from mung bean
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The distribution of ferredoxin-NADP* oxidoreductase (FNR) isozymes in different tissues
of young mung bean plant were determined and their changes under the various light
conditions were demonstrated. Two forms of FNR, leaf- and root-type FNRs, were identified
in the chloroplasts of the first foliage leaves of mung bean seedlings and their expressions
were depended on development stages. Furthermore, the two FNR isozymes were isolated
from the first foliage leaves of mung bean and characterized. They differed in N-terminal
amino acid sequence but resembled in catalytic properties in in vitro assay. The regulation
of FNR isozymes under light and nitrite induction was investigated. The expression of
leaf-type FNR is depended on light and that of root-type FNR is depended on nitrite induction.
The different functions of FNR isozymes may be caused by the difference in binding ability
to thylakoid membranes. An FNR was isolated from mung bean root and it was evident
that the root-type FNR in chloroplasts of mung bean leaf is the same as FNR from root.
From the results described above, it is suggested that in the chloroplast of mung bean
seedlings, the leaf-type FNR functions for NADP* photoreduction on thylakoid membranes,
however, the root-type FNR mediates the reverse electron transfer from NADPH generated
from oxidative pentose phosphate pathway to ferredoxin for the anabolism of nitrate and
sulfate as well as amino acid biosynthesis. Furthermore, Fd isoproteins were also purified
from leaves and roots of mung bean seedlings. Three distinct forms of Fd isoproteins were
identified : Two isoproteins, Fd I and Fd II from leaves and one, from roots. From comparison
of N-terminal amino acid sequences, two isoferredoxins, Fd I and Fd II were quite similar
to those from other leguminous plants, and root Fd from mung bean showed the
characteristics of root Fd prepared from roots of radish, spinach and tomato. The root Fd
could not be detected in the first foliage leaves of mung bean seedlings grown in light or
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darkness, Fd isoproteins seem to be expressed tissue-specifically, unlike FNR isozymes.

BEEHITBNT, P2 &b =D Ferredoxin-NADP* #/Li&E iR (FNR) BFEEL TV 5,
—DIIED L 5 RREBEBRICELEL, KRBT EER TELINK Fd 25 NADP*~DEFIRE
PHE LTV, b5 — DR RORECL S RIENREGRMBITFEL, XU F—RYABREETTEZ
7z NADPH »5 Fd ik EF 2L, Fd-EKEMHOEMERTER, ERBETERLT L TER, it
BoRIbIZ, £33 70F I VBARBEREENMLTT I/ BABICEE LTV, AIFETIE, &Z

(Vigna radiata) 2T, FNR 74 V¥ A LAOWEBREBAS S, 77 2F FREESE, L,
ERFICLHFEE T2 b OBBRR, A(CPHEEIC O OWTHELL.

FNR 7 1 V¥4 LOHEMIBBA R 1R UL

# LD FNR 208N LRI RIET 5862 AW T, Western blot TR, KT HHE
YISO FNR 74 V¥4 LBREShz, —DI3EDO FNRHFEA L RKIETEHDOT, $5—2
3O FNR HFE L KT 25D ThH oz, FRFh% leaf-type FNR %7213 root-type FNR & 5,
G ESHESIIARNThOZE: (5B FTTETCRESED, ik Leaf-type FNR & Root-type
FNR 28 & % IZF#7E L, #2121 Root-type FNR 72 757 L T\ e, 1213, BEFT TE T34 Root-type
FNR OABFEEL, HFTTETEBEAT S D FNR 74 V¥4 ABEE L. HEFCHE Tl o
AR MET 208, BT CTH CRERRIEEESRME DO % £ Th o e, T b OFERIT leaf-type
FNR i3E# OSBRI RAOREI L, root-type FNR IZHEHE2EIC DAL TNWEZ 2 TR L
TW5, &5, BIZRIT D FNR 74 V¥ A L OHEMEITEEEHIZ X - T Leaf-type FNR 238400,
Root-type FNR 233/ L7z, L2>L, 5 HEIARCTE CEH ZREATICB T & root-type FNR 138
U U7z, WS ERER L2 BEPE Tid, Root-type FNR iZIF LA EWER LTI Z ¢3S0k, &
Dz &ix, Leaf-type FNR B XAREFELEVEDY 35 Y, Root-type FNR i3HEH) DR EF]
BT RETFE L ERRONOEERREEZRZLTVWD I EERRLTVS,

FNR 74 VYA LOBHE, BHERUVELENER

BOSHEYDOE—END, ZHEOFNR 74 V¥ A A% BHE, BB LK, leaf-type FNR 04+ &
1333 kDa T, #D FNR ik & 8 R KIG LTz, —7 root-type FNR D4y F&i¥35kDa T, RO
FNR ¥ifk L& B FG Lz, N-KSR7 3/ BRECS 2 AR, leaf-type FNRIZF A 2 ¥ 72
FRY LYY UOEIGERIN FNR ZHhEH L68%, 64% DiERIM%Z R L, —F root-type FNR
ZF A avERRRY LYY ORPLBERENT FNR £ 2h £ 46%, 56% ORI Z R L7z, L
221, leaf-type FNR & root-type FNR OfiZ i3 2218% OFERIME L2272 42 - 72, Root-type FNR
NEIZEETAZLRTEHLIZDIZZNABDTOZ £ TH 5., Root-type FNR % Leaf-type FNR
I, BEpH, A7 v, KmfE (Fd & NADPH #hFhicxtd %) 72 EE®EERREITWS
2, DFER, iR, N-FKE7 I/ BEIIIRLR-TWE, &bz, Cyt cBxiEH (NADPH —
FNR — Ferredoxin — Cyt C) & NADP* & iEt: (7 2 24 v B — PSI — Ferredoxin — FNR
— NADPY) #HWT, in vitro kT TORIGEZRRIZSN, ELNWEEZROPLRPoTc, THb
DERIT, 423y, FTLYy I UOEEIIRO FNR LR E-H LTS, &b, &
T OSEYOE—EDN S —FEED Ferredoxin (Fd 4 YEBRE FA], FdIl) 28R L, N-FEE7I
J BEFIOEFTPLEFNLIRXEREHOED Fd LETWAZ EBHBA L. L2L, 6D T Cyt
¢ £/ NADPH R IEKISIIRT T 2 F R RMER N OERZRBD oo T,

BRIy ORI L FNR 288 L. BIZIZ—EO FNR 8FEL TR Y, 2F&iE35kDa T, 18
O FNR ik LRI RKIET 5. N-FKW7 X/ BEFIOEHT NG, RO FNR I5EH OE—%EH
LERIENT- root-type FNR L RA—#iZ L hrotz, £z, HMEORMPL—FEOFd 28 L7, &
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DFd ZEDFd A YEABICEREKKE CTOBBIE, N-KE7 I/ BEFISERZ TS, &iC
RO Fd O N- K7 I 7 BREEHIIE, th OB OB 5B Fd L&V homology 2R L7z, 2hbd
FERIZ, RO FNR IR ESEDLECHHF LTV I8RO Fd IBEENICRE L TWE 2 %R0
7o BEHE QMBS RHRBEBBIC OV TIHHRBICR > TWARWE, Fd 4 Y EHBE D transit peptide
BRIL->TEY, Fd A Y EABOEREN~DLEEES DOE VT transit peptide DEVIZ L D% D
LEREh TS,

FNR 74 VYA LOWMEBFE - XEHERIC L SR

MR 1T 5 HERFEMLIIBER =S DEFE I 3T b T 5 BEERIE cytosol THRESE TEERIC L - T
WIHEICETT S, plastid (BETIX chroloplast, 8 T plastid ) H CTHEMEERIT Fd K7FE O R
BEABRICL-TT UV E=TIRBRIND, EHBRRTICLELRETHRECIRAREFEER
225 Fd ZRTRESNDI S, M TRIAEERETEERBFELARVOTRY b—R Y VERK TTX
72 NADPH 548D FNR, Fd #& TH#HE XN 5. BD FNR & Fd 3ZHRB LELHD Y, #hb
DHEBUIHBRIC L > THEIND L ENTHW D EHETIRERERZ L TE CREHOEIZBIT S FNR
TA VYA LAOWEEE IIIHERERIC & DRE 2Tz, leaf-type FNR (3RS % 72X EEREERIZXT L positive
72 responce R IR WA, root-type FNR I3 E R IZEMERIC X > THE S, RRICERET 2
JBETIXT =T pool DERB DI oTo, HEEE i EHERLIEIC X 5 root-type FNR L 55§
TI/BERLZT =7 EOMICHEBRBRBR LN, SESHEY OFEICELET S root-type FNR
3R D FNR & [Fl#k chloroplast TOHMEETICEEL TN Z LR L TN,

FNR 74 VHAL LD TSAF FRBEY

S BHECIEYDEND, FEikELEML, thylakoid & stroma BEo %2877z, FhFRIIRIT
% FNR OB 2Hith & AV T2 #E, leaf-type FNR i3 thylakoid BIZ#& L TH Y, root-type
FNR i3 stroma {IZfFFE LT3 & & 8343 %2 - 7o Sk E D thylakoid EZE HWT in vive IGEWERET
NADPHEETEEME A AR, leaf-type FNR OFMiZ NADPTOXE RIS ERET 523, root-type
FNR OFMZ Z ORISR RS 2o 72, £ DJREE, BHERFERDL? D, leaf-type FNR i3 thylakoid
BHERT DT LT TEDD, root-type FNRIFEATELNWI LIZL B EBEbhb,.T72bb, leaf-type
FNR 1%, thylakoid BIZESREBTHERETEZELABE L, root-type FNR %, stroma I[C¥E#E
REBTHEELY =X VEBERIKIZ L 5 NADPH 2FIH L CEEEL, BHEEOET, IVZIVE
BRICEBERRE LR LTS, SHEYOEREITIT 2 EHEE, BERBORT,. JVvY I VEBREe
BRI ELNSBEIAERETHBERIZIT T2 <, NADPH 25 root-type FNR & Ci#fit&h
TW3EEx5,

FNR 7 A Y ¥ A LORXEIZIERIRIC L 2R/E ORI, EigE TOREXEDBNIZTAZTRICE
TEBEDENEZTRL TS, 5% in vivo ORISR ERAWZ FNR 71 V¥4 AOZERENEIEI
DUWTHESE, leaf-FNR % 22— NT 32 BEFOEMIRICBITDEET L A o N OB, F77 root-type
FNREETE I v—r =71, leaf-type FNR DZiL & HEh 6, HRBHRILAWITRT B response
ERBEBEOMAZEIL L > T ZRRENENL OPDOBREFBHEREENETIND LBbIS,
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19864E M DR D> 5 Ferredoxin (Fd ) 2SHBE - BRI TLEE, EXGREBO 7T XF Fizk
T BEHRA U ORB L BE LB mEROMERSER, FDa R —Fx v b & LTH Fd < Fd-NADP
BREEFE (FNR) OA V2RI EEIdA VBEEDOFEENSE LN -7z, BT, ZriE (F
AR 3 EEAFEAME LRI IC L 2MITIERNZ FNR f VEROWHEDERB LICHBT L DT,
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BCOHERBICHKETELDLEZL LN THKREZFNR 1 VEESR (R-FNR ) OEFEICBITHHFEL
FOMEZHLIPEZLES ELELDTHDS,

¥+ (Vigna radiata) OHHEHEMEE LT, ETHF A I DOELRO FNR x4 5458
i ZFHE Lz, L-FNR & R-FNR OEAETROFNEFNOEN,ELERET D HEZ#EN L. R-type-FNR
DIEFEITBITBRALHLMICL, FRBRBHICL > THA L, BEETHUEEMNT 2 Z L34 -
7z, R-type-FNR i3, IR WTHOLKGETE TONEIHEGOTRTOBBEIRFEL, FHLiLICK
SRBEIPOIIBETIZLBALN LR o, —, Ltype-FNR X, WTFhOFETETLNAT
LROBERRRT D Z i ol, T EREE T THM LicE Y o EOIEYIC EREE %40
mM DEETEHE 25 & R-type-FNR B8FE I, ZHZfE-> THRNOT VE=7 ORB—RIICHE
ML, 7 I /B ABKRELRBIEEHALPIC L, TYVEOSNEHORS L ES R-FNR
RS L T, D, sy, £ N- KR 7 2/ BRECS % Lh#k L, 38ikic R0 %> 72 R-type-FNR
BEREIZR-FNR THD Z L E2EHA LR,  HIZERERNIZEIT 5 R-FNR OFEREEZF~, L-FNR
DIERFEDOF T a4/ FEZESLTEETH D LIERERY, R-FNR IR M v~ ERREBCHEET
50, FIa4 FEZEAGLTVWSELTY, FEEEHIHEALTWDI b LS h,

ThonZ 25 RENR BIELERBED ST AF FERIIERE TR TH NO2~ % S0 OERT
LD ERGEELZRLLTWVE LD LEREIN., FHERIHEY A Y BEEOBE L BIRWEBHED
BB, EBLDTIAF FOFRK - ELEALNICT 2D DEEZHL bOTEFICERES,
U EORFIELRTCMET S LHEShiz,
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