K 4 GRE) = B K %
2 4L 0 & E m x (B % )
FAREEF T BE E % 846 =
AR EAEA R Rk 18 £ 3 A 24 H
ARG DEM AL 4 % 1 HEY
BF%E R E XK BT ERNS A AR ER
(H+35E)
ZhimXER A RIZEIT 5D NADH 7' /v & 2 v@éﬁ%%ﬁﬁ;«\@ 2~

A% T ENVEBRKERICE T A S

hNEEEER E & #® B LB & 1T
B &) #H = § B =
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WX A E E F

EMEEDICL > T, BRI TOREREEREEZREEATIREZD—DOTHD,
Wid., ETNE I UARREESR (GS)/ S F I UBRAREESR (GOGAT) 1 7 LIZ K- T,
BOAORN L - EEEBERZFRLT 5, ERBERORLBE T, GOGAT 1X, 73/
EEZRTAHREEHRLELT2-AXRY IV ELEE 2-0G) 2MELTBHZ b, BERS
EIRBRMOBRICMNEL CW2EERKG A ME T 28BETH 5,

GOGAT (Tit, BFHERE2RICT S 7 = L ¥V U KEM GOGAT (Fd-GOGAT) &
NADH #7## GOGAT (NADH-GOGAT) M 72< &b 2 DD FRENTEET 2 2 L 5>
hTW3, HED GOGAT DEMS THD FAd-GOGAT DFRERITEA TR Y . EREIZH
TEL, TFLFXFR oA XFRAFTORREEEERAVEERER LY . APEREEL 5K
tHEn 2 NHSOBRILZE D Z EBARINTV D, OO 2-0G &, “AFFTY—2A
TOINEIVBT VAXINET I/ b T VAT 2T —BILX DT ENTFRENT NS,
—%. NADH-GOGAT DAEBRBENZ SV TIE, BICA X2 AV ENSERE S
NT5, ERRBAMEREETFOT T, NADH-GOGAT EEFOREIZ, 1) =8,
2) BEfRY, 3) ERWISE LHEMEZ L OREIRFESEH D, HHEHORIZEV T,
NADH-GOGAT mRNA &3 NH, FIN% SRR ML, £/, NADH-GOGAT # > /37
Eix NH/ B 24 BREBICIIBRORK - ARMIICEEICERE TS, #IEHTIE, HVE
FRXBBYPOERL ERRTOREIHEICZIEBL TR, DEOGHRETH D
HMERERICEICRELTWS, ZDZ b, NADH-GOGAT i, #RizkiT5 NH D
F{LIERRRY, HEVEFXCERRMMOBERICBIT2EROFNARE, AHMICEE&E
FHESOTVWAHAIENREIN TS, LaL, NADH-GOGAT ~® 2-0G OfEHERIZOV
Tit. 2-0G 4R T2BRPEHETONBICLEE->TEY, BEOBTITIIE> T
720N,

AR TIE, A %0 NADH-GOGAT #/EF DRBUEEM 4 22 & LT, NADH-GOGAT
FRNT 2-0G 2T 2 ERBEHALNCTHZ L EZ B E L7z, NADH-GOGAT K&
2-0G # BT 2 EMOBEER L LT, NAD 1 V7 = Bl /k#EBER (IDH). NADP o v 7
T VEEMKREER (ICDH), NADMH)Z V4 I VEEfli/kEEER (GDH)IZEE L TR 21T
7=, ®—ETiZ. IDH, ICDH, GDH iZlT 25 FEMOER L RIEERICHOWVW TR~ 7,
FBETIE, RICBT S NH O#HHRLERICOWT, FZETiIE, FVEFORRER
IZoOWNWTHEA%H T, IDH, ICDH, GDH ORBEHIEZMIT L=, Boh-EREEIC,
B, BEVNES, LT, BROHOERIZH TS NADH-GOGAT K2 2-0G 24873
BEIZOWT, £BENEELITo T,
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#—% IDH. ICDH. GDH icBI4 54y F &M OBA L BiE

DFERENFEEZAVTHR L TIBEOLBBECRITZITO 2, ETS5FEH
DEE#{T> =, AETIX, 4 *D IDH @&+ (OsIDH), ICDH #&{=F(0sICDH), kUt
GDH #{=T(OsGDH) ® cDNA, HNZ, &4 DF I BEFERICERT R L,
SFEMEREST D LEEMNE LT,

TCA A4 7 VDEKERTHS IDH OHENREA TWVWBF N2 Tk, NtDHa,
N¢IDHb, NtIDHe ® 3 H> cDNA #HEESh T 5, BEEE AV ZRBERICLY
NtIDHa i3fiffit#hE. NtIDHb, NtIDHc IXFREIMEXZ A T2 Z L8RS T\ 5, NUDH
DERINEREIZ, A XDT—EF_X—2FRANWTHREL-FER, MIDHa &&\ - HEEEEZ RS
OsIDHa & . NtIDHc L&\ W #EEME %2 7R3 OsIDHce: 1, OsIDHc:2 B R.H S, cDNA OB
BEZ1T o7z, £/, KBEMICTKERBR S ¥ OsIDHa % 7+ F(258% L TH OsIDHa
HEERERE LU, ER LA, OsIDHa KHEZHRBTHEZENBAI2/Try b
BIZR VRSN, LL., REAREENFTICAVW LGN HEEEZRFLT
WizholeTob, 23 KED Michael Hodges iz L ¥ # /3= 0fi IDHa fifk & 588 L T
Wie72E, A 3O IDHa iZxf T 2 B2 ik, SEERFRMITICE L,

Favodf XFRAFTCET S ICDH i, HBEAOY A FY L, FTRFR, b=
CVRYT, AR Y—ACRELTEY , HEOTA VA AAEET DI 0D
T3, £<OMPREICEBVTL ICDH IEtEoK¥EEY+ bV VE ICDH #EH 5T &
WREINTND, A RXDT —F_X—RERBELEFER, 4 RZBVWTH 4 5D OsICDH &
{=F [OsICDHI (cytosolic), OsICDHZ (cytosolic), OsICDH (mitochondrial/plastidic),
OsICDH (peroxisomal)] R & iz, Zh 6D ICDH OEEFHOMET I / BEESIZ.
MECEWVHERELZ R Lz, KIBEAICTRERR S OsICDHL EHY VX0 vV

FIZHE LT, # OsICDHI HitkzE® L7z, (BRI LRk BENEZ A I2/ Ty
MEICL O RIEEL - #5R. OSICDHI O#ES FHRE 46kDa OfIBICE—720 FARH
Enrz, LnL, ICDH (213 4 YF DT A Y ¥A LHBFEEL, 73 /7 BERFIOHERELE.
BIZBHTELS, FELEEULTHHZ 00, 4 5F0 ICDH Z#A L TV WATEE
ERE <, REEREFEIETICER T SICEE L TRy Sl L,

GDH %, 2-0G L7V E=ULBARTIMT I /LRI L, 2-0G &7 »E=U LM
DTN IVBEERTAT I /LRIG & 2 AR AT 28E CTH D, GDHEEG T,
A RIZBV T, OsGDHI, OsGDHZ, OsGDH3 D 3 &M ¢DNA A#iHE bz L 0 Bfxn T
W5, i GDH fitfkix, rvEoa 0 GDHHEZEAWT, A 12/ 70y MEBLD
AR L F R I LT,
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BE SHHEBORICET D ERODHRLER~D 2-0G R IOV TORYT

HE DRIZE VT, NADH-GOGAT mRNA &ix. NH/ FRAN% G T84
%, %72, NADH-GOGAT % > /X7 & (%, NH,/ RN 24 BRI 1%, RSk REMMA
IZBWT, BECERTAZEARINTEY, NH/ORL@R CTEELREE 2H > T
DHIEBNRBINTND, fHRE LTV EBERORERFECHBBEEZALNICTEZ
Lid, TOEBNBREZERAT I DT RFEFED—DOTH B LEZ 6D, IDH,
ICDH. GDH D\ DOBEE, NH, ORMICHE NADH-GOGAT &1l L 7= %54
ME 7T 60E, NADH-GOGAT KIGIC 2-0G # e T 2BEROBENHFIND, AE
Tk, PP ORIZBIT I ERHMIES IDH, ICDH, GDH DORIEE#EM, 0N, Ak
RIEMELC > THERT L. NADH.GOAGT ~0 2.0G DR AR+ 5 = L 2 BM L L1,

BER 17T AEOBEFREPHB LA X2, 1mM NH 2 &L V4 BEDKBHRIZTH
Y5 &T, NHBE{To/, ZORE, RICKITD NADH-GOGAT mRNA £ E
it. NH, %23 L7 3 B ICH# L TV 7= (Fig.1A), OsIDHa & U OsIDHc;1 mRNA @
EREDOEIL. NADH-GOGAT mRNA DEBOE & ELL L Tv 7= (Fig.1B, C),
OsGDHI R} OsGDH2 mRNA OEREEIT, NH HICME > THMT 5 b 0D, NADH-
GOGAT mRNA DEFEDOENL L IZRK > TV =(Fig.1C), —F. OsICDH E&=FEZH
LTk, NHRICHE S BLidEEo bz s - = Fig.1D), ®iZ, NH M1 5 &8
EFDOEBMAEZF~D720, £ 13cm OERZREIZIH > T 4 DICHELEI L THRA L=,
FORER, BiENS 3.25-6.5cm DERAL T, NHUTMIZHV Y, OsIDHa, OsIDHc;1 mRNA
£/X., NADH-GOGAT mRNA B & L bIcHZICHMEB T LBALMLER-
(Fig.2A, B, C), —7#. OsGDHI, OsGDH2 mRNA i3, NADH-GOGAT & 32725
frTETHM L= (Fig.2A, D, E), #Ri2817 % IDHa. GDH. NADH-GOGAT # v /%7 &
&8k, NH, 7N 24 BR%ICIEBEEIC8EM L Tz (Fig.3), & 5iZ. NADH-GOGAT @
JRTEMEASHIBA L TV BAROEMIZEE LT, IDHa KU GDH # > /37 E5S NH, T4
STEBETH B REEABREFENFECLIVRAE L, ZORER. NHSOBEMIZHEN,
IDHa # > /37 Bit, MEHEORE - S OMIZIC R THEEICER L, £ LVERBTENE
DEET LI=(Fig4A, B), —F. NHMFMIZ L3 GDH # > 32 BOREXOEIZH
B b h o 7= (Fig.54, B), ,

IDH i3, NH, OFM%D mRNA RO o7 BEOEHEOEE, NHORMIZHE-T
LT DS NADH-GOGAT UL TWA Z EBRHAL, LEOERL Y, RIZEB
5 NH/O¥#HR{Li@%E T, IDHa 45 NADH-GOGAT RISIZ 2-0G &4 L T\ 2 7THE
PERENT & BRI,
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BEE AROEHFLHERIZET S IDH, ICDH kU GDH O FREZH Frit

A %@ NADH-GOGAT # v /37 EiZ, RMHESFSBRBWIHOBRR Y, REF OB
CHERMICSEBL VB I EARE SR TVS, RMBES BV TRECHETRE
MREFER U A 2 b ABMIRIC, BRGEROFARICE WV I EICERRHEE AR O TR
B, BROZEMBROSRLREMAL SO, MEORRICED I MEFEICHEL TS 2
EBRTRENTNS, ZDOZEMD, NADH-GOGAT i, HEWVMEMEICE VT, BEEROE
SRETHDIINE I I NE I VBRICEBR T 5 REZH S TWA I EAFRRINTND
Lo L, T bDMEaREIZEIT 5 NADH-GOGAT ~0 2-0G DHHEZRIZ W TIRHBA LT
W, AETIE, REHESSBERIHMOERICKT S NADH-GOGAT KiGiZ 2-0G %
HAT A ERREMEAT L L4 BRE L, IDH, ICDH, GDH ORBHEEZHAS ML
7z, Bbhi-fER ¢ NADH-GOGAT DR ZHICH#E TS Z & T, NADH-GOGAT ~®
2-0G OB RICHOVWTEER{To T,

AT RETKIHEIC L VS Lo AARB 248 E & L, 8.5 BHIOEROE 5 EMDE
10ESZINHE L, ZOBRSIZBWT, $10EFIIRME ThHo7-, BERMNRERPE
%iz315 5. IDHa. ICDH. GDH % U* NADH-GOGAT # /% B EHIC >\ THEAT L
oo TOFER, IDHa, ICDH, GDH # > /37 B, % 10 RHIES L5 9 EO R
MTHLERLTE Y, NADH-GOGAT # /7 BEOERBERLELUL TWB Z Enbh
~7-(Fig.6), & biZ, REMBLENFRICL Y, NADH-GOGAT DMEMBEMES I L
TWBKRMHES IR 5 IDHa X1 GDH OMEERBEELFE Lz, £ 10 RMHES
Bi75 IDHa # /)7 Eid, FICHEEHRTMAGRE, GEMim, RO, A X b a#HRIc
BTEL T\W=(Fig.7A), —JF . GDH # v RJHIZ, sm“ﬁifﬂlﬁ@&ogfﬁﬁﬁ{#ﬂﬂﬂ’? IZRTE
L TV 7= (Fig.7B),

BAfER. BATE# 5. 10, 15, 20, 35 H AR E x5 & LT, IDHa, ICDH, GDH &
Ut NADH-GOGAT % » /37 BOERD %8O\ THEHT L7-, IDHa, ICDH &R GDH
SRk, EICHIER LBETER 5 BHEICE L EML TVi-(Fig.8), —F. NADH-
GOGAT # > /%7 EiX3BTE#% 10, 15 BIZEML Tz, BRTE% 7 BOFERIZE T 5 [DHa,
GDH # 5/ BOBIEIE, & b IR DB Th 5 iR E RS EICRTEL
TV (Fig.9),

RHEHEFSCEBBROERIZEB VT, NADH-GOGAT M REET AHMAEIZHS VT,
IDHa ® GDH # v {7 EHRIEL Tz, HEFE TiE, IDH, ICDH, GDH O3 ~TD
B¥% H NADH-GOGAT KIHIC 2-0G 24T 2 FEEERH Y . ERROBEICIIEL 2D

277,
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R

AELRINTINT, UEDZ LAALNL 2T, ,

1. IDH %, #Ri231F 3 NH HMED mRNA RUF Ry EOERE /¥ — =, NH, W
M- TEET 2487 NADH-GOGAT L ELU L TR Z &R &Ehi, 2F Y, WIX
L7 NH/O##REEiERE2 8T, IDH 25 NADH-GOGAT K&z 2-0G ##£44 L T\ 5
AREMERE VWS TR ERT,

2. RMHES R MBROERICHBW T, IDHa ®° GDH # > /37 Eix, NADH-GOGAT
ARFET HMIBHCIV T B BIE LTV 2, BERTIE, IDH, ICDH, GDH OVFhd
B3 48 NADH-GOGAT [ASIC 2-0G % 46 LTU B, BRI b T 5T,
SHROBFPEILETH D,

R
Abiko T, Obara M, Ushioda A, Hayakawa T, Hodges M and Yamaya T (2005)

Localization of NAD-isocitrate dehydrogenase and glutamate dehydrogenase in rice

roots : Candidates for providing carbon skeletons to NADH-glutamate synthase.

Plant Cell Physiol. 46 (10) : 1724-1734.
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Fig. 2 Accumulation of mRNA for NADH-GOGAT (A) , OsIDHa (B), OsIDHc; I (C), two OsGDHs (D, E) along
13-cm-long crown roots of rice seedlings before the treatments (¢ ) and after the supply of 0 mM (W) or I mM (®)
NH,Cl for 3 h. Sequential segments were taken by dividing the roots into quarters. Actin mRNA (F) levels were

determined as positive control.
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Fig. 3 Immunodetection of NADH-GOGAT, IDHa and
GDH proteins in rice root extracts. Samples were taken
at 0, 3, 6, 12 and 24h following the supply of | mM
NH,CL. Soluble root proteins (10 4 g for NADH-
GOGAT and 4 ¢ g for IDHa and GDH) were separated
by SDS-PAGE before immunoblotting.



-N + NH/ + NH,;*

Fig. 4 Cellular localization of IDHa protein in the
elongation zone of rice roots (A, B) and root tips (D, E).
(A, D) Longitudinal section of a root supplied with 0 mM
NH,CI (-N). (B, E) Longitudinal section of a root supplied
with 1 mM NH,Cl1 (+NH,") for 24 h. (C, F) Control
longitudinal section of a root supplied with 1 mM NH,Cl
for 24 h treated with normal rabbit antiserum.

cc, central cylinder; co, cortex; ep, epidermis;

ex, exodermis; pr, plerome. Bars = 100 ¢ m.

Fig. 5 Cellular localization of GDH protein in the
elongation zone of rice roots (A, B) and root tips (D, E)
(A, D) Longitudinal section of a root supplied with 0 mM
NH,CI (-N). (B, E) Longitudinal section of a root supplied
with 1 mM NH,C1 (+NH, *) for 24 h. (C, F) Control
longitudinal section of a root supplied with 1 mM NH,Cl
for 24 h treated with normal rabbit antiserum.

cc, central cylinder; co, cortex; ep, epidermis;

ex, exodermis; pr, plerome. Bars = 100 ¢ m.
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Leaf position

10 90 9% 8 7 6 S

NADH-GOGAT

IDHa

ICDH -

Fig.6 Expression profiles of NADH-GOGAT, IDHa, ICDH, Fig.7 Cellular localization of IDHa, GDH protein in large vascular
GDH and GS2 proteins in rice-leaf blades at various leaf bundles of the 10th unexpanded leaf blade. (A) Stained with

positions. Soluble proteins (80 pg for NADH-GOGAT, affinity-purified tobacco IDHa antibody. (B) Stained with
26 pg for ICDH and 13 pg for IDHa, GDH and GS2) were maize GDH antibody. (C) Stained with normal rabbit antiserum.
separated by SDS-PAGE before immunoblotting. pp, phloem parenchyma cell; xp, xylem; parenchyma cell;

cc, companion cell; mc, mesophyll cell. Bars = 30um.

Days after flowering

0 5 10 15 20 35

NADH-GOGAT
IDHa
ICDH
GDH
Fig. 8 Changes in the contents of NADH-GOGAT, Fig. 9 Cellular localization of IDHa, GDH proteins in young
IDHa, ICDH and GDH proteins in rice spikelets grain of rice. (A) Stained with affinity-purified tobacco IDHa
during the ripening.Soluble proteins (30 pg for antibody. (B) Stained with affinity-purified maize GDH antibody.
NADH-GOGAT, 26 pg for ICDH and 13 pg for (C) Stained with normal rabbit antiserum. dvb, dorsal vascular
IDHa and GDH) were separated by SDS-PAGE bundles; ne, nucellular epidermis; np, nucellular projection.
before immunoblotting. Bars = 30um.
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m X EBEEAEMRREER

W1 D EEIBERORLIY, RESEEELRESTI2EEREETHS. HRASKEHOD
—DThHDARTIE, RPOBNTIEREERORBAET VE=U A FTEEFEL TS, K
REN7ZT =0 A F 0 DOELE, BTEBICIAVI I VAREBRL VY I VEBRARERICE
VEMbshd, ZVE I VEBERBRORINCIE, REEEELT2-FX Y INVINEBELELT
20, TOBERRISCO2PDLT, 2- %Y TV Z NVEBROMGREEICE L TEBAL AR o T
20N,

ABFFENL, A RRITRITSH NADH V7 I VRGBSR (NADH-GOGAT) J&{nF DM RAFE
HEBRIEETIRBROBMEITERAL, 2- %Y IV VEBEHEROBEEBEFEN ORBMT &
70, REBBRUSEBEEELLLOTHS, |

BLhERERIT, KOXHICEHNTES, D2-FF Y IINVIABERZRELT, I harv Y7
D NAD A 7 = VERAKEEER (IDH) &7 V2 I UERBLKEBESR (GDH), WONC 4 EO/NERET
BEFEKL TS NADP 1 ¥V 7 = Bl k#EER (ICDH) ICEFHL, ZhLThORETF, cDNA,
W BB L2 EE L. @4 2O T NADH-GOGAT B FHRANEIHIBH S 2 &4 2REL,
BRI T EM OEE % IAET L7z, @ IDH & GDH $ifk % FIV\ TR 20 22 ARAT 21T 1,
NADH-GOGAT % /N7 B DRTE L BT LTz, @A XFOBEVEFSORROBOERIIBITS
IDH, ICDH, GDH D {s 3% % f##47 L, NADH-GOGAT mRNA D28 & H# L7z, ©® RNAi kI
XY, ICDHBETFOFREMEI L) v 2 ¥ VERKEERL, BRERETORRLERH L.
:h&@%%#&,4*@&?ﬁmﬂmmA%mH&yﬂ7§®$ﬁﬁNmm<mmwﬁﬁ%E%
EBOTHEEL TS Z LN UHTHHL, ERODO»LODRREE LD, T ORMSE %MWM
AR LT,

UL, ABFEORRL, ERAH L RBARBOBERITAET 5 NADH-GOGAT UG RFEEH % fit
HWTORBERR LIS DT, ZORBOBMBERD . iz, /) v 7 ¥ VEREEZRWICEBITL,
HFITERETTHETHY, REROLARZERTTHD.

AR, SHRORHME I v A -7 BRBOLSFEEOHEIICREL 5 5EBEBEL2ENZL
DTHD. FER P, FRCREFICK L, B (B2 ORMERETICETI OO LRBE LK,
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