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Bicine
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RuBP
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abscisic acid

2,2,-azino-di [3-ethylbenzthiazonlin-sulfonant (6)]
adenosine-5-triphosphate
adenosine-5-triphosphatese
benzyladenine

N, N-bis (2-hydroxyethyl) -glycine
bovine serum albumin

coomassie brilliant blue
cycloheximide

intercellular COz2 partial pressure
dithiothreitol
ethylenediaminetetraacetic acid
stomatal conductance
immunoglobulin G

kilodalton (s)

large subunits of Rubisco

o -phenylenediamine
polyacrylicamide gel electrophoresis
phosphate buffer saline

photon flux density
phosphoglyceric acid
polyvinylpolypyrrolidon

Rubisco activase

rice leaf protease
ribulose-1,5-bisphosphate carboxylase/oxygenase
ribulose-1,5-bisphosphate

sodium dodecyl sulfate
streptomycin

tween 20-phosphate buffer saline
tris (hydroxymethyl) aminomethane
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HEBEYIRT RIVF —RAFLRINVF—ICEZL, BEITH 5C0AHHEY
WKEZBIENTED. 2D, ZOMAKELF DI LHORBYHEFOTTE
EEIMESIFOoNTHS. PTHHEMMPEETSHBYORIL, hotalse
P HENTEERIIZSD. T8b5, Bx AMERD 2 TOEMIL, YKk
BB SEAHENIHBYICL > TKZ Sh T3,

Ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) i, 4K AEFTHETD
HMNZHEAEL, COMEER X RO MIMRIGE it ¢ 2ETH D (TRBR).

RuBP + CO2 — 2PGA (FIVKRF Y L— g v ; COMEE)

RuBP + 02— PGA+ KRAFK7 Y I—NEE GFFIH5FR—Y 3 v ; EER)
COWHER, EAORELES L7 OKIS%E LY, HIK LTRLZIHET S S
YRITHB. LHL, BRENHESEOY, CROIEEEET > T 5H
PIZBNT, HAROBHERLELDT8 S (Sharkey et al. 1989).

A RIHVTIF, RubiscoD ARG HAYEL /o td (Makino et al. 1985), Z DR
FRITL > TEARBEIGRHBIN TS I L FRISNS. BT, Jefafn,
RRCOAREET TDHCO 2 ZHGEE NS, Rubiscod BRI #EH & i HaR BRCO2E
BICXOHATE S ZEPMEIN TS Makinoet al. 1984). LHL, €D &5
1T TONABGEE A in vitroDRubiscofEPEIC & ) FIH T X ALV L
fo. Tbb, HRZBRAEICE T 5 ERIEN TOCOMRE L4 BEE & DBk
M oEH X7z Rubiscod I A1) XS (Km) (%, Makino et al. (1985) 23k LT
W2 in vitoTOE &L DD TR Z 03530 > 7o (ME S 1988). ZDZ ki, in
vivoT DRubiscoD A EMEREIT I, in viteE RITBER, BZ S ASHDT 774
R =HPEELTOBIEERBLTNS. 351, 1 RECEITEHARE
& ERubiscoF & & DRERIZNO DO EENH U, LTI HEOIEOHMZRD T
WBH, TN 51342 TRubiscoF BNEZ U & XEE BN T 2 M %ER LT



\»% (Makino et al. 1984, Makino et al. 1994, pjyH & 1982, FI[H 1988). ZDHEH &
L TEvans and Terashima (1988) {3, CO: 8tk DMEMAERE LT B0, —H,
FOmE (1988) i, RubiscoD A —¥ » WEHDETE2BRH L T4, BEDRIT—K
MIZIIZ AN A TRV, bULBEETHNWIRRDT 774 R—F =T
DOHFADOHAREZICHE LTS a[aEMNH 5.

vaA XFXFIEOT, BEORRCOBETIIERTSE Tl ERENFER S
h, ZHiFRubiscoNEFITHEHALINTL O I EDHEE LT - T 7z (Sommerville
et al. 1982), F7:, 2IRCBXKENICZ L D, £DOEREEK T L45 kDaD2H>DRTS
F RBRIBLTNDE I ED9H - 7= (Salvucci et al. 1985), #h oD 4 737 (Ru-
biscoD{EHALIZE 7 277 ThH B Z &5, Rubisco activase EZffiF Sz, T
®DRubisco activaseid, JARMEI O REEDCEL L TEBMICFELTED
(Salvucci et al. 1987), Rubisco®{EH:REMNCAR[/RILY VRV THB EZEZ NS,
Z®D#%, Rubisco activase DI FIIEITA—X PSSV TEAS NV I A ROITN—T T L »
THED SN, FiHITEBONLEBREEIC KT REE (Hammond et al. 1997, Mate et
al. 1996), 1%EIIKEEEY /90 & LT DHEALEREME: (Lilley et al 1997, Portis 1995,
Salvucci and Ogren 1996) W) BlEaNh 67 Fo—F L TH 5.

HAEHH - TU 5 Rubisco activase DB FEA BB FiIZ, HAH 7L RubiscoD %
{EDBFRIT DN TINTIH . RubiscofiiisE 2 RET 51213, TRD K HUIE

AL EZ T hiEE o,
Asivass
ATP ADP+Pi c02

E-RuBP \<’ E = E-COz A_’ E-cog.Mgz+

[ anb il
RuBP M8 Nk (&R

Rubiscodd fEHEALIZ (2B T % 5 RuBPECONSMET 572, Z DMMBITERTH
%. ZORTiFRubiscod ko BHEEEL KT, 7, Rubiscodflif¥ 1 M TH5

Y U LB (Lys-201) D7 3 /) #ICCO2 DRI NG 5 B-C00). = HidAbns
MEERENBRIETH Y, ZOBICHNT 5002 %7 7 5 4 R— 4% —C0z LIF



S (EHEHEE LB OIEN). Tk, Mg»hihilsN3 }b{téhy‘:ﬁmﬁﬂ-{ kA%
FEAL U (E-COx-Mg2), EMALIZEREINS. L L, HENECONEE (BANT
10 MERE) TIXBRMICZ OEM/LIIRZ D # <, RubiscoactivaseDFEEIZL D,
Z DIEHALHER S N5 (Portis 1990, Portis et al. 1986). §7ibH, EETH 5B
RuBPi3, EME L D HATEHRI O RubiscolZiE4 L3 £, Rubisco:RuBPDAE
YL Atk AT % (Jordan and Chollet 1983, Cardon and Mott 1989). Rubisco acti-
vaseld, C DOANEHIESED S DRuBPOFEE%EE 3 5 (Wang and Portis 1992),
Rubisco activase{, ZDEEFEDSFF 2 + RO VIZET 5 EEZ 515 (Sanchez de
Jimenz et al. 1995). 5% ¥, Rubisco& %44 L (Yokota and Tsujimoto 1992), Rubisco
DRSS A L ERDBEE LT WOENIEZ 5 L#Z Hh 5 (Salvucci and Ogren
1996). #xiff, Rubiscod K+ 72— h_LTRubisco activaseiZXtd 2 $&-&EALASE
FE XN T3 (Larson et al. 1997). Rubisco activase|d B #zRubiscod 77 )L\ 3 )L L%
il L 75 0% (Portis 1992), 3048 1< & b RubiscolE #EALR i D FRIHRMEA K
X FEBRIOFHNEIT B (Mate et al. 1996),

Rubisco activase|Z ATPasejE ¥ 4 44 BHiH, Rubiscod & D RuBPOEEEIEM: I3
ATPIZ X O e X h, ADPICX DX h 3 (Robinson and Portis 1989b). L L,
Z DATPDIR S RIS EBHBEIZ DT, BE D3 - T LW, Rubisco activase
3#A0KDaD Y 7oy b9 575D, 4S5SEETRIEL TS EEZ SN TN
(Robinson et al. 1988), 3f4E, Rubisco activaseld 7 7 F >~ LM L7244 - ¢
b, ATPO#EAIT X D Rubisco activaseiR 1) A 54 XU, UEEBREDERDF
EWERT A ENTINI Wang et al. 1993). 72, DL S HHEEA KT S 2
EOVIERE NI A RET 5 DITMETH S Z ENREIN TS (Lilley and Portis
1997, Wang et al. 1993), % b, ZDOLBKHEE & ATPaseiEME ] Mwﬁmzﬂ
HHELDEEZEZONBEN, SDEIARHTHSH. X 51T, Rubisco activaseDiEH:
HPSIEE B BEORIIC & » THEERIT 22 & bHES zh'do* ¥ (Campbell et
al. 1990), JLIC KB EHRENCE S LT E B2 o050, TOBELL 4h -



TV, BLED X 92, Rubisco activase DEEREIZIZ R S b B, Dl &
$ ATP/ADP LA 4T & % RubiscodE RIS G LT A Z LidENTH S &%
% 5% (Hammond et al. 1997).

Rubisco activase{3—FE A7 L7\ T UL i /zRubiscoil i LT H, T DIRMERHEHF
4 2B X1 B LA B (Mate et al. 1996, Robinson and Portis 1989a), X
51T, 7 4 —IvA —s3— (Rubiscof G DNBFICHEVME T 5 H5) ODFREINT
U5 Rubisco filt it i [ 1 B X h % B E#( (Edmondson et al. 1990) O #EIC & 6
T3 EEZ SN TS (Portis 1995). iz, 1 U4 A IcRBEINBNLD
MO BN TIZ, KEICRuUBPO#EE 7 - 1 2 T & % 2-carboxyarabinitol 1-phos-
phate (CA1P) %! D RubiscolTkt & L RubiscoZ AR iE(Ld 5 (Seemann et al. 1990).
Rubisco activase{s Z D CAIPOBEEICHE T HHEL TS EEZ 55 (Mate et
al. 1993, Robinson and Portis 1988a). 5% ¥, RubiscofEHEALZ D # TD Rubisco
activase DI EIHMBIC L DV RIT B I ENTFRTE S, X5, HEHEEIIH
‘3~ % Rubisco activase DB NRIT B Z & SR I N TS (Eckardt et al. 1997).
Rubisco activase RubiscoDiE MRS B THONLREEHE - T 5 Z L3/
BOEOY, TOEABEELEREENOEREIMEYRBICL > TRISLHOD
EEZEZoHNh5.

PLEDZ &m0, i pasE & RubiscodBRAHOSMNIT 31213, Z0EM(L
AR5 BB h D, T (A TR 5 LT Rubisco activasel U\ T DM
BARAYRTHS. 1 FEITBOTIE, EHE S (1994) H391% TRubisco activase % ¥
BU7h, RAREEICEOREMSE LT S20NEL2AHTHS. X561,
BE7 v F+ v 2D % Bl TRubisco activase g BOEOEY A PER L, Y&
1% & & Rubisco activase & DBEHIGE R IN T 208, MBPERMLBEICKS
Rubisco activased B~ DE, Rubisco activased & & LA BUEE & OMIRITHEE X
TV, £ 2 TAPFFE TidRubisco activaseiZF H L, Fii@@RICEIT5
Rubiscod & & Rubisco activase § B3 kK URAREFEOEMN S, Wy /37 &k



EEGEE EOMBRERE Lc. 1k, ARXIT4O0FELDBEIN TS, F—
BT, EEREBONEHEEE, BREEREHOCTHE LR RBER R
&EH RN EIT X B CORMLE L THEM L, Rubisco activases & & DBAR % A2
U7z, ZOFETIE, RubiscodiEMALIRBEHMEFT T 572012, LD Rubisco
activase )\ 59 5 D0ERET Ui, EBLETIE, FICEHIT 2 MELSFICE
55 R RO ERIBD K A B AAERINAT & 0 FEA L, Rubisco activase & o)
BigeRE LK. DF0, 59T TAELL T ARubiscotED & 5 ITEHALS
n50H, €DEEICRubisco activase/NED & 5 IZBb > TN B O EF~N. 5
=FTE, EEEORubiscoDIEMHALRESE, EEEANNIIVLY A NECTRETG L,
A RITF S B RubiscoD{EM N E DI TRHINTHZO0HKE Lz, BWUET
{&, Rubisco& Rubisco activaseDENZFEBNED X HISHTT I N T2 DN EH S
NEFTBHIDIT, WF X7 DHFCER UTHRET -7z, ISICULDER
N5, A FRFEITFH T SRubisco L Rubisco activaseDFED/NT V AH, EDLHIT

HEBEEICHE L THBENI DN THR UK.



g—=
EHEIRB DA 5K # B & Rubisco activase

— ISR OEBRELT, HEREFE 2D 2FHIT—EOKMBE -k
IKALNSE, RELICEEGRDI EE2RT. £{DBHE, LEREEIZOEE
REBICELHICHEIN/ D THS. Z0L) WEFKREBO G RHEKEE
RubiscoF & L DBRIE, AR IKBOTH OO0 REINTE. TOHKR, K
FMEHF BN TR, BANCO BRE(NES1982), AKCO2 & (Makino et al.
1984, Makino et al. 1994, F1H 1988) LVFHDOEMITH O TH, Rubiscod B &b4
BGEE ORICE WHEBANED o T 5, £ D78, KEFEH TOXE BEE
IZRubis0FRBICK > THMTE B LZBZ oNTEL. LHLIN ST, HEY
RubiscooZ BOMEWHETH D, ERMEEHNT4EEOETIE, Rubiscod BTN
U ThERERENRMYT 2BANBH o TS, 2% 0, €D L) TR
Rubiscogr EUNDER N NABEEERE L TE EEZ 6N 5. FiH (1988) iT,
ZDERE UTRubiscoD A =2 » VIEHOE T E2EHL T 5. LML, At
Rubiscod A = & v VIEHRIME T T2 D0 IEARATH S, WHS (1988) {3, COzc
X9 B HEKDRICHAD, in viroDRubiscofEPE L 0 EFHI EE2EE L, £HKN
KBTI B Mo DEHABBOFEEZTRL T5E. £17T, | #<2 TiZRubisco D
{EHLZH S ¥ /37 Th HRubisco activaseiZEB U, £FE—HTiE, 1 RED
IN#s@FIT$51F % Rubisco activaseLA D FERN 5 DEAL & TR I H#EEDEAL
EDORM%E, RICE2H TR ERMERE EAFGEEZTEEIE, COlf A 5H
HERIEIC & 5 CO2[R L% 3 & Rubisco activase & ~ D BAFRERAE L. 351,
HBEEEOZEIC LD, Rubisco activase, RubiscoZ B ADZEEDLSLAED L5

BT AONIDWTHEB L.



B e EFRICHE S Rubisco activase§ B DE (L &
B N MR B 2 B & oD B4R

RRBEREEEIL, AEREENCO L THRNT A2EH4THlEINS. Lo
T, TOEDORHEO>HARESKENEMAILENTES. KT, BEREER
VENRSDOEHORIREVEOMBBRICEBL, € HITH D Rubisco &
Rubisco activase 3 B DAL & HARBRAEBHERE & OBRISDOWTIRE L7z,

R E ik

1. Bt3AMSAE &b O HER

HARIA X (Oryza SativaL. cv. Nipponbare) 2t U7z, ¥ &8 O R Gk
FTween20% S L1%RFIERER > 1) 7 LBEBICI0SHBELUTHEEZ L, BLK
BEL 72120 —30°CT24 — 48BFMEAESF L7c. 2~ PRARRBICAS - f:%ﬁ?%, TS5 RFy
7%y MER-RRAXF O —NVD ISR, KO RIZENT, 4-55EHITK
H# (Mae and Ohira 1981) D A - 7242 LOF #IZ6 X Tem DB R TH A B Z /2. Kk
RIBBEEICZB L, koA RICELE TRELEMI /. MYKRIIERE
HTTERLUK. 95EH ER LCHIEH S, BOEDOY LT I %21A

BEIZIT- 72,

2. RHENBAEBBICEIBRRBRFRBHEEONE

RBRFE U EE I3 SRR BR B Ak (CB1D, LS2, LD—1 ; Hansatech) % U Tl
ELUlz, Yo7 v 7 UREI0EDERD H#13 - 18ecm D ERALH 5 %7 5 em?dD )
ZER L, BEICHW ., PRER LD, 7Y 07 UKERICAET 5X0
b, MR2EEBICHE LA PR RENIEL BEL TV B LV I HERVES
nte. £0712%H, RICEEZIBEMSUIML, ¥ v—LHFOKII—BENIX, FH

ICRIEAIT - 12, BISESRMAT, IBEE25°C, 5kPaCO2, 20 kPa Oz 75 kPaNedD ZE4



Mipk, JEEBTFREREITH2400 gmol m2 sT& Uiz, T D3tk TL053 FRIRH 21T -
FRICBERNEELME U, MELRLCETRRBRARERTHRES S, ¥
NS D547 5 £ T-80CTRE L.

3. ERARSOHML

A R ZEHH S50 mgilsit UT4 mLOMLEEHK (S0mM Y &) by T LA, SmM
DTT, 0.1 mM EDTA, 12.5% 7Y+ ., pH 7.5)VBDOPVPP A A MZ,
K THS EFBIC KO ER Uz, 7007 4 U WAICHS L TR LS
mL& 0, D 430,000 X g T1043 i 3053 B U7, 78 S h 7o B % Rubisco,
Rubisco activase, AJ[## 5 /37 D SITITHN .

4. Single Radial Imuno Difusion (SRID) #:iz & 2 Rubiscod & &

FIALREDERNEREL2%I1Z785 £ 91T, 0.9% NaCl, 0.1% 724k F+ U
LIBHICEE UTHERL, S0-55CICiRE 2K T X8 7-%%, Hi1 RRubiscos ¥F
PMEE0.5% LIS KHMA T, 2%, BFEIHNLOmmZ/Es LHICH T AR L
ICFE L, BMEUZz 2 &AM L 7288, 2.0 mO R CH&Z3.0mmDKEHiT 1.
Makino et al. (1983) DI & D 1 255 K8 L /-Rubiscoz TR D IFHE%
ek L, LA EIIZ4 u LT DT F 54 Lic. S5 RF v 7 BHBICAN
MIBIRABIZ U, KR - T25°CT4H M X H e %@i‘ﬁ{f}b%ﬁ 5 A5
129°L, HEREARIK (0.9% NaCl) ([Z1285E& Ui ¥ > /%7 Ui, 204 VEBRA
A VK THI 2B EIBE % L, 0.2% CBB R-250/K ¥ M CHI2BE et U7z, Bl icH
WAEREE 25% A7 =, 15% 24 ) —)b, 17% i) \[C12HEE T Z &ick
DiRta Uic. EWmOERE/ FATHREL, ERO R LEEGUREN LT
5 Z &5 5, RubiscoEmARHH Ui,

5. Enzyme Linked Immunosorbent Assay (ELISA) 3iC Xk 3



Rubisco activaseD &

ALK ZZER (10mM Y V8RS Y v L, pHT.2) TS0 —100fZiIZFH R L, F
JEI6/RELISAH<v 4 7 u 7L — b (Coming) {250 p L 27 /51 L. ZLT, 4
CT—H®MEL, ¥ /0% — MIRESI /. TORBWEIY KR ET-PBS
(20mM Y »E#F b7 L, 150mM NaCl, 0.05% Tween 20) T2[E3EH: L, 5% BSA
ELT-PBSA Y x L—HRICHifc U, 25°CT2BERH AN I4CT—BEBEL T Oy
¥y U TuyF 70, T-PBSTY L — M&2E3E%E L, TPBSTL000£%
IZF R U fzanti-Rubisco activase™y Y FHuifliF (LRPLE) %100 p LD Z 7z, 25
CTIEMA >~ F 2 X— b ULIZRICT-PBST3@EBE#HE L, 5% BSA%X §HT-PBST
1000651275 R U f PeroxidaselB kit 7 4 F1Gg (H+L) ¥ itk (FiehtiZE L) %2k
Pk L LTESOul g oA e, 25°C TR A »F 2 X— b U 7282ICT-PBS T4[H]
perr L, REEERAKR O2M /7 U, 0.IM Y S Y7 A, 1 mM ABTS,
8.8 mM H02, pH5.0) %200 p L DSHHMETT 51 L, RBEEMBIEL
25°CTHBOp BRI/ #IZ, 025M 7 L UERIA AR BEEIEK OGRM EF
FROFIETIO0 y L OMA, RiGEELIE. ¥BHBBE LB/
TU— Y —F— (Ad; R —) THUS imOPSLEZRE Ui, - Bl S (1994) ©F5
HRIC X DFEBL U721 R Rubisco activase & [FARRICHRIEL, TN 2EFHEL UTEBHAR

#1 (D Rubisco activaseE A& H L7z,

6. Joo74)VOER

7au 7 4 VAHT I - 721 mLO# H#KiZ100% 7 & b %24 mLinZ THE
L, %A (@°C) I IBSRBE LT omiB 21T -7z, £ D%, 5,000x gT104
Ml L EE U LEEBEIR U/, Bohicbif%, 80% 7 b TSmUlEAL
633nm, 645SnmDPEE SN B TAUE Lz, BROSBEBITEID, £T
 DBRIEATEBROEF T -7 7007 4 JLEIE, Amon (1949) DI L b
BH U/



7. wjEsyr o0 ER
A[EME Y %712, Bradford(1979) D FEIC K D EE Uiz, A IZIIBSAE AL
7z,

R

iﬁ%wﬁwﬁiﬁiﬁmﬁﬁmmﬁkw’“&%ﬁﬁbt&@D 1IN £ Y18
ML, F9SEMOIAENSITHEDIMILAL, 17THH TRADH34
mol 02 m? s1%7R L, ZTOHRI[EIKT L, 38HHTIHIINHARENER -T2

Rubisco activaser & i3, 3H B2 S17HBICMFTHEMMBERAERL, 17THHICK
KA#E93.5mgm? L3y, THLBREB2FIIHWAL, 38EHICIKIZIFEo LT
(B2). w[EtEsy o7 Ic 5D 5841, 3HENSITH HETLERL, 1THHIKR
KIED#HLA3% LD, ZTOHREEITAKT L.

Rubisco activased £ & Rubisco, a[igtEy > /37, 7o 7 4 VEBOEKHE
LA LBT 5728, ThEhORAMEE10%E L B3R TERAR U (K3).
RubiscoZ 8330 BITHRA LY, TOR—EDEETHD Ukidiz. EHS ~
NRZIIBAEPHEKRT, 1THEHZTIHEPICED U, DU By 3L 3B TR
BYUl. 70074 )VERTIE, 3HENSITHEE TEMMMIZLEA L18h - Fob,
178 BELICRA Ui, E(BRE OBRIICIE 51X >h TR #E B3 HImc
#H - 7z, RubiscoF &L, ENRSG PR BOEALSBYT 2HMICZH - 12
Rubisco activasedy &1, ZOHMBREFVBENS, ThOoOENBST, &b
EENRED- T, ISIMMOHKSIE, HEREAERSTWAIBHBICH10
—30%DFEEE LTSI LT, Rubisco activaseF &id, 1ZIF0%EW -7z,
DX AEABERBRARBRERHEE SRULTHE. ,

INSDIR%E S SIS KRR F I #E E & Rubisco activase, Rubiscofy & & D

-10-



%A&2F 7z, Rubisco FRI(I#93 g m2 LU T Tid e RERFE B S & epBERICH 5
B, ThaEBA5ENEHERIIE LT LKL (K9, 2hicxd LT, SRR
U # B I3 Rubisco activase GBI U CTEARITHEML, BFIL S -72(K5). 1
REFETOMBREII0.995TH D, 0.1%KETHNHEETR L.

X 512, Rubiscoiz#t 3 % Rubisco activased) &, (Activase/Rubisco}t;) & Rubiscofk
Wiz ) DEKERFE B HE DB % % P72 (K6). Activase/Rubiscotbd ERIZL D,
Rubiscog X472 ) OFREEFE &ﬁﬁb‘?&ﬁﬂﬁ%ﬁﬂm:tﬁﬂ‘ BEMDD - Fe.

40
o
S~ 30}
c w
O o
5 E
%9‘“ 20
5 2
o
=2 10t
@]

0 | | | 1 | ]

3 10 17 24 31 38
Days after leaf emergence

Fig. 1 Changes in the photosynthetic O2 evolution rate
in rice leaves from its emergence through senescence.
Photosynthetic activity was measured by an oxygen
electrode under the following conditions ; air
temperature of 25°C, gas mixture of 5% COz2, 20% Oz
and 75% N2, saturated water vapor and illuminance of
2,400 umol photon m-2 s-1. Bars in the figure indicate
standard errors of the mean (n=5).
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03]
o
T

Rubisco activase content

3 10 17 24 31 38
Days after leaf emergence

Fig. 2 Changes in the Rubisco activase content in rice leaves
from its emergence through senescence. The numbers in
parentheses indicate the ratio of Rubisco activase to total
soluble protein. Bars in the figure indicate standard errors of
the mean (n=5).

120

100

80

60

40

Relative content (%)

20

0 ol | | ] | ]

0 10 20 30 40
Days after leaf emergence

Fig. 3 Changes in the relative contents of Rubisco activase
(@), Rubisco (A), total soluble protein (/) and chlorophyll
(O) in rice leaves from its emergence through senescence.
The value at each sampling day were represented for
percentage of the maximum amounts. The values of Rubisco
activase , Rubisco , total soluble protein and chlorophyll were
93.5 mg m2, 3.92 g m2, 6.76 g m2 and 393 mg m2,
respectively.

-12-



S..
) 30 e
©
o= B
O n
gE 20T
E
c 9 B
5
2 10
5 2
0 | |
0 1 2 3 4
Rubisco content
(g m2)

Fig. 4 Relationship between photosynthetic Oz evolution
rate and Rubisco content. ** means significance at 1%
level. Data were obtained from Figs. 1 and 3.

40

[
o

Oxygen evolution rate
(ymol Oz m2 s71)
N
o

—
o

o | 1 | |
0 20 40 60 80 100

Rubisco activase content
(mg m-2)

Fig. 5 Relationship between photosynthetic Oz evolution
rate and Rubisco activase content. *** means significance
at 0.1% level. Data were obtained from Figs. 1 and 2.
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0.8

r2=0.998

Oxygen evolution rate/Rubisco
content ( . mol O, mg-! min-1)
o
»
[

0 [l 1 |
0 1.0 2.0 3.0
Activase/Rubisco (%)

Fig. 6 Relationship between oxygen evolution rate/Rubisco
content and the ratio of Rubisco activase to Rubisco
content (Activase/Rubisco ratio). The apparent in vivo
Rubisco activity was defined as the photosynthetic rate per
unit Rubisco content. r2 shows coefficients of determination.
Data were obtained from Figs. 1, 2 and 3.

-14-



EE

A X ZEiZE > TRubisco activaseF BIIMBMICK DEL, TDOLvBEHS /37
IZED 3845 MBARRIC X DR - Tz (K2). Rubisco activaseFr &, £ 0l
Wy ooy T b B EAIRE bICIIERITH BICRKME R L, £heEh9ss mg
m?, 1.43%Th -fc. RABHST VX7 ICEHBEERFTL ) UTIRH2%
(Robinson et al. 1989), 4 &iZH VT, #/33Ti3480 —100 mg m2 (Hammond et
al. 1997), v 4 X+ X+ Ti2150—200mg m? (Eckard et al. 1997) &5 Hi&EHH
3. ZhoDfEs, ¥EOMBRENRATHSN, (A RCBLTHREEDRR,
L& THAET S D EEZ SN7-. Rubisco activase S BITEN RS F& ETHHK
o7 (K3). £hiTst U CRubiscold, 3HEIRT TIIBRAMICELTE D, &
BOETHIAZ R RHNENRS TR S Bd -7 (K3). ZD#5RIZ, Rubisco &
Rubisco activase)$ilj & bEFENICEE L THAICHED LT, RUA-RHBZE
BB OEHEI T THLEIEEZRE LTS, ZD I &id, Rubiscoiny — v
A= N—DPITCBRETH B & Macetal. 1983), Z(LBIAITI51 B Rubiscor 4
721z y hOmMRNADEHK & @@Tb\ﬂ Rubisco activase k § &% TR C &
(Crafts-Brandner et al. 1996) B {%43H 2D b ENE LD, D LD BHEFIZR
RERAGBRZTRTHERICE, SFBEHBICLEDNS S HESH 5.

BT BE (3 RubiscoF B3 g m2L F DB, Rubiscod &Iyt UTEMN
NG B H, = OEEBAS L8 Uk (K4). 1 RITENT, bk EH
Rubiscod £ 125 UC 83F13 2 MiIfTiE, AS CONEE (Makino et al. 1984, Makino et
al. 1994, 1M 1988), SAFCOEEE (WH S 1982), WTHOERMITHF T HIREX
T3, Zhoo®ETIE, fMMEM £ Ui % RubiscoF &5H11.5-4.0 g m?
EDEDILNBHTRIT > Tnd. ZO&ENIE, RUZREABRAERBITLDE D
DEHEZ SNBH, MEHI L zZEDRubiscolEHELEEH DEWHEE LT3
RS E L oIS, A REICEOT, KHABEE I RRRCOx: I (Ci) &5
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2IZ{EH AL I L/ RubiscoDin vitroTDIEEIZ K > THHATE 5 2T ENFHEINT
V5 (Makino etal. 1984), L ZOEENELNET B SE, ANVEFLL—Va
VYA P TOCO 53 EIZCO AT L > TCik b BIEL B 7%, KEREE
A 21213, £V HLORubiscofEH HWAE L7405, DF b, Rubisco activasedD
EIEMMODDT I T4 N—F —DEENRARIRENLS. i Tid, RubiscodiE
PACIRRE ITMESIZ X - TEAILL, FEHHE ORI Rubiscod B IZEET 5 7ol
BNEZE LTINS (F1l 1988). X5y oA X+ XFTid, 7 F+& 2 ZADNA
B L & 73 Rubisco activase F B DI IT K 5 CO2 /7 AT HH E DK T 53R
HIN TS (Eckardt et al. 1997). DF b, JEEEFIC I TRubiscod$hd™ LU 58
EITEHEIN TR RERITRRINS.

—RRA9IZ, HECOMATF TONREBEEIL, BB VBOBLENCL-> TR
HINB L, EREAOER) VIRBEMETT5 &, b VERENHES
N, ATPOARGEEMET L, £hickd, ATPOGHRITKELTY 7o—X5Y
BN SRUBPEASKT 58 2K 70 FF-—EOERNMEIZH, HE REEN
HIFR X2 (Shakey 1985). LA L, Rubisco adivmegAW&eEﬁ%}ﬁB (Robinson
and Portis 1989b), RubiscodE (b 22 S 5 IC & ATPO MK BELEL T5
(Streusand and Portis 1987) Z & 5, MY VBAIEET ZHEITRAKRY ToF
F—HELATPEHR A L, €O #5ERubisco activased B A RubiscoDiE AL IRRE 2 ik
HBTNWBENSIZEEEBEZ NS, i, ERY VBREEOET B&ARubisco/F
HEETIVBEILEEHINTL S (Anwaruzzaman et al. 1995, Sawada et al.
1992). >F b, Y UTREE OIKT i3 RubiscofE 4L iZ 3513 5 Rubisco activase D
BEXNOAEBEEWMRIVELEEZIONDS. FWMFAERITHIT 2R KRBT ERE
i, & CORRITCRIES NI bDTHD, RubiscoTHEA { Rubisco activase &
WHBZR U7 (K4, 5). TDIZ EH 5, Rubisco activasetRubiscodDiF 4L %8
UCTRABARBEERZRODTOEOTRE LN EEZLSNS. £ T, Rubisco
Wt DRk BEE B & B & Rubisco |2 #f 9 5 Rubisco activase ® &
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(Activase/Rubiscotl) & DREIRIC DT B~z (X6). D EEE, Activase/Rubiscolt;
O_EFITE D, RubiscoXi/z O O FRBRFE I # EHEEIEE B I3 g 5 M
& - 7. Rubisco & Rubisco activasedD & 1975 B G D EE X |Lin vitroiZ 3 VT & SEHH
IhTHB. 20, TytA%21T5 & &DActivase/Rubisco tbD ERITK D, in
vitroC D Rubiscod & #3341 32 (Robinson et al. 1988), AMFELERICH TS
Activase/Rubiscoti3, % ¥4 TRubiscod Wig HEAEIN T 2 AN THS. D
v, Rubiscofz ) DR AR EMHHEE I2in vivolZds1T 5 BT ORubiscoiEH: TdH
0, in vivolZ35 13 % Rubisco i |3 Activase/Rubisco thiT & - THRE XN T B &E
Zohs.

LI E DR H o, Rubisco avtivase}d Rubisco & D B /NF o Rick b, invivo
IZB1F B5E BARRET DRubiscolFH A2 RE L, BRABFEHEREEEELTHSH]
Db 5 LR ITohs. £UT, EoHWEHIIRubisco activaselZSE 3T T
RubiscoduBREICEBINS 12, ZOREHIMWATIIDEZEZI SN B,
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B AEFLIARELEZERERBNRRITT
Rubisco activase S & L IR FRLBBANOEE

FRIIAGRBETCOEELHERERTHD, ENERIRD80%LL LA
L R#EHdH 5 (Sage and Reid 1994). Kk - THARKIIERBRRICKL DB FELS
i35, ZUT, #ELE TR, FIEARNOERREBOHEMIZLD, HEK
HBENTOEXROSENGEDS. AHTIE, HEELERUBBEEZATA X%
B L, £F UREDOENVIZT XY, Rubisco activase, Rubiso FENED X 572
WEBEZIL00, BREARBEELOMEMBZIEDL HITHBEDNTONTH
L. X5ic, EMILXhizRubiscon® A2 K THIET H 5 RERLIR %,
CO:— A BB OFIRAATEH S U, Rubisco activaseF & & @EQL%IZ’DL\'C #
L7

PR & ik

1. HEOERK

HAR A 32 OB ABEHERAMEE U, B85 & MBOH B TR
FOERK U SEMIERROEREE (0.5, 1.0, 1.5 mM) & 2BRDILIERE (O,
58% ) DA EBRK GH6X) 18 U7z, 10.5—11.0% 800D FRE10E L 416t &
U, BARBFEHGHEEEZAE Ufe. REFREIRAED /2D DR EHE, 8.8FEMIC3
BRFEEOEFRRE 0, 1.0, 2.0 mM) E3RFED LA (0, 50, 80% Hot) DHEEER
X GHIX) i U, LB ZERS U T2ER %, F10EDCOIT 2 ZHEE %2 {IE
Ufc. BIBHOESE, BREERTHMER -80°CTRE LK.

2. COHAZMEREDORELRFRRCHBOR M
HEHITH1T 2 CO L HODRHE K2 BBGERR THE Ui, MEICERTAA

Rid, O CO; N KUNDOHREREN RV ba—IY X7 L (STEC) TRA
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UCTHIREHRBZHATMU 2. X5I1T, 20N R A2HBBR TRELY HTG L2 EREHK
FTANTYV T THIEIRIOBEEFAMLI.. CORENRE, 77V VEO
AL~ L, TOAOEHODOH ZO—E AIBESH L FRIR I ZXaHree ~R Y
TTKREICEE, BELCOBELIE L. ERi3, EOTMAEIC/ OAN—T
WANVBBNEEMIEEZ LICEDBELL. RBEIRBATIIMNSA KT
(D400, RES A 7y /) FALL. |
HAZBEEDOMESM L, B TREE (PFD) 1,500 y mol m? s1, ZE/R28°C,
OEE2% L L, C.4EDAZEAI E. MBERAECO: 4K (Ci) idvon
Caemmerer and Farquhar (1981) O AR ICHEOETE L 7=, RERMLRIZEIL, Cid¥l2Pa
UTDHETOCONMLHEELERERUIBEE LORE L.

3. ZXRATROME |
EBRABEIER VY -V R, Kl (1990) OFRICECLBER Ui .

4. ZDHBDOSH

BORBRFE I I BE, Rubiscoy &, Rubisco activaser &, WEHSY /37 &I,
B—ER i EEROFETHE L.
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R

R7IcRIE2emE, ZERMEETERIE M RrE BT, 2EXEE
Rubisco, Rubisco activase & & DBEfE 479" Rubisco activaseF &i3, HLEFF DK
MEICREINT, 2FRFRLMTESUICHEM U (”TA). Zhicd LT,
Rubiscof & & ELARAYIZHEM U2, EHXRITIH WO TEFEL 4 - 7 (MTB).

KBI R ZEBERE, ERURBTEETIY /o1 X#iZk 175, Rubisco
activase | & BABFLAIE & OMRE FT. BABKILEED, BRER
IZHARTHEAR THTED, - 72 (K8A). £ LT, Rubiscod # &5 ABEERK
HHE L OBFRIIEETLREICRHREINTI -7 (X8B). LA L, Rubiscog &<
2135 E, BRRBFRHEHZERE D RubiscoF BITHT UTRMNT 2EmAdh -7z

91 % F Rk %h 3 & Rubisco, Rubisco activased & & ® (4% % 72 3~. Rubisco
activase S & & R ERRMLIER EOMICIE, JFTESALBERNED shic (K9A).
— 4 RubiscoTlE, E&EH3 g m2Ll T D 41 iERubiscod NN U TiRFERLED
RNEAMCER U, LA L, RubiscoZ8H3 gm2p L7705 E, RERLR
ARSI Y A W (1)) |
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Fig. 7 The amounts of Rubisco activase (A) and Rubisco (B)
with varying contents of nitrogen concentrations and light
intensities (O; 100%, @; 42% of full sunlight). Bars in the
figure indicate standerd errors of the mean (n=6).
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Fig. 8 Relationship between Oxygen evolution rate and the amounts of
Rubisco activase (A) and Rubisco (B) in rice leaves grown under different
nitrogen concentrations and light intensities (O; 100% and @; 42% of full
sunlight). :
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Fig. 9 Relationshio between carboxylation efficiency (CE) and
the amounts of Rubisco avtivase (A) and Rubisco (B) in rice leaves
grown under different nitrogen concentrations and light intensities

(O; 100%, @; 50% and [ll; 20% of full sunlight).
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LK

Rubisco activaseF @3, £ZRFREFZICHEHBHICHEML, £BFLREICEES
hizh -tz (®7). 2o Eid, BIXLU 2ZFEH—EDE| 4 TRubisco activase{Z 43
BIh3Z EE2EKRTS. Thic LT, Rubisog&iTERRKIZBOTEFESL
ofz., TO I &L, Rubiscof BIFFNERBICHEEZZITP T (Sage et al.
1987) 4%, ANEVH A 7 NVEHBKRT HMOBER, F5 31 NEBBHE~NOER
BRI, HIAHH9IC— T35 (Bvans 1989, Evans and Terashima 1988) &1 5 #s
E—Hd 5. EHX TRubisconDBINBRDOFEADIL L 2BHELTIE, 5
KT TEREHRENFE URHATIE, BINZEFRORubisconDE#AHESIN S Z &
NEZ LIS (WHES 1980b). ZhoDfR, F—EE—HTRRIKSTEDOM
BMBERIZITIREL, ERPRALTH > THEFREDOENICL D, ENTO
Rubisco activase & RubiscoZ BD/N5 L ANED B Z WS & 57z,

Rubisco activased B IZH 9 3 RABRRBULEE X, HARERICHNTELX TEH
TE -7z (K8A). T #RIL, ERRITEOTIIEmEDH /2 ORubiscod EH
3gm2F (B—uP—HOBELD, 38 m2Bl kT Bk BER B 8 E A
Rubiscog BITx UTHM) TH 5 Z & (K8B), HNE #4720 D RubiscoFg BAHH
KR LD ENZ & (R7B)iI2L D, Rubisop SR EEEHIRL TS LHE
Zohs. UL, SEIORRTIIMERIC LT, ATP LADPD ER AN
TORE (Robinson and Portis 1987), %Y > BRDFIH 23 (Sharkey 1985) HYEAR
X &EHEX DETHEIY, Rubisco activaseD EHIZ B E U-mliek b Z 2 o0 3.
—7, Rubiscofd & &R REEERHEE LOBRIIAEBFLEEICHEIN LT
(X8B). 772U, RubiscoB8WNEL 1B L, HRERFEMHEEHRubiscod & 158

LTfafd 2mhib-72. ZO¥RER, F—HTOBKREIZIE—HL, Rubisco
| BENZOEHEITIE, RubiscoF BLINONEROBEHER, HZ S < Rubiscod /&
HALREBOBEE L THE I EERZBLTHAS.
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DI EZHONET DI, RERILZIZE ERubisco, Rubisco activased &
EOMBERE L. —RINTIKCORE T Tid, Jof B B iZRubiscoff#iz & -
THRESI NS/, RFEREZHRIIZERRE H72 D ORubiscoifts & FOHAEERT
(von Caemmerer and Farquhar 1981), D% 0, RERIBEF~NLZLickd,
E BT D O FEHEALS NIRubisoDBE RIMNIH S ZEHTE 5. KW FEAER
IZF T, Rubisco activaseF & &R FFRLZIHE & OIS, IZITERYTMEFEHE
»ohiz (K9A). Thizxt LT, Rubiscod&43 gm2L EOHAITIE, Rubiscod
BICK U TREBFRMEZIR DT 2 @S R ohsc (M9B). ZD#RIL, 1 RE
DHABKITE 1S BRubiscoDEHALRBOEEM EZRLTHE Y, F—FEE—HORHN
E—HT5. DF D, RubisoFERZNGHE, N AYIZRubisco activased Q< & L
RubiscodD iEMAL BHHIR I, HEMIEEBEENEE XN ENREIHO
5.
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WE

AL TIC BT 2 EHRBON S EEIIRubisco FRIC X > THIATE 3 L%E
ZohT& 7. LHL, RubiscofZiFTidiid, € OEMIREBIMETSZ L%
AT EHMENNLONHB. TDIh, FETIiIRubiscodBEHALICE L 7 /%
7 T3 ARubisco activase{ZF H UT, F—HiTI, HABRFEHLERE EOMFEE,
BIEHTHE, EHLIhIcRubiscoRDIFIRTH 5 Ik RAULRIH L ORGREHEL
fo. E, MMGEEA T & 5 Rubisco activased BADBEIC SUT bHkE
L.

HAR A XOHAEEZHERAL, B—HTIE, FERELIOED MEICHES RKEBRFE
B #BE, Rubisco activase @8, Rubisco FE DR LEHN, Tho OEDERIC
DIVTHES L7z, Rubisco activaseF &I/ AEZRIITHH X THL IEmML, £
DRBIITHD Ute. 2 DBILITIEA RS RS AE i, Rubiscod i 13 iz
BIBEHTRICHRARMETH Y, ETFLIILD 2RI EAKRI TR BEho7. D
¥0, J0200DY ) BOEALERNFEEICRELIENPSH L. &
KERFR B EEIL3 g m2LLU T D Rubisco B & HFIBARICH 545, TDHEEBAS
LT AEAICH - 7z. —7F, Rubisco activased & & DRI IT B IED AHEEH
A ohitz. U T, RubisooiIst 9 5Rubisco activased & BHNEE 5 &, Ao
V> Din vivo Rubiscoif ¥ (BifizRubisco 824 ) DNA BEREE) I3&< -7, B ED
#RD 5, Rubisco activaseF B i3 1 REDMEGICHE D BRABREHREDOE(LEE
BCMb > TH D, 410845 { RubiscodBRIC & 5 H4, Rubisco d & e
Rubisco activaseil & 2 BIUHIBRERZII TS D EZZ 6N 3.

BT, ERUERBLEBTALBELAZEZL T/ X2 BRL, FRBI0EOR

KERFBOGH R, RFERULZIER LRubisco activase ik & OBIREF/E Lic. X510,
| H:F D58 R IX 225K DRubisco & Rubisco activase~d FHELIC & D & 5 12 &
TEHEDMMIONTHEH L7-. Rubisco activaseZ & id, £ ETONIGEICEEXO
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9, DRUNE FITH U THFICm Uic. £t UC, RubiscoF&i3ELKIC
BT, HTELS L -/, ZOHEI S, ABFLEEOENICLD, ENTO
Rubisco & Rubisco activase G & D /NT V ANEDHL AL ENH SN EL 572, Rubisoo
activase I T A R ARBER UL E R IL, BARERICHNTEAR TE TR -
7z. —7, Rubiscog@E & BRRBRERINEE OB RIIEETRONEEICKEIN
Wihotz. UL, RubiswBBNE LS E, RABEFEHHEE O Rubiscod &iZ
Xf U TR 2 BANH - 7z, RFERLRIHE & Rubisco activaseFBDO M 1213, 121X
BEHNTEFRSED o, TS UT, RubiscoTid, FEMN3gm2L T 08B
A1Zi3RubiscoF & O M U TR RRALRIR AN ICERT 2010 L,
Rubiscog B33 gm2 ] LiZ/E 5 &, RERLHBRIIEMT Z)ﬁr’ﬁj’é’:a? L7 Uk
DFERN S, RubisoFBINZWEE, LG BEEED Rubisco B U THRFMEM
%3 DiE, Rubisco activased BN AT D78 { RubiscodiE LR HIR S h
51:THBHLEEZONS.
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L S
JESE B R BB D %4 BR 7 FE & Rubisco activase

HABIIEEE, RE EBETLOIFIXUREERICKD %&%*‘% i75.
ZOHRTHHRIZ, BRLBEELERDO—DOTH D, ZLOMEMMTOITE . B
RBRET T, WL, BHEBTOHRELER ZO0BHEL LT, LREOE/L
KE53N5. ZOXIUH, HERIBFEFRBELTY, HERNBEYD T —
wa;r X (Sassenrath and Pearcy 1992), CO:[E & BIEBEFE D 75 (LR RE (Stitt and
Grosse 1988), 5 FLBfABE (Kirschbaum and Pearcy 1988) D& AL T, #Hic/ EHR
BABTTS. T0LH7%, EEEREBEORAKTIE, [AMEDOELER N
4, RubiscoDiE AL DR B WG TH 5 Z EHRX iz (Woodrow and Mott
1989). £ D%k, Woodrow et al. (1996) i3, #i lEERCO/3FE THIIE L 7ot & B AL
ZMT, RubiscopfEdli 2 HEHRBOREREET ML L. HOSDEFIL
IZ k% &, RubiscodjEHfL#EE 1L, Rubiscofii it 1 kb DA /N 3L {E (Lorimer
and Miziorko 1980), % 7zi¥Rubisco activases i 13- % Rubisco-RuBPAs & 4 B4 4 1k
Mo ORuBP DR (Wang and Portis 1992) DU v-Fhhick DHIBRXN 3. ZD1-9,
b U FEEEICRubisco activase )’RubiscoDiEHILE R ERE L TS5 LT 5L, ERN
MDRubisco & Rubisco activaseF & D/35 ¥ 24, BHMIHEE HREO & EE
KRBTSRI THS. B—ETI, 1 REOMEAREICH L TRubisco & Rubisco
activase RO ZALBBICENDNH 5 EEPHONMNI L. DI &5, HERK
DFEHIGEEIMBICE D EINT B ENHEERINS.

AETIE, M XELTELSBERMAICIS UROXAROEMRE L, &
MR L D FFli U, Rubisco activase & DBARICOWLTHRET Lic. 51T, MikEE
ACBITBHEFREONE REEOEEBERIC OWTHR U
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B MBI RESREELCOBMFROE/(LE
Activase/Rubisco }t;, & D B3 4%

FIETICXSINTHIED, MGERGT 5L, HABGHEE ITRM & it
HEAHMIT LR T 5. £0kd, MEREEORAEZARHH T oy bT B &,
ZOMEIZEMICH UTHENELS. COEKOEXIZE, ZORGORNTIDE
BEEHTHY, RICEEEZRETHETHS. ENEH (7) IR OFEEH
DHFTHY, RIEHETT2E TORMERTIHEETHS. Woodow et al (1996)
i3, COEERAVCTHEFTRBOLEREE TIMELLI. KETIE, M1 2FEE
VT, COBRMBMENEL, COMAMBBETED &5 LT ZONEH
U7z, X512, Rubiscojzstd 5 Rubisco activaseD & L & @ BN DT HeEt

1

L7z,

EE R

1. BRAE

HARAROH AL, EAESE T TLHRBCL) HRLE. BTEVRO
REE A Tween20% SRR | | ™7 AZHIZ305 B LTHEL,
B k#e Ulctg, 25-30°C THy48isffE S s 7z, ~ MRRBIZHE - HET %
1/5000 are 7 7' — 0y b (IR y NCSHT) I U, BRI, 148y b4k
Dig F o FERBES ILRIERE 525, RSN T 5B T KB
(PFD) D BICO TR, 110— 1L25H0 TRH 1085 M L THZE Lz, Ml
RIBRCO23 FE (Ci) DFIRIZHOWT ORER, 125EHoEREIEAR N TIT- 2.
MBIV TH, ERSI0MAHE & L, 9.5 510 B 41c 2 L 7.

2. CO2H X3 ¥ & D Y E
COff Z A2 #ik FE DRI I 1T HER A LA Al & (L1-6400, LI-COR) L/,

-28-



HlE ML, #EJR28°C, CO%}E36 Pa, Ox3F21 kPaTiio7z. REF v 73—
Tk BRI, BaRAEE (L1610, LI-COR Inc) ZHNWT—EDOEARERELT
—20°CICHM L7z, HBISBA T MNSA K5V (D00, KES ATy ) %A
W, K747 —%BUIRKEENEF » /NI B L. Eh ThoRlEICE
WT, ETF v N IKBEEIN/ZEC, FFE (1800 wmol m? s1) 1R 4T
Liz. o, 55t (0—600 4 mol m? st) T&:lﬂ%?Faﬂﬁé, HAEREENLZE LT
W3 I EAMR UIE BURIEERHL. £LUT, LHMEEZENS ELE
B SDCORHTATHEE %, SREBICISHMAE L. COb R ZHEE I,
COff RZZHEE & COAHME R R EAR MR U, Cid25 Pakifs & & D COH A #
HEE U THIE Ul C O BETO COMFERILS PaTHERE Urc. &M IR
FCIOPBOMETIE, KACOMBEL2S, 36, 50 P 2 THIE L, CigZk
X, ZOBE @iﬂﬂﬁ'—.’l:#ﬁh‘%ﬁ@ﬁli, B A HMEETH ©0.5—5.0 min
DO DOCIOEEE L Uiz, CimiLs L, CilCOyf RATHEFED EAEM AL
B, ZOBEDCONAZEEIZ, CITHERT, 20 FEMEMOE
HICAO Tz, AR I 1T 5COT AZ|MEEDRETIE, BHEOFKHLLT2
DODPFD (60£500 ymol m? st) @A L, R LEEZHANTERZN DN S D
GRDERAERAE Uiz, CON AL HEFEHEEIIRARERTHESE, ST
5% T0CTRELT:.

3. 0K ORI

SERBER (7 ) 12 Woodrow and Mot (1989) 7 3512 & 0 Bt Uiz, Sofst % gt
Licth, R 00ICEIET 5 CO RS E & 2N END K RIIZ 31 5 COl 238
B L OED AAMRE, BRICHLTS oy b Uk, KREETOBLTH
50.5-5.03 % DEMHSOEEN S, BT OREEHEBH L. T0& 31
HIEEEALEEAH, MBS HTR SN ERIBOM S 3 RubiscoiE HAL O Rt
DEFEERTHS (Woodow et al 1996). Z DEMI DRETHD, HOBEH S
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EMER A8, LoT, ZOfEiZRubiscoDiEMALZT T 2 TIIHLELEXN
AL DIIELL 5.

4. Rubisco & Rubisco activaseS B D fME

BRELFAROAETHAE L.

# R

BT CHRAKDOEEREBICH S FC, fAMEErBRTIE, RASEEIRE
F LU, ¥I058ITHER RBICHIT Ul (R10A). [AGEES 212, KEHE
DEALDHIC, 2FIZEF U7z (KI0B). ZoKACEED ERIZ, Lek#EED
ERXD b#L, 2-30BICEHRBICBIT U, 20w, CUIHIERRF,
FIF— BRIz T (F10C), LA L, BFHRFERE (PFD)60 ymol m2 s1T
ARG Uic B E, MELAEMIETHoM240H, CGoLANMENINOHERES
Nz, CIOEALIINE REFEICRET S LB o0, BMEMOELICH
WABLEEGEEL, CiTHIE U7l (Cid25 Padls DN GEGERE) 252 & &
U7z (K11A). SMESEOEH O7-dil, TOMIELICEKREEORKEL, <
DEMTOEEDZEA oy b LI (M11B). ZoR%# 7oy boBE B, 18
HEHOTERNERTHE I EAEBRT S, ko, RBEEHMM LR, ¥
MTRONZERBEIRbis0IZE > THREINTWAI LN SATNS
(Woodrow and Mott 1989). % D7-%, D ELDEHEDHEH 5185 N 5E s
M (7) {3, RubiscodiEHILICE T 2HMEZRTIFRE L THNS ZENRNTES.
ZDF— ¥ D4, PFDH60, 500 pmol m? s1THIMEBE Lotk DEMEFRTIL, £
hen2.09, 1235 LB HEhi.

ATRSH ITH 1) 2 IREE & MR & ORMICIX, AORBENZED ohic (KM12).
% L CPFD#%100 £ mol m2 s1L] T B, PFDORINICH LT, MM &I
HiaIhic, £hisd LT, PFDA%100mol pmol m? s1p] FiZii s &, BB O
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HREI@EO M EL -7, ZORMELEMBEHEOMFRED &IC, 555k (PFD 60
pmol m? s)E i (S00 pmol m? s ) &EL, ZhoDETHIRSH LI
MBI OZEA L %2, MBBBRITBOTEHAAE L. FLOBSOEFEEMIL, AE
DOFIERT H 5 IHER3 B BICK b REMH (7=2.90min) 275 Uiz (K13). €D
%, ZFNEFREII33H B £ THEM LTz, s UT, e To &M I3,
EOMEpARERUT, 12T—E (7=1.5-2.0min) iRz T

# D M#Edizd 13 %, Rubiscoi 3t 3 % Rubisco activase D& L (Activase/Rubisco )
DZEAb% #E Uiz (K14). Activase/Rubiscothid, M & £125.19%H 57.08%iC
U7k

IO DEERENS, AEFIEFRY & Activase/Rubiscotbd B4% 23 L7 (K15). 55

e S OEF R X Activase/Rubiscotb & G B OMBENEY S iz, £ DR
130994 ThH Y, SHAKETHETH»72. L L, W) o OEMEFMHIZT
Activase/Rubiscott & DRYERDVED SN IE - 72,

AR BRCO43 B (Ci) &R AEF R DO BR Z2MAE U7z (K16). Cid EFITHL T,
S O DFBEFRFEIZ R 12D, £ OMEMEII30 Pa LI T THICBRETH - 7. 5556
NS DEREFRI, WEDOBA LB LT, CilchE D BBIhEL 1.
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Fig. 10 Time course changes of photosynthesis (A), stomatal
conductance (B) and intercellular CO2 partial pressure (C)
following an increase in PFD. Rice leaves were placed for 1 hin
low (@; 60 ymol m-2 s1) or high (O; 500 ymol m-=2 s-t) PFD.
Then, the leaves were illuminated at saturated PFD (1800 —2000
pmol m-2 s-1) and gas exchange data were recorded every 5s.
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Fig. 11 Time course changes of normalized photosynthesis (A)
and the natural logarithm of the difference between maximum
and measured normalized photosynthesis rate (B). Data were
calculated as described in Materials and Methods. Relaxation
times ( 7 ) were determined by the absolute inverse of the slope
of the line between 0.5 and 5 min. A* and A*f express the
normalized photosynthetic rate at each time and the maximal
rate by Ci, respectively.
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Fig. 12 Effect of initial PFD values on relaxation time for activation
of photosynthesis. The 10th leaf blades on the main stems at 11.0 —
11.2 leaf age were used for the study. The rice leaves were
equilibrated for 30 min at saturated PFD (1800 — 2000 uymol m-2 s-1),
placed for 1 h in various PFD, and then returned to illuminate at
saturated level and measured gas exchange every 5s. Bars in the
figure indicate standard errors of the mean (n = 3).
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Fig. 13 Change in the Relaxation time for photosynthesis activation
in rice leaves from its emergence through senescence. The 9th leaf
blades on the main stems of rice were used for the study. The rice
leaves were equilibrated for 30 min at saturated PFD (1800-2000 u
mol m-2 s-1), placed for 1 h in low (@; 60 umol m-2 s-1) or high (O; 50
0 umol m2 s-1) PFD, and then returned to illuminate at saturated
level and measured gas exchange every 5s. Bars in the figure
indicate standard errors of the mean (n = 5).

Activase/Rubisco (%)
'S

0 I ! ] ] ! ]
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Fig. 14 Change in the ratio of Rubisco activase to Rubisco content

from leaf emergence through senescence. Values are the means
of five independent estimations. ’
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Fig. 15 The relaxation time for photosynthesis activation in
relation to the ratio of Rubisco activase to Rubisco content in rice
leaves. The relaxation time of low initial PFD (60 umol m-2 s-1)
was negatively correlated to Rubisco activase/Rubisco ratios
(upper panel). Its correlation coefficient of linear regression was
0.994 (significant at p = 0.05). In case of high initial PFD (500 u
mol m2 s-1), the correlation could not be recognized (lower
panel). Data were obtained from Figs. 4 and 5.
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Fig. 16 The relaxation time for photosynthesis activation as a
function of Ci. The 11th leaf blades on the main stems at 12.5
leaf age of rice were used in this experiment. Photosynthesis
data were directly used to calculate apparent relaxation time
of low initial PFD (@; 60 umo! m-2 s1) and high initial PFD (O;
500 umol m-2 s-1). The Ci values were determined by
averaging the Ci values of time courses between 0.5 —5.0 min
after light intensities were increased.
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2%

HIBEDO MK > THERIIN B, HERDER(L D EIZRubiscol K -
THRAINTHEEEZONS. TOHEHE LTIE, TOL)UWHEEEEMLX
Hic L&D, MEKDEMALD EFEFR] & Rubisco iBHILR DEMEFMAS, 1XIF—
3 % Z & (Woodrow and Mott 1989), HARBED S 5 — DO AX L HEERT
5, RuBPOF AFES DS, Rubiscod it % LA > TLr 5 Z & (Seemann et al.
1988) A& iFohs. Lo LAT L vy ITR, [fEEE O EREEI3Rubisco
OIEHALHE L D BV, HBEEBMI T/ EE, CIORBEETLE, £
Dk DG _EF MR S Nz (Woodow and Mott 1989). =D & 575 Cid Z4L
(2, Rubiscod\fitifid 24 EE %, CON X ZHHE TS 2181, HEBT
BEEZZ o, ZDIc, W OIICITHIE L/-CO A2 ¥ EE % FI U THEFOES
BEEH L. 1 XCB0TIE, [ACEERILEREELD b# LR U (K
10A, B). £ O#HRCIZ, BIZ—FITBEIhTHzZ 05 (K10C), HERDIE
HALZ SFUIC L > TRHRBEINTNI EWFRBINS. I6I, TOIELMX
BT A ARDOEEAE, R7 Ly Y TICHRT, KoM <. RubiscojZ & - THE
HINTHWEbDEEZONSE. LI L, BLEHETOCIDRRHZELIZ, &
TFOERNBDSNBIw, KPFRICHNTS, CITRHIEUILSREEZ R0
THREFIRF 2B U7 (R11A, B).

BB OYGRE & FHRMICIZADHEBEYREY S h, TOMFRIEI2OOMIZS
3 EWNTET (M12). 120, JEREHPED 100 gmol m2 1L FTHR Soh, i
FEO WAL LR BUSBMBRNEHE SN 28 TH D, fJ5ix, PFD 100 ¢ mol
m?2 s1P] b COZFEHIEPNNIEMRINIHTHS. /o, AiRSFOREEIC
IKEE U1z, Fe ARGt qbEifE o s K O AL (Jackson et al. 1991, Woodrow et al.
1996) BURB SN TS = Edb b, =N 5200H ORI TREERARS - Tl

LI EMEZ SRz, 20, 25O M SPFD 60 ymol m? st (3§3k) & PFD
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500 1 mol m? st (5&YE) B, T S2DDRIEMEHN S DA K DOEFN R % N
BRICBWTHETAZ & & L.

SEOBADERBMIE, MBE RIE 5o (K13, 20 &L, Bk
5 DRubiscoDIEHALEED, MEOEITICK D LR U LE2EKRTS. M1 RE
DOMEIZ LT, Rubisco &Rubisco activaseF 8 D /LB IZR LD, Rubiscoil
3~ % Rubisco activase D &k, (Activase/Rubisco tt) (2 s & i LR LU (K14),
Activase/Rubiscolk 355560 & DEFIEH & RO A DOHEBZR Uz (F15A). Zho
DO RIT, KBS & O A BRD FE (L BT Activase/Rubiscotl A3 5 U
TWBEIEERLTNS. 6, BABACETENBEALIsI R BE L,
Activase/Rubiscolb AMEL Y &) #5213, 14) i, B—ETOEERE LRI,
FEEHRBOLABITHNT S, D H UL T i3Rubiscod BE L7585 722
Rubisco activase D #E A, FITHELH I LE2TE LT 5. EEE D Rubisco
activase)\HllBR 9~ 5 & Fbe L, RubiscoF & L 9 & Rubisco activaseDFEE TH 54
&R DRubiscog &, X VBRSO ETFRIZH 5 (Woodow et al. 1996). L AU
ARFELCEOTR, B —ETH U LIICEFRBOLARKITH L T HRubisco
activase DB DMETHHI LD o, EHRE, AEHEESGDOEEICK DEYE
{LOFEENRE LD TRUEVDNLEEZ OGNS, ZhoD#ERMNS, PFD60 ymol
m?2 s F2E D RO S DG RDEMALHEEIL, Acivase/Rubiscohil & -
THREIH, RubiscofZEDOFORIAR ICERINS 20T, MEsELITD
NTERTHEZZONS.

—75, 5% (PFD 500 ymol m? s1) in & ORFFEFMIZ, MEGISHE IO ITIE—
ETHY (H13), Activase/Rubiscott & DBFIIRD SOz -7c (F 15). ZDZ
L3, ETOHA L5735 D Rubiseo activase)SBIE LT L 2BKR LTS, £
Z T, RubiscoD{EHALICEIT M DHEEERE LT, $H5—D20BORIETHS

#JL% 2 JUAE (Laing and Christeller 1976) DB SO ERERAE 2 5N 5. HL/ST

JV{tiZ Rubisco D i 4 1 k D Lys-201D 7 3 ) FEA DAY 75 CO20D 0 ] it
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(Lorimer and Miziorko 1980) ‘T », Rubisco activaseD il i fE I A A EE & L7 o
(Portis 1992). D% b, I ORIGHEE 3 RubiscoDfiiiEY 1 NELDCOILEIZ & -
THRESINE I ED 6, COBREINTHRZMERRLILICLD, TOdEM
ZHWETAIENRETHHEBZ OoND. AERTOEHOLMEEN S OEM
Kl D, MM COBE (Ci) ioxd 2BEZMH L, BRIV ERDOBELOLEVE
ot (Q16). & 5T, HEBRGEO D S DA R OTEALEEIL AV 3 T IUE
BEILL > TRESNTOBAEHSIEZELS NS, 3615, TOLSUARMKT
{CERISITMBICEBINICC LERTHREINWS Z I REMFITo 5. UL,
Rubisco & RuBPOAJEWR F G D 5 DRuBPOF#EIX, B RULEFERIGTHS
AN IMEEX D BECBILBETHS. £-T, b LIOEBBRVREEITHIN
WIMLIZ L > TREINTV S0 61, ZDOEFIEERH IZRubisco activase(Z X -
TEREINRTHWEEADOLD LD, HLLBi39THs (Woodow et al. 1996). 4
ElOERIX, FCCiHB0Pall FIZHNT, TOEREEFH I -L THELH (E16). =
DEHRE LT, ANOCOHEOREIZEOTIE, MELTHROEEREEE,
BEEEMEFOEHICHOL Y, [ALEERS LUCIORIGHERXHE TR
Ko TOBAMEHAELSNE. L LAAEREICIOECEESNT, B
U LBREER L, TOHRCHE, ZF—RBITEIhTHic F—4 i3REE
). 2y, [ARBEEL T REWEEZEZ oS, ZhEMIREEED & 5 HK
& UTiL, RubiscodiEHALREELEAT HCAIPD & 5 ISHERIDOREIEZ o1
% (Kobza and Seemann 1989, Seemann et al. 1990). = #-4 M RubiscodD7E #EAL I,
Rubisco activase & ©) & CA1Pase JE{ i< 74 3 (Holbrook et al. 1989, Mate et al.
1993) =3, CAIP DR RBEEN - D SOEMALLZHEET S5 ETFRAITES. L
L, CAIP{ILEBHYEIV T I NS Z & (Kobza and Seemann 1988), Z D i1k
BEOBS, HECOBEICHEINLTNIENS, JOBMHENFLNIICEELT
WA EITEZE. Woodow et al. (1996) Ik 5 &, ANNIV— g VOEET
BB DEMEH (1o T TROXNTEA SN 5.
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7 ¢ = (Krd [RuBP] + 1)/ Kc.on [COz]
=2 C, KrdiZRuBPOFEEES, Ke.onid AL 3 I IALEESESE, [COz &[RuBPj
BENThEREANTDCOLRuBPOEEAFT. RuBPEEIL, FHXTLD i
HF TR EDPR SN TS (Kobza and Seemann 1988) 2%, fZFEICHI OB Z T
POFBMTERAL, TOR—EELAI ENMESN TS (Secmann et al
1988). & »T, ZOHAMNIE LiEF 57051, I X 5 Rubisco activasefE P D3E
U (Lan et al. 1992) KediCEE T 5 Z &, MOoMDERTHIEEIC L - TKe.ond®
ZAT B ENTRTE B0, AW EERTIHHMTEAL. £oT, BEAT
BANWNINAICE A BEENE N DEZZ oNEN, TORBERATSIC
3, SOMELMANLETHAD.

ULDEHRIG, HEBREEOEISOFEHAICIE, BT 6 < AN LR
BELTWA7%, MBICEEINLOY, BRSO ENSHFEHRLUIEAKD
{& /b3 Rubisco activase RubiscoF 8 D/N5 V RUZ &k » TIREI N, MEHiED
IKONTEENHET D &fﬁé‘%ﬁo‘b‘éh%.
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B mEICEE S Rubiscod FEHE Lic B T 2 ¥ EEDOEAL
& Rubisco activaseg B & O B4R

RubiscoDE#EALICI5 1) 291 # i, Rubiscoifth b iz 1) %38 BB (BRI BFRY
DOHE) LIEHALHRE Z 5 EHETOA G MR RubiscoD @Eb\ LIRONBLETH
5. ZOfEIZ, EMEFHICENTE D BEMICRubisoDEHLEREELERT HOT
b, FE, ZOHEECOH AZEEE D SHEFE L, Rubisco activase D BE% % H
ZLED ENSRAIFTHON TS (Mott et al. 1997). Z D458, Rubiscod FE#EAL
IZH 1 B H1EE & Rubisco activaseFr & & DICHE BB ID 5 2 ENTRBINT
WA, KT, MEBBRITH T 5 Rubiscod IEMALIC B 1T 20 #EEOE/L &

Rubisco activase 58 & DRI OV THAE L 7.

Mt & ik

1. gtatbiet

AAEA X OH AL, BB HEAROFETER L. EEPH0EE
MEE L, 9SEMASI0HBICRE UL,

2. RubiscoD{EHALICKITZ NEEDHEE

CO 2 Z# g DRIEIL, F_EHEE & RBRDH HETIT - /2. RubiscodD &
HEALIZ IV B EEEE (Vi) (IMott et al. (1997) DHERICK D BB U, fafes RBEY
Ufetk, B MICEET 3 CONRTHBEE & T ZhOK MICHk1) 5 COH R
BHEE EOZOARNEE, KIS LTF oy F L2 (FTRBR). LiaE4£Y
DEBZTHH05-5.0% DEHBRE S OMBEE NS, RTOEEER Kapp) £H
U7z, ZOEROY#YIR X In (AM—A%) THY A BZRHKOICEET S, Ci
THRILE L72CO i R ¥k, A% ILIEMLDMAE 2 E IO, CiTHIE L 7COT
AZHGEFE), TDENSAYN ZEH Lic. £z, ZOEBRI TEORTET &
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NTE5.
In (A*f — A*)=-Kapp t + (A*f — A*i)
ZDOR%E, CiHiiE L7-COf AZBEEA I DONTHEL &,
A* =AM — (A* — A*i) e Kupt
CO2 77 R ZHHBE DIEMALELE (A) 13, TOHXZEZERH O THS L,
A* = Kapp (A*f — A*i)e kawpt
CO2 /7 R Tk BE DTE LA EE (AX) 13, t=0 &AL
A*i' = Kapp (A*f — A*i)
L1232, ZORERubiscoD{EMHALEMEICE Z#Z NiT, Rubiscod fFH:
LSBT S HEEVERTE 5.

%%

A - At NSO 4
\\anﬂbsvvﬂgb, 2
I .
BB X = Kapp <
=

0 I1 I2 I|3 l4 5 0 1 2 3 4 5

(S35 5]

YA HGERE ARuBPEEE THIF U TU 5 (Seemann et al. 1988) E{Ed 5 &, CO7
ARHGERE (Vo) (X TRROATET I £AVTE 5 (Farquhar et al. 1980),

Ve =Vmax [CO2]/[CO2]+ Ke[1+[02]/Ko]
Z ZTVmaxi3m KCO2 7 232 ¥ fE, Kce, Koi3Zh £ RubiscodCO, O X4
5IHT)ZEHTHB. SEIDFEITEIT S Ke, KojdMakino et al. (1985) DA
RZED S B U 7z Rubiscok: ] U Fein vitro TOH % % Bunsenfg 3t TE# U 74,

Kc = 256 ¢ mol mol?, Ko =358 mmol mol! & i 7z, F7/z, [ CO2] 15250 4 mol
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mol-l, [02] {2210 mmol moll& Uz, AMEA*iZRDVe t:'rt)\ LT, Ththo
Vmax (A*f), Vmax (A*i) %23K % 7-. Rubiscod fil i EF 4124 72 b o [6]#% % 3.3
(Woodrow and Berry 1988) &9~ 5 &, B i Eh A27EHEALE E (A*), E(A*%) (XF
LDOATERT I ENTES.

E (A*f) = Vmax (A*f) / 3.3

E (A*) = Vmax (A*i) /3.3
UL &Y, RubiscodiF#ALiZHiF 2 HEE (Vi) 3TEROKXTEZL SN 5.

Vi = Kapp (E (A*f) — E (A*))
4%, E(A*DEE (A*) D% % AE GEHALICEH 1) 5 RubiscolE i A+ OXHIE) T
#7.

3. Rubisco & Rubisco activaseS B D BIE

BEERROFETRAE L.

¥R

553t (60 xmol m?2 s1) & 583 (500 4 mol ﬁﬂ s1) 5 £ZF15E (1800 ¢ mol m? sT)
I8 U7z & & ORubiscoDEHALIC F51F 2 W (Vi) O A REDMER T & 5B K
(b4 FE Lz ("17A). 555123513 B Rubisco DIE MEALEE F L, H#E%23H H
& TI38-9 ymol site m? min' DR T—ETH - 7245, 23HEBH 5330 Hichid TE
TUfe, —7, BCOEE3IKIC XS5 9%92.5 £ mol sitem? mint T—E TdH - /2.
iz, MBBREZBELT, MEXD H55HITEH T 5 RubiscoD B LFEEE DF b
®idh - 7z, Rubisco activasedr §1323H B ¥ TRRE(IDIEL, 330 BITETHER%
a4 U7z (®17B). Z 02 L@, 5562k 1) 2 Rubiscod iE ML W1 E MU L T
AV AS

ZHh SDHERD S, Rubisco activase 5 & & RubiscoDiE PEALH)EEE D BAR% % A
L7z (E18). Rubisco activased & D AN & U 55561 35 1) % RubiscodiF /L 115
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EhET @y o, UL, M ICEHIT 5 RubiscodiEHALICE 1T 5 H13#

f& {ZRubisco activase T BICEZEINL I - 72,

10.0 |

SOr

—0O—

Vi (uwmol active site m2 min-t)

25 | O Jl) %f
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Fig. 17 Changes of Rubisco initial activation rates (A)
under low (®; 60 u mol quanta m2 s-1), or high (O; 500
p mol quanta m2 s-1) light intensities and Rubisco

activase contents (B) during leaf aging of rice leaves.
The bars in the figure indicate standerd errors of the
means (n=>5).
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Fig. 18 Relationship between Rubisco activase contents
and Rubisco initial activation rates under low (®; 60 umol

quanta m-2 s1), or high (O; 500 u mol quanta m-2 s-1) light
intensities. Data were obtained from figure 17.
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2% 3

Rubiscod {& AL IZI51T B 91888 (Vi) i3, HEHFFO N SO EHI DS 4,
Rubisco activaseF &1 & - THE 3N 5 Z &%, Hammondet al. (1996) @€ F /L
STHETEX A, A REIEITA, FhEOOOVIIIMBITKDENRL, T DEB
f2{IRubisco activase EFAL LT 7z (M17). € LT, Rubisco activase 5 & D NI
LOBWAENSDOVI BWEF Uiz (M18). DI &, £ REXTENTH BT
UVIED & DIE AL DO FIEEE IS Rubisco activase FBICK > TRE B EEZ H5hb. ¥
/N7 » F+z 2 XRubisco activasef E it A% /2K BT, flux controlff 4%
1.0TH b, ZDBESDOVidi5e4LiZ Rubisco activaselr & » TIREINTND I &%
e LT 5 (Hammondet al. 1997), AWFFRIZ KD, MO K 5 104 BRI
BOTH, TOEFRMERINTHB I ENHOMEL ST,

2 LT, @ oD EH(IDBHE, Vi iZRubisco activase FRIZEEI N
T—ETh-7c (X18). ZDI &S, ZE—HTOBEMEFMEBHITEEDS
DIEHALCEREIEEERIBNTN B EEZ 6N S.

¥ FE—Hi T8 % O S D % F B RS 13 Rubisco {Z Xt 9~ 5 Rubisco activased & L
(Activase/Rubiscott) VB AR L7z, £DEBE UTIE, BRI G
5T 5E TORMOIEETHS I 05, FHEL T SRubisco activaseD ZH D
&8, D% 0 AE(EHALICIHI) 5 RubiscofEHE Y 1 b DEFR) ICHHEINDI I L
NEABND. TUT, BT 5E AR EORubisco DI LRI b
Rubisco activased’B 5 U T3 Z &N FRINS oo, Act‘ivase/Rubisootti)*‘ AEIZ
bEAKLTHAS t%_z’. 5h5. ULEOEEMNS, Adivase/Rubiscoll A8 & F1EF ff] %
RELTOAEHERMEINS. ZHiH UT, Vi bRubisco activaseDFEH L7525 AE
| ICRHEIN D, kD S5 ICEZ 721HH TidRubisco activasefEt (T AE fHH
RubiscolZstf LCTHIFIL TV 3 Z EMNFRT X3 (Woodrow et al. 1996). -% b,

Rubisco activase® AjE 4 BIRubisco {2345 I A1) R EHKm|ZEH10 u MTH Y
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(Lan and Mott 1991), 2 b o< TOAEHERubiscoDEFEIZZ DB LD iz 50
KAWL EEZ 5O b (Woodow et al. 1996). & 512, T S MHRICER o E#IT
BFEREANCO: EEREII% LM 5725, Rubisco activaseE ¥ i BT 5
ATP/ADP L' { 735 (Robinson and Portis 1988b). LI LD Z &0 o, B SD
Vi {ZRubisco activase FBDAIZK > TREINT S EEZL H5NM 5.

Z DVi (% in vivollEs 1 5 Rubisco activaselfih % 7 Z 3L EED O ETE 5 b
DTH 5. MEFRHEIIETREZN, BAE TITHEINIHEREELEKT 5 &,
2 a4 X+ XFT5—6y mol site m? min?! (Hammond et al. 1996), & /NI T3—5 4
mol site m?2 min? (Hammondet al. 1997) TH Y, 1 RERNCEANEHZER TOMHESEI
pmol site m? min {3072 D HL, FE@MED 72 Y DORubisco activasefF# (TFL EHE
ATXS. 4%, ZOMITHYEICEH 1T 5 Rubisco activaseD fikliife )y % g4 2 -
THRATEbDEEZIONS.
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R

ENZ TS EMELENETRRIC LA IEE L, EeKRITEEHEREL
Y, ABEREREEEKIIER TS COBAORAREE DS BAE
K iZRubiscoD{EHALTH A Z EBHMOEN T 5. FEOHMIL, TDOXHUWHE
HARREIC 3513 B A ROEBALEED MBI BT LD & S BT 5 0h,
Rubisco activase & ODBéiéﬁli% E5O0EFAETHILTHAS.

HARMA XOHABELZ L HREICLXVERL, E—HTRIEREIEDCOH X
SHHE DREFBEM (1), RubiscoZ &, Rubisco activasedy 8 2 REFHICIHZE L1z
CO2/f Z SR HGH BE DIEFIRFRIE, JEOREEAE WM B TH S FHI L AEROE HRE
KBTI A TICETAKHMOIBIETH 5. B EFHIL, IR OPFD CE& 7K
) 3100 g mol m?2 s1LFTiE, PFDOMEMICH LTEBICEHEIH, TOE%E
MADERPHEL T, DF D, BHKH EPFDEOBRII2MICHIT 5 Z &N
TE, 220 TOREERDOENHTEINS., €2C, ThThofH5PFD
60 pmol m? st (§53t) £500 pmol m2 s (33k) 2R, MEBRICTIH T 5 EME
MORAZHE L. 550 o ORMERIT, MEHIcHEWE -7, —7,
FDIBAITIEICHE XN -7z, Activase/Rubiscothid @iz ££-> TLER L,
59EH L OZEMH EHOADHEB 2R Uiz, £hics LT, 58 S D&Mk
fli%, Activase/Rubiscolt, & D BRIIE D ST h -7 B S ORI,
Cio ERITLDIET LD, 55EDBERRBNDEN 7. U LOHERM S,
HAREENENSOFEHALICIE, BZS5L AN NVEEERBE LTS
», MBI hLL, it UT, KBRS OEN S O RARKDTE L
Rubisco activase &~ Rubisco B D/NF » 2Tk > TIREI N, MEBDETICEOE
EHHTODLEEZSND.

BATIE, MinBARICK T 5 LR HEIZEDRubiscoDIEMALIC T 1T 5 F1EE (Vi)
, Rubisco &, Rubisco activaseG B4 U7z, Vi 3EELMINSE EHED
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RubiscoD {EHALHE A, CONRZH|MAEEN SWEL 12D TH 5. FHHOD
Vi iZmic kv 2L, TOEERIIRubisco adtivaseF & EFMY LTz, £
LT, MEORMBRAERAAE L/ L TS, RubiscoactivaseF B DBEMIZ LD, VidHk
FU zhucd LT, #EDHAEIT, Rubisco activase"é‘%&:ﬁé%é nigh-fe.
ULDKERIS, HBHFTFORICHSDVI R, MiBE%® L TRubisco activase
BRICL->TREINTVEEEZ SN S.

590 S RHITEIREE AN X ¥/ E I, Rubisco activase|3H/E & 71 2 RiEH
BIDORubisco TRAMLT WA ETFHRTES. €D, Viid, invivoTORubisco
activasefEH AR TIHIRELDBHHDTH Y, RubiscoFRIZEEINTL. Th
LT, SNBSS EFRBIIBITI32ETCORMAERTIHETHS S
L5, Rubisco activaseD A Ti2 78 { Rubiscog B $ 545 EEZ o015, Th
S5 DEEIREE UTHOWIATIZRAE BT, FkdrhoFE UEE HIREBO ALEK
AN #1418 U TRubisco activaseDFENNITKFL TN S5 T LERLTHD L
MRSy oha.
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B=F
IM#EIZ£E S Rubiscod i ¥k & 47 )N 3 IVLTRAL B D ZE AL

A FRETIE, EFRBONESBEE, FEEH RBOIA B ITFHU T Rubisco
activase DB X NEETH D, RubiscoDfEHAL % U THE BEEICHE LTS
e Ehis. UhL, RubisooDAFEHRITIEIL, HINIIIMEI A TNE
U Rubisco & RuBP DA {EPE EIEE 44K (Cardon and Mott 1989), 7 )L\ I)L{LE hvic
Rubisco & 2-catboxyarabinitol 1-phosphate (CA1P) & D #44& (Bemry et al. 1987) 0 2F&
FOEINTH S, &7 L YT & Chenopodium album |3FiF DA TH D (Kobza
and Seeman 1988, Sage et al. 1990), A 4" < A TlXH%EHIZ L O F.LM9IZRubisco %
FELZH TS (Seemann et al. 1990), CAIP|Z, H{ DWW THAT S ETFHEX
NTHBH, TOBRERINID RLD (Seemann et al. 1990), £h 5 OHMWTII,
Z D2EFD A EYERA L TRubiscod FEW AT LT B LEEZ SN 5.
Rubisco activasej, 71D REHED 5D EHLICH BEE LT3 Mateet al.
1993, Robinson and Portis 1988a), & Z A, £ RIZ BN TIZCAIPEERT 5 DH
XZIR>THEVDT, A RFEIIHIT B Rubiso activaseDVEH SIZAATH B LS
Z5. ELIGEETIE, WERAA VK-> THREMEEI NS HEH (Pary et al.
1997), F3 /NI EE fufzRubisco |l 1) 5 7 + — A —/N—D &L (Miyake and
Yokota 1997) 3R & XN TH D, Rubiscod B LOFER ICHBEL RIGTH 5 &
WG, D7), RubiscoDiEHLIREZFHL (AET 5 7ocdilid, BHAER
LR >TNHA =Y v JUEHEE b —F IVEHDOHIE (Lorimmer et al. 1977) DA Tl
FHTHS. |

A T3, Rubisco {5 DORME EFEIC, RUBPOBER UK T H 5
* 2-carboxyarabinitol-1.5-bisphosphate (CABP) % F T Rubisco® )L N3 fb S hiz
fis o £ b B EIE L, RubiscoDiEMALIRREAREM T 2 2 &2 RAAle. £ 9HHE
KB E LT, JHEEITHT 5 RubiscodiEHALRBOZELIZDWTHFHEL, Rubisco
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DIEWFHEGNE DEHZFTEHNTHED0EHSNIL, TD%, $—HLE_=
TRE XN #ERRITH 1T B RubiscoD {EH: (LIKREDO B INERRIZHE Z > T3
D), BIBHEULKS, THhIEDXIHIUEBBEZONLEZPEOSNMNITE I EERS
1z,

MR E hik

1. gEss

HARAXOHBAKZ, FLEBE—MERAKRDOAELTERLK. HEEL
Rubisco/& (L IRED R #%1%, 11.0—-11.2FEMDO EHEFI0FE L HHTHEL. I
EBREOFEICIS, ERBIOELISEYMHISIOHBISY V7Y L7 L. T DK,
BEOFHE—ELETHIDI, 1 RAELRGRAET » N —ICEEL, R
28°C, KRREHTHER—BFEBSH Ui, JIEF» /N -1k % KA, HiRg%

TREA—EIZ UEFKFTT Y V7 U TRERZRASG L. RBEIIIAT L
NFGARS T D0 RES ATy 7)) BRI, EWEhOY 7Y 7k
WT, EFF v oI BEEINIES, SAF1E (1800 ymol m? s1) % 1BF R4}
L7z, €%, £%59t 0-600 pmol m? s1) FICIRHEE, ERPILEL TS
MR LR, TP (1-28) BEERTHRESE /2. L2y
YY) U7, BROOINKEBHOBICIT -, BEEBUERGCEIZY VT
VU RE BRI EAROAETIT > 2. EEEI0ELISEMH, STHEIZY
YY) T Ut BEESRICY PV E NS £ T80 CTHRE L.

2. RubiscoiE# D HIE

RubiscoiF # {3 Lorimmer et al. (1977) D FH&HEICESOTHRE Lz, 1 ¥ (W
30mg) {1 mLO# &% # (50 mM Bicine-NaOH, 5 mM MgClz, 5 mM DTT, 0.1 mM
EDTA, pH 7.8) /12, HH T CI0BMLUNICILHEIBEE HOTHR L. B
BOSBEIITOY, CoMBBETOFEEHOIMEICHN.. 1= v ViEH
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DRED 1212, FTIEPL MEHKE2S LY, 2104 Lo KiGEE K (100 mM
Bicine-NaOH, 25 mM MgClz, 5 mM DTT, pH 8.2), 10z Ld0.5 M NaH*COz (0.1 mCi
molt), 54Ld)25 mM RuBPERA L, 25°COKBHTIHMKRIG X 4. 1544,
B¥BE125 u LMA TRIGE k¥, b—Z VEHRIE O7-»iTid, RuBPEMZ
HOEHIZEWT, 25°CTSHMA Y FaX—FL7c%IC, RuBPEMATRIGE
¥z, £LT, A=Y v VEHORIE L AROFLETRICEE LI E/. TD&,
Iho RIBEROBERKY VFL—Ya VANATVCEL, 85CT—HRERX
iz, BH, 300y LoEGKICENL, 3mLOy VFL—3 g0 H 757U (ACSI;
Amasham) EREG U THRE Y VF U —2 a X O BUHEEZRIE L.

SBIOERKIITE 3R0 CO7 Y —DEHTITY, ERALILEERbpPHE&D
THI EHEEATORNCEREANXTNATY V7 U e

EHRITRICLDEH L.

EW®R = A= »IUIEM/ F—4ILiEM X100

3. RubiscoHy /X I WALV A FORIE

HCABP{3RuBP ZK¥CN (55 mCi mmol1) 2» & Pierce et al. (1980), Siegel and Lane

OB DFEEBEICLTER L., ARIKCBTA2REY
2-carboxyribitol-1,5-bisphosphate (CRBP) & CABP}+Dowex 1 x 8 (Cl) 200-400mesh% %
BUTHS L% BAOTHE Uiz (Pierce et al. 1980). 18 54 7-¥CABPODE[F|10.802
mM (2.0 MBq g mol?) T& »7-. 2CABP|Z, CRBP &CABPOS#EAFTHIZ6EH
L.

Rubisco#y )L/ I JUALY A | iZMate et al. (1996) DFHEEICHE TORREMA THIE
L7z, 4 =3 v VAN TIUEY A FORIETIL, RubiscofE ¥R EICFH 1T 5 HiH
25 uL%, %135 u LD A = +)UEE # (S0 mM Bicine-NaOH, 5 mM

| MgClz, 1 mM EDTA, pH 7.8), 5 1 L0.802 mM “CABP, 10 yLDEHEKEREL,

KIS T TLEE B 2. £0D%, 10mM 2CABPA-10 y LNz TRIBTSHME .
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b—=Z WA RIS A P ORI TIE, 10 wLOZEFKDKDH DITT.2 uLd250
mM NaHCO3, 2.8 uLD1MMgChiMZ TRAL, ERTIHMEN. 77~
ZIIEHERO RO DICHBBRER EMA .. TD%, 2TORIGERE REE
T20 mM MgCls, 20% PEG (P-3150, Sigma), 3.3 mgmL?! BSA& L, Rubisco%41;
R BALBRIE, KB TTIFMEN. €L T, 4CTISHH= OB
T, BBAER L. £O%wBE %, 500 y LD &# (50 mM Bicine-NaOH, 15
mM MgClz, 1 mM EDTA, 20% PEG, pH 7.8) T3 [k U7z, 2HEHOHED S, 8
SRR RERCTHBEL, 1590 O O5 B0k D BERN Lic. BEL
TOHEARSHHED B OTEE & Uiz, 5o/ thBR%300 p Lo HEER TEd
LT, BEYUYFL—v a VANATNVICBL, 3mLOY v FL—Ya v h o T
JV (ACSII, Amersham) S{RE& U7c. £ UT, MK Y UF U—2 a3 VI K O BsER
ZRE Uiz, £ =9I AN ALY A PORIEIR, TEBRHCO27Y —D
ST, G e SR b PHA &b 38T & BISE 247 5 WIIC ZHH RT/<T Y
Y7 Uik

71N 2 IOVALR & In situ Keatid FRIC K O EH Ui,

HIWNNI LR =

A= WHAIWNIIALT A b b —=F VAN 2V ES A b X100

Insitu Keat = 4 =3 v JVEW / 4 =2 % VAN T ALD A b X100

4. CO2H A &K D RE
CO RSP I —EE— OB ETNE Lis. kOBHHEZ LRZOY v
TV S D&EERRICL, ERREDNRABEELAE Lz

5. Rubisco & Rubisco activaseS B D JIE

E—EE—-THOREICLYHIE Uz, A ofEE TORubiscod 43 F8 %550 kDa &

LT, RubiscoZ &S DRubiscodD EINEADRE AT 517,
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KR

K19icCOf XMk [ &L N BT IREE L OBFEETRT. COFAKIIEEI,
HETIRERE (PFD) 4347600 £ mol m? s % Tid BEARHNICIEM S 545 1500 1 mol
m? stP E T 2 EmrR o,

20{ZRubiscod 1 = v Ui, b—FViEM, RubiscodiE{E# EPFD& DR
RERT. A=Y »VIEHSHABGRE & FEIC, PFDA%Y600 1 mol m? s 43T
FTIREAANTHEMLU, 1500 gmol m? s ETIIEEMY 5 HAA3H - 72 (KI20A).
ZUIH LT, b= IViEHIIPFDORE%E 21T 7T H - 72 (K20B).  Rubiscod & #:
FEIPFDA'100 ymol m2 s1PI T TR H &K HEALWEIN o172, TDEEBZ 5 L
600 gmol m? stX TIPFDAE I I >N T LA U7 (F20C). 2 LT, PFDA600
pmol m2 st T, Rubisco DiE #HRIF100%:E ITELTE Y, £ EPFD%
BLTHREIhI T

K21}ZRubiscoi 7= DA = » VAN I ALY A ML (f =2 9 LA B),
F—=ZWAHNNINAEYA P (F—=F VF A B, NIV REPFDE DM
FEAB U2, 41 =Y v I)UH A MIPFDH0 g mol m? s1DEES.23 mol mol1d& g <,
60 pmol m2 s/ 5600 ymol m? s1E T4 ICHM L, 600 gmol m2 s1P kCid
faF19 B MM B - 72 (K21A). ZHISH LT, b—F YA MIPFDA0 gmol
m2 s1DRET R Lo 1od, ZOMTIHI LA LPFDIC L 3 HEIRADO LD -
72 (K21B). A1 )bsN I JULERIZPFD & T8 U 7225, PFDAS0 ymol m? st DR
60.9% & B ME AT Ute. #7028 3 U4LERIZPFDANS500 gmol m? s1P) TR & &
{, ZDHDIHEIZ633%TH -1z,

X222 in situ Kcat “PFD & ORE{% % R# U7z, In situ KeatjZPFD780 g mol m? s
5200 gmol m?STORTRMICEAL, €%, BMT 2MEMmMERLI. In
situ Keat®D i AfElZ, PFD#%600 g mol m2 s 1D 2.28 mol mol 1T - 7-.

BU2312 A RED MNEIZ4E D Rubisco D 1 = 2 » ViEW L1 HROZRIFNE/LAER
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T, A= v UEMIIPFDA 1800 ymol m? st (BEFIE) DG, HEEIHEEH, S
LHEAETHAICERL, BEETEHETET U7z, PFDHS00 ymol m? st (58¢)
Tid, 3HEA»SI13HHE TIREMANEL, £D%, 3BAHFETLER L. PFDNR
60 ymol m? st (§53k) TiZ, EALNDIEh - fedd, 23BEHH 533 BEIZNMITE
5 U7z. RubiscodiEMALRIT A = » )ViEME B LU - LB ER U

K242 A * FEDES 15 Rubiscod £ = LA b E, in situ Keat DE B
ZE Y. BIELEAETINRSELIT2h, 1=V v 4 MR ERL I
Wnl7, Z2hicf LT, BAETR—EIZHRIA T, InsituKeatiz, WWFho
PFDIZHE W T HMBERTIEIR—R IR TS, it E UTHETIRI3EE
N2 HIZOHIFITER UK.

[X]251ZRubisco}Z 3} 3 5 Rubisco activase D& H; & RubiscodD A = & v LA M &
OMFERT. SBRAEICE T Akb BHORTWENMNE, BHOMIMIZX »ERE
AINCA =2 VYA MM B EAAH - 7z,

BA261Z B BARIC & B A BGEER EHRA (COLAH) Ik 175, Rubiscod
A = vIVIEHE ETEHROMEIC X A RFNENERT. 1=+ ViEHII3HEH
POITHHICNMITLER L, 24HEICA UETF L7z, EHERITEICE85-100%20D
BITHEL, TORLBRIIA =Y v VEHERANL T .

BRTIC A= v VA b3 in situ KeatDIEIC & 5 ERFRIZALERT. 1= +
YA MU ICHEIN T, BT —EDME (¥4 mol mol?) 2R Uiz, £hic
SHUT, insitu KeatiZ3 BN S10BBHICMITEF L, TOHEPONTIKT L.
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Fig. 19 COz2 assimilation rates of rice leaves
under varying light intensity. Bars in the
figure indicates standerd errors of the means
(n=3).
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Fig. 20 Initial activity (A), total activity (B) and activation (C) of
Rubisco in a rice leaf under varying light intensity. Bars in the
figure indicates standerd errors of the means (n = 3)
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Fig. 21 Initial (A), total (B) carbamylated site and activation
related to carbamylation (C) of Rubisco in rice leaves under

varying light intensities.

errors of the means (n = 3)
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Fig. 22 In situ Kcat in rice leaves under varyihg light
intensity. Values are given as the means of three
indipendent estimations.
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Fig. 23 Changes of initial activity (A) and activation (B) of Rubisco
during aging in rice leaves at ambient CO2 partial pressure under low
(A;60 umol m-2 s1), high (®;500umol m-2 s-1) and saturated (l;1800
umol m-2 s-1) light intensities. Bars in the figure represent standerd
error of three indipendent estimation.

-61-



Initial site (nmol mg-1)
w
[

s |
1 .
A
0 | | I | | | |
W
g 10}
©
E
®
<
k7
£
B
0 | | | | | 1

0 5 10 15 20 25 30 35
Days after leaf emergence

Fig. 24 Changes of initial carbamylated site (A) and in situ
Kcat (B) of Rubisco during aging in rice leaves at ambient
CO2 partial pressure under low (A; 60 umol m-2 s1), high
(®; 500 umol m-2 s') and saturated (B; 1800 umol m-2 s-1)
light intensities. Bars in the figure represent standerd error
of three indipendent estimation.
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Fig. 25 Relationship between the ratio of Rubisco activase to
Rubisco (Activase/Rubisco ratio) and initial carbamylated site
of Rubisco (initial site) at ambient CO2 partial pressure under
high (®;500 umol m-2 s-1) and saturated (O;1800umol m2 s-1)
light intensities. :
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Fig. 26 Changes of Rubisco initial activity (A)
and Activation (B) at 5% CO2 under saturated
light intensity during leaf aging of rice. The
bars in the figure represent standard error of
four indipendent estimations.
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Fig. 27 Changes of Rubisco initial site (A) and
In situ Kcat (B) at 5% CO2 under saturated
light intensity during leaf aging of rice. The
bars in the figure represent standard error of
four indipendent estimations.
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&%

RubiscoD{EHALRIBEFHME T 5 7212, AKBRTIIR28IIR T HERAE Uz,
Rubiscod 1 =3 + JViEHE I, in vivoD RubiscofEHE L EZ 53 bDTH D,
E-Cor-Me2# DRITHEF T AMETHS. ThiTH LT, 1= v )LAN/ NI A

hid, Rubiscod AN L EINTcYA b (EHY A F) ICOAEEET HN7TH
22%|CABP (Kd = 10 pM, Pierce et al. 1980) 2 fiTHlEL 2 DTH Y, CAIP
(Kd=32nM, Bemy et al. 1987) D X 3 7IiE MY A MIHEET 2HEHIZICABPIZE
ERHBDT, invivoTHIWWNIIMEIRTHB YA l\éf%iﬂ‘{ﬁc‘:fxé. h—
ZIVIEH, SEREDCO, Mg THAMA v F aX— b UABRICHE LIEHRT
HY, WHIIRubiscoBY ) D DEABRALER ELUTHRS. BREDCO:,,
Mg & 0 IEHE AL O RIS E#RBOSK & { IEHEICET Sh, RiEHE D Rubisco
454 U7cRuBP & f# B U, Rubiscod HILRF L 5 —EiFEHiIckh BHET 5. Lo
L, CAIPO & ) WRBEEEHOEVWHERNZRITT I LICREoT0Y,
ECM-CAIPIZZ BT, ZRICMULT, b—=FNANNIIUES A M, &
BEDCO, Mg THBHIIHNWNIILEE, BB OERHEICKEAT 2HEA S
B&#b 50T, RubiscoDRiE YA MR TTEENS. S51T, HHbah
feb 4 b OREHNEI T ZR[EEHE RS 72DIZ, = »VIEH/A =2 v V7
JUN 3 LY A b (o situ Keat) (220 T 282 LTz,

BN SDENPFDIC LY, EDLSICENMTE2DO0ERHB I LIcLD,
A RFEITH 1T B Rubiso D FHALR G EDORIP 2R A2, CON AR YR E &
Rubiscof = & v )VIE DI 5 ICEFEU LU T2 ({19, 20A). 2L T,

N—Z VIEHOPFDICRBINL ), EHRIEA = v VEE EBULUE
AL AR U7z (M20B, 20C). ZOCOH AR EE I RKRACOLHETHIE L
DTHY, FFET TIZRubiscopMFBHEL T2 EEZ ShAS, PFDICH L TER
MICRIELUTWARETIE, BT EERICLSHBETHS L FX 5 (Sage and Reid
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1994) >% P REHiT E, PFDISH LT U CBLEAES D, Rubiscodf =3 +
WERNETFEEREIC SO THEIINS 2HTHS. ZOHMHIANLE X
Y v EBORBEERD S —VH A4 X DL (Sevaites et al. 1991) 34752 <,
Rubisco activaseDATPasefEHEIZ L D MBICHEIHIN T B EEX 5 b Mate et al.
1996). @ & /g RubiscofE DAY, EHEARIED D EDERST TENTNS
OIEBEZBE, EFBEMELTS =V v b1 M ET SN, A2 vl
Y4 MDA =Y v VIEM E FREICPFDOSEIMICEE - THM L, ZOEBR, Al
WIb—2 g rFEEEAIETHS (2. LI L, 153FDRubisco {380 st
YA MERFOIEDNS, 1=V wIbY A MDPFDIOH LTREMUTWARTX
Z4mol mol! LS #ERIT, VBN DEZEZISND. £D#R, Rubisco
EMRIIBFDE T TIEIFI00%IEL THEDISH UT, AN V- g VHRIZ
#165% LK 1 -7z, D% D, RubiscoiFHITAN/NI L—2 g Y OATIIHIAT
X EEZONhA. £I T, RITY 1 MY/ b DIEM Tdh 5 in situ Keat |25
He 3 &, 59T H1 Tin sitn Keat [3PFD & 36T 20T B U (M22). ok
INBLRIBRALITOEIAMEINTES T, TORBIIAHTHS. L,
OB AEFT A& E LT, Rubisco activaseF BEFRIITH X Bz y /33
WHEERE T, RubiscodiEHY 1 M4/ D DHAKEEIMET 952 & (Heet al.
1997), JF&EEIC & D Rubisco D 7 o — VA —/N— 4P HZEH B T & (Yokota et al.
1997) BHISNTE YD, ZOBEEOHENTREINS.

C DBERUNT, DXL RubiscoDiEWFAMICEE U THAH[HEHRH 5D
13CAIP7L EDOMHEHIT H 5 (Seemann et al. 1990). UL, K28DEADH T,
CAIPD & 5 ILHEBAME O THIH AR, EHRID SN INVARDLHE
{ #2129 THh 5. BlicButz and Sharkey (1989) {3PFDAVE B4, #2331 UL
BRED BEUEIMEL BB EERELTO S, L UABIEER TR, &
NI IUERIBIEMRE D B # 5 f2 (M20C, [K21C). X 5}2, Kobza and
Seemann (1988) D#EHIT LB &, CAIPELL AR LBV T L Y TUTIE, 55k
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BMTA =Y v UIEHE b — 7 IVEHHPFDOMEIIIET T2 CRRK Y 7o+
7 —+FidRubisco k h 5K TR ITERLI NS 72, RubiscodfHEH| &1 5
RuBPHEE /5 L5 4 5 (Servites et al. 1991)). ZHic LT, CAIPA S KT B A
7V DRBITEHERPPFDICREEIN T A EE LI oN S, DX DAFAKER
FCAIPEERLIEWVET LYY DITENEFAS (K20). chosnlehs, A
REITHOTIZCAIPO L 573, BRI DRubiscoll#E 4 U CEMRBTMATS L5
BEIAIFTOBELTOEVEEZI OGNS,

LIED#RNS, A4 RFEiZEL 1T S RubiscoDiEMEHANIZA = > v VAN 2 UL
YA b Lin situ Keat TITODNTWB EZEZ 5 5. Lo T, FIZID2ODHEICE
HLUT, MiAR TD5)% (60 £ mol m? s?), 3k (500 xmol m? s1), 3FNE
(1700 z mol m?2 s't) FTDRubiscoif A LIREDZEAL A /A& L.

S E RIS B B =¥ vIVIERRMES SRS LR TAEmERL, TH
K& D, BHARS A =V v VEBEFULIEMAABEEZ R U (K23). O
Ri3, B—HETHEELUEDF O IIRubiscod B iITFEE L, HHERIMET
THEVIRRE—H U XIRAEAERIIHLDDENDDH S, 1 REDM
BAETA = vI)VIEES LR TS5 L 0S5 FIH (1988) DL A2 XTI DEEF
2B, TR UT, HETOM= Y v VEHEERARINB AR THEVE
EDIE -7z, TDI &IE, §97% T Tid Rubisco activases Rubiscod iE AL AL
BRELDIT O (Eckard et al. 1997) 72 THAH. KIS, ZD L) EMEBET
DA = v JViEHD EF A RubiscoDIERALRIEDH O EDESF TR > THED
PERSNZT B, =Yy A ML &in situ KeatilZ DO THEAE U7z (X24).
TOFER, insituKeat I ICHE O REIN A -7 d, @k LAk TOA
=Yy YA PRI EHICER T AEMARDONT. DFE D, RAEEHT

COMBBRIZE T B A=Y 4 UEHD LRI, in situKeat T A= )b
| YA MO ERICLBbDEZBZ Shiz. IS5, ZOAM= Vv b4 S
Activase/Rubisco lhiZ {3, IZITE BB LB KRARZH S hic (K25). oF b,
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Activase/Rubiscolbil & > TA =V v VYA DR ESZ L ZE. 2D ED D,
KEEBETICHEBOTNE B TRubiscod & LR NE(R T 20D I,
Activase/RubiscolbiC X > TA =¥ v WA PEBEDLEIHTH S LERTITS
ha.

i, BRBBICL LGB ERBTH S, CO2LIAMIZE 1) 2 Rubiscod
EHAREEZMBARBICEOTHRAE L. 1V v UiEHE, ZORBIIENT
bEDOHEOFEMIZEL, M &I ER U (R26A). LU, AKEHTORE
ERRITY, A=Y VYA FPOEMBE> TWED o7 (M27A). D% D,
COAIFNEHTIT R A1 & > TRubiscofEfE N LR L T3 EEZ oL 5.
Z " TinsituKeatiZEH9 5 &, 3HAHSI0HE b:;b\c)"cJ:% L Tiz (®27B).
U UI0H B Bl Tidin situ Keat R EF LTI ENSH, TODEDAIT LT
A=Y v VIEHDEMMEZHATES LIIFALEN, DU ELEDHEOERKETIR
BMELTWAAEEMNSH S EEZX 5. Heetal (1997) i3, Rubisco activased B 44§
RNCBL ERs N7 v F & 2 AEE UK Tin vivoiZ$ 13 % Rubiscod [m]#x
BOMET 952 EE2RBHTS. DE Y, FEHFOKn situ Keat JMET T2 D0,
B—E, BLEOKRE D SRubiscod &IN5 Rubisco activase B MK &
HX9d5EEZ 65, Tid, Rubisco activases & D & i in situ KeatiZ 2 8 LS
BOTHBID. TOMMETALTEBE, EFCORFBNTS BIbA N
IV—va U hME£EIh, BREMIIEIS 2 ENTFRTEXSDT, Rubiso activase
DT D IS TH  BEDILL. T DFz¥Rubisco activase (31T FIOKRE A HS &
EEH B, FO®’EE LT, EHROR-ECM (&3 AL RuBP 23454 L7l
T, ECM& 9 TEHHMEN) 5 5 DRuBPOEHE (B§H 1992), Rubiscodfhfle 2 S
I U AP EH| O (Ednondson et al. 1990, Portis 1995), 7 4 — LA —/ — 4
DA L (Miyake and Yokota 199)"E 2. 65, Z2L T, ZOBEOFEHROE LI
HIVN IIVLDBREIREFE LIS, 98b b, COARRMSM: TIZIU Tin situ Keat
DZALiZRubisco activase )\B 53 5 F[REMIE, T4 HBE£Z 5h5.
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EHROENR, RSEAHETORIETICEIF260 EFEFICHULTEY,
ESFEEETH -7 (K23B, 26B). Sageet al. (1990) [T ALK COREEMZ B &,
CORED EFIT X D RubiscofEHAMET 475 Z LEHERH LTS, Thid, COt
B2 725 & Rubiscoif i AB R L2 D, Y L BROBEREIVEE RERE
F5 &S Hisk (Sharkey et al. 1989) ITESUTIB. UinL, 1 RickinTiddh
BICHOCOGHE G kP) ITHEWTH, RUVEHRZHMRF LTz, JO#RE,
ZD X EEBHEICHE O THRubiSOFEREN+ 4 THENIEERBRLTNS. 1 X
Rubisco® HiE DM DR Wi tE N TE W Z & (Makino et al. 1985), Rubisco D%
ROBEENEZ NI L (Evans 1989) 06 &, 1 RIFHOB R TH 5 vl E L
5h3.

UL DEE RN S, CO288M% 4 TIZIH 0 THICHE W ETRubiscoDiE M (LRAHME
T95DiE, REEBDE A= vIbY A MUTIIA L, insitu Keat D351b
THRHTHAIEEZONS. A6, F—EE—HiTORubisco activaseF &
BREEERHEE & O D S, Rubisco activaseSRubiscod in situ Keat% i U
THEABEEEREE L TNDZ EATRBEINS.
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=

A FETEEFRBOAABEE, IEER RE DN, A B E 1235 T Rubisco
activaseD B & HEE T H D, 2 NiZRubisco FEHEALINEE T U THbA Bk B I i
BLTOLAEIEPRBEIN. FITEHEWETIE, Acivase/RubiscotbAUEL i,
in vivoCORubiscoDFEHAME T LT B EEZ S5, LA L, RubiscodDiE#:R
HIIEHTHY, PRI L > TRENELS. ZOIHAETIE, RubiscodiE
HALIRREZ ¥ CO2DHL D 32 A1Z & 5 Rubisco & L MCABP D#EAIT L B A0/ I L
LY FEO2EBIDAETHAEL, £, « RFEITHIT S RubiscoDEHALHED
WHrTHABINTVWI20rEEICHTIIEEISBHBAL, KIC,
Activase/Rubisco tE HME W WIET, SEBEKICRubiscoDFHELIRENETFT LT B0
D, Ffo, RKGMH ECOLIREH TEOND 5D ERKRE Ui,

CO ASZBHE L A =¥ v VIEMOHITHT BEERBEUL T, =7
IEHITEEREICHEIN D 5 /oI, EHRER (= »IVIEH/ b —FIViEH)
B v VEBERU LB EER LU, A=Y v U1 PO HEED
Wimck-TERL, ZTOFHR, AN IEERE LR IR, LHL, EHER
SRR T TIRFL00%IE LT B DI LT, AN 3 MALRITH65% & ED -
7. D% D, RubiscofE#IIAH NN IIAERDATIIRAT SR EEZEZ SN B.
Z I T, invivollB I} BERY A b ORIGEEHEE B2 & b in situ Keat |25
Hd5 &, 8AEBICEOTEEEDEMCHEVWRHMIC LR U, ThodEBREN
5, A XEITEHJHRubiscoDEWFTM T A =2 vV ANNIILY A M & in
situKeat I T, fibh T3 LEF2 o0 L->T, HICIDZODMEICER
UThnesB#RICH i 5558 (60 x mol m? s?), 583t (500 gmol m? s1), AN
(1800 ¢ mol m2 s1) T THDRubiscoD {EHALIRBOEALEHE Uiz, KRCOBHET
TO, BWREBTRICH TS, =Y ViGN EEERTME &8 LR35 8m
ZRUTz, 2 LT, §ETO 26 D EIZEADR DI - f2. 5k L&
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HITH T BA =Y IV A D BUTMES OEFTICHE > TEF U7, in situ Keat (T
MBI hE O BIN A7z, ZOA = 4 LA b B Adivase/Rubiscolt 12
i3, FITERNTRENED oz, ULEOERENIS, KRXCO4HE THEREHE
ERROESHETIE, EOFOBIICA =Y vVIENE, EHEHMETL, £hid
Activase/Rubiscofbil & > TA =¥ v WA NN IIHALY 1 FEIDMERN /- TH 5 &
wROToh3.

RIZ, BERBBIZLIGRABRREEEIERGTH S, COLHBMICEITS
RubiscoDEHALREZMBBRICEOTHAE U, 1= »IUERR, ZO%HE
KENTHEOFOENIEL, M#ictn LR LA ULHL, KE&HEIIR
1O, A=Y VAN SIS A MEOBI I > TOED > 72, In situ Keat
IB3HELOSIOBEIZNTITERL, TOH%, ZEPMNIKT Lz, Th oD&ER,
BEHMCOFETICE T A =¥ v IIVEH E BEERITEOERIE, - 7205, £h
i$RubiscoD AN INALDBEIZL B DTS, AN IIMEEhIzH A |
KBIAEHOENYEES LTHAREEENEZ o 5.
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BHE
Rubisco & Rubisco activase S B DE (L &
Tur7—-EEHEEOMRF

A RIZEIT S EMNEOBERDORIITMENCERINICEDTHS Maeet al.
1981). Rubisco{3ZEN2 BZHRDFI30%% LS KGO F—BHETHD, EDEL
LD ZDIREAENHESN, ENEOBREFELELLS Maeet al. 1983), Z D
L5 6 b RubiscoD 43 RS A BRIAT 2 2 S IIERICHERE THS. T R
HIEKE AT, 20DRIMBINTS, ) EREAIKET 5752 K
AR 077 —+¥ (Casanoetal. 1994) , ATPHEFR! 70 77—+ (Yamauchi
et al.1996) , Zn*{kfFERI o5 7 —+ (Bushnell et al. 1993) 75 XHE5 LEEGEA
THaRIhs. i) Bl EREMOHEEMERICKY, HEAYo77—E2BE
45 (Ragster and Chrispeels 1981, Wittenbach et al. 1982). LA L, hodD o7
7 —Eidin vitroTRubiscoZ 33 B E J103H B A%,  in vivoTEEEIZRubiscod 53 &
Kb -> TOADNEIAHATHS. &iE, I AFEREITHE O TRubiscojd 7 o7
7Bl oTEd, BHRFCIVEESBINSZ E8@BEIhTH AN
(shida et al. 1997), Ehid, KHBEHINLBOZRIVBLILETHY,
RubiscodD 3B Fhts & & #1794 % (Peterson et al. 1973, Weidhase et al. 1987) =
ENG, JOBEHBFOMICEERNTENTNS LIZEZE, Rubisco activasedD
SR OV TORER, BAXTOEIALL A,

AMATRINE T, EHERE E—F) LHFEFRE B %) O kEE
i3, Rubiscod{EHALIRE BE=F) ZBL TS 2 EOMBBETENT S LER
Lz, ThooDBAIE, 9 X TRubisco&Rubisco activase & OE L BRNRIL S
CERERTAIIDEEZONS. AETH, 02205 /37 DRILHEALE
B, COLIUBHBOKKI-TRIZONERSMNIT 20D, FEBHBICE
BURAE UK. 0k, XETRIICABAICK D BL R EI B REY R &M
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FHIH W,

RS Rty kS

1. #REGEEHBOER

E—EE—MERABOFETHIABAA RO HARELEBFIE. %
HAREZHBTTISEHEITERL, TOXTERBFIELHWTEYRFEZMERL
7z,

2. RUROKLEVBETS vy BAREEHILE

5] K £25°C, 60 mol m?s D BT REE T T F L OBRMIIE M~
BIEREVMEATB2OOHBRER - 7. BROPHIZLT.OICHEL
fo. YK Q¥ 7Y ¥/ 4HMEHTY, BEEE T OS¢,
-80°C TIREL 1=.

a. shLE VLE

- Bk (CTR)
«c10uM 77V B (ABA)
10 M XU INTF= v (BA)

b. 7 VX7 HE& KR ERLE

- &k (CTR)

- 10 u M ABA
«cABA+1mM XMLV hwa Yy (SM)
-ABA + 1mM Y27 uAFv I N (CHX)
- ABA + SM + CHX

3. 4L 7avwF4 72L& BRubiscotRubisco activaseD i iy

E S Uk B (SDS-PAGE) {3Laemmli (1978) @ B, XNV EBE12.5% T -
Sl KEHISESR c TEHI XS TERKEBEE (7 ) ZHNT3I0 mADE
BRTITo712. ZD%, X IVFDS 37 AMatudaira (1987) O 5 #Ei1c LY = b o

o — X (BA 85 CELLULOSE NITRAT, Schleicher Schuell) {285 L7z, 70w
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FAVITRBEINSA Ty T 4 v 7% E (AE6675, ATTO) % T, 120
mADEBR CIKMIT -7z, Tov T4 7 HD= botbo—-EE, 3%0D R
FLINIEZFUTPBSTASMIREITHIEICLD TuwF oI L. £0=
Foto—REIC, T-PBST2000£5icAm R UIHLE%E IRk E UTIEEER
X7z, £D#%, T-PBSTL00045 I/ U7z PeroxidasefZ s b1 7 Y ¥1Gg (H+L) v
FHitk FEMETE) £ 2Kk E LTMALRRRE 5 L. LT, REAEH
7AW (26mg OPD, 19.5 4L ﬁ@(tmfﬁméﬁsmo;ﬁﬁi& (02M 7 = VE-0.IM Yy ¥
BAE_ZF PUT L, pHS.O) IZEN L BD) EMATREIE/2. NV FOHER
TERATRERERE, ZABEKTHAICHE>TRICERIETREL

4. BEKBICLZ S uFT-FOoBEKERA

AR DA & ARDHIIC & » TRIERERME AL e, £ ORBERRIC,
7y v ESDSEKBETENEN% 1% 5 &5 IKINA TRA L,
Heussen and Dowdle (1980) D412 & D FERL L720.25% (W) ¥ 5 F L 4 E517.5%
DSDS-PAGES )VIZT 54 Uiz, (BIESEY X « Z# I =5 TERKEEE
(ATTO) % H T20 mAD E B, 4CTIT-72. BRWKEIHD IV E2.5% (v/v)
Triton X-100 7% C1EFRIZE% U, 0.1%DSDSA 451100 mM 7 .-V L BREEIE
(PH 5.5) T30 °C, 2B DA Vv F 2 RX— b 2fTot. ZDH A IVE0.25% (W/v)
CBBR-250, 50% (v/v) X % J —Jb, 10% (vv) BiEs%2 & LI PTIRE D 52 &
&0 L, 25% (W) A 8 ) — IV, T% (i) Be Bk, 5% (V) LY ) — Vs Wk
WTREL:. Far7—FRERONNy 7 7S50V FICEiT s RaIh 0
SICKDHEREL. REBBDOY VD B% XF v F— (Scanlet3c, Hewlett Packard) |
£ s,8—F a1 — & — (Power Macintosh 1700/80AV) {ZHL VA %, T &R

¥ 7 b (NIH-image, National Institutes of Health) |2 & 0 /N> KD X 28l LL 7-.

5. EAKS O
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NS O M S icRubisco, Rubisco activase: £ [k ¥ /37
DERIE, B—EE—MEARBOLFETIT -2,

R

29t MRV E VB L 7oA R EYIFH D, Rubisco &, Rubisco activased;
&, nEy X7 S22 X BOEDEKNE{LEZRT. Rubisco
&8, Rubisco activaseF & [33LiC, FEOE THBALE ICX ) MFlSh, ABAL
Btk FEUIRES A LML, WTFhOREXITH T HRubiscoF BT
~TRubisco activase B DIE FH#iAN - 7. £ OB 5 1H B O BTHIC
HETh-7. ThISHLT, 02207 /37 UNORBEEy R &I3, ¢
NTOUBERX T—EITRIh T

B30Iz 7 AV (pHT.5) TO o777 —¥EHICRIZTEBAA
vEXLT 2V —DORERRT. SDSEGFMUICKEOA TuFT7— ¥iEH
DR S Wi, EOMDTT =7 5=, &BA+ Y ERMLT ST O
TEEERECKREBIhEDL - 1.

K3l o777 —ERHICRIITPHORELRT. ERRkBTOREE
ODHEMERDOKY, ERISTFEOHERITELALA, 0.1%SDSEHRML
7284, BHTEBHEEFEN/NY K& LTHO60 kDa (RLP60) & #50 kDa
(RLP50) @ 2 > 4% L=, RLP60%pH4.5— 7.0 CEM AR S,
PHSSIZHE W TR EMNE O 5 /2. RLP50}3, pH4.5-6.0 TOHPATHE
@ah, RLPOOLFKRIC, pHSSIKE LW TR b AWVWEREISB oI, Th
LDMRIE, 7y FONy 77— iZBWT %rﬁlﬁef‘%?f: (T— 7 isEm#
¥9). ThICHUT, SDSERMULAVLEER, WIFhopHIZEWLTH,
EEACERBRETELL S .

R32ICHE PRIV E LB Uc A REY hDSDSIRE a7 7 —E ikt D &
WEAERT. ZHOTOF7—E¥NEHEL T, TOFTLHAETH -7
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DIZRLP60 ERLPS0D2DTH »7z. &b EHDOE DI - /-RLP60F, ANEPFHDO
HEIZEOTHDA DAL Tz, £hilH LTRLP 50, ﬂﬂﬁﬁl: I31E
D UDNRERE TEID0AY, ABAMEIZ X O BI|HGED Sz, RLP SO XICE
WTHA4HBEICITRS BB L. BALERXTIE, 1ZEAERBE LU T

X5, BEECETL2EMABRTO 0T 7 —EiEHORBAAET S0,
BRI H Y Y VT LA R EFO S 07T 7 —EiEHE AN (K33). BbE
{, MHEBE#THIBNETE, kFLGTFREOENT 77— 00 AL
Ty, BALOEAL TN DOETIE, BwEINAEh -7, RLP60ITHIZELD
BTMOETEROEHOE VY FELTHEISHh, IBIELIT >N TER
U7, 20U UTRLPS0IE, MisBEREZE LU TEE A STEHNRE - 1.

R34ic & v /37 BA R ERIME U/ E4]H # DORubisco & Rubisco activased &
DREEF FZE{L% 779", Rubisco &Rubisco activase 8 OFAIT & diC, HEBX D%
BKDFAITHRT, ABAMEIC XY RESNL. WH /7 FRDORDE,
CHXME iz L hMmflxhicht, SMAUBIIEE LT -7, /2, RubiscoF BOD
& T IZCHXMER I & » 2L ifl S h/cdd, Rubisco activaseD & &3, EPNITH
DgRIER L. '

35124 /87 F A ME AN U -3 F hOSDSIKFRI o 77 — ¥ iEt
ORI (LERY. RLPS0DEHIL, 0B HICIIE WA TS 7245, ABA
MEIZE D2 BURBRICH FH Uz, ORI, CHXMEIZ &b 22l X
nizht, SMUULEIZ 2 B8 LD - /. $160kDad T o 77 — ¥ iEHIZ0F Hi
(FHERRT &7y, CHXLEICHIT S IHBUBR TR TER L -/, SMULE
i¥, RLP50D4 & RBRICH60 kDad 7177 — CiEHDORBRITHE L Eh - .

K361 RLP 507% 4 & Rubiscod £, Rubisco activased i & DR %4 5Rd. RLP 50
ERubiscoF B & OMICII/mNADOHE  =0.978) @Y o hiz. ThiTHLT,
RLP 50 & Rubisco activase & & & ORI IZIEHBBM L AOHBENRD S hc.

RI3TiCA L/ T By T4 270K - TR Ufe A 2 RO HBEFR # T DRubisco |
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D RE%ERT. 0.1% SDS A G LR A (pH 5.5) TOLERIDEY FDBHE T,
B RS D% 8 & $ic# 55kDa DRubisco K4 71 = w b (LSU) D/X » FH%R % ITHK
BV Utz F1LSUREA T 3i1co0 T, LSUDSREN EBbh 553 FROEL VN
YESHmLUK. ULHL, SERBICIZETONY FPBRIETE R A7 A4
BT O EY  LABARLE LY R0 5O MK 2B A& L 12384 T3, LSUDMR
DHEEEITEC, 1FERICIIBEAERHTEE B sk, I TRARIELN,
Bt &M TSDS /M UIEWEE, LSURIREA ERIL LA 5T,

SDSEFEMLNET IV A Y HEHE PH 7.5) TOLERDOEY R DHEE, LSUDE
5 BR%T bIEEA S Lo, LinL, 2B HASZ# LALSU &
BEbh33FBOREWN Y RO MAHER T, LEFHOEY  LABALE
LGRS OB ARE L BETH ARICLSURIZE LA CEALRET, K
BOEBLERIGTFEDREONY FOEMNH 7. UL, SDSEBHEMT 5
EFTIVA Y BHEZEBHITEOTHLSUD NN Y IR Uiz (F— 7 iI3EHRET).

BHI38ICA L/ Taw T4 v 7 iICk-THRIEUICA :‘r\ﬁwiﬁﬁi?&qﬁ'f@mbisoo
activasedD 434% % 7=9". Rubisco activaseD#j40 kDadd N> K (Rea) 1F, JER FijDZEY]
Fo%6, BENIZDIX 2P THAICBAL, 2KHRBICBKRIETERIE k.
AEERT DY) & ABAJLER U 7238 i o O ZRE U 712854 Tid, Rad 5
DEENEL, 0SKFHBRICIIEHRATEL L1

SDSZF XXV T IV U HEAO, LENOEYFOHFITHEOT bRaidhs
KA L, 2ER%ICIE, 2K RET A -, /e, 1> SEM L
Rab®i5N5, FFROEVIY K (100 kDapl k) p8BLiz. X 5T, 0.5/
S2MOMT, RaDHMEEY & BbhoRakh bEMNHFROMEN /Y Ko
it iz, MBERIOEY R CABALE U-EY hdh oD% RE LIcEE
TR, OSERBICBETO/NY FHREL T
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Rubisco (mg m-2)

Rubisco activase (mg m-2)
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O ] ] ]
0 1 2 3 4

Days after starting treatment

Fig. 29 Time course of Rubisco (A), Rubosco activase (B) and
the other soluble protein contents in rice leaf pieces floting on
water (), on 10 uM solutions of BA (@), or ABA (A). The
bars represent standard error of five indipendent experiments.
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123 456789

. MgClz

. ATP

. MgClz, ATP

. CaClz

. CaClz, ATP

. OH- (ascorbate, FeCls, H202)
H202

H20

9. SDS

Fig . 30. Effects of cations and effectors on proteolytic activity in rice leaf

extracts. Rice leaves floating on ABA solution for 4 days were homogenated with
100 mM Tris, pH 7.5. After these were centrifuged at 15,000<g for 15 min,
supernatants (about 1.0 mg FW per lane) were applied to gelatin containing 7.5 %
native-PAGE. Then, the gels were incubated at 30°C for 12 h in 100 mM Tris, pH
7.5 with 5 mM MgClz (lane 1), 1 mM ATP (lane 2), 5 mM MgClz, 1 mM ATP
(lane 3), 5 mM CaClz (lane 4), 5 mM CaClz, 1 mM ATP (lane 5), 2 mM ascorbic
acid, 2 mM FeCls, 2 mM HzOz2 (lane 6), 2 mM H20z2 (lane 7), Control (lane 8), 0.1
% SDS (lane 9). The gels were stained with CBB R-250.

® N A WN =

A +SDS B -SDS
Mw 4.5 —<=— pH— 80 4.5 <4— pH— 8.0

Fig. 31 Proteolytic activity of leaf extracts at varing pH. Rice leaves floated on
ABA solution for 4 days were homogenated with 50 mM Na-phosphate, 10 mM 8-
mercaptoethanol, 1 mM EDTA, pH 7.5. After these were centrifuged at 15,000<g
for 15 min, supernatant (about 2.0 mg FW per lane) were applied to gelatin
containing 7.5 % SDS-PAGE (A), or 7.5% native-PAGE (B). Then, the gels were
incubated at 30°C for 12 h in various pH solution of 100 mM citrate-phosphate
which pH was increased at constant width of 0.5 from 4.5 to 8.0 with 0.1% SDS (A),

or without SDS (B). The gels were stained with CBB R-250. Molecular weight
(MW) is shown on the left.
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A CTR BA ABA  Treatment
MW 0123412341234 Days

(kDa)
94 »-
67 » - RLP60
55 m - RLP50

Fig. 32 Activity staining of SDS dependent protease using gelatin containing 7.5%
SDS-PAGE in rice leaf pieces treated with ptant glowth regulators. The rice leaves
were homogenated with 50 mM Na-phosphate, 10 mM A -mercaptoethanol, 1 mM
EDTA, pH 7.5. These were centrifuged at 15,000:<g for 15 min. The leaf extracts
conteining about 0.20 mg FW per lane were subjected to gelatin containing 7.5% SDS-
PAGE. Then, the gels were incubated in the solution of 100 mM citrate - phospate, 0.1
% SDS, pH 5.5 at 30 °C for 12 h. The gels were stained with CBB G-250. Molecular
weight (MW) is shown on the left. RLP50 and RLP6&0 are indicated on the right.

B Leaf Position

MW 11B11U1110 9 8 7 6
(kDa)

94 »
67 »

RLP60
55 » RLP50

Fig. 33 Activity staining of SDS dependent protease in rice leaves sampled at
different positions using gelatin containing 7.5% SDS-PAGE. The experimental
procedures were the same as described in Fig, 4-4, excpt for the leaf extracts
conteining about 1.0 mg FW per lane were subjected to gelatin containing 7.5%
SDS-PAGE. Number of leaf position expresses phyllotaxistical order of leaves on the
main stem. 11B and 11U express bottom and upper part of the unemerged 11th leaf.
The leaves were sampled at 10.5 leaf stage. Molecular weight (MW) is shown on the
left. RLP50 and RLP60 are indicated on the right.
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Rubisco content
(g m?)

Fig. 34 Effects of protein synthesis
inhibitors on the contents of Rubisco (A)
and Rubisco activase (B) in rice leaf
pieces. The leaf pieces were floated on
water (@), on solution of ABA (O), or
ABA and SM (H), or ABA and CHX (),
or ABA, SM and CHX (4A). The bars
represent standard error of five
independent estimations.

Rubisco activase content
(mg m2)

CHX

SM  CHX SM
CTR  ABA ABA ABA ABA |reatment

0124124124 124124 Days

-« RLP60
-« RLP50

Fig. 35 Effects of protein synthesis inhibitors on SDS-dependent proteolytic activities
in rice leaf pieces. The leaf pieces were floated on water (@), on solution of ABA (O),
or ABA and SM (H), or ABA and CHX (1), or ABA, SM and CHX (A) and sampled at
indicated time. These were homogenated with 50 mM Na-phosphate, 10 mM B -
mercaptoethanol, 1 mM EDTA, pH 7.5. After it was centrifuged at 15,000><g for 15

min, supernatants (about 1.0 mg FW per lane) was applied to gelatin containing 7.5 %
native-PAGE. The gels were stained with CBB R-250.
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Fig. 36 Relationships between proteolytic activities of
RLP50 and Rubisco contents (A), or Rubisco activase
contents (B). Data were obtained from Figs 29 and 32.
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A pH 5.5 +SDS

Non-treated Non-treated+ABA

(?(AE\),;) 005125 005125 Time(h)
94 =
7
6 - LSU
43 »
30 »

20.1 »

B pH 7.5 -SDS
MW Non-treated Non-treated+ABA

(kDa) 005125 0051 25 Time(h)
94 »
67 »

- |SU
43 »

30 »

20.1 »

Fig. 37 Proteolytic activity of leaf extracts against Rubisco. Rice leaves were
homogenated with 100 mM MES, 0.1% SDS, pH 5.5 (A) or 100 mM Tris, pH 7.5
(B). After these were centrifuged at 15,000<g for 15 min, supernatants from
non-treated leave (Non-treated), or mixture of non-treated and ABA treated (4
days) leaves at the ratio of 1 to 1 (Non-treated + ABA) were incubated at 30°C
and flozen in liquid nitrogen at indicated time. About 20 zz g Rubisco (0 time)
per lane was applied to 12.5 % SDS-PAGE. Rubisco derivatives were detected
with western blotting using anti-Rubisco antibody. Molecular weight (MW) is
shown on the left. Position of Rubisco large subunit (LSU) is indicated on the
right.
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A pH 5.5 +SDS
Naon-treated Non-treated +ABA

MW _
(kDa) 005125 005125 Time(h)

Ty

94 »

Y

67

Y

43 -4 Rca

30 =

20.1»

B pH 7.5 -SDS
MW Non-treated Non-treated+ABA

(kDa) 005125 0051 25 Iime(h)

94 »
67 »

43 > -4 Rca

30 »

20.1»

Fig. 38 Proteolytic activity of leaf extracts against Rubisco activase.
Rice leaves were homogenated with 100 mM MES, 0.1% SDS, pH 5.5
(A) or 100 mM Tris, pH 7.5 (B). After these were centrifuged at 15,000
X g for 15 min, supernatants from non-treated leave (Non-treated), or
mixture of non-treated and ABA treated (4 days) leaves at the ratio of 1
to 1 (Non-treated + ABA) were incubated at 30°C and flozen in liquid
nitrogen at indicated time. About 20 .+ g Rubisco (0 time) per lane was
applied to 12.5 % SDS-PAGE. Rubisco activase derivatives were
detected with western blotting using anti-Rubisco activase antibody.
Molecular weight (MW} is shown on the left. Position of Rubisco
activase (Rca) is indicated on the right.
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EE

MYHBNTO o7 7 —EEEIR—BRITIE WD, FEDS /37 DR
BICOWTHET I, ThoD 7 /37 BREaBcBL 5 & 5 uEHE2HL
ZHENEAMTH 5. FiIZA ROBELEEOMBBRICHIT 5 o7 7 —EiE K
WIEMNTBTE S0 (Mae et al. 1985), 354 3 % /i U T Rubisco & Rubisco
activaseD MR B AR ETI2DIIRETH S LEZ SN b. ABAITENLERET
BRNEYTHY, 4 2EYHIZHIT B RubiscoD 3R A EHET 5 Z L ESH
Tad (WHES 1980a). E—EOHERIZENTH, BAEETHE, 02205 /N
IHEEIIE BB ETITINALU LBETH - 7205, FEYHFEABAILEET 52 &
XD ENMBBTREREICED Uic (K29). TD7cd, EYH OABALEIZLY
AL DEAT A 21 X 4 2B D Rubisco & Rubisco activased & & 70 77—+ O FH
DENS, THOSDFRBEARAYT S I 2R AT

Rubisco & Rubisco activase|]JABAJLER I L V) S RDOBWAMMELE I 508, ZD2D
PANDRIE Y 87 8B —F IR ichi T (K29). 2% b, ABAIC LD
Rubisco & Rubisco activase 245 RIVICHHET 5 Tu 7 7T—EOHEANRESI N /2Z
EWRBRING. £2T, COARICEET 53 077 —EEREETSDIT,
¥S5F U EHEEE UPAGEIC K 2 EH AR LA Uz, BLB1E 2H/A T 50
2, 7o 757 —CERE OFHEERS 12D IZ0 L DO DER 21T > 72. Rubisco
& Rubisco activase |3 ZE &EAN IZFE L T3 728 (Anderson et al. 1996), F 9 HE
P& TRIKE 21T, EREAPUSIEWEET VA Y &M (H 7.5) TH © 153
%%%ML,ﬁﬁwmﬁéﬁékﬂﬂw.Mgﬁﬂﬁmiéﬁ;mw%4tyﬂﬂ
and Jagendorf 1986), ATP (Malek et al. 1984, Crafts-Brandner et al. 1996), 75 #: g5
~ (Casano et al. 1994, Penarrubia and Moreno 1990) 12 & - T Rubiscos ## & #EAYE # &
NE37a7F7—ErMEINTVE D, 1RO TR2RE TEAI 72,
SEAOCIAEDOFTIE, SDSERMUIKOAEREIHRTE /. SDSITEKRN
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IKEELTOVWYETH 54% SDSICL » THEMIMEE INE TuF 7—¥id
BT 20 L XN T3 (Mae et al. 1989, Watanabe and Yamada 1996,
Yamada et al. 1995). ZDHTHART L YV UNLKEHINIL20S 77 V-4
V) =B, V) VVBOXIZEMRIZK > THEEMELI L5 (Watanabe
and Yamada 1996). © ¥ [ THEE D S0 T 7 —CHES AL, SDSPS5 7Y VERT
DXF Uy 7% A4 MAEATEIEICLYD, VEEENEDD, BEHMELEIH
% (Orlowski et al. 1991). D% 0, EEKNTIIZ DX H KRB NS /37 BRIE
MR LT A eEENMERINS . LD L, M1 REDOSDSIKED S 07T —
CIERTIE, IRIEROMmOREEEFIC L B EEORERR S NS -7 (F—5
I3EEHYEY). ZO&ERIT, Yamadaetal (1995) 25 b E T I U H SESHLL 7239 kDa
DFaTFT7—EE—HT5. £ REDSDSIKEDO T uF7—EWN, LENTED
EDICEHER BRIV TOEONIAUTH 54%, SDSORb D &L EMENF
FEL, BHICHEATAIZ LICLPBFMEOEL, Fi3For7—-EHHOEN
RIS LICLDLEZONS.

SDSIikFELIc T o7 7 —EEHIEBRE TR, BT UHEHTIME) -
7z (K31A). Z OpHAFtED &, SDSIKFREI o 77— iERGTIIAL, XD
PHOEWHBLIZRIEL THB E T TSI EAHTE 5. Rubisco & Rubisco activase
[IERE X P O<ICRTET S Z £S5 (Anderson et al. 1996), SDSIRFR! 077 —
ERINSDOARICEE LTI EHNRT®RENS. LU, Dalling et al.

(1983) i3, SDSOHBRMIC LD FuFr7—EOEBEpHRBHEI O hHICEE L%
BMELTWVA. 20, A XEIFAETASDSKFER SuTFr7—¥d, fASHO
RIS THREE AL T 5 [REREDSH 5. —7, RubiscoldZEE AN S U < I3 ZE A
SHE Lic/u 77 —EIick )38 %213/ 544936 kDaD 53 FEM 4 U B
(Bushnell et al. 1993, Desimone et al. 1996, Ishida et al. 1997), Bt TEHOB, B
2o MBICEA TR EEZZ NS FTuFrT —Bick 3846, RABEOS HREY
DHER XN T D (Mae et al. 1989, Miyadai et al. 1990). 7z, Btk O 7 H ) #
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ZUHEDHDVEBAEZIIPT NI TH S D, BHEIN/EREKOERRERICLS
RubiscosMED (RSN 1ZpH 5.7 TR b &L (shida et al. 1997). X 542, Yoshida and
Minamikawa (1996) i3 Rubiscos} % BEY) D ER B AFA L, #Wa X o5 7 — 48
RubiscoD A RICEAE T 5 Z E 2 REL TS, ZhooeEd s, BETHLI S
077 — ¥ 0 EGAN TRubiscoD FF IO TN B 2 EDEL 5N 5. KBTRHE
AT, SDSEZHRMULEWEHE, FEUEAETT v AL THBIZHHEDST,
WIFROPHIZE W T H Fo 77— Btk s hidh -7z (K31B). 54T, H
BEEANT O LAFEREITE T HSDS 275/ Lidiy ERubiscoN i A EF RSN
75Uy (Mae et al. 1989, Miyadai et al. 1990)= &S, FEFGETOPHENSFTTILAHY
HICEBPHZFFD o7 7 —EiEHIIIEREICIE L, Rubisco &Rubisco activased 43+
IS LU TWRLATERESNE Z 6N 5. TOIHEME TIE, SDSERM U7
BUEHTO 0T 7 —EEGICER LTHREED .

Rubisco{PRubisco activase £4¢ RN 38795 T 7 7 —EHRELET 5756,
ZHiFX29D%E B9 SABAIZ L  IEHORBAMEE SN, BAICK Y #flx i sid
TTHS. &/, F—EHE—H (K3) ORI S, BEETRIEYHOBEAITHA~
TEULFEREMENEZZ SN 5. RIPSOOEHORBEBREIZ NS O%HE4E4
THfc UTie (132, 33). 24U UC, RLPOOIZEAEEITE O THEL BHL
Ttz (K33). ZDERHM S, F#ICRLP50D Rubisco & Rubisco activase D455 (1943 %
O EMHE IN/. COTRBEEZISICHEITLD ET BB, ¥ %Y
B RHERICK 43 E A7z, RubiscotRubisco activased 8D KT
KHLUT, APV ALY SM) BIBEAERBLAI SN, Y7o
ANFVIF (CHX) 3 <M L/ (H34). SMIZ¥ERAEDNA o0— F
(Leitsch et al. 1994), ¥ 7 oAF ¥ 3 F (CHX) I3#DNAT— R ¥ o8
JHEEREMEETL LIS, HBROFEIF I—-FO ¥ v /%) Dde
novoD A BRI D HEAN T3 EZA 5 . RubiscodLSU 23 &k
DNAIZO—- FahTHH, SMIZLX D ZDOEENHEINS. i, LSU
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AAFAE LS00 & S ERKMIT A - 72SSUR, EPHICHME N3 (Schmidt
and Mishkind 1983). T DI & 5, b LRubiscod & mdt, & RICH
LTniedkd L, SMOBMIZLD, TROBAVMEEINIZT TH
5. D%, RubiscoBDENBRIZIAKTIIUNL, 2FBEHICL-> TH
FEINTHAE I EERBLTS. £ULT, RLPSO0LRLP6OIEH DRI,
CHXiZ kvl an s/ (K35). DFh, CHXELEIZL D Rubisco & Rubisco
activaseF B O KT BEINALZ &LiF, ThooFoF7—EE®OMAICL -
THATEBLEZ 5.

ARXEIZBTR o7 7—EEHEF vV RO Lo IcHENED S
NN EMEHINTIS Maeet al. 1985). T D Lid, 1 & TiISDSTiE#
bxn37a77V—LOLINBHERMO S 0T 7 —E0EDE/BETHRIEL
TWBHEETRRLTNS. iz, ZOHRERENOLT 077 - EEHELHAEL
12bDTHY, FEDOT 77 —FIZEE Lk bDTIIEd -7z, RubiscoF &,
Rubisco activase # ERLPSO7EM: EOBBRIC OV THAE L/ &Z A, RubiscoF &
ERLPSOFEN: & DRICITE WA DOHENZED iz (K36A). Z D#EHRIE, Rubisco
D3 FICRLPSONHE LTS ZEX2M TRT S D TH B, —7, Rubiscwo
activasey & & RLP50 & O RICIZ BRI T BAFEN R o hvic (K36B). & - T,
4+ LRLP507¢Rubisco activased) & 1< B5 LT U 5 DTH i, Rubisco activase B
HOFREBIPRLPS0 N9 5 BEBMAML &1 & D Rubisco &R BHIHAEFZ T TH
B5EEZHN5.

KX DRubisco & Rubisco activase D3 BEEW &1 L) T 0y 74 7ITL D B
U#c& A, RLPSOFEHD & - 120.1% SDS % S it & 4 Tld, #55Dad
RubiscoR#7 2= v FLSU) I, FEHICX FEINIA, SDSEFE LT
WAV EETIE, BEAEREINTI -7 (K37). D D, Rubiscojd FEiRAN
IGE VAT IIARE NE, RIPSODIEMOE L, BIICEOEET X RS
NBEFAD. TORBEHEENSABALEIC I D EL LA L5 ETORREEL—
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T 3. BTIAYHEMTIE, Rubisod7 7/ ) F—va v ERNEEZSNSS
FEROEN/ NV R, Reo£:E EFiciml 7z (037). Mehtaet al. (1992) 513,
RubiscofS RBAL U, BABE LIBICHRIND ZEERELL. 2D LIUAAR
AbiZ, Rubiscod’S@R{LEZ I &Ik RIS bDEEZ 515 (Desimone et
al. 1996). Zhoo#Es, SRBIOHRNS, FERN TidRubiscod 43 T -
LTEHDHNESTL, ﬁﬁ@%’\@?)ﬁ‘%ﬁfﬁ%ﬁﬁ%zﬁ o b, THIZXH LT
Rubisco activase(d, 57V A HEEHICE T aEIN T/ (K38). 2%,
Rubisco activase/ZRubiscob RT B [T, FT A VHEHFITE L TES
EHEOBENToF7-FiL-THoBInB3LEEZEIZoN5. THDD,
CDXD BRI ST BREHEY, F—F, F_ETHRLULENBABICET
BEROEMBRICECEEUTOAAEELNSS EERSTONS.
Rubiscof’ i la T oINS & O HRERIZLRINSFEAET 5. £DFE T, &L
PETT 5 EEREODRIBICHBE L, FERMAE T ERubiscod’iRIBANTHRI NS &
S b DTHB (Wittenbach et al.1982). = DFMIE LivE 575 1F, Rubiscod
BOBH, EREHOBD E—H LT FhTEST. LH UERELZ &I,
Rubisco| 3 ZERFAR L D bERICHAD T 5 LI HEDHEBEEIZE { (Ford and Shibles
1988, Mae et al. 1984, Wardley et al. 1984), = O W LT HE L E BRE L.
U U, Hashimoto et al. (1989) i3, ZEPIMIlE P OEERMEE & HAH, ELITHEVER
FIE T2 23, I5ITHEE, Onoetal (1995) i3, EREBOBD &k
AEREEDRT A —HT A LA LI, ZOIEMLHY, BlILkbS
RIBEORD L, EREHORLE OHMREBERTHLENEUCILETAS.
SHICKETIE, BRIZBT2HREOBAEANEEINTE D, EEPRE
AUEIC X D £ DHRIFFHEINS CKFE 1994). #MICHNTD, 1 REFEMARIC
BT, ZOLHAEHEEANRESIN TS (Chenetal. 1994). Zh & D&M
S PEESNBEME, APRSRICN TN &, $FABALE T K - TR
ODHEMFHANVRESZN, BIEAICER/EIMODAEH, BRENICEELT
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\WBRLP50IZ & - TRubiscoispfEansd, —7, ABALE ZEREKANOD
ToF7 —VERSREEIC LA X8, Rubisco activase (3 I BE 3 35
S EREANTHMEEINS., ZORFHTIE, Rubiscok H & Rubisco
activase D ZBOEFHAE LI FHR (K29, 3)bPBHTX S,

L LADS, ZORB[EBLELHENOHEERELTHT, SEOH AER
DHETIHESHIT—FINALRLTS. EEFHSE, Rubiscod FMEMN T
DEIIBBBIIBRASNATETLTLEERELTLEL. 5L,
BRENTOLRMINTHEEEZ S, LHL, ABAREIZ X > TRBICE
(LR LB e, M & 5 5B BIEAME B LS NN E RIS 5
l&id, TaH0EBEEEDNS. EBE AFNT yREVRITXBEL
DOREIL, ERTREISZN, HELLERAEKTIEEI 5731 (Weidhase
et al. 1987). 4%, ZORFEFKIAT 5 /DITE, BILLBBIIHBIT S
RLP50 L RubiscoO i lBND RAHR X ELEPLICELIMANSLETH A
9. LHL, UL EBERPFEICKL D, RLPSOHM] & 5D £ TRubiscod
SRIZEE L T3 Z &, Rubisco activase & Rubisco ® 4 1% # 12 B LA
HHIELITETELIDDOLEERIITOoNS.
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L

A REQ MBS 564 B OEALITIE, RubiscoiF HEALIRIE At
Kb ->Thie, ZOEMAIRBODOZES L, Rubisco &Rubisco activasedy B D 2L
BENRLELZ EICERTSEZLoNic. AETIE, ZD220F7 VN7 FED
ZLBABRBOEBONREDL IICLTE UTHS ONEBHET L7010, FREEHEIC
ZHUTHAEL. UEAERTIE, AHBTELEETIEAHIC, FEI
ABAIT & 0 E(b A RE X B Y 24 & Ui

BAZ S XD HARKE, THRIICLD BREMTTISENE TERL, £0
ERPEIFEEI L Ule. EYIH 2B L25°C, 60 pmol quantam2 sl IeM4H T
T, 10uM 77V VB (ABA), 10uM R DIV 7F= v (BA) DIEICIEHN,
Rubiscod &, Rubisco activaseZ &, ZD2OLUNDEHBNH S /37 5B ORKBNE
{t4 3 #& L7-. Rubiscod &, Rubisco activased & DL FIZABAIC & hRE X Y,
BAizkhilxhic. LoL, ZO22UNDEENS /37 ERITENDETIC
LoF—EThHot. ZORRIS, TD2DODF /37 1IXMT BRR WIS HREE
ORI, ABAICL VREI NI ENHEINS. €D/, Rubiscolk
Rubisco activaseD HMEICBE S 2 T 077 —EARHET L7201, ¥5F 42 HHE
& U7-PAGEIC & B G vtk 2 A Lic. 9 HEHEH TERKBETD, %
BARPICEOTE TV ) etk @H 7.5) TLMDB A 4, ATP, EHEEE, SDS
2HmU, o777 —vEHokEERS . L L, BEESERETE0R
SDSEZGHRMUIEEDATH »7z. T DSDSITIEFF bf:j’ o777 — EEHIE, #4550
kDa (RLP50) & #760 kDa (RLP60) D2D0\SAF ICHER T =, W& T EHS.5)
TEL, BTVAY HEBTIRHED >72. SDSEHM U BLEAE, WihopH

KEOTHERIIRETEA) o/, LLEOERENS, SDSERMU foBik &4
TOFOFT —EIEC R H TR -
Rubisco>Rubisco activase 2 4¢ RN T 5 Tur 7—ENFEET 573513,
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ZHUZABAC & D EHORBAMZES N, BAC KL DIHISh 3139 THE. i,
BHEETHENROBEITLNTEUCERMEN EZZ 53, RLPS0IZABA
WK D EHEORBIMEL XN, BAICKI OGS, Fih, FEETRIEYHO
BEITHRTEUSEEMEN o2, THUSH U T, RIPOITELEEIIENTD
M RE LT, 61T, Y7 oAF ¥ I FiZ & 5 Rubisco & Rubisco
activaseZEDEFTO ML, D220 FuFr7—¥ ORKRMEEIC L
BiT& 7. %7, RubiscoF 8 & RLPSOFENH: LDOMICIITEADHEMENED Soh
7z. —7, Rubisco activased & & RLP50 & DI i {5 EBAEHI /S A D BAEED 5
Nz, LU EOEED S, $IZRLP50%Rubisco DGR WAR~E S5 LTS Z &,
Rubisco activaseD 3 RICIIFOBERVBEF{ LTS I EBHEEINSE. ZORDKR
IZ, SEEED Rubisco & Rubisco activaseD B EiFEME A L) TawFa V7
D24 Ui, RLPSOEHDOE N > cSDSEFLEBBHELEHTE, B
55kDa® Rubisco R 72 = v M(LSU) i, FEHEIC IS BN H,
SDSEZEFEFHOHTIAYHEHETE, BEALGBIN LI, ZhH
IZ%t L TRubisco activaseid, WIFhOFHIIFTbaEIhi. UL
D #5 RiL, Rubiscod 3 RICH IJARLPS00 BB RBT 55D TH
5. THiTx LU T, Rubisco activase{IRubiscoE RIL 2B T, BT IAY
BEHICECTELBERDIENT o F 7T —FilLk-s TR EINBELES
Zoha. 2%, COXINRRUESTHRBREEN, NRABIIEITIZE
BOZELABIIEVEE LU TOHLATEENO L EERIITONS.

-94-



BEER

AR XDFEE HIIE, Rubisco activasedS 1 REDNEGREEICEDOBREME L
THWBADODZHOMITHIETH-1z. fIFE, EERRNITEITEHEDOBERD,
ZORHERDOPTEOREDOREHRERE >THED0E2T7 5 v 7 AHAMMBEH
(Kacse and Bums 1973) &l W TH LT 2 20D ST 5. TDOEHLOT
HHUT, HKHRLKDOHEENTEL2IITOBBIEEL TS T LTy, —4, 0
ThHhiIZZOBENE BEERELSBWOIEERT. TUoF 2 ABHMER
c\f:m%ﬁ%t: &3 &, #3327 B Rubisco activaseD 3L T TO EEIREBON®
BRICBIT 5275y 7 AREREIL, AT T0.28TH S (Jiang et al. 1994). T
fEI3586 T i< 3513 % Rubisco 0.7 (Stitt et al. 1991) & g 5 LB DIE NS DT
b, Jianget al. (1994) I3, REFEICEITET75 v 7 BT D2o0 & o3
JIZED 2T INDIBTEERELTNS.

Rubisco activaseF &% i X1 ¥ NI HEAE T, TOFEEZTAEROK
PUUTIZIEBE TET IELO EREBEBEIIREAL ZITF 70U (Jiang et al. 1994,
Mate et al 1996). L AL, Eckard et al. (1997) 137 5 £ K7 ¥ 2 E &k % Ao
T, HBAIFEP 7L Rubisco adivaseﬁﬁoﬂf&’}/‘ EFERDI0%EE) ITL D, EHER
RO EBEE EHERRNMENINOIKRTIEIEEHREL TS, ZDZ
&3, WIS K D ER AT ICLE I Rubisco activaseF BNRITS T EETRB L
Tuv%. Woodow et al. (1996) i3, #/XaTRONIL 5%, EERED BARKIC
15 RS O@F T Rubisco activase T &3, HEFOFHEHRETOREBICH
T, COLEERBDBEENIL T E1DICBETHS DT LMEN IR
%$EP8 LT 5. Rubisco activaseDEHIRBONREHICH 1T S 7 5 v 7 ZREMRE

A30.28T &H % (Jiang et al. 1994) DITH LT, Stk TDORubiscodiE HEALIZH 1T 5
FIEETIZLOTSH 5 &1 #hiy (Hammondet al 1997) 905 b, D RHAITIE Lo
bDOLEEDLNS. A RICBOVTRERZDOKIR, TUoF UV ZREHERGIZTS Y
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7 ZRMEBOBERIBITHbI TN, AHELERNS, Rubisco activasedd HE
HizehZFTRITWEZEZONS. 2D, EFREBOLESHREEITICOLIFIT
(B4, 5), RKCOHET (K9 D HiZk T & RubiscoTid 7 <, Rubisco
activase B L O ARBNRD - f2. TD I LIFEBEDRubiscod 7 LN T VLS A b
L BER D USBIEEE R (in situ Keat) DT K - THEM T 5hic (K23, 26).
LU, A RXTOERBEHHDOFRIZFEATIZS mgm2TH 7258 (H2), RL
THENDIFTIRAEL, /53 Tid#80—100 mg m? (Hammondet al. 1997), >0
4 X+ X+ TI2150 —200 mg m? (Eckardt et al. 1997) & S M&EH S bRABEES
Z5. 2%, FEMICBMBOCHY LREE THAICHMDS T, M1 RICBL
TILE HFRB DA BITH T HRubisco adtivase) S BEE LT EEZ SN 5.
SORBEFITENT, 590 o DIEEHIRBD IS 5K# K H Rubisco activaseD §E
HIEBEL T BRI ENBASNENL -7 (K15, 18). F 7z, HIEEMIIE TRA
% ’RubiscoD{E#ALIC T 1T 2 #IHFEIL, oA X F XFT5—6mol site m2 min?
(Hammond et al. 1996), % /3273 —5 g mol site m? min (Hammond et al. 1997) T
D, 4 RIHIT B EPFELER TOME8—9 mol site m? min! FHBHENEEZD
(F17). 2% D, A RDRubisco activase [TFEEFHIRBOIHAEKIZE N TIL, fDCs
HY & RREL Lo 2RO, EHEREBOMREREMRT S ENIENEE
Zohsd. A5 E, A RDRubisco activase(d, Rubiscol RuBPOARE HEAIHE
£45T3% BERD & RuBPA MRS 1 B B0, FEHBDE-CorMga EHER T
DEJDIFEFETEN ENTBRINE. TDOI EHS, 1 RITH L TRubisco
activasel3 EH RE L IEEHRBO XSGR, HHEICEOTREER L DB Z0T
BisohEEZoNS.

Rubisco activase{ZRubisco DIEHALZ B LT, FEORGREELZREL TS
EZZohs (K6, 9, 15) &S, ENICKITA MY /1 OFRILIEEL
55, ZOFRLOEAI, MBARBICKEIAMT /N7 OFLBEBRDENIIL -
TH Ufe (M3, K14). % b, RubiscojdRubisco activaseio LlE (J THMS W Bt
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¥, FTHOETAdivase/RubiscotbpMEL 72 5. 2D &) BERLBBRDOEN 24
U5, 1o0EHIZ, TORBBKICHLEEZohD. DX, =V UMK
BRI H1F B Rubisco/hY 712w FOmRNADE HE DK T i3, Rubisco activase
L0 b B & (Crafts-Brandner et al. 1996) B REShTH5. X/l sy /70
mRNADFBULIC & » THBINB S, Rubisco activasedd FBLI3 B FUik D HIf %
i35 &, BB XLEZAGZ O 04 XF X F (Pilgrim and McClung 1993),
k< b (Martino-Catt and Ort 1992) THERIN T 5. X 61T, TOD X)EFHEBE
BPRTHIZTTIRNEL, AFRICENT, SFBREBIC LRI H S I ENVRE
iz, D D, RubiscoDs3f#i3#y50 kDaDSDSKER P77 —E€HM 59 5
%, Rubisco activase|z R B T 7 —PIck > THIHRINB I EBHEEIN
7o (36, 37, 38). ZDXINSEEEOENT, MBERICEIFAHSY /37
DEALERDENEE UL —RHEL->TEEEZ NS,

RubiscoX Rubisco activase 5813, REESMEBHITEE BRULEEZ SN,
EEREICL->-TOREBINEL LN TR TES. RubisoF & IBNEREIC
REBEZITPT U Sageetal. 1987) A%, ANE VYA 7 IVERKRT BMEDBEFED
BREARIT, HEMIC—FETH 5 & (Evans 1989, Evans and Terashima 1988) ,
EENXBERFICEARNO ZRFERICHET S Z EPHMS5N T3 (Sage and
Reid 1994). A@F5E#5 R Ti3, Rubisco activaseF B IIE FREHK R ITLHHI U THEMT
B0, HH UK EEICRBEINRLNLI & (K74), ZEHRM 827 ) ORubisco
BRIIELXTETETTEI ENHOHEL 7 (RTB). 2%, AEFEHONK
REPEEMBBICE > TH, EATORubiscod Rubisco activaseZ B D/NS5 X
PEDLEFTAS. OXHIRBEING, ThoDy /X7 2R/ELUIERE M
ITiguAY, Jiang et al. (1997) D ¥ A XD Y w o 7 4 N RFERMEAOIRE
K5&, 7uu 74 VRIBERKETIIEHAR IZH~TRubiscoF & KT U 724,
Rubisco activasel lEBA 1 1A - 2 (2 DR Tliang et al. I3 D & &I T

WIS, 700 7 4 VREBEZEKIZENT, RTxVF-OEFHGHIRINS L
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22 5E, KFEICEITS, #ILK TRubiscon DR INEE DS BEHPIL 185 &
WORREHTHLEEZLS. AMITHRAEL THRWLD, TholAT, WYY
R GROEGCHETINHEDHAREL U TRCOBENET SNE. &
COPHET THE U IHlME TIE, —RAYICRubisco FRAMET T 5 2 RS
N T3 (Sageet al.1989, Xu et al. 1994), £ R IZH T3, EEFFOECO2AE I,
YR LEETOEFNOERSROET &, FEBLOETE51E#E U (Makino
et al. 1997), E~OEERREHETEH, TOFERICIIEEL LI EHWEX
N T3 (Nakano et al. 1997). U U—4, Hu etal. (1997) i3, Rubisco activased;
BERROICBAL IR T v F2r AREEREKTIE, BFERICHRTEENIR
N, ARSI UEDIEFTIEAE L, in vivoT ORubisco R i B FEO 1
THERTHEZ EERL, TOBVIIECOPETTEE LIcHWATHEETH
5IEERELTNAS. %D, HCOGETTEETS Z LicLD, Rubiswo
activaseD A ANOEFYUNHE U EFZ 5. A XEAVLERETE, E0F
VB, ECOR I 1) 28 FB I (L, Rubiscofsbige 4 + D GBI 3
%38 U TRubisco activaseHTRE L T B I AR LTz (X27). 2% b, £FCO:
53 FEIZ & - T Rubisco activase & Rubiscoi 3] S D EEZIT, SMCOBE T T
DA REEDEEEICEMEELZIENTFRTES. UL I NS, Y
DEBR T AR~ LBREEIC £ D, Rubisco & Rubisco activase D& B I3 B4 Z 1T 5
CENHRING.

LTI, A REOMEBHIE A 0T Rubisco activase & 4 gk B D% %

%

L, BICEDOHOELIZ Activase/Rubisco b AYEL 1723, Rubisco activasesE ik
B, FEFRBORRAREELFIRT S E4BE L (K6, 14, 15). MEsBE
ZHUTHARBENEEGSCROILERE, WEHAERNEZEZ S LTHEEICEET
HBEEZONDY, BEOLEGREFELEYEER S OMICIZLTLHEDH
RAIZ % 5 TUV L (Cook and Evans 1983, Gifford 1974). LA L, Eckardt et al.

(1997) 37 S EF 7 v R HE# &% AT, Rubisco activasedy B DRERAY 7T |
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DI & BEH IS RubiscoD EHEAL B EbB DK T A, BRERNTHYEERD
RENBOELELIEARLTHS. 2F D, HAKERE H 5 Ii3Rubiscod fEHE
LR D & 5 L BEEITEO UHEDINE LTH, BEMETH 28WEP/NA
ATRARBRESHEEZITIBEEZ oMb, THUOLLA RITEOTIE, EOME
ZFHi, BE LEEE, RERE RROLIBTHYPEROEINIREDE
U i3, Rubisco & Rubisco activase 3 8 D/VF » 2 %@ UTEE RE L ETHERED
HEREEIIHEL, 1 2OWHEERRMNCEEND > THBA[REHND 5 &#k
wmIFons.
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W=

Rubisco (3 HA K ICH T B CO[RMLD MIRRIGE it 4 2R ThHh 5. Z OBER
12, A RENOTELESY /7 OES0% % EH TN B IS 57, BRETTO
A KDOHEHER 785, RubiscoldHHLEMLBHEE D, TOEMLICIIR
bisco activase& 1D ¥ /87 DBIEABETHS. 559 F TRubiscoid RuBP & FiF
HENCAEE T 5. Rubisco activaseDEARILE X3, T OAREHEESED SRuB
PLAEEXE 5 Z &IZ K DRubisco iBH AT T & THAH. €D, Rubisco(d
EEROICH B ) O VERE (YA N ~OCO: DAMRIS (77123 2 VL), Mg?
MK BREMERTERELEL S, A RFEIIBWTIE, Z0F /37 DG aHE
BlEoBREBRELTO20NEL{RHTHS. TDIHERMI TidRubisco act
ivaselZF H L, FITMEBRIC B1F 54 BEE L S5 KiTRubisco activase & Rubisc
ODFBOEADLS, WF /37 EEHREEEDBFRERI L. 2TOEERIC
BT, BREE T THRK U HAR A X (Oyza sativa L. ov. Nipponbare) %t 3k
& Rall DY Al

B—8F FERBEBOELEKHEE & Rubisco activase

BIRET (51 B 8RB DA SR I Rubisco T BIC & » THIATE 5 & %
Z5NTE. ULhL, invivoTORubiscod EMALIRRED EUNE T B d 2 340
W DB B £DIY, FETIIRubiscoDEMALITE L ¥ /37 T % Rubisco
activase{ZF H UT, H—HiTI, RAREAMLHEELOBFEE, BHTIE, K
HRMLR EOMFRAFE U/, T/, MERBED 4 ERBEIC XL 5 Rubisco activase
FERNDHEIIOVT A L.
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#®—fi MM IZfE S Rubisco activase S B O (L &
B KB R Y BE & DBEfR

FRE10ZED MBS IAE S F KERFRE #AE, Rubisco activased &, Rubiscod &
DELZETHN, ThoOBDOBEFKRIC DN THRET L7z, Rubisco activased &3 A MH
ZRTITHEHE THRAICHEML, €0RSFIIEP L. CORLBEARSH
EbHKED 572, Rubiscog BiIHEXRIAE TBICRAMETHY, KTFLIILDS
BN ENRS PR Bt 2% D, 202205 V) BOELBRIEE
KRB BIENHSMEN 7. BFRBRBHEREZ, 3 g m2LL T D Rubiscod &
EHHIBARICH DS, €TDEEBZ S LEMT 2MMICdH -7-. —7, Rubiscoac
tivaseF & & OMICITEOIEQOHMBYIED S 7z, £ LT, RubiscojZit g5 Rubisc
o activaseD ZFBELNF X 5 &, R iFDin vivo RubiscofEH: (B fifRubiscoig 2§ H D
HABGEE) XEL L -7z, L EDF RS, Rubisco activaseFRIE A RED NG
4 S Bk B R E OB AL & BB > T 0, AT ¢ Rubiscodis
Flicdh 584, RubiscoDEPEAIRubisco activaseiZ L 5 FIR A3 T 5 H D EH
Zohs.

B AW UOEREEZERMGEL RITT Rubisco activase T & &
BERMCHBA~OLE

BRUBBLABTNEREEZEL T REKBBEICLOERL, FRBEI10ED
BARBRAERHERE, RFEFRLZNZH ERubisco activaseZ B EDRBRERE L. S5
12, HE DGR AR X ZE # D Rubisco R ubisco activase~DFBRIZ ED X 5 I
HETIONMIDONTHEH U7z, Rubisco activaseF & (3, AFHR DONRMEITE
SNF, BIREFICH UTHAIRICHN Uz, AISH LT, Rubiscod i3k
i WT, HETEI G o, ORI, ABTREEDOENICKD, ENT
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?®Rubisco & Rubisco activase FBD/NF Y ANEDH B Z LM S E 7L -7z, Rubisc
o activase G BIC K9 B R ARBEARMM EEIZ, B ITH~NTHEAX TE TESL
1> 7z. —7%, Rubiscof 8 &R RRFMHER & ORI EFT O M EICREE
Shigh iz, UL, Rubiscof BNE L5 L, BABEHEE S Rubisco 5
BICH LT 2Mmbidh -7z, EE{bEIhi-RubiscoR A& THETH 5 IRHE
[F{L%h 3 & Rubisco activaseF BOMICIE, 1ZITEMAM TRAKRIED ol Thic
xf U CRubisco T3, &3 gm2l biZis 5 &, RERMLFRIEIT 2H0%
AUfe. L EDERNS, RubisoFBRZNGE, JefaE R Rubiscod & 1Tk
U TEAME R 279 Did, Rubisco activase T BAVEXTAGIC 275 < Rubiscod 7 AL
BHIHBRINZ1-DTHBEEELONS.

B3 FEEERBOXSHKHEE & Rubisco activase

EDF TN D IS AT AR LR 85 E, RABIETERES
50, HATEEIINE LRI LAY, C OBEOLAREE DL/ D BAE
B i3RubiscoDIEHAL T 5 = EHKIS NTWB. AEDHMIE, £0L5 HHEE
BRI BV 5 A ROELRE S MBBRIC VT ED L 5 1B T 505,
Rubisco activase & DBE#MEITH 5 DNERETH L TH 3.

B mMEICHSRAREEAOEMEMOEE
Activase/Rubisco it & @ B4%

HARKBOH AR LA L, ERBL0EDOCON X B OFFEFM (1),
Rubisco &, Rubisco activaseZ BZZFFANTHAE L7z, COi REZHE D EFMEF
i3, JREZEINSE THOMI LG DEFREBICHITT 52X TICET S
FEIDRETH 5. BFEFREIL, AR OB -FRERE (PFD) 41100 ymol m? 57!
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LIFTid, PFDOMIMCN U CRBICEHIN, TOMEEEA S5 LARBEPH
Lot DED, BAMEFRH & ML OBKIIZHICG TSI ENTE, 220
BMTORBEROENITEING. 22T, £hZhOHH» 5PFD 60 »mol m?
s1(§53€) &£500 pmol m? st (G&JE) ABY, MEBARICE 1T 5EMEFE OLNL%E
FAEL 2. B TOZMERIE, MEcEnEHEIN. —F, 0B 4A3m
BICHEI NI o7, Activase/Rubiscolbi3 M EIcE > TER L, F5ETO&EH
kil SO BEOHBER LU, £USH UT, M TOSEMERIL, Adivase/Rubi
scoftlh & DR IIRAD SHITh - 7o kD S DEMEFRIL, Cio BRI & D HH
SN, FROBERIEENDIIh 7. ULEDERNS, HABEHROILED
SDEMALITIE, BZ S AW IMEEBENRBEELTH A0 MBICEEIL
B, ZRISH LT, HEEEEOED S DG RO FEH/LIZRubisco activase & Rubi
SCOFBD/N T VALK > THRESH, MBOETITHOWEENIET LD EZZS
hic.

B M S RubiscoD FEHMLICH I3 MEEDOEMRE
Rubisco activase S & & D M{%

HARKEO HAKBZ M L, TRHE10ZED Rubiscod iFHALIC I 5 I (V
i), Rubiscod &, Rubisco activaseFEAFH AL/, VIDEEELAWEMS L CESE
DRubis0DIE HALDEE R, COI RAHMIEN & HesE Ui b DTHB. Bkn
SOVIRZMEIZ X DRILL, ZORLiEITRubisco activaseF 8 L LT,
ZLT, WEDOMEEHEE L& Z A, Rubisco activaseZ BOMMIZ LY, Vil
AUk, ZhicH LT, @Eh 5 DOViDHEIL, Rubisco adivase RIS E IO
Mot ULOERMG, HBRITHORICET 5 Vild, NE&FE% 8 U TRubisco

activase B BIT & » THRES N TS EEA SRS,
S O BHIEMRE A M X ¥/ B %3, Rubisco activasel3 HH & 75 5 RiEHE
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B DRubiscoTHRFI LT B ETFHETES. €D, Vici, in vivo'T®Rubisco ac
tivase{EHE AR TR LLDVB SHDTH Y, RubiscoFRITEEINITL. THiC
SUT, EHREMIEHTCEEERBICBITT A TONMERTIEETH S L
"5, Rubisco activasedD A TI37I { Rubiscog B b5 T4 LEZ SN 5.

NS DEEBFEE LTHOWIEBAEGERIZ, Bk iIsEEERBORE
i 51 63875 %78 U C Rubisco activaseDBEA ITHAE LTU 3 & & AR LTS
LiERDIIoNS.

=2 MEICEES RubiscoDiE#E A IV N I NALBALEDE
1t

A FETIIEHRBOREG HKEE, FEEFREBOAFHEEIZ I TRubisco act
ivaseD B X WEETH D, ZhiiRubiscoDiEHALIRAESE T U THREBEE e
LTWB I EWRBIN. FISHWETIT, Activase/Rubiscotb MKW Fo I, in

vivo T DRubiscoD{EHAMET LT B EEZ 55, L L, Rubiscodi R
FEMTH Y, YIS > TRBENRITS. ZTORHAETIE, Rubiscod iEdk
{LAREZ Y CO2DHL Y 1A A1T & 5 Rubiscoiftth L M4CABP DFE A I K5 77078 T VAL
Y4 MOBEROAETHREL, £7, 1 REITHIF S RubiscoD{EHEALHE DED
STHRHBINTS O0%E, XEBEFREE PFD)IHT 2EEN SHSHITL,
RIZ, Activase/RubiscolbME O NET, FEEEIZRubiscodiE M LREAME T LT
WBODD, Ei, KKRH L COLBFEHTEND D BDONERET L.

PED & Rubiscof& H{LRAE & DBARI11.0— 11280 LRI04 ML THEL
7z. CONAZH|ERE LA =Y v IIVEHD JITH T B IGEIIF|ULTE D, PFDO
BT - TER U, b — ZVIEMISPFDICEB X hith - fofesic, MR
(A =¥ v VG b — & VIEH) 131 = & v VEH ERU U2 /LBBR %2R U,
A=Y » A PELPFDOEMICH: > TERL, £D&ER, A/ NIIMEERE
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EARIE/ UL, BHRIBFPFDT TIEIF1I00%ICEL TH5DIX LT,
AN I NWALRIZZDPFDT HH65% LB »72. 2% D, priscoygmi # I8
IMELROATRHFEATERWEZEZONS. ZIT, &Y A bORISEESE
EThBinsituKeatiZFEHT 5 &, BB TPFDOHEIMFEOSBIC EFL
7. TS DRI S, £ XFEZH 1T B RubiscoDERTMITA =2 v IV ANMNT
MY A b3 & in situ Keatit X > T, fTOhTWEEEZ 55,

FRBL0EDOME IS 555 (60 pmol m? 1), 585 (500 wmol m2s1), FIF
Jt (1800 1 mol m? s1) T TDRubisco DIEHALIRBORLZFAE LIz, RRCO243
ETFTO, MEERMICEITES v vV EEE RSN EHICERTS
flmER L. T LT, FETOZEN SOERELSR DI -7 ks
FERICHIT A =Y v VY A PUIMBOETICHE > TERA bf:b*, in situ Kcat
BRI HE OEEINEI o7, TDA =Y v A MEL& Activase/Rubisco L,
I, IZITESNTEARNRED ohis. ULEO#RNMS, KKACO243HTLugfyP
FDISEWEM T, EOFOWEICA = v VB, BHRBRMETL, ZhidAct
ivase/RubiscotbiZ k » TA =¥ v IV A IWN I JULY 1 PEORE 2720 ThH 5 &4
RIFoNhB.

KIS, BRERICIZ2RABRRNLEERNEXHTHS, CO24E LM
F17 5 RubisoDIEWHALIREZE, ERBIOEOMKBELZECTRELKL. 1=V %
IWEHRR, COFRBICEOTHEOFORRICES, MEHEHNER L. Ui
L, REEBERBEED, A=Y % VAN IIEY A FEDBEMIZHE - TS
Inotc. ImsituKeatiIBAEMS 10 HIZOIFTTLERL, T 0%, BONMETL
fo. ThoDER, BHCO:FETFTIZENTHA = ¥ v VG EFEHERITE OB
HITIED - Fods, ZhidRubiscod LN IIVEDRBEIZ L Z DT L, A
NUULIhicH A MBI 3EHOBOSMEE L TO AR EZ 5N 3.

#{PYE Rubisco & Rubisco activaseS B DEAL &
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Tur7 —CElEDOBE

A RED MEGBRITHB 1T 2 LA REREDE (LIZIE, RubiscoD{EMEA(L R HE
B bh - Tk, £ OFEMACIRREE DZE{LiL, Rubisco X Rubisco activased & D 1L
BEENREE ZEICLVREIBEEZ N AETIE, ZD22505 /7 FR
DEBEOZEONED LI UTHELTH 200 EBEHT B720HIT, 5 HEHE
KEBLTHEL. ABAERTIE, GYBTELEETIVE DI, FITA
BAIZ & D B bE (Rt X S EY R 2 MR E L.

HARKBO A LZ, LHEHEICL D BREMHT TISEME TERL, £0
EREIEAMRE & Uiz, BEHR ZEKL25°C, 60 ymol quantam? s1D3E BT

T, 10uMABA, 10uM BARVIILT 3 )Y V) OEBIZIENY, Rubiscod

Wy

8, Rubisco activaseF R, D2 OLINOREMSY /37 FEBOEBHNE{LE

il

A
L7z. Rubiscod &, Rubisco activaseF B D K FiXABAIZ L h{gXh, BAIZ KD
wEEhiz. UL, ZO22PNDREHS /37 FRIZBMLOETICL ST —
EThHote. TOERENSL, TD2DDF X7 1Txd 25RME4 BEEORE
DY, ABAIC X D REINIZZ ENTFBEINS. ZTD7¥, Rubiscod Rubisco activas
eDFRICHAET 5 uF T —EERET LD, ¥5F 2HH & L/ZPAGE
Ik B AN REEEA U, £ HEEREAHTERKBZITY, ERIEKMITE
WSS TV Y % (PH 7.5) TMg>Ca®, ATP, JEMHMER, SDSEHAML, 7o
TT7—PEHOREBAERS .. L L, EHESHEZETE 2DIZSDSERML 78
DATH-te. ZOSDS|EFE LI o7 7—¥iEHIE, #50 kDa (RLP50) &L#56
0 kDa (RLP60) D2 DM SAFICHER N, WHE @ TR, BTAA) HEH
TIHMEDM - 7. SDSERM LIEWH AL, WIhopHick W T iEHidwit T
-tz ULEORERN S, SDSERMUICBRHEZHTO 0T 7 —EiEHicE
HUTHEZED .
Rubisco*>Rubisco activase Z 5 R I8 T 5 T 77 —EWEET S oi3,
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ZHIZABAIC K D B DFIRIMMEE I N, BAICK YIRS B3I THS. £,
%&%f@%@ﬁ@%ﬁhk«f%b<ﬁﬁﬁ%mt%iéné.memmm
KK D EHORBMMELE Xh, BAICKOMEIZIhiz £/, BEETEIEYHFO
BAEICHRTE UCEEMEN - 72, £hITHUT, RLPOOIIEFLEFEIIL N TD
MRBELTUVZ, X5, Y7 oAFY I NiZ &b Rubiscok Rubisco acti
vaseF BOETOMHMIZ, 02207077 —F¥ORBMEFICIVBNAT
% 7-. %72, Rubiscoq i, Rubisco activased & ERLPSOFEM: & DRERIZ D TH
L& I A, RubiscoF & ERLPSOEMEDMICIIENADHEGED SN /.
—75, Rubisco acivase &t & RLP50 & O RICIZ BT A OMEEIRD o .
UL D#ERNS, FRICTRLP50)RubiscoD R HENBE LT 5 T &, Rubisco
activase D I ISFIDBERVEFR L THEZ LHHEINS. ZORHRIC, £
BZDRubisco & Rubisco activaseD FRIEREA L) Tav T4 710k D
¥ U7z, RLPSOEH D EN -720.1% SDSA2 S B &4 Ti, #55kD
adRubiscoK# 7 1=y MLSU) i3, #HITEL FBEhicd, SDSES
EHNBET AN VHERTE, BEACHBENE hot. ZRIRMLT
Rubisco activaseid, LWIFhOEZHIIEF L TboHEN/. UELOERD
5, Rubiscod 3 ICH 1 ARLPS0OEENE RBINSE. ThicHl
T, Rubisco activase{ZRubiscol BT BB T, FTNAAUVHEZBEIZENT
BLEHDODENOTF T Btk THABINE L LEZLZON S, OF
D, TOXIBRE - 5BREEDY, MBERBICETS33BOE AR
BOWZEEUTHWALHEEEND S EERTITONS.
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Possible Role of Rubisco Activase in the Activation

Mechanism of Photosynthesis of Rice Leaves

Rubisco activase is a protein, first discovered from mutant of Arabidopsis
thaliana, catalyzes activation of Ribulose-1,5-bisphosphate carboxylase/oxyge-
nase (Rubisco). Under ambient CO2 concentration and saturated light intensity,
photosynthetic rates are mainly restricted by Rubisco activity. Thus, it is important
to study Rubisco activation state in relation to Rubisco activase. In rice leaves, we
purified Rubisco activase for the first time and confirmed the existence of this
protein. However, it has not been studied how extent Rubisco activase takes part
in photosynthetic rate in rice leaves, and the effect of aging, nitrogen supply and
growing light intensity on Rubisco activase content. Therefore, the author
intended to clarify the relationship between Rubisco activase and photosynthetic
activation especially during leaf aging, and discussed the importance of Rubisco
activase as a limiting factor of photosynthesis in rice leaves. Japonicarice (Oryza

Sativa cv. Nipponbare) was used in this study.

Chapter 1 Relation to Steady-state Photosynthesis

Underambient CO2 concentration and saturated light intensity, it wés considered
that photosynthetic rates could be explained by the content of Rubisco and
intercellular CO2 partial pressure (Ci). Whereas, some reports suggested that
Rubisco is not always fully activated and some activators need to explain
photosynthesis . The aim of this study is to examine the relationships between
Rubisco activase content and steady-state photosynthesis. Also, the effects of

aging and growing condition on the amount of Rubisco activase were investigated.
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1. Relationship between the Maximum O; Evolution Rate and
the Amount of Rubisco Activase during Leaf Aging

The oxygen evolution rate under saturated CO partial pressure and light
intensity (the maximum O2 evolution rate) and the amounts of Rubisco activase,
Rubisco, total soluble protein and chlorophyll were investigated in the 10th leaf of
rice in relation to its aging. The content of Rubisco activase increased until the 17th
day after leaf emergence, thereafter, it decreased rapidly. This change was most
remarkable compared to the other leaf constituents examined. ‘The Rubisco
content had already reached its maximum in 3 days after leaf emergence and had
begun to decrease at the earliest among the leaf constituents. These findings
indicate that the amount of Rubisco activase is not coordinately regulated with that
of Rubisco. The maximum Oz evolution rates depended linearly on the leaf
Rubisco content below the value of 3 g m2, but tended to saturate above this
value. On the contrary, the amount of Rubisco activase and maximum Oz evolution
rates were linearly correlated during the life span of the leaf. The apparent in vivo
Rubisco activity as the maximum Oz evolution rate per unit Rubisco content,
increased exponentially with the increased Activase/Rubisco ratio. These results
show that the amount of Rubisco activase is closely related to the photosynthetic
rates in rice leaf from its emergence through senescence, and suggest that in vivo
Rubisco activity can be restricted by Rubisco activase content, particularly when the

leaf is young and accumulates excess Rubisco.

2. Effects of Nitrogen Nutrition and Light Intensity on Rubisco
Activase Contents and These Relation to
the Carboxylation Efficiency

The carboxylation efficiency estimated from CO2 gas exchange rate, maximum Oz
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evolution rate, the amounts of Rubisco activase, Rubisco and total nitrogen were
measured in the 10th leaf of rice, grown underdifferent nitrogen supplies and light
intensities. The amount of Rubisco activase increased linearly with increasing
nitrogen content regardless of the growing light intensities, whereas, that of
Rubisco was slightly lower under the shade condition. This finding indicates that
growing light intensity affects the balance between Rubisco and Rubisco activase
content in rice leaves. The regression curve between the maximum Oz evolution
rate and the amount of Rubisco activase of shaded leaves was tended to be lower
than that of sun-exposed leaves. On the other hand, relationship between
Rubisco content and the maximum O2 evolution rate was not affected by growing
light intensity. However, a curvilinear correlation was observed between the
maximum Oz evolution rate and Rubisco content with the tendency to become
saturate at higher content. Carboxylation efficiency which is an indicator of the
amount of active Rubisco responded almost linearly with the content of Rubisco
activase. In contrast, Carboxylation efficiency tended to saturate against Rubisco
at values higher than 3 g m2. These results suggest that photosynthetic rate can
be restricted by Rubisco activation states which is limited by Rubisco activase

content, especially at higher Rubisco content in rice leaves.
Chapter 2 Relation to Non Steady-State Photosynthesis

When a leaf maintained under low light intensity is subjected to high light
intensity in a step change, photosynthetic rates become non steady-state and
increase over a few minutes finally approaching to a new steady state. It is
considered that activation of Rubisco mainly limits such a non-steady state

photosynthesis. In this chapter, non-steady state photosynthesis was evaluated
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by the relaxation method and investigated a relation to the amounts of Rubisco

activase and Rubisco during leaf aging of rice plants.

1. Changes of Relaxation Time for Photosynthetic Activation
during leaf aging and these Relation to Activase/Rubisco Ratio

Changes of photosynthetic CO2 gas exchange rates in relation to step increase
of light intensity from two photon flux densities of 60 umol m2s-1 (low initial PFD)
and 500umol m2 s (high initial PFD) to saturated PFD of 1800 umol m2 s were
measured in the 10th leaf of rice during its aging. Rubisco relaxation times ( 1 )
were calculated by the normalized data of intercellular CO2 partial pressure (Ci) in
orderto remove stomatal effects. This value means indicator of the time required to
complete Rubisco activation. The relaxation time of low initial PFD exhibited largest
value ( T = 2.90 min) at 3 days after leaf emergence. This value gradually declined
up to 33 days indicating the increase of activation rates of Rubisco with aging under
this light intensity. In contrast, the relaxation times under high initial PFD
maintained relatively constant (t =1.5 —2.0 min) during leaf aging. The relaxation
times under low initial PFD showed high and negative correlation to the ratio of
Rubisco activase to Rubisco (Activase/Rubisco ratio). But this correlation could not
be recognized in the case of high initial PFD. Moreover, the relaxation times were
more sensitive to Ci under high initial PFD than under low iniﬁal PFD, especially,
when Ciis below 30 Pa. This suggests that with the aging of leaves, the rate of
photosynthetic activation tends to increase under relatively low initial PFD through
the changes of the Activase/Rubisco ratios, whereas, the rates of photosynthetic
activation maintain almost constant under relatively high initial PFD possibly due to

the restriction by Rubisco carbamylation rate.
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2. Relationship between Initial Rate of Rubisco Activation and

the Amounts of Rubisco Activase during leaf aging

Initial rate of Rubisco activation (Vi) was studied in the 10th leaf of rice during its
aging. This value means the rate of Rubisco activation just after increasing light
intensity, and it was estimated by CO2 gas exchange rate. Viunder low initial PFD

(60 umol m2 s-1) varied with leaf aging, and its changing pattern was consistent
with that of Rubisco activase content. Further, Viunder low initial PFD was linearly
correlated with the amount of Rubisco activase content. On the other hand, Vi
under high initial PFD (500 umolm-2 s-1} was unaffected by the amount of Rubisco
activase. These results suggest that Vi underrelatively low initial PFD is limited by
Rubisco activase content during leaf aging.

Rubisco activation rate just afterincreasing light intensity can be assumed to be
saturated by inactive Rubisco concentration. For this reason, Vi is considered not
to be influenced by the content of Rubisco. In contrast, as relaxation time is an
indicator of the time needed to achieve new steady-state photosynthesis,
substrate (Rubisco) concentration related to the value.

From these results, It is concluded that Rubisco activase plays a central role in

non steady-state photosynthesis under relatively low initial PFD.

Chapter 3 Changes in Rubisco Activity and the Number of

Carbamylated Site during Leaf Aging

The amount of Rubisco activase was suggested to be a limiting factor of steady-
state and non steady-state photosynthesis, particularly in the young leaf, through
the activation of Rubisco. Thus, activation states of Rubisco should be measured

to verify this hypothesis. Whereas, activation mechanism of Rubisco is a |
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complicated process and different among plant species. The aim of this chapter is
to elucidate the activation mechanism of Rubisco in rice leaves and to investigate
whether activation state of Rubisco is actually lower in the young leaf because of
low Activase/Rubisco ratio under ambient and saturated CO2 partial pressure. In
this experiment, Rubisco activation states were analyzed by activity using 14CO2
and carbamylated site using 1#CABP.

Rubisco initial activity and CO2 gas exchange rate increased with ihcreasing PFD
in the same trajectory. Light response of Rubisco activity ratio (initial activity /total
activity) almost accord with that of initial activity because total activity of Rubisco is
not influenced by PFD. Initial carbamylated site of Rubisco also increased with
PFD, and this made the carbamylation ratio (initial carbamylated site/total
carbamylated site) rise. Although the activity ratio reached approximately 100% at
saturated light intensity, the carbamylation ratio was only 65% in spite of its
maximum value. This finding indicates that regulation of Rubisco activity can not be
explained by carbamylation alone. Thus, the rate of catalytic turnover of Rubisco
active site (in situ Kcat) was investigated. This value rapidly increased with light
intensity below 100 u mol m2 s-1. These results suggest that Rubisco activation
states are regulated by initial carbamylated site and in situ Kcat in rice leaves.

Rubisco activation states under ambient CO: partial pressure and low (60 umol m-
25-1), high (500 umol m2s-1) and saturated (1800 umol m2 s-1) PFDs were studied
in the 10th leaf of rice during its aging. Initial activity and the activity ratio under high
and saturated PFD were tended to increase with leaf aging. In contrast, these
values under low PFD were almost constant during leaf aging. Initial carbamylated
site under high and saturated PFD was increased with leaf aging. Whereas, in situ
" Kcat was not affected by leaf aging. These initial carbamylated sites almost linearly

correlated to the Activase/Rubisco ratios. These results indicate that initial activity
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and activity ratio of Rubisco under relatively high PFD and ambient CO2 partial
pressure were lower in the young leaf because of the decrease in initial
carbamylated site through the Activase/Rubisco ratio.

Under saturated CO2 partial pressure and PFD, the initial activities and the activity
ratios were also tended to increase with leaf aging. However, initial carbamylated
sites were not increased with leaf aging. I situ Kcat increased from 3 to 10 days
after leaf emergence, then decreased gradually. These results indicate that initial
carbamylated site is not related to the changes of the activation states of Rubisco
during leaf aging under saturated CO; partial pressure and PFD, that is in situ Kcat

possibly involved in this phenomena.

Chapter 4 Proteolytic Activity against Rubisco and
Rubisco Activase Induced by ABA

Changes in activation states of Rubisco is closely related to photosynthetic rate
during leaf aging of rice plants. I is considered to be resulted from different varying
pattems between Rubisco and Rubisco activase. In this chapter, degradation
mechanism of Rubisco and Rubisco activase were investigated to elucidate why
these protein showed different changing pattem during leaf aging. In this
experiment, plant growth regulators were adopted to modulate senescence of
detached leaf. |

The 9th leaf pieces were floated on distilled water, 10 u M abscisic acid (ABA), or
10 uM benzyladenine (BA) solution at 25°C under PFD of 60 umol m2 s-1. The
contents of Rubisco, Rubisco activase and the other soluble protein in the leaf
pieces were detemined. Decrease of Rubisco and Rubisco activase content was
accelerated by ABA and suppressed by BA. Whereas, the other soluble protein

was almost constant regardless of leaf senescence. These findings suggest that
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specific proteolytic activities against Rubisco and Rubisco activase were stimulated
by ABA. Thus, activity staining of protease using gelatin containing PAGE was
done to specify the protease related to degradation of Rubisco and Rubisco
activase. Effect of divalent cation and effector on proteolytic activity at pH 7.5 was
analyzed using gelatin containing native-PAGE. However, there is no proteolytic
activity without addition of SDS. SDS-dependent proteolytic activities were
conspicuously detected at 60 kDa (RLP60) and 50 kDa (RLP50), and both activities
had the same optimum pH of 5.5. Without addition of SDS, proteolytic activity
could not be detected over various pH. For these results, further studies were
conducted to the SDS-dependent proteolytic activity under acidic pH.

Expressions of specific protease activities related to degradation of Rubisco and
Rubisco activase are assumed to be introduced by ABA and suppressed by BA,
and lower in natural senescing leaves compared to the leaf pieces treated with
ABA. Activity of RLP50 was induced by ABA and suppressed by BA. Further, this
activity was extremely lower in natural senescing attached leaves than in ABA
treated detached leaves. In contrast, Activities of RLP60 in attached leaves were
comparable to detached leaves. Moreover, the suppression of decrease of
Rubisco and Rubisco activase content by cycloheximide treatment could be
explained by inhibition of the expression of RLP50 activity. The activity of RLP50
showed high and negative correlation to the content of Rubisco, and negatively
exponential relation to the content of Rubisco activase. These findings suggest
that RLP50 is involved in degradation mechanism of Rubisco, and is not
responsible for Rubisco activase cleavage, or need another factors to degrade
Rubisco activase. Therefore, proteolytic activities against Rubisco and Rubisco
| activase were studied by western blotting using specific antibodies against Rubisco

and Rubisco activase. Rubisco large subunit (LSU) of 55 kDa wés degraded at
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acidic pH containing SDS which was optimal condition for RLP50 activity. Whereas,
degradation of LSU was not proceeded at alkaline pH without SDS. Contrast to
LSU, Rubisco activase (Rca) of 40 kDa was degraded under both conditions.
These results support the suggestion that RLP50 is involved in degradation of
Rubisco. Further, it is considered Rubisco activase dose not always degrade at the
same place in cellto Rubisco. Therefore, it is proposed that these characteristics of
degradation could lead to the different changing pattem between Rubisco and

Rubisco activase content during leaf aging of rice plants.
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