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BOXR A BB
-

2RI, MY Lo THRIKDIARLRLTVEKRELETH) ., £OAREIE. fEPORESPIN
BILERGAIZBRYRIZT, £ D CHEBMIIBNT, EONAREELEEZEEOHICIZ. &
WIEOHBEBE@EPTZO LN TW5 (Evans 1989) , Ziid, EREOXEHICICEDL L EE
(DI NI BIEBEDEENFTRENTVAZ L IZEEAT 5, #OFTho L b S BIEET
% % 2237 & ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco, EC 4. 1. 1. 39) T
HbH, BERYIZBITS Rubisco i, SSU (small subunit of Rubisco). LSU (large subunit of
Rubisco)® 2 DDH¥ 7=y b, FhEh 8 BEERTOLLEHRINS 16 BERTH S, SSU.
LSU % I — F§4 28 I{EF. rbeS. rbcl BIZTFIZ. BT/ &, ERET ) DICENENFET 5,
EIZBIT % Rubisco Eix. XA, HAR CO, FHTIKBITI2HEHOBERFTH 5

(Makino et al. 1985, 1997; Evans 1986) . %7z, Rubisco ix. EDE(L: L b icHBEEN, #
DEFRIT, ERI~NCETEHSNTEFHINS, FNHIC, ¥EIZBIT5 Rubisco Dy — 4+ —
—., Thbbt, EFRLSRIZ. EPICBT5xERH. EFAHEBEASFL TN,

A 2I2B1F % Rubisco D ¥ — ¥ F —/3—~ i3, RERLAE N 2 HO2ERIC L - TERICHAN
LN TWw5b (Mae et al. 1983; Makino et al. 1984; Suzuki et al. 2001b) , Makino & (1984) i,
AXEABECLVET, FO%E 12 ELHVT, BEOHEPLELARTZEL TORXERER
J&FE & Rubisco &, Rubisco & & . Rubisco 7HRE DR Z Az, £OFEF. Rubisco E &
Rubisco AWM ELX, EXMEEOLF LM T LI L ZHL M LAz, T2, Suzuki 5

(2001b) 3. HBWREFBEDTTEFT LA FDE 8 EXH VT, EOHED S ELBE
%®L T rbeS. rbcl mRNA . Rubisco ERE % -7, 2 DR, rbeS. rbol mANA & &
Rubisco £ ElZ, DL TEEHTLILEFHLPICL, LPALLRISL, IhLDEFEICEW
T, BEMBEDEVD, rbeS. rbcl mRNA & & Rubisco £ ENERICKITTEEIIONT
. REPHELPIZER TRV,

AFFETIE, F1BIIBWT, ABRELZA 20OESELMEIL, BORFATOZERMRE
DIEVA 1beS, rbel mRNA &, Rubisco £REICFA 2 HELHLPICTH 2L LB IS, rbeS,
rbel mRNA & & Rubisco B O BARH, BORMEH BN AT, DL
ELLOPZHELPICTAIEZHME Lz, 72, EF2EIIBVT, 1 2AEDELWHEA., 5.
BB 2 ERZMBEDRE VA rbeS. rbcl mRNA E. Rubisco £EREICED & ) L FEEBE R
ETOPERSLICTEIE LB IC, BEOE(LE L BIC rbeS, rbcl. mRNA & & Rubisco £ &
DRI, EDLH) BT 202 2HONITHILEZEME L,

Z1E BERBEOEVEAIFAEOHEL,LSEZLTIE CD rbeS. rbcl mRNA E &
Rubisco £ B DHRBICRIZT EE

4 % (Oryza sativa L. cv. Notohikari) ZKSREERICL D EF Tz, FRESEHHFE 7 EHD
5L TAHS 2 HEl. Rubisco AMEX*EHET 27200 N SNV ETRTOA R LTI
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W, FOEEPLRLIERFERE. T2LLEERE (1 mM N, 0.5 mM NH,NO,;) . Eig
B (4 mM N, 2.0 mM NH;NO;) DREEMICHE L T E THRELTo 7, thORBTEIC
DVTIE, HEHERELF CBEL L7z, ABHEIZ., 7 HRICERECTESR L, Eol, &
ICDIGEEL 22 EHLEEFRE, 70074 VR, EORHTICImMMNE, aemMNKXE i
RELCHEMLT, 1mMNETIE, EOEZRAERICHD ZHOTWAA, 4mM N XTIt 10
HE % CH#ML T (Fig. 1) . Rubisco, H4kAF T T4 FIICFEAET 3 light-harvesting |
chlorophyll a/b binding protein of photosystem Il (LHCII) . coupling factor 1 (CF1) X, 1 mM [X
CTIE6HHE. 4amM NETIZ10 HEFTAECHMLT, £04%, @4 L7 (Fig. 2) » N4
Hrr oKD 4 HEY721) @ Rubisco £RENZEE) % Fig. 3 (Z/R L7, Rubisco £RE L. 1
mMMNEX, 4 MM N XEICEORBFTREVEZRLAY., BEOZEBERDEEIRE (GBI L
AT

KIZ. rbeS. rbcl mRNA ENZEE) % 72, RNA OffiHIcid, EO—£E2@EL T, 81-95%
DM EL R TS Suzuki b (2001a) DAFETHVZ, Fv7ay MEFEZIT (Fig. 4) . B
WO - TORBEERHEIRALE. Fy 7oy FMEICX>T mRNA EDEE*1To72. W
IAEHE 21X, RNA 1213 NADH-dependent glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA # V72, 1 mM N X® rbeS mRNA £i3, 2 HBURERAST 2 @ACH 7255, 4 mM N
X® rbcS mRNA Eix. EOZLER. T4bb 6 HEFTHEML T, 20%. KE{(BA LA
(Fig. 5) o 1 mM N X rbcL mRNA £i. rbcS mRNA L [FEI#fic 2 B B UIBERA 3 2 @micH -
7ohs, AmMNIXD rbc MBNA &3, 4 HEH. 6 HE L H4ICHEML T, 20%. SHICEIL
TW7: (Fig. 5) o rbcS. rbcl mRNA EMOZH) & Rubisco R E DL % Wt 5720, £ 2
4 BEY7:0 DFHE LB LA (Fig. 6) » 1 mM N X Tid, Rubisco £=lt. BOZERE
BLLBEIC R & A LT w725, rbeS. rbcl mRNA €13, EDZLRERMLLED Rubisco £ E
CRONB L) BRELBPERON o/, ZOEMIZ. 4 MM NETHRBETH o7, &
NODFERE D, rbeS. rbcl mRNA & X U Rubisco AR &L, B2FEHRBEOEVIZICE L TE
Bt+aZ k. T/, rbeS, rbel mRNA & & Rubisco EREDERIZ. EORRP & 2B
BioBnT, BRoTWAIEBHELIEL T,

o2& A AEDOEIBRICBITS rbeS. rbcL mRNA & & Rubisco £ ENBRICEELSG
BEDEVHFRIZTEE

1 EDORERDS. rbeS. rbcl mRNA E & Rubisco AR ENERIZ, EORMBRELEDE
EBETELRDLZEIRBEIN, FIT, F£2ETE, 1 2EOELERCBVT, B%5ZE
FUARE ST rbeS. rbcl mRNA &, Rubisco EREICED X ) ICEET 05, F72. rbeS,
rbcL. mRNA & & Rubisco £RENRERIZ. BOELL LBICED L) KEMTHOPZHL P
T2 xEME L, AT, BLEICBWTHEEIEAT IIF Rubisco DAESIIITH
NATEEMENDH B2 L 55 (Mae et al. 1983; Makino et al. 1984) | HfilAICEZEH % 8 T
AT 5 &S HYIBRMIERX %37 C. Rubisco £KE L EXMABOBEREE R,
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Hr Tk, E1EEFBICA & (Oryza sativa L. cv. Notohikar) O EfR% 8 H 2 A7,
ESEANVETEHILOHELTHSL, F 1 ELFEMIC Rubisco £ E., EZMAELELT
57200 BN TNV EFFV, FO%. 1 mM N (0.5 mM NH,NO,) OskEkikic® L CiiE% T
720 EALHIHI (58 8 EOHEMNS 6 HE)  BIb¥H (14 HE) . &L# (22 HE) 2 1
MM N XIZMZT4mMN (2.0 mM NH,NO;) DEFRFELBX 2317 THRELFNEN6 HE
TV, 1 BBEZY 7)) 7 Lz, YIBRMEXIE, BILRAICERSE 8 EUNOELFITO%
TRTYKEL, A mM N DD LTEE L WKRE) . £F£EFRE. Rubisco £, LHCI &,
CF1 Bid. BILWM. P, BHOVFAD 4mMN OEERBELEIZL > TIMMNIRED b -
M7z (Fig. 7) o $72, URKOESLEFEE, Rubisco &, LHCI &, CF1 &it, 4 mM N
RK&)bBEMEZHMEREL Tz, BENOERRAEIZ. 1 mM NXTiZ, BORBRPICEWE
2R LT, EORERAMRIE., K& (WA L7 (Fig. 8) o ZAL@HA. FH1. AN 4 mMN
XTix, 22MA=EIE. 1 mM NRX XML, BEOBLLLHICFOEMEIZEL 2518
MiZHotz, £/, YREKODEZRAZERX. 4 MM N KLYV EP o7k, 2 HE»ZOD
Rubisco £ EIZ. 1t MM NX, 4 mM N X, YIBEEDWFROXIZBWTH, ERHRAE L L
CERESRON (Fig. 9) o ELBIICBIT2EHERAEL Rubisco £REDMHE % AN
(Fig. 10) » ZD#ER. 2 2ORTFOMICIZ, EOHBARFEIRONTZ, TOFERPL, EFRA
BOEMG S 584, #{LFET D Rubisco EMEDHEMAH 5 Z LHRENI,

Fig. 12 2 rbeS, rbcl. mRNA EDOZEE %7K L7, mRNA OEEZ., % 1 ELFERIT- 72
(Fig. 11) o 1 MM N X ® rbcS mRNA &. rbcL mRNA &3, 2 HEDE, BT A EmMERLL
A, LA, PE. BREIOKBHEEHRRICE TOMME R L (Fig. 12) o Z{La#i. 5,
B 4 mM N XD rbcS mRNA &, rbcl. mRNA Eid, Wi d 4 mMOERRENEL LT
PHTARPIHEML T, £20%. BWITHA LTwiz, Table 1 (ZEILWEL, FE, &HAICE
it % rbeS mRNA & ¥ 7213 rbcl mRNA Z(2x19 % Rubisco £ EDE|E %R L7, rbcS mRNA
& ¥ 7213 rbcl mBNA £12x1$ % Rubisco AR ENEIE X, EDELDEITIHEST 1 mM N X,
4 mM N XOWERRBLERICBWT, TP LT, INCO/RRPL,. EOE{LER
CBWTH, BEEMBENBEMICL D rbeS. rbcl. mRNA &. Rubisco £AREFEMT A I &,
—75. rbcS mRNA & ¥ 7213 rbcL mRNA &12x15 % Rubisco £ EDEI &1L, EDOHELDELT
ERIETTAZEFHAL LR o7,

TLd

AMETUTOIEFEHL N ER -7,
1. 1 AEORBETICBIIAREMBEDENIZIG LT, rbeS. rbck mRNA &. Rubisco &K%
2EREHT S,

2. EOBLBERITENTHEEMRBOMMIC L T, beS. rbel mRNA . Rubisco 4
213, BT 5,

3. rbcS. rbcl mRNA (2313 % Rubisco £ ENEIGEIE. EDOBLICMHE > TERT Y %,
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4. ZBEIIBNTHERMAEFTEIML 723546, Rubisco &ZREIIHEINT 5,
51 H Ok
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O Synthesized Rubisco

Fig. 2 Changes in the amounts of
Rubisco and LHCII and the level of CF1
in the eighth leaf blades of rice from
emergence to the early stage of leaf
senescence. Data in each graph are
means +SD (n=4). Plants were grown
with two levels of N supply (1 mM-N
treatment, O and 4 mM-N treatment, W)
from the second day after leaf
emergence. The arrow in each graph
indicates the time when the eighth leaf
blades had fully expanded.
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early stage of leaf senescence. Data in 9 w /
each graph are means +SD (n=4). « 2 o.25¢
Plants were grown with two levels of N CF1
supply (1 mM-N treatment, O and 4 P I
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Fig. 3 Changes in the amounts of Rubisco synthesized for each
four-day period in the eighth leaf blades of rice grown with two
levels of N supply (1 mM N, left panel and 4 mM N, right panel)
from emergence to the early stage of leaf senescence. Data are
means +SD (n=4). N treatments were commenced 2 days after
leaf emergence. The line in each graph represents changes in
the Rubisco content shown in Fig. 2. The arrow in each graph

Fig. 4 Gel blot analysis of rbeS, rbel and
GAPDH mRNAs in the eighth leaf blades of
rice from emergence to the early stage of

leaf senescence. Total RNA (5 ug for rbcS
and rbel mRNAs and 9 pg for GAPDH

mM-N

indicates the time when the eighth leaf blades had fully

expanded.
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mRNA) was subjected to agarose gel
electrophoresis. Plants were grown with two
levels of N supply (1 mM-N treatment and 4
treatment). N
commenced 2 days after leaf emergence.
The number above each lane represents the
day after leaf emergence.

treatments were
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supply on the early, middle and late stages of
senescence of the eighth leaf blades. The removal
treatment was conducted at the late stage (twenty-
second day after leaf emergence) of senescence of
the eighth leaf blade, in which all leaf blades except
the eighth leaf blade on the main stem and all tillers
were removed, and the plants were grown with 4 mM
N supply. Data in each graph are means £SD (n=3).
The arrow in each graph indicates the time when the
eighth leaf blades had fully expanded. 1 mM-N
treatment (O), 4 mM-N treatment (M) and removal
treatment (A).
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Fig. 10 Synthesiezed Rubisco Fig. 11 Gel blot analysis of rbcS, rbel
versus N influx into the eighth and GAPDH mRNAs in the eighth leaf
leaf blades of rice at the late blades of rice.from emergence through
stage of senescence of the senescence. Total RNA, 5 ug for rbcS
eighth leaf blade. 1 mM-N mRNA, 2 ug (days 0-4 and 22-28) or 5
treatment (0), 4 mM-N ng (days 6-12 and 14-20) for rbocL. mRNA
treatment (M) and removal and 9 pg for GAPDH mRNA, was
treatment (A). subjected to agarose gel electrophoresis.

The number above each lane represents
the day after leaf emergence.
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T Table 1. The ratios of the amount of Rubisco synthesized to
1.00t rbcS | the levels of rbcS and rbcL mRNAs on the early, middle and
mRNA late stages of senescence of the eighth leaf blades. The ratio

was calculated as the average amount of Rubisco synthesized
- 1 to the average level of rbcS mRNA or rbcL mRNA for 4 days
after the 1mM-N treatment or the 4 mM-N treatment.

0.75¢

o
3
O Tt

Relative level
(leaf blade basis)

0.25F % \ J Early Middie Late
g % stage of leaf  stage of leaf stage of leaf
0.00 emtmmtetas TN _\g, senescence senescence senescence
rbel | Synthesized
- 1.00} ! mRNA Rubisco 1TmMN 0.36 0.23 0.18
°®n IrbcS mRNA
23 075 % \ 1 (mg/relative level) AmMN 115 0.95 . 0.43
e g 02 ik
= © ~ .
§ 5 0.50F /%\ 1 Synthesized 1mMN 026 0.10 0.05
8w % Rubisco ’ ’ )
2 2
=025 \% 1 /rbcL mRNA 4mMN 093 0.70 0.38
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0.00
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Fig. 12 Changes in the levels of bcS and rbclL
mRNAs in the eighth leaf blades of rice from
emergence through senescence.
Rice plants were grown with 1 mM N and 4 mM N
supply on the early, middle and late stages of
senescence of the eighth leaf blades. The removal
treatment was conducted on the late stage (twenty-
second day after leaf emergence) of senescence of
the eighth leaf blade as described in Fig. 7. Data in
each graph are means =SD (n=3). The arrow in
each graph indicates the time when the eighth leaf
blades had fully expanded. 1 mM-N treatment (O)
and 4 mM-N treatment (l).
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mXEERRRXES

Ribulose-1, S-bisphosphate carboxylase / oxygenase (Rubisco) I%, YA EIZ & 5 CO, LR OERER
DRI EMEL, FERNZZHFETIHFETH D, Rubisco CEEINDERIT, BB LA
FECBWTREFLEROBLE 30% %2 D, ORI &M, BEAR CO,ZETICRBITS CO,
ﬁkﬁﬁwﬁﬁgwkaofw6okwmom,%@E%ﬁ&ﬁ%ﬁk%MbE%%T%ﬂ%ﬁﬁm
EL, TOROEMBETHI L TNE, MERICIIRONRL RS, BLBRTEIRBNTHH#
Z 47z Rubisco DBERIIREH~ LI, ZZTHAAINS, LER-oTEDO—ERBITS
Rubisco DIHRIL, BEOXAHHEELZN L TRFEF L, ELERFAZN L TERRE LELHb-
T3, ¥EIZEBIT S Rubisco BRIZZDERE BEDNT VAL - TRESh, BREEOREL
RIS, LL, BRIBERRKEBELSNVDL L THRE L72A RED Rubisco 23, FEO—AEZBEL
TEDEIRBFHERDOL ETERINTVEINIZOVWTH, +RIRBHIh TV,

AFETH, FIEIBNT, A XEMPHCESEFPHEL THrOLERIERFERE, 1mM
N & 4mMN OARBHRICHE L TE S EOEMIH E TRE LTV, EoBEPOERULREDEN
23 rbcS, rbcL mRNA &, Rubisco £EXBICEZ DHEZPI LT T S LI, rbeS, rbcL mRNA & &
Rubisco £ FRE DR, EORBTHLLEDEBMIIICIT T, EDOLSTEDLDIDPEMT L. %
LT rbcS, rbcL mRNA 2 & (f Rubisco £ &Y, EFRUHEOEMIEE L THEMT D2 &, rbes,
rbcL mRNA H & Rubisco £ REDBRIT, EORMT LELRMAUKEICRENT, RoTWH &%
RAodE Lk,

%2%@&,4*ﬁ®%m@%,*%,%%K%H6%§&%§®éwﬁ,mw,mmm%mﬁ,
Rubisco £ E, ERMARICEDL S REEERETOPICOVWTHRNT L, £z, BLRHICE
T 5 ERMAR L Rubisco EREDBREZTARDL 12D, URABERZFTHET LI, 2L T1) ¥y
2ZEFRE, Rubisco &, ZERIMAR, Rubisco£fkE, rbcS, rbcL mRNA BiX, E(LGH, F#, #H
ONTHOREICBNTHERBEBEOEMC L - THEINT S &, 2) BLBEHICE SELNZY
Br L TEA~DERKAE L IR S ¥ 7 3FE b Rubisco BITHEML, B ZEL TERKA
& & Rubisco ARREDOHICEDHBEEREFDOND Z &, 3) rbeS mRNA & F 7213 rbsL mRNA &I
%13 % Rubisco B DEIE 1T, EOZLOETITH > THA LTV T &, 4) Rubisco £REITZE
ROE~DOHRARIC IV XEINDZ EEZHAL2L LT,

LA EDmRLE, ZEITRIT D Rubisco DAL L BRKEOHMBOR FHIEREZ, EO—4£%ZBLTH
B LELDE LTELSMiish, BEE—FITEL (B%) ORMERETIETILDOLH
L7z,
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