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RubiscolZ®MP BB L MHE LR, —
5. MCOADMIGICHL TIE. Rubiscolt %X
SEBAKSHEEZ WA S LEARICLOW- Km
factorOBMBEMILET D LMBESMERZ D,

1aB08

S % Synechococcus sp. PCC7942 @ cmpABCD R{EF#
i HCO3™ MxsEI1— KL TS

E#SA. DeanPrice'. Murray Badger', /MIRSE2,
IMRIZES (BK - BSREYREIE. 1Molec. Plant physiol.,
Res. Sch. Biol. Sci., Australian National Univ., 28X - &
MHFHERAREVS-)

5 > % Synechococcus sp. PCC7942 @ cmpABCD ;B{LF &
2. BAUEOMEA A >R HRO ABC BfixE&kz
aA—RKLTWS, cmpA DRBANRRRZICE>THBEZID
EMS, BaltLn. CORGEFHEEMEER (CO, BLU
HCO; ; Ci &i2F) ORERMRICEETHL#EELE, L
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Engineering of C4 photosynthesis genes in
rice, a C3 plant, for increased photosynthetic
efficiency.

Maurice S.B.Kul, Mika Nomura2, Sakiko Hirose3,
Seiichi Toki3 and Makoto MatsuokaZ.

1 Botany Department, Washington State University.

2 BioScience Center, Nagoya University.

3 National Institute of Agricultural Resource

Our objectives of manipulating C4 photosynthesis genes
in C3 plants, such as rice, are to increase their tolerance
to environmental stress and to increase their
photosynthetic efficiency. Using an Agrobacterium
mediated transformation system, we have produced
many transgenic rice plants harboring three C4
photosynthesis genes separately-phosphoenolpyruvate
carboxylase, pyruvate, Pi dikinase and NADP-malic
enzyme. Data on expression of these C4 photosynthesis
genes in transgenic rice plants will be presented. In the
long run, performance of transgenic plants with a high
level of expression of these genes under various stress
conditions will be evaluated. In addition, expression of
these three genes will be integrated into the same plants
through conventional hybridization in order to create a
C4-like photosynthesis and thus increase their
photosynthetic efficiency.
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KEH, A —TF—RIEREEFLE-ETFORRE
NETHHEZMELE, ZOFEIZEY, RuBP
INEFY T —BIZ X BC0)RILEE (Vo) B L T
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AROBERFDO—DOTIRH B4, & COHET
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TVvFe UV ABLFEEALLKERRES X %
fER L. B CO: BET (100 Pa LALE)IZXT
Rubisco DBERBILKEDEMLETONERED M L
T2 M EIPIZODVTRE L, 3.
100 Pa CO2 T D Wild-type @ Rubisco D LRy & &
NS, FDEMIIHIT S Rubisco DFEEEZFHH
L. £®D Rubisco SBEZHT A7 Vv FE v XiEY
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INHIBITION OF THE ACTIVITY OF RUBISCO
BY SALTS AND ITS RESCUING BY RuBP AND
GLYCINE BETAINE

ANWARUZZAMAN!, Kazuki OGAWA 12, Tetsuko
TAKABE3, Ken-Ichi TOMIZAWA, Akiho YOKOTA!2
(IPlant Mol. Physiol. Lab., RITE, Kizu, Kyoto 619-02;
2Dept. Biosci., Grad. Sch. Biol. Sci., NAIST, Ikoma 630-
01; 3Biosci. Cent., Nagoya Univ., Nagoya 464-01)

A number of reports have appeared on the effects of
salts on photosynthesis in plants and algae. Photosystem II
is one of the targets injured by salts. The activity of
RuBisCO is also inhibited by high concentrations of salts,
but the enzyme is rescued from salt inhibition by glycine
betaine in cyanobacteria. However, the mechanism of
inhibition of RuBisCO by salts is not known. Effect of salts
on the activity of RuBisCO of higher plants has not yet been
investigated.

In this study, we examined the effects of chloride salts
of sodium and potassium on the activity of RuBisCO
purified from spinach, using a spectrophotometer, to follow
a decrease in the absorbance of RuBP at 280 nm with time.
Activation of RuBisCO was not affected by salts.
However, salts inhibited the activity of RuBisCO only in the
initial phase of the reaction course. The inhibition was
nullified completely in the prolonged reaction course as if
the RuBP carboxylation itself rescued the enzyme from salt
inhibition. When betaine was added in the presence of
salts, there was no inhibition of RuBisCO activity. (Partly
supported by The Kansai Electric Power Company Ltd.)
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HHRKIBEETORBHEDORBISCODF R T 1 7 2%
BEBFAYICH~. RuBiSCO7E#HYUE T 95 By iR TFallover
BNRIL B EZR N L, invivoTDfalloveriAfigkH#
AEE LTz, HBE XUTHE : 20%053 X U380

ppmO0 &, T 7R I3 £ 1500 WE/mZ/s(HL)» & Dark 35

%1 N3400 pEm2sMLINEE £ 5 Y038 4 B AR A2
1T > 7z il H#RuBiSCOZ k % RuBP 4% D #]3# %- Vi,
RIGBAA10min T O R HEEEVEE U, 1-V/ViZFallover
RBE U, HHEABEED 7 oo 7 4 V34 PAM Chl-
Fluorometer2 iU VRISE L7 85 R K UER : e
(HL=>Dark, HL=>ML) < & ¥ RuBiSCO%#: |3 2 ¥ {i2min
TH#I50%/EF Urco —7H~ HLF50% %79 Fallovers|d
Dark 3 W VZMLEH# IminT10% ~#E4 U, 2min £50
%~ U7z, Fallover ROFAIHBRIT, 7731 FE
ApH4%% 12 & % non-photochemical quenching oD 4 i g 15
&E—F L. in vivoTRuBiSCO activase 2SRuBiSCOD
FalloverZ3{#i LT3 Z &I nie, (—Hid
PECMITIO XX TiTbh i)

1pB09

ERHIL Bk 12 X ARuBiSCOKH 7=y b

BEFOUE BER—' . BRI, THEF'.
Chrisline Ho FOYCTS N ﬁfﬂ%ﬁl‘ 2 (1 R I T E %
WY FERE, (ZRERK -NIAHSITy
Z. *INRA)

Sp25|IEMSILEIC X h 3 Sh7c, RuBisCOfEH#:D
RN NIERERKETH D, ZDSp25DRuBisCO
K¥7a=y MBIEF (rbcl) ORFIEBFEROD S
DEHBUIcLZARFBHDT Y ¥ UhtEY Vi
ELL T £ZT. ZO7 3 ) BRESRHSP25IC
R oh BRuBisCOTEHBROFERTH 2 0EFN%EH
SMMTT BT, 73—=T 4 7IVH VI & B EREE
HiE#ykic X Y FAERbc LD A %1TL . RuBisCO
EHNEET 20 E D DORFEIT- 7. BAICH
IWeDNAR, BF4RirbcL & % DEEF| D T i AR
7F) =AY VintkiclET A3 RIEFEBALLD
DT, Sp25DrbcL & DB ERRE UTHESEL /2,
EEREDRIIZR F ) 24 ¥ ViteEieE
ATV, 8 DML Uitk 2Bz 2D
b—RRENRIC. £DOIEDMHE i H ¥ DRuBisCOFE
HABEICH > TRIELIZEZ A, SP2SDIFAITIZ
RonB3—T7 4+ X7+ 7V +&Y VERO LRI
RBahic, 2O iR, ZORHEERAKIZRUBISCO
EHERF->TWBIEERTHDTH S, ULDKE
R, Sp25)'RuBisCOFEM AR X /LU \DI3322FH
DT Y JIZERLEIEIEB ENIR
MEMZFTEHDOTH B, (—HIZPECMITIO
XBETITbN)

91

1pB10

FRAKR)7oFF—LBICLDERT B Y AR—2R 1,5
XD Vg

EBE. HE— . SHEH°. FHEBIF" * (' RITE -
WA FAEE, A - E - HUIREERIE, CBRK
CEMBEFERE, CRRERK NI TS TUR)

AZRHRY 70FF—+ (PRK) X, HARKEERT
(PCR) EIBBICHBW\WT ) 70— 5- Y VB (RuSP) 2 )
vEB{EL., V70—2X 15 EXY U (RuBP) 24
RTABELLTHShTVWS, BLX. ZOBEK
MYFR—25- VBRSSP D) VBRILLEZ L2
BS»IZ L. PCREIBETOH LW ZFHIL =,

SMmE, FYL VY PREKERERZHNT, R5P
POORIGOERY 2B - FRUZ. ERYO
NMR 27 M)ViZ, RuBPOHDLIZLELER-T
Wihe TDZ ik, RSP M PREKEBIERICEAL
ZRSPAVAS—EDORIGEET, RPITL) VB
{EXHh T3 (RSP —> RuSP = RuBP) D T3 <., H
BYUBEEhTWBIERLTWS, #E3KD PRK
Kt PCR [BIBE D H RAEHEEWIC K b BHE I h 5 D5,
RSP ) VBERBICH LTHZhS5DBEEZRSh
7zo BRI, RSP SDOERMY F—X 1,5-E2) >
B RBP)ICL B, ThHDORIGHEZRITTH 5,
ZOWED—#iE NEDO ODBHEEZ I -bDTH 3.

1pB11

KFFREEDENT T I FEFIARRERK
SAMRR (BMKE - RALRE - £EEREH)

KRARTYA—IVEEER X 7 72—+ (PGPase)
EMEREARRERKIIET LS VCO,RENLET.
KEFETTCRIEDNH D2 EEBTCELE L, Zh
SRR D R DEM AR X AT ) 2—IILEEDER
ICENHEBRPELKEEINS-DEELISN
%, 773 FEF XDPGPaseiE M RIBRAT R
T & B pgpl-18-TF (Suzukietal. 1990) (& 5IZR
RERFRBIIE. KTERHTTHLLEBTE
Z_ERREEHKEBIRL 2L 2 5. BCOHEM
RIDKEERDCO,ICIT 2BFEH . BFMHEL VA
SPICEVHIES - (Suzuki 1995) . HFIC.
7FR2E. 7FR2F. 7FR2NMD 3 #4 Tl KAREHIC &
5 LEBOKRIATY) Q- IEBOBEEE I 18-TF
HO3IQDI1LUTEBE,P -1 (85K 199) ., SE
(& Zh 5 DPGPaseiE M RIBRRERKICH VT,
KR EINZ TRKARG T TOEFEREEICL 1
RRAEENIMTHIHLEHIFH»HY 28588
T. RRAKT ) A—-IEROEE % B ICHEMICIR
THEEHIT, WEZXINCO/OBIIERMY. &
SUH—FKZy IT7LERT—HEMEICOVT
HEHRE LD TH/ET 3,



1pB12

B CO, it P % R D#RBE Chlorococcum littorale & it
4 % #57= J2 W Stichococcus bacillaris D3 27 O\ b,
/£ DIELE TR

HIRET, BREES, SHER ( () BENTAS
57 7 P —WER, £amsEi)

B CO, it & #HFDORRME C. littorale 1340%CO,
Bi%. BTIEDE FAE SN 30N CTEET
3, —H itk ZR=72NS. bacillaris (ZEIEETICHE
9 5., HPLCTR® /=&t Pool Plastoquinone D
BB, C littorale TIIHI60% (ZES)M 590% LA E
EFNRETE)ICEMLZ. ZOROFZ a1
REEDPS INE M (DCIPAETT)IE. BETFLTHT70%5%
28NS, PSIDOKBEDEEDOEENTEIN
%, 4EPSIEPS IDRIZEHEY 5 Cytochrome b,/ £
DERALETTRIEE 7=, PAMS 2 5 A O B EREE S
£ 70— (ED-101US) 2\, RIZFET 57K
&Y (PO E655Snm) BA T THEXWE RS L.
BB ¥ 7 1 )& —(F.0EE: 565nm, b 554
nm, D% AV CTRNELERNE, 2 DOREIEZ
KE&GTIdb,, fANBITINSA, 40%CO,B1THE
b. f&5 5 HHMIL=. DCMURIIT =5 D
BALiZiNs L7z, L7 LDBMIBIRIITIE 2 MOk
WIIR2DEEER L, 40%CO,DS. bacillaris D £
DOHBRICIZED S o 7=M. C. littorale D £13¢
Eié?ﬁﬁ)‘:f;ati R W—
m%%ﬁgﬁggggggﬁ et L

T

1pB13
A AEOAEGRUICBIT HRMAA P L ADEE
At ®F. B B 5 B2 GRLK - B eED)

ERKFERVMBETT AL LAKANUATTLE. EDK
RFV v VOEBETL EDIZAGREEIBETT 5. By
BELRKA MU ATTIRIAEL 52 EI2 LV AAREE
PETL. SOHITKAMLANEITT 5 L RENIBIT HAE
RIEFEDETTAI LML TWS, L Liahs,
MIDL I AR FPUATIZRGM GA»SA) E653hiz
BRIEDL I HEIRNE NPT L TEORKANLED LD
R L T RZownTidel bhoTwizwn, £#Z T
=53, ATREZATI R (/heh)) RA#EEL.
BIREHEEA S3EM. RYTFL T Y a—)b 23mM
PEG4000) %W TKAMBEDKRT 2 »IVETFIF. €D
HTDOKA LU ADEEDRE RIS X ABBIZOVTHEN
7=. BB ARCO,BETF36 (Pa) TOXESHMEIZKR b
VAR CETL. Thitffnwsilar ¥ o9 AB LT
EHCO,AEDET L. LA L. EHNCO,AEDET ITH
EINAESHHEOET 2RHET AT LTI, HEK
EHNCO,53/F20 (Pa) TOXEREE (A,) DETLTW
7z. —Hh. COMADAEBEEI (IWMX TENZ K HL
N&E. Rubiscof BIZBWVWTHEIIZOShizh 7=, o
T. A DETEBIIRubiscoDFF{LIRBOBETEAE X &
h. RERNHTH5.
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1pB14
AAFEOEBRLRFMIBRERICITIFPARE~DOXE
R F DISE LA R

SEARHET, BWEFE, AIEE GRILK-B-A(R)

ALFED KA MR EF OB HBHE~OISELE(L
BRIBRBAIBRICIST TR, IAFIATRREANT
JEFREE 450 1 mol quanta m? s TEREEL . F4E=L B
BA% 2 BEVLODHBMERTOTEOEERX LEASWE AW
THEALER (45 1 mol quantam?s™) K& TRk
Teo B{ILIBROBEIZOVTIE 4 E, BFBERIZOWVT
1356 6 BOTELRBRBELMEIEL TR,

BB HENE T, Fo7378 N HI-VD Chl
& &. Rubisco BRICHEL RIFSRN o725, CF, & &IX
PR TRERIZH LD R T, £, Ktafo, &
CO, WETDOHEREE (A.) HBPEX CEBRIZHL
BL72Y, CF, & BIZHT3 A IX1EROERICEIRS I,
—5. BRAXTEREALLE 6 FIEEX CEBALEZLOI
XLZ/R78E N $1-0D Chl EBEHEMNEE, EXEEH
BT DEVIIEEE TR LT,

LMD, asXFRIIHABRKICHLE(LBERLREMB
BTIIRRSISE R TR TV TR ISR E N,

1pB15

TAEE D Chiorella vulgaris Yt & R & OFIBENATP L
MZHT DB

M &, FFALER, Bo&E-, rE 18 R
Z, BHFREEREXR, HEF. £9)

bbb iXChiorella®ifaiz k. 2 BREEEDEL Y A F
IXFEARBIETR 45 F-TEH,S s 53 ¥ BE 2K PRI MR 2 B
MBI Z & 2RRT D EREEB (A AEYE
SEBEOEIRR),

Chilorella\Z TR % BE R L UM 2 E 2 T]Y
RERZOLFELTED, 300MHEARN Lz, &F
THORARIEMEZBREBKR UPAMIZ L > THIE L
7L A, PSUNEEEZIT=Z &34l » 1=, EEiEE
VDEMILEIC L > TRVAE D &L, TEREE
B X THL Y AL B/ ORI H C—EDHEDRZ
b2 5T Z & BRSNS A, EEE IR EE - KA
DEBEERE - ERRDA v F a2 X— LD HRER
FEDRZT LIz, TS A REEICBVTITERY
RENT-BHRBOYA YA LERE~DOBEID
BERBWEFOZ L 2RET 5, /- BMREIY
RBITE > THIBEHNATP LS~ AHELSET Lz,





