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1. Rubisco Dl DR E

Rubisco D il S 13t DEEZEIC TR CTIERICE L, AR DOFE L AUHA 7 &£ 72> T\ %, Rubisco O il 12 1ZFERT 7223
HY, 432 TRFIEL, CEYPLESHICHEG L 72 C,HYTREV I b o T b, MBHEE O &\ EiE MR Rubisco (%
CO, ITH§ 2 HAMMENIR 72Dz, CO, MEDRVEAFTEMEYICE > TR ER S, L L, SBOKRK CO, REDHINEH 2
% &, fERMIZIEA D EIEMRE O Rubisco % 5%, Rubisco BEZ NS T L THAKOBEFHEIEEZED 5 2 LH, WEE
BEICE > THM R D EFHEEIND,

PRSI, C, W) & ZmitAL C, ¥ D Rubisco DEERFHE L BETHINC O W THITL, 1 2 OLAREE N OWRITE L
7z Rubisco DA 7 U —=v 7 &fiol: (EfE1). ZOfEE, C MWDV VA L@ Rubisco 738 1T AR A7 <, A % Rubisco
L OEGTEIOHAES EL LS TWw5 EEZ 517z, Rubisco FAK¥72=> F (RbcL) &/N¥7 2= (RbcS)
D2FEIED Y v S 7B SRS T, EILKE, YIUH LD RS #EAT 2 LT, 4 % Rubisco DMl FE 0 A 75 &
BICI L7z (Ef2). % L Diff9EE D Rubisco DERERFE DM BICHL b fHA CTHR 723, HAL - 72 B E» - 72 2 e o 6, A
DJFIZ Rubisco FRICBIT A T L —2 2L —t ko,

Rubisco activase I%, Rubisco DIEMALZIHSI DT v Ru vy v 2 EThHh 5. ERCLEED LTI, Rubisco activase 7%
HAEBDOAGRN T 5 Z B 6N TWw 5D, FILKIE, A %% D Rubisco activase & 2 BT L, & WIHET DTETIZ Rubisco I
%9 % Rubisco activase @ = LEAME 72 1 Rubisco DIEMEAGEREDMKL 422 Z L 2SI L (3EfE 3, 4). Z L THEAHEE
DWE D72 1 Rubisco activase # 5 H T 2 BRI A + 2 ER L7z &£ 24, FHICK LT, Rubisco activase @ %5 1% Rubisco
RO ZIERIL, SABRBHEZETEI®TLEI LWL E ol (EM5-7). HERIKNTD Rubisco DAEABICIX
LD T v Ra vRBEZEO@EE NMNIETH S, FEILEKIE, BT Rubisco activase 25F1E S % & Rubisco DEIFRE DAL
PIHEIN AR H 2 2 E2R L (FEHET). b5 DFEEIE Rubisco &8 & Rubisco i Dol 2% 2 2 L CEE 2R
Liroiz,

% DAt Rubisco 1B L T &, #EHAY C, i D RbeS (& 8), YA U BILR U 72 \> RbeS (34 9, 10), Rubisco activase & il 14 (32
B11) OMfFRICBWTDH, HAREHORBICERT 2MEE2H T T3,

2. C,{E¥M~OD C, KEREBOTE

C, ™1, C, Jo&BEEIC & b Rubisco AP D CO, IR % HM S &, Rubisco DMBAIFREZE D 2 2 LT, MW ILARENZRT.
C,HABHICIE, FAFL) —LELEVIAILEXY 5 —+ (PEPC), EAEVEY VY X F —X 7 £ D 4 MEEOBRE & H#EEHR
IS EABIICHE L 727 5 v I EESBRETH B, 75 v VEEDIRICET 30T A A=A LIFARATH D, BT L%
ZHEATE LA, KEMEYO 2 v Z BT C, O tAREHERB ST T I LMo TwS. 2 I THRILKSIE, 70
EERETIVE LB C, A E A 2CEAT Z Lic kb, HERBELOMRERHAT,

C, A BRI C, HYIc B ORRICHABIAE ., ELKS1E, Y Ewavidiko C taliERE C YDA 2T C, 1l
YA E TR S 2 2T L (5 12-14). %7-, PEPC 0¥ Mo EFBIC X b, A R T o fe s E 0 X
NoZEEWELH,ICL (Eff12, 15). Lo Lads, 4FHO C I ARMEEEO2TEFARKICERB S ETYH, C LAHE
HENBSEL I LIETE Lok (EMH16). b DfERL S CMEYNTC, MAREIKERE S 2720101, PiEH T
VYRBEOEASRETH A S T EARREI NI, LarL, CGABEIRICE W TR REERE 24 5 PEPC 25, A 4N TIZEH
CBWTEEER (VryBbIhToehv) LhaIbd, 4 2TCOMAKRIKARE L 2 ERDO 1> EEZ 6N (£ 15,
17). SDHITOWTT 23D, 1 32355 PEPC U v gl 08, oy & Bz v A CREBE L T v T L 2B S 2 ic L7 (GE
17). 51T, 4 222 PEPCEIETICEH LTI 20D, 4 % I3BERAT PEPC 2> 2 L2 A L7z (EH18). %
b, A 2 TIXIERAEE PEPC 2@ 721, @ oMl E R PEPC XM Cf) < BB W T ERBE iz, 4 +~D C
FE BRI D A5 IE RN L Tz nhs, PEPCICBA L T AR Z2142 2 L TE 72,

3. B CO,IEDNFAN=ALOMFH

K5 CO, IR DIENNT R T 2 MY DIGE % BURT- L~V T L, FERN7ZAE CO, B TE W Ita ke e k2 R 3%
BT 2 LA HWICIRE 2 T o7z, F3mAIC, MR s (BREEHI#EE, %H FACE & &) 2w TA * & & CO, & THEK
L, BETLVTORCO,IEEE~A 707 LA 2 e TRENICHEITL 72, 2O/, %< o COo,INERRIET2ET 5
LTI L7 (19, 20). Z o THiE CO, R THFICHBIMEES 25 CCT ¥ /¢ H (CRCT) 122w TEHEHL, HE
bt 217 - 72 (¥4 21). CRCT 2 EFHT 2 TWHIEELA + CIIEHCR L Lo BERBILBOLTT Y Y& 35 fFIciEmL
FEHANH A 2 TR L7, BETHREMBITZ2To72 L 23, WHEERA 2 TIE% L 07y 7 v ENBEEEE T O FE P IEE I 2
Ll Tl DEofERD» 5, CRCT T Y 7Y &% T2~ A2 -7 TH b, 1 2ONEICEHD 2 REHE Ol
BTy T RERET 5 LTEEMEETTH LI LWL LB oz, 61, CRCT EHBA * 2@ CO, £ETHB L 54,
I EIRIA 2 IR TEBRICOEABEENE L 2 2 HEIE 67z (¥ 22). CRCT BHREA + Tk, EHo7T v 7 a8
W 32—77T, EHOREEMITLT W, DF0, CRCT OEHBUC X DIEM D v 7 IEE D, EHICBIT 2H0ilE
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MMEEE N D Z LT, NI EWRRT 2P TERLEFAS. CRCT IE, 1N E CO, BIECONARMNIERRT 2
FCOERLBEBETTHIIERHLNER 5T,

Z Ol CRCT 2B L TiE, CRCT BHIRA F DO EMBNAF LY ) —VEEDODERE L TENTHL I LICOVTHHLER
L TWwb (R 23).

PlED X 5 IcBINKIE, THETHL > FRRED 2 AR OWE & v 5 FRSE T4k b 7 2 BHE 5 R %2 H 1T,
ZONHOPEHEEICRE CHEBNL 72, R ULERZ, BNAOIHEI V=T 6@ FH g, B {5IHshTws, £z,
NS DRI OV TIEHAEORHICDELCB Y, AHHOGEICHKEL T D (FEH24-26). FEINKOZERZ X HAME
MHELSEITETAODEEZD.

IS 3

1. Ishikawa, C., Hatanaka, T., Misoo, S. & Fukayama, H. (2009) Screening of high kcat Rubisco among Poaceae for improvement of
photosynthetic CO, assimilation in rice. Plant Production Science, 12, 345-350.

2. Ishikawa, C., Hatanaka, T., Misoo, S., Miyake, C., & Fukayama, H. (2011) Functional incorporation of sorghum small subunit
increases the catalytic turnover rate of Rubisco in transgenic rice. Plant Physiology, 156, 1603-1611.

3. Fukayama, H., Uchida, N., Azuma, T., & Yasuda, T. (1996) Relationships between photosynthetic activity and the amounts of Rubisco
activase and Rubisco in rice leaves from emergence through senescence. Japanease Journal of Crop Science, 65, 296-302.

4. Fukayama, H., Uchida, N., Azuma, T., & Yasuda, T. (1998) Light dependent activation of CO, assimilation and the ratio of Rubisco
activase to Rubisco during leaf aging of rice (Oryza sativa L.) . Physiologia Plantarum, 104, 541-548.

5. Masumoto, C., Fukayama, H., Hatanaka, T., & Uchida, N. (2012) Photosynthetic characteristics of antisense transgenic rice
expressing reduced levels of Rubisco activase. Plant Production Science, 15, 174-182.

6. Fukayama, H., Ueguchi, C., Nishikawa, K., Katoh, N., Ishikawa, C., Hatanaka, T., & Misoo S. (2012) Overexpression of Rubisco
activase decreases the photosynthetic CO, assimilation rate by reducing Rubisco content in rice leaves. Plant & Cell Physiology,
53:976-986. 2012.

7. Fukayama, H., Mizumoto, A., Ueguchi, C., Katsunuma, J., Morita, R., Sasayama, D., Hatanaka, T., & Azuma, T. (2018) . Expression
level of Rubisco activase negatively correlates with Rubisco content in transgenic rice. Photosynthesis Research, (in press)

8. Fukayama, H., Koga, A., Hatanaka, T., & Misoo, S. (2015) Small subunit of a cold-resistant plant, timothy, does not significantly alter
the catalytic properties of Rubisco in transgenic rice. Photosynthesis Research, 124, 57-65.

9. Morita, K., Hatanaka, T., Misoo, S., & Fukayama, H. (2014) Unusual small subunit that is not expressed in photosynthetic cells alters
the catalytic properties of Rubisco in rice. Plant Physiology, 164, 69-79.

10. Morita, K., Hatanaka, T., Misoo, S., & Fukayama, H. (2016) Identification and expression analysis of non-photosynthetic Rubisco
small subunit, OsRbcS1-like genes in plants. Plant Gene, 8, 26-31.

11. Yamori, W,, Masumoto, C., Fukayama, H., & Makino, A. (2012) Rubisco activase is a key regulator of non steady-state photosynthesis
at any leaf temperature and, to a lesser extent, of steady-state photosynthesis at high temperature. Plant Journal, 71, 871-830.

12. Ku, M.S.B., Agarie, S., Nomura, M., Fukayama, H., Hirose, S., Toki, S., Miyao-Tokutomi, M., & Matsuoka, M. (1999) High level
expression of maize C,-specific phosphoenolpyruvate carboxylase in transgenic rice plants. Nature Biotechnology, 17, 76-80.

13. Fukayama, H., Tsuchida, H., Agarie, S., Nomura, M., Onodera, H., Ono, K., Lee, B.-H., Hirose, S., Toki, S., Ku, M.S.B., Makino, A.,
Matsuoka, M., & Miyao, M. (2001) Significant accumulation of C ,-specific pyruvate, orthophosphate dikinase in a C, plant, rice. Plant
Physiology, 127, 1136-1146.

14. Tsuchida, H., Tamai, T., Fukayama, H., Agarie, S., Nomura, M., Onodera, H., Ono,K., Nishizawa, Y., Lee, B.-H., Hirose, S., Toki, S.,
Ku, M.S.B., Matsuoka, M., & Miyao, M. (2001) High level expression of C ,-specific NADP-malic enzyme in leaves and impairment of
photoautotrophic growth of a C, plant, rice. Plant & Cell Physiology, 42, 138-145.

15. Fukayama, H., Hatch, M.D., Tamai, T., Tsuchida, H., Sudoh, S., Furbank, R.T., & Miyao, M. (2003) Activity regulation and
physiological impacts of the maize C -specific phosphoenolpyruvate carboxylase overproduced in transgenic rice plants. Photosynthesis
Research, 77, 227-239.

16. Taniguchi, Y., Ohkawa, H., Masumoto, C., Fukuda, T., Tamai, T., Lee, K.H., Sudoh, S., Tsuchida H., Sasaki, H., Fukayama, H., &
Miyao, M. (2008) Overproduction of C , Photosynthetic enzymes in transgenic rice plants: an approach to introduce the C -like
photosynthetic pathway into rice. Journal of Experimental Botany, 59, 1799-1809.

17. Fukayama, H., Tamai, T., Taniguchi, Y., Sullivan, S., Miyao, M., & Nimmo, H.G. (2006) Characterization and functional analysis of
phosphoenolpyruvate carboxylase kinase genes in rice. Plant Journal, 47, 258-268.

18. Masumoto, C., Miyazawa, S., Ohkawa, H., Fukuda, T., Taniguchi, Y., Murayama, S., Kusano, M., Saito, K., Fukayama, H., & Miyao, M.
(2010) Phosphoenolpyruvate carboxylase intrinsically located in the chloroplast of rice plays a crucial role in ammonium assimilation.
Proceedings of the National Academy of Sciences of the United States of America, 107, 5226-5231.

19. Fukayama, H., Fukuda, T., Masumoto, M., Taniguchi, Y., Sakai, H., Cheng, W., Hasegawa, T., & Miyao, M. (2009) Rice plant response
to long term CO, enrichment: Gene expression profiling, Plant Science, 177, 203-210.

20. Fukayama, H., Sugino, M., Fukuda, T., Masumoto, C., Taniguchi, Y., Okada, M., Sameshima, R., Hatanaka, T., Misoo, S., Hasegawa, T.,
& Miyao, M. (2011) Gene expression profiling of rice grown in free air CO, enrichment (FACE) and elevated soil temperature. Field
Crops Research, 121, 195-199.

21. Morita, R., Sugino, M., Hatanaka, T., Misoo, S., & Fukayama, H. (2015) CO,-responsive CONSTANS, CONSTANS:-like, and time
of chlorophyll a/b binding protein Expressionl protein is a positive regulator of starch synthesis in vegetative organs of rice. Plant
Physiology, 167, 1321-1331.



22.

23.

24.

25.
26.

Morita, R., Inoue, K., Ikeda, K., Hatanaka, T., Misoo, S., & Fukayama, H. (2016) Starch content in leaf sheath controlled by CO,-
responsive CCT protein is a potential determinant of photosynthetic capacity in rice. Plant & Cell Physiology, 57, 2334-2341.

Morita, R., Teramura, T., Ogino, C., Kondo, A., & Fukayama, H. (2017) Overexpression of CO, responsive CCT protein, a key
regulator of starch synthesis strikingly increases the glucose yield from rice straw for bioethanol production. Plant Production Science,
20, 441-447.

g (HR) e - LS 2005, C Y~ @ C A MEIK oS Fraet:, MEA, 2L CRYE. (KL B 43 642-
647.

PRI 2013, 1 CO, BRHEEICHH L 72 Rubisco DHAIC & 5 4 7 DHAMRAETI DYH. SEABMI 23  24-31.

PRI 2013, HEYI O CO, IGEIC B 1T 2 MIAFRBEIZ . (LF L4, 51 710-716.



