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Proteomics Differences Analysis of the Uppermost Internode between
TGMS Rice Line Pei’ai 64S and Its eui Mutant Changxuan 3S
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Abstract: In order to understand the elongation mechanism of the uppermost internode of TGMS rice (Oryza
sativa L.) at protein expression level, the proteins in the uppermost internodes of eui mutant ‘Changxuan 3S’ and
‘Pei’ai 645’ (control) before 2 days to heading were isolated by two-dimensional (2-DE) electrophoresis. A 2-DE
map with a high resolution and good reproducibility were obtained by Coomasie brilliant blue staining. Fifty
differentially expressed protein spots from 2-DE map were analyzed using MALDI-TOF/TOF-MS peptide mass
fingerprint method, in which thirty-one differential proteins were identified. Compared with Pe’iai 64S, there were
eleven proteins up-regulated in Changxuan 3S, and twenty proteins down-regulated. All of thirty-one differential
proteins were divided into 7 categories according to their function. It was suggested that these differential proteins
might play roles in elongation of the uppermost internode in ‘Changxuan 3S’ at heading stage, and eui gene in rice
might regulate the expression of these proteins in uppermost internode at heading stage, thus promote cell division,
especially cell elongation.
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MRS IRBUE AN T R EE 648 N H: ewi SRR 3S di 140 )2 11 BT ZH 2 540 B 525

FEIIWT It 75 55 2K (GA) LME it i b TG, BRI
B, SEERAHI A AR, Bt GA; AMY
S FERIRR B G IR . AR
TR T RE, T HIE SN R S 1A A A
Jerhbig. [FINS, GA; fedtsiErIRCR B TR
M2, fEFHRZESR R, Bl GA; MPCRIRE, 7
Bk Az H M ARG . PRk, MatiAt b RR /K A
PEANE R A0 ) — B2 4% S KRG SR A B H e
T HARZ

1981 4F Rutger ZWZE K AE Mg/Terso (1] F; A
FORILT 1 A s B 1Al R A v A Bk R A2 A
76:4512, FFATFZ L AUIR 1 5= Bl iy 44 O e B9 )
A1 (Elongated uppermost internode)3& K], BlJ eui 3
Bl o eni ik R 4% 1 KRR i A 0) A L35 1) B SR A
(IRSIE B RER, TKAE eui TRAZARHHAEI B 1755 8] JBl
FURC, Hog AT LU BF AR EUT K AR K
1ff%e PRIE, ewi FEDAAR A R MB A% 1 i o /K R
AE RIS, ek, RECHERS eu
FA KA T 2R 20 R4S, HhEa
RO T RSE, LA T A R

Kk 3S & MEERE 64S Ik | AMAF I
FHRERAIE R 2R(96-5-28) Tl 350Gy™Co
V-5 A E BRI AL B S, AL M, AR A b a8 1 )
KAEIR BUZ A B KAG . Kk 3S KSR 1
XTREMER ewi JEPRIPEHH, 1T HI eui FEH S euil %
RIEEAL, BEORRF TR ERRE 64S AR RAEFE, wiEtk
PSS SRAVESR, W& . &N 4, O
e b figB 7 ALER, I BE DR PR /R B 2R it
BLORE RS AR, T HIL AT B OKFRAR E 2 A

I AT RE LA B R AR S BN F R B R IR,

WA 220, M, ewi FARAKE 3S BILE
AERURE RERE 64S HAT HUFHI N FH AT
AR, TWEM ] HIEEAEHE
BT, Ik 3S fEHFEI S EATT P GA,. TAA
ZR BRI 2 s T Y AR RUER R 64S, ABA
B TR T 5% 64SM M, B by i) A bR
I BB 4 REHFE YK, Hth Bk 38
i A H B L 3% 64S 1 2.2 i &
b R A AR P R A A TR AT K H Y b AR
64S BEM L, BN ERRINE RGN TP K A
TR EE I 64S HIRE K, MM 5 EdbfHn, Kik
3S AN E SR A K, Zhu 25T}
AR 7897 FNHL eui TATARIIRT TR, EUT 2R 4

i 1 M4t P4SO HLNEARE CYP714D1, L
BA P AYNETE GA, WIIRE, fEREREDE K
R A ER . SEAER EUTFERML, AR
eui R IR ) PA5S0 HE NS CYP714D1 5 LR
T3 eui AR GALFLRIGIN, LR A i
AT R AT, SRS eui TRAZARCI
HRIKFEHEMER R B &R eui FEARR) B b5 [ 1A
BARTHEAER, WRET EUN R R SHRA
A B b1 1] H P IR R KT IR e (R A K ) BB
FKCPHIR AR A ] AR K R B K A X 8
1K), FRAEHE T IRAR A b5 8] 1 T PRI R K
SO BT 5| RS AR e 1 ) PR 4 R o3 R . (H
JT, B IIMBIKAE eui T4 A g L5 18] IR A Y5
FKF B I 3 B8O B E P KOX — i AR BT A 2
IVF 2 53T 13 H AT R 58 4 B .
RAFAEMENINFERATE, A TINEA
R FRIEKT T BB A B KFE eui T4
RLELER e A B 20 T MBI A R0 3 J5 R, A
SR R A 2R ewd RATRA 1% 3S J
FLBF A RUER R 64S HhAEIA R B BT I3 T 2 R E
JR A 2 EEREIE 7T, AREHE ewd FERIE 2438 /KRG H R BE
F Bt AR K RE R Th RE AR LR bR 2 5%

1 MRIATTI

1.1 78

RO AZAS B /K FE(Oryza sativa) 5% 64S
e eui AR 3S 35 H i R I R 5 AR A Rl o
Befitfi. 2014 45 H 20 H, KKk 38 FIIEHE 64S
RSO0, AR AR R 5 R, Bk K
— B2 T 80 AREEAT AR, TEEEAR 8 PR(FIA
22.0 cm, #JEANAE 19.0 cm, I N4E 33.0 cm), AE
KB 7 a0 I T R T

1.2 EFEEALE AR

G RV B IR FE U 3 S BN B R A T
8. iR A B KBREm T eAE, 1E
Tekn BEATE W, AR N T sEFE+ 25°C
fEIRALTE 8 d, Y6IE 14 hd ™', Y658 1000 pmol m s '
AhER JERL[A] AR N AR, RIS 7 A AR K AEeH:
HIRE—80 23T ARl . AR AT HART e 4G
SR AHIF 7 LA b T T e K g bR 40 ) e ] i B
(RPHHEERTES 2 KR B e N8 E i 22 = b
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FoEL. PRI, Fefaiis & S ahARaTes 2 RATEk ¢
FAD), B R ARSI 12 2R TR Y 6 e e gikaft
Ky E e, R 58 A AN B IRORE A I ) de b 7% e Tk
ANBRA R, 85 B T80 CUKF IR A% H o

1.3 X[ B B R R i 43 #r
55 HL B FEAY IPGphor 935 [E GE Healthcare 2 H]
FEdh . BB A HLKAX Protean III Xi Cell K3
BioRad /A #] 7= i« 11X MALDI-TOF-TOF-MS K
2 [ Bruker Daltonic A &) ;= i, HAtAas. 7113
4 Sigma A=, MR &R LK 7 T A MALDI-
TOF/TOF-MS 43 M54 H B R 27 i St 78 Ho0y 58
FE i ) % [F] — b4 b (1 4 350 B b7 18] B %
£30.5 em (/MBS IRE], B2 g FAWTES J5 i 8%
FIEOE R, %4 01 (VW) ERBI S B I\ 2 1 5 24
fA (8 mol L™ Urea, 2 mol L™ Thiourea, 100 mmol L™
DTT, 4% CHAPS, 1 mmol L' PMSF, 1 mmol L
EDTA), &M E 2 ho 7F 4°C T 24000xg &5 1 h,
B s, R Bradford @ E AR S E.
MEBER B B 800 pg B KIL
%[8 mol L' Urea, 4% CHAPS, 100 mmol L' DTT,
0.5% IPG 223 (pH 3~10), JEEREE]ZE SAH
N 350 UL, TR A JE NI ERE, 4 1PG T % (pH
3~10, 180 mmx3 mmx0.5 mm)AR A, 215
WSS WM, 7E IPGphor HLIKAX _F/K AL FI&EH
R, 20°C HBhi 4T, Je7E 30 V HUE /KL 13 h, 44
Ja#: 500V 1h, 1000V 1 h, fJEkEfE 8000V
BT . SR ELHIEN IPG IR 455G IAE T4 A
[50 mmol L' Tris-HCI (pH 8.8). 6 mol L' Urea. 30%
Hil. 2% SDS. 100 mmol L™ DTT. &I ]
FPAT 15 min, 2RJ5 T4 B [50 mmol L™ Tris-
HCI (pH 8.8). 6 mol L™ Urea. 30% . 2% SDS.
65 mmol L™ it Z Tt M . JR B IR ) P45 15 min,
¥ i 26 IR KR e« T )5 BT 55 — 17 SDS-
PAGE Hi¥K. %5 1A SDS-PAGE HELIK 73 B8 UK
N 12%, SeFEER: 2.5W HI R H P 30 min, A5
FAAERE 15 W A Th 3 da ik 22 IR 15 2108 BE 25 IR iR
1~2 cm A% bk, S T3R5 ML E R XL
I L Yk PRI, A S8R FH R 3BT 6 M 1Y) 2-DE
B FLK T, B 3S ARG R 64S % 3 ANE
ZOEREMEGMT %1 SDS-
PAGE FELJK Bt F e (0 00(0.12%7% T W2, 10%id
TR, 10%5IR, 10%FHED) Y 4 h, SR

(PR ¢ BLiK=20 : 80)ith 4 ¥k, K 30 min
LA, geh 5 ) e gk A UTA-1100 3361305
WA %, PDQuest7.2 BAFBEIT 4347 o

EEEREARARNEE B2 gL i
KigE oM zEsEQ RSN ERNET
Eppendorf & 1, HALKIFYE 2 K5, BEMA 20~
50 uL 50% CAN (% 25 mmol L' NH,HCO;, =K
I, 37°CARHR 30 min, Mifh; SRJ5H 100% CAN
K EAEWPIRAS, FEAA S A T4 A 1 mmol L'
HC1¥s TPCK-E 25 (B BCR EoN 1 g L' (g &)
W, SRJEH 40 mmol L' NH,HCO; Bt IR E N
0.02 g L' FIBEAR TAEW . BOE BB TAERUMAA
HT BRI, frle s se 2K 5 2T 25
W, TN 20~50 pL 40 mmol L' NH,HCO; 78 75 i
B, 37°CKIBIHH 16~20 H''01,

MALDI-TOF/TOF-MS 43 #7 ity A2 i 1A IR
FBUH 50 uL AEHGE T (50% CAN & 5% TFA)FIAE
B 11 (75% CAN & 5% TFA) & 268 1 Ik, kT
37°C/KHRNR 1 h, FEER 10 min, &R, 4
To SRJEIT 2 uL CCA AT F, B 1 uL £
FET B SRR B B AT R R, I
FIE , — 5 e (1 A E B D 800~4000 Da,
POt 337 nm, — RIS R RN
600~800 /X, 2 i B A5 5 FL I 21 900~ 1200
Wo Ml FHRRERRIR A R SRR IEN 1O,

B ERER SRAF IR A VIR B d
i Mascot (http://www.matrixscience.com) v 4T
K2 . KRB 2N NCBInr, Y%~ Oryza sativa,
JREE FBEREY), FavF KA TE RN SEON 1,
AT ARAB R S F Tt S B ok T e Y A AR R A 2 R
th, JClE EAEM, MS Jli&E %524 100 ppm, MS/MS
JREZRZN 0.8 Da.

1.4 $EE RT-PCR 447

Reverse Transcriptase Kit. 1 kb DNA Marker. 2x
Easy Taq PCR SuperMix (+dye)#JJJH Thermo
Scientific VARG IRAE . ¥R DHEkE L
A TAMA RA RS e

& RNA [1#REUM cDNA F—8#ER W
B EA9H 0.2 g, 3% I8 TRI-ZO1 377 &5 b B 4R BUE.
RNA, 451 DNase I {4t [FZH DNA, 15 F 441
& RNA. B 2 pg 2 RNA, LA Anchored Oligo(dT)18
RG99, FIH Reverse Transcriptase 5% &
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8% cDNA, T-20CIRAF.

FER RT-PCR 4+ #7 LA I 5 — Bt
cDNA MR, L Actin2 PSRBT RT-PCR
PB4 94°C5 min—[94°C30 s, 55°C30 s,

%1 ¥ & RT-PCR 5|9

Table 1 Primers sequences used for semi-quantitative RT-PCR analysis

72°C20 s]e—72°C10 min. XM 5EHEJFEL S uL F=4)
R 1% 1) 35 i B 4 I rR vk i AT Al o FH 8 & 3 A
Image J (http://rsb.info.nih.gov/ij/) 15 AT k&I 3 (A1 1)
FHXTFRIL &

%5 Spot No. IE[5|%) Forward primer (5'~3") 5|49 Reverse primer (5'~3")
1 ACGCCGACTTCTACCAGC CTTCCTTCTCGCCACTCAC
3 ATACCCACCATCTCCTACGC TGTCCAAGGTCCCTCAAA
17 GCAGTGCGGCAACCAGAT CGACGGGAACACGGAGAAG
19 TGGGAAGGGAAGGATGTT AGGTTGCTCCTCCACTCA
26 TGCTGAGTATGTCGTGGAG CTGCTGGGAATGATGTTAA
40 ATCCTCTTCACCTCGCTCTG AATGGTAAATGGGCTTCC
Actin2 AGGTATCGCTGACCGTATGAG CATCTGCTGGAATGTGCTGA

2 SRR

2.1 B BTE S B R X ) Lk B AT

I SDS-PAGE HBEAT Yt Sl BB AN A
Gortr, DSREEMZ 2 5B H 3 IREE I
MR Z R E AR R . SRR, K
1% 38 FNEERE 64S 1 75 1R 8 15 2-DE B 9 R

Mr (kDa)
105 W~

71 e

50 -

35 -

20
T

& 1 SRR 2 d 555 64S (AR 3S (B)f 45183 (1 B 2-DE BRI

PR . B 1 BoR, B BT A K 2 B AT
TRERPEX Sk(pH=4~7), 7 FEZ N 59.0~16.0 kDa.
LT, B 64S FIKIE 3S AT 2 d I
ATIAFEA 50 A2 R B A R (Spot 1~50), Bl 1: A
HRREEE 64S Rk LR 30 AN AR s (spot 1~30)7F
Ktk 38 FIA T B 1: B Kk 38 #ik B 20
AN AR A (spot 31~50)7EEE 64S ik Fiff.

Mr (kDa) pH 3~10
G B
105 o=
71 -~ |
e |
50 - £ 3
Fas :
35 L"o ’
- - .
A7 -
1
v -
- - - e
25 — -
$ ¢
e AT« ¢+
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Fig. 1 2-DE diagrams of proteins in uppermost internode of Pei’ai 64S (A) and Changxuan 3S (B) before 2 days to heading

22 ERREFHRRKRIEEE
s 225 A RS RN E, JATX 50 4
Z2 5 B A R AT T IR B A SUR S O i e i de
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SEMEAB T, A 20 MEKIE 3S hRIETHKNE
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(B 2: A)FI 11 A>3k B ) 8 B B (B 2: B).
H4e 19 MEA S H T MALDI-TOF-TOF-MS

MR IR R SUR 7 R LEBUIR,  RIBUEZAS,
B RN UL RS R ANE 55 R K IOR BEAR 2 50

2 HERKIE 38 AIEE 648 HRERET 2 d ik LRI RRIAR B AT

Table 2 Identified different expression protein in uppermost internodes of Changxuan 3S and Pei’ai 64S before 2 days to heading

Y 32 I B AR g EEE BB g
Spot Protein Gene Accession No. Mr PI Coverage rate Number of Score  Expression
No. (kDa) (%) peptides
iR H Glucose metabolism
2 TR VIR A B TPI LOC-0s01g05490 27.27 5.19 65 5 70 l
Triosephosphate isomerase
T KZlARE IR K B rbcL LOC-Osp1g00420 53.42 4.59 52 10 138 l
Ribulose bisphosphate carboxylase
large chain
13 % SkERES Aconitase ACOC  LOC-0s08g09200 98.59 5.54 58 13 162 l
14 DLy RS Y ALFC  LOC-0Os11g07020 4221 5.92 36 9 126 l
Fructose- bisphosphate aldolase
15 BomE —mhRe s e ALFC  LOC-Os11g07020 4221 5.96 36 8 166 l
Fructose-bisphosphate aldolase
26 3-TEERH i U 1 GAPCI  LOC-0s08g03290 36.56 6.68 21 9 174 !
Glyceraldehyde-3-phosphate
dehydrogenase 1
27 3-TEERH R i S 1 GAPCI  LOC-0s08g03290 36.56 7.26 21 6 149 !
Glyceraldehyde-3- phosphate
dehydrogenase 1
28 3-WEERHIMEE I EEE 1 GAPCI  LOC-0Os08g03290 36.56 7.51 21 9 205 l
Glyceraldehyde-3-phosphate
dehydrogenase 1
32 BRI M R TG FBA LOC-0s05g33380 39.24 8.18 36 7 81 1
Fructose-bisphosphate aldolase
cytoplasmic isozyme
33 BLWE IR M R TR FBA LOC-0s05g33380 39.24 8.45 36 12 197 1
Fructose-bisphosphate aldolase
cytoplasmic isozyme
40 ZEEMERE 1 ADHI  LOC-Os11g10480 41.70 6.79 46 6 64 T
Alcohol dehydrogenase 1
49 J&EEALEE Enolase ENOI  LOC-Os10g08550 48.29 5.81 68 26 374 1
fe B/ Energy metabolism
34 ZRifRAMEILER 1 VDACI  LOC-Os09g19734 29.20 8.27 32 6 113 1
Mitochondrial outer membrane
protein porin 1
39 ATP & o W ATPA  LOC-Ospl1g00310 55.62 6.45 62 15 101 1
ATP synthase subunit alpha
50  ATP &/ o IEFE ATPA  LOC-Ospl1g00310 55.62 6.15 62 6 70 1
ATP synthase subunit alpha
f#3 Cell detoxification
1 L-pusk iRt S AL P 2 APX2  LOC-0s07g49400 27.22 5.10 47 8 114 l
L-ascorbate peroxidase 2
3 L-Pudk i SE A G 1 APX1  LOC-0s03g17690 27.25 5.60 59 13 264 !
L-ascorbate peroxidase 1
4 Lyudk MR S AL 1 APXI  LOC-Os03gl17690  27.25 598 45 12 219 !
L-ascorbate peroxidase 1
11 LR e k2 i GLX-I ~ LOC-0s08g09250 32.88 5.61 49 12 178 !
Lactoylglutathione lyase
29 WIRERIBBEHBE S-#: R GSTF2  LOC-Os01g55830 24.30 6.57 58 8 128 l
Probable glutathione-S-transferase
GSTF2
KEBA B Amino acid metabolism
10 PR &Rl Cysteine synthase RCSI  LOC-Os12g42980 34.40 5.20 48 6 124 1
20 1,2- R 3-HR-S(FRRIE) JdE XU A B ARD4  LOC-Os10g28360 22.06 5.93 39 4 46 l
4 1,2-Dihydroxy-3-keto-5-
methylthiopentene dioxygenase 4
21 1 2-T R E-S(FHEL) RGNS~ ARD4  LOC-Os10g28360 22.06 6.47 39 4 46 !

B 4 1,2-Dihydroxy-3-keto-5-
methylthiopentene dioxygenase 4
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2323 (Continued)

o1 = 2% ¥ . N
s EH R e PIR gy BiE MBI g gy
Spot Protein Gene Accession No Mr PI Coverage rate Number of Score  Expression
No. ’ (kDa) (%) peptides P

36 BEBEE G g R TR 1-1 GLNI-1 LOC-0s02g50240  40.07 5.56 44 19 228 1

Glutamine synthetase cytosolic isozyme 1-1
FFFKIEPE Gene expression regulation

6 HINEATE o-1b IMAIB LOC-0s05g06350  59.10 5.12 59 7 67 !
Importin subunit alpha-1b

19 BF —BEeisEs 1 NDKR LOC-0Os07g30970  16.85 6.76 33 5 90 !
Nucleoside diphosphate kinase 1

22 DNA #5517 RNA B4 p ik rpoCI LOC-Osp1g00250  17.45 4.89 55 7 46 !
DNA-directed RNA polymerase subunit beta

46 FEMfI[AT 1-31 Elongation factor 1-delta EFIDI LOC-0s07g42300  24.90 4.68 43 6 100 1

1 (EF-1-delta 1)
{5555 Signal transduction

35 MR R A R TCTP LOC-Os11g43900  18.99 479 38 12 232 1
Translationally-controlled tumor protein homolog
ZHMELE Cell cytoskeleton
17 #& & A B-7 % Tubulin beta-7 chain TUBB7 LOC-0s03g56810  50.42 6.44 41 8 100 1
4 NHHEABRERT 4 ADF4 LOC-0s03g60590  16.05 8.66 38 6 125 1
Actin-depolymerizing factor 4

R X 1 A

1: Up regulation; |: Down regulation.

A

. 3 : ‘¥
29 CX PA29 (‘56 PA cx PA ' ..

CX PA

& 2 SRR A BN 2-DE JBUKE, CX: K3k 3S; PA: 154 648,

Fig. 2 2-DE magnified maps of identified protein spots. CX: Changxuan 3S; PA: Pei’ai 64S.

EE 1: A v, Spot 3 Fl4 % NSt Ly 3-B-S(FBEE) S XSUIN4E B 4; Spot 26+ 27 £ 28 # %
IS AYIEE 1; Spot 14 F1 15 Bk MmarikrTiA AR 3-SR Hm R i & . 714 1: B+, Spot 32
JobE TR, Spot 20 A1 21 M4SN 1,2- 5838 1 33 e A AR mE — W PRI 4a e it 5 [F) 118 Spot 39
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H 50 BdE HLRA R ATP A1 o WHE, IxXEeql s
SENA— MR R E A, AR ERIANEGL
B, TR, HERGAA R, TR
HARMAREA, BAARRR#EEE.

23 ZERRVEBEHRNTIRESE

IRNSEHT eui TRAZARKIE 3S AR IR 5 %
FREIEARZMMAERR, HEEMEDRE
Mascot (http://www.matrixscience.com) M 3 % A<
R TR R, AR AH DG SRR TE ] I 8 2
JR IR IHREREAT 73283 2). HHFE 2 AT, XU sE
MBS N 7 2% (1) FREHECER, 5%
SE A H 38.71% (N AD); (2) BEEARUIAHREH,
i 12.90%; (3) AMAEMEAAHRCEA, 5 16.13%; (4)
SRR ED, H 12.90%; (5) F5FH M
KEM, 53.23%; (6) EEKIEFIEMKCED, &
9.68%F1(7) MM FLMALED, & 6.45%. Hilh
KRR EATRZ, H%EEAET 67.42%.

2.4 J}EE RT-PCR 2#7
RS 2 R R E FUSAE mRNA KPRk

CX

& 3 FUEELRIAY RT-PCR 43#F

W, FATFE A S 1. 34 17, 19, 26 F1 40 KR
R AT T ¢ 2 B RT-PCR 20 M7 (B 3). [FINF, BLX
BEFERIFE K% 3S i BT R RIS B WO AHHE 1,
F 72 S Image J THHIX 6 NEERTERS % 648
AT RIFRIEE, 41502 0.73 (Spot 1). 1.61 (Spot
3). 1.98 (Spot 17). 0.92 (Spot 19). 1.21 (Spot 26)All
0.72 (Spot 40), X 5&EER KRS R 5.

MBI 3 W40, Spot3. 17. 26 F1 40 HIE R
ik HRKEIE B mRNA K Em—2, BIEK
i% 3S fi BRI Spot 34 17 Al 26 25 13 5 4 v it 3
R IE MR, EEBKEE T; Spot 40 & H i
OB PR B vl i T =4 U N o 0w P
X 4 AN EE O R R R AR AT g 5 A B ) pRodAd K
A K. {H Spot 1 1 19 £ [l RIA 5% R mRNA
APA—2, Bk 38 s BRI IX 2 MR AR
RN SE R 2R IA B, T AE AR KT R A,
PIERIUFAR S, ATREARIX 2 MERIE KL 3S Wi
SEJE M mRNA S8R~ E AR A T EE
B, IR T 0 R AR IA &, X 2 MEF
WAl Re KR s BT A G, (HERES—F
(R FEAIE B o

PA

0s07g49400 (spot 1)

0s03g17690 (spot 3)

0s03g56810 (spot 17)

0s07g30970 (spot 19)

0508203290 (spot 26)

Os11g10480 (spot 40)

Actin 2

Fig. 3 Expression of some genes in Changxuan 3S (CX) and Pei’ai 64S (PA) by RT-PCR
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3.1 FEREMREEREHERER

I o A v SR I 4 0 P A T ol
HRAEE R EERT /RS S /EFFH ATP #1 NADPH [F)ft.
CO, RS FE R/ E N 515 4E 64S MIEL,
Kk 3S e LA 2 NMEARIE T, KPR
¥ ATP I NADPH Hd R4 2 R 45 I AR ERE R
A E L RE R R T R TR sl b S
PR T AR TR AR S AT o 3- b Vi e 0 S
§75 B A TGN £ 2 00 ST A2 o AL B A S 22 AT A
NAD' (1, ATP nf HE:AERE, NAD AL RifknT
W RRIEAY . SRR 64S MILL, Kik 3S &
T T M b SRR R e B R TR M AL
By, CREMERES 1 ik LA, MR ITHE . 3-
Tl TR H S it B S0 R R, R KL 3S TREE
Ik X il R AR B 1 2R TA Sk S UK i T A
YEFH R, LR ATP M1 NAD', B R IE A o
i 28 T S R A 2 S TR T R A P A AT A TR
AR N AT IR A, Kk 3S HhIkEERIE T,
A BRAR L BERR G 2R TR AT IR IR & B L B 1R 5
L E-CoA TEBUTREIR IR, 18D LME-CoA 1I7H
Feu WM IEREF R R IE IR . LRRIIA ATP & o V3L
FEMIN ATP & E T 5y 2 —, R FL R
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3.3 FERNEHEXER
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R AR R Y, Kok 3S R kERIE R,
W Fed b5 1] O R FIL RE U T RELL RS R 64S (1)
58, AT ORAIE T [) 4H PRk 23 AN A K0 8
JR K o
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B0 8 2 iR 2R (1 (TCTP) 2 W 3l 77 7E T FL A%
i 1 NMEEZB. Berkowitz &5 X1 Ul Fe 7
(Arabidopsis thaliana)f TCTP HI#f5E %, TCTP
TERE Y 3 A2 28 23 40 Jf R A J 200 g m 1) 302k #1805
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