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adenine dinucleotide phosphate oxidoreductase) ATP &7itf ( ATP synthase ) 11305 540 i 2 R A | [ BRI Fifi 25 208 3 A i
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(RuBisCO) K HCHIVK TG ALHE(RCA) (K502 BV , 0 Harpin 8 F1Bi%5 4 81 1 ( Harpin binding protein 1,
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Comparative flag leaf proteomic profiling of high-yielding hybrid rice Li-

angyoupeijiu during senescence

WANG Ying-hui, SUN Meng-meng, WANG Yu-wen, WU Min, CHEN Guo-xiang
(College of Life Sciences, Nanjing Normal University, Nanjing 210023, China)

Abstract: In this study, the flag leaves of hybrid rice Liangyoupeijiu in booting stage and milk stage were used as ma-

terials for proteomic analysis. All 53 in 78 differently expressed proteins were identified, which were defined into seven func-

tional categories, i.e., photosynthesis, energy metabolism, protein metabolism, lipid metabolism, carbohydrate and amino

acid metabolism, signal transduction and stress response. Metabolic network were characterized by descended anabolism and

active transport events. The catabolism probably decreased

7S B #9:2018-04-16 when oxidative phosphorylation in mitochondria was
BETE TR VFHE A TR RS H [ CX(17)3022] ; T3 inhibited at milk stage. Photosynthesis was in the core of
EHAB RS (FERBEAAL LT R S) T B protein interaction network, where oxygen evolving complex
(BK20171034) ; VL7 m Ac A v 2= R % T B Wi A (OEC), nicotinamide adenine dinucleotide phosphate oxi-
(PAPD) dordeuctase and ATP synthase were significantly reduced.
EE BN ERE(1991-) 2o R AN SR A F5 0y i Concomitantly, glycerol 3 phosphate acyltransferase
IKFEDEEFENE, (Tel) 18851988736 ( E-mail ) 1369923000 (GPAT3) involving in thylakoid lipid synthesis was down-
@ gq.com regulated. For carbon assimilation, expression of ribulose

BIFEE PREH, (E-mail) gechennjnu@ hotmail.com bisphosphate carboxylase oxygenase ( RuBisCO), RuBisCO
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precursor and RuBisCO activase (RCA) were also retarded. Impaired antioxidant system caused by less harpin binding protein

1 (HrBP1) led to disrupted redox poise, which could be an inducement of senescence of flag leaves.

Key words;
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FRUTIEW (7 10.00% =& LR 0. 07% HiFk £ BEH)
PRI ) 7R, —20 CHCE 1 h,4 °C 15 000 g
B30 15 min, BILTE, A 10 ml B G BRI (%
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KU 1 h, BEIE N, T GEINA 50wl AbFR 11
[55 mmol/ LMl Z Btz .25 mmol/L. NH,HCO, ],25 °C
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traflex 11) #E47 BK 10 48 20 E11E ( Peptide mass finger-
print, PMF) %% . T 1% PMF 3% Flexanalysis 3.0
AL TR IR BAS DN 5595 0 SNAP Bk (F MR L (S/
N) Bt R T B AEL S50 0 1.5 R 50. 0, TR EE
fif} ( Porcine trypsin) 1) H f# i Bt ( Trypsin, m/z=
842.509 4.2 211.104) fE A N Z K& ifE, Hl Matrix-
science 3k Y 3 A Mascot £ $% 38 48 % KT 1248 ¢
T HE AT B P8 2 K R (http://www. matrixscience.
com) , FZREEK 15 25 FLVF I [l (Mass tolerance )
0.01% , A LIAT 1 AR A1 Y] (Miss cleavage ) ,
AL 45 bt 2 R 1) H Bk £k ( Carbamidomethyl ) i1 H
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Fig.1 Changes of chlorophy II content of flag leaves of hybrid rice Liangyoupeijiu during days after full expansion

22 ZZABEMEAGHTEIEFEARE
FE 3 5K A A0 1) 45 SR AR L UK BRI 1R T LA
LI 5 1 000135 Wb 1) 2R 1 B s (TR 2) o X2
FEHTRIZL 2 2 A BT A 458 e (15 2R A7 %) L R i
M1, kI 78 AN R IR R, 522
W(EItafR)E 7 d) M, 2L (SIS 28
d) A 21 AN A R A RN, 57 M E A AR
kR,
23 ZZABRMBEAGMHTEZIEPFERERE
EARMNETEMINEES
214 MALDI-TOF/TOF I i 3% 43 A7 , FL 24 3Y)
Ginfrf 78 A~ 25 SR IFE A BT 53 A gk %

SE X 53 MM FRTEAE RS TR 1, WK1
R AR 24 8 1 I 4 O ] — 2 1 A 1
oL, HEANRZ -1, 5- — B AL/ I A AR AR ( 2 1
Biril 13211 166) , BLHHE-1, 5- B RR 1L/ A
i T AL Tl (B 1T 976 A1 101) AW 2R 1
(HEHABURL 15611 136) o FEHARRT 5 A7 HE AL
G AT R E A 1T R A s A
TR A A8 1 45 L PR 1 7, AR 4% UniProtKB (http://
www.uniprot.org/uniprot/ ) I3l I &g~ 8 1 5T 1 1 B
L HZ 5 AR AT DIRE /0 S FE A0 A 5 131 43
KU H BRI R, XS E R A T 8 2ok G
£ FH ( Photosynthesis ) 18. 9% , RE 2/t 1§ ( Eenergy me-
tabolism) 3. 8% , & 1 J#i 18 1§ ( Protein metabolism )
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15. 1% , Bg 5 AR 38} ( Lipid metabolism ) 3. 8% , fift /K fb
B M B IR ( Carbohydrate and amino acid me-
tabolism) 3.8%, 15 5 ¥ 5 ( Signal transduction )
7. 5% , 36 W V7 ( Stress response) 11. 3% , A& F I fig
(Unknown function) 35. 8% ( &l 3-A), il V.41 iy

A ZEREI (B2 RS 7 d) B LA (S 2R 28 d)

2 RZKBRMBAEBEERKKCEMPEIM T B RN @ R KE

AR IV, v 8<% = D a8 1| K VA L 5 3 NRES Y YR NI U S
FALYIR PRI R R R T 0 T 4
BRI - (HA 32. 1% 18 1 e 40 b i
FLUAAT R340 1 AN A BRI Z AN T i R
FEA T H &L, 4 30.2% (K 3-B),

Fig.2 The two-dimensional electrophoresis protein maps of flag leaves of hybrid rice Liangyoupeijiu during the critical periods of repro-

ductive growth
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HEEorbr & 3, FLAGH &M b 500 S A4 A G Y
A FURARRIA T (R 1) o DGR AH X R
CP23 % 1 ( Chloroplast 2.3x10* polypeptide of phot-
osystem 11) | i %A & & & & H 1 ( Oxygen-evolving
complex proteinl ) | &k & Ak 6 JF 8 FH-NADP ( H) %A
1t i JR B ( Putative ferredoxin-NADP ( H) oxi-
doreductase) ,ATP & filf CF18 iV 3& ( ATP synthase
CF1 beta subunit, ATPB) I atpB 3& K 4it5 5= %) ( at-
pB gene product) A9 K35 T I, B[4 2 5 % 46 1) AH
FKEEH B RuBisCO i K/ K B LA A A RuBi-
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HH B A M, Mo, 28 1 B B 608,
408 | oA K Lok 1 8 TG B 30S T 508 A%

H PR R, B 0B R 2 1 S19 (Riboso-
mal protein S19) AZMEAE 1 L1 K% & 1 (Ribo-
somal protein L1 family protein) MBHAE A S3 ( Ri-
bosomal protein S3) FIHH JE Ak 5 1 AH 5C 1 V-4l e
MEAERERE(CGLL) kit T F, 2K A s Al
Sl Ras 2 [ (RABASC) i BRUE 18 4 5 1) 9 Bk
ia ATP [ 2(ALA2) & & ETFF,

243 RBEHFAMBARMMELEGRGREE
(PN b7/ WS 2 U A RS UR R S o RS
UIRe A — R IV UL AN RIS A
S (A S AR RS R PR I, IR i Sk ™ E 55
N T A A AT, A R SR A
fie B REARSCRYE B, APTIEH FLA S
ALY 21 FHe S 52800 RZR3MYB 45 14 5
K H (Similar to R2R3MYB-domain protein) ik &
ORI BTy ke B 5 e i L AR 5C Y Harpin
FE LA H A 1 (Harpin binding protein 1) | £ 44
4.1x10* RNA Z£3 254 8 19 b ( Chloroplast stem-loop
binding protein of 4.1x10* b) Fl S Z KK PK3 A
PRFEFE I (S-receptor kinase PK3) B3Rk & T [
B, TR SR I B BT T, P R R
5( Formin protein5 ) F1 Shaggy #H 1) 8 H #EH «
HILRIE T,
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Table 1 Detailed information of the fifty-three differently expressed proteins of rice flag leaves identified by mass spectrometry
HAT P R p
e S5 ekt wEE et w gy N EEE E A TAR ey
Vi 3 ﬁz (%) /ZE{M
Bk (x10%)
SeEVEH 163 [i# gil164375543 5.56 20.02 86 15 68  BFEEOLRS 11 2.3x10%° &K A11g06680 (PSBP)
HAOCHR LT B
439 R gi1149392725 5.10 30.59 92 16 47 TR AL TR AL MR Ai2¢39730 (RCA)
AEUBER AL Bl
544 T gil739292  5.10 26.50 85 17 45 HEEAEREAL MRER{R  At5g66570 (PSBO)
976 N gil13569643 4.78 21.74 81 12 sl TR AZ AR AL e Ai2639730 (RCA)
ENsnta
1001 9% il62733297 5.59 5239 122 26 46  RuBisCO {HfLAE/NEI T A W4k A12g39730 (RCA)
[GRES
1125 T gil41052915 7.98 41.09 42 10 23  {EMEREIEEEA- MK A1g20020 (LFNR2)
NADP (H) % fbid Jit
1132 T gil312204666 6.07 4.919 31 4 67  ERREEBERICEE/ M ik ACg00490 (rbel)
Eal N2
1166 T gil110288945 8.51 40.76 84 13 29  EEMREEBERILEE N SRR AiCg00490 (rbel)
SRS RE HiT A
1174 T8 gil552857 530 53.95 40 12 32 apB BEFEEESY (G HEHE ACg00480 (atpB)
%)

1196 T8 gil11466794 5.47 54.03 118 25 42 ATP & CF1 (9 B %k MR AtCg00480 (atpB)
gt A 996 M gil 125564321 5.35 40.35 62 10 21 e 1 0s1_31986 (TN Zbifk  Ai5¢50850 (MABI)
FAOCHR 1T MR i S B R B 3,

LRI
1223 R4 gil115454943 5.86 82.14 59 16 20  ZRKiIAD NADH-ZBRE  £0Bifk Ai5g37510 (EMBI467)
Ak JE i 7.5% 10* 37 2 jif
IZ3
A A 89 L8 gil1213601 10.28 10.65 54 8 62 MK E T S19, A MG ATCG00820 (rpsi9)
AHCHE 1 B (MERK)
109 38 gil222640895 5.97 44.53 45 11 21 {REHE 0sJ_28001(Ras /K Ai2g43130 (ARA-4)
HHSEH 1 RABASC) 2 2EN
264 LV gil125600937 8.44 16.80 44 6 36 fBUEHEFT 0s]_24969 JEBE A13g09770 (LOG2)
1027 K94 gil297597994 9.90 10.51 46 7 59 AR A LI ZEEEA IS Atlg14320 (RPLIOA)
1111 T4 gil297607886 6.57 9.35 41 4 41 0s08g0113300 F&EH YR At3g07370 (CHIP)
1120 N4 gil125525322 6.24 48.93 43 12 23 M EE B OsI _ 01316 4UMIA%  A5g04990 (SUNI)
(SAD1/UNC-84 %5 #3187
M1)

1143 T8 ¢il218191883 586 39.14 42 11 27 REHEE 0sI_09579 (N-  H/R Ar4g38240 (CGLI)
BRI R TG ) FER

1156 T8 1223927404 10.00 17.50 33 4 26 EREAEH S3 LR AiCg00800 (rps3)

1178 T4 gil297597994 9.90 10.51 46 7 59 AR A LI ZEEA U Atlg14320 (RPLIOA)
g B AR 29 Lk gil125604750 4.99 18.98 47 7 35 fREEH 0sJ_28405 (B P At5g44240 (ALA2)
FHOCHR 1T fiE%¥:i2 ATP  2)

1084  F¥d gil125525211 8.83 60.63 52 11 7 BEHEHA 0sI_01201 (] MEEK/ A14g01950 ( G3PAT)

R8I T -3 R ok BR He AokidAk
i) P )
WKL 1088 R gi153791819 527 3736 51 8 16 UEMERER A ANMLEE  Ardgl4880 (OASAT)
SRR
ARAOGHR B
1126 Fif gil670441572 9.58 1.46 35 5 2 BENIKEAE 6 R At3g59100 (GSLI1I)
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%3 1 Continued 1

EEE‘E‘ farey ﬁ}¥ i 26 5% 4
e w9 AR s he h s UgE TR R I mma
4k (x10%) )
RS I Ei¥ gill25596876 6.26 1529 36 9 55  fREFEM OsJ_21000 (JE i -
AHIGHE 1 B IGIE B IR AR 1)
942 TFif gil297727405 10.17 40.69 36 9 23 0s10g0205900 5 H (JE W iM% Atlg26150 (PERKIO)
EREEMS)
1096 Tk gil658061195 7.11 28.83 81 11 38 T A shagey HHOCHY  FUME At1g09840 (ASKI0)
I «
S ER YA 4 LJE gi1253762014 6.72 30.04 45 10 30 ARG 21 fuk:Kia At1g05250
AHDCHE 1 5 YymGA
17 LV gil115489106 8.76 9.37 36 3 23 XU R2R3MYB Z5H95EE MU At3g06490 (MYB108)
H
24 b gil50726261 7.01 921 42 12 11 BHLBHE PRSI WO At3g20660 (0CT4)
1078 ik gil21902061 11.58 26.82 38 6 20 S EZIUKEE PK3 WIAKE B Algl1350 (SDI113)
EH
1127 F gil115488340 8.59 41.62 72 9 16 0s12g0420200 T 1 (M4 MK A11g09340 ( CRB)
1K1 41 kDa RNA ZEFR4%
HHEA D)
1176 T ¢i138679325 8.92 28.36 49 4 20  harpin EEEM 1 MK A13g23400 ( FIB4)
KATIfE 5  FJ8 gil51535907 6.39 9.65 51 7 55 REEA - -
HT
16 ¥ gil125572367 11.20 10.84 47 8 64  EUEEH 0sJ_03809 - -
21 LA gil50725661 8.65 6.07 56 5 74 fREER - -
66  FiH gi1297722251 4.44 1271 37 5 34 050320438400 FEH - -
71 LM gil50725518 11.94 8.34 47 4 39 REEA - -
82 ¥4 gil218190619 5.16 12.56 45 8 50 fRAEH T 0sI_06993 - -
102 98 gi1297722285 12.08 5.76 44 5 66 050320573750 FEH JB e AT2G19350
983  FiM gil258644729 9.43 25.44 39 5 17 BRERA - -
997  Tif gil218186471 6.05 10.52 38 7 71 fRSEEF 0sI_37558 - -
1079 T4 gi190399326 5.13 11.98 33 7 53 HO313F03.10 &H - -
1080 ¥ gil49387835 9.95 20.17 37 8 32 BEEA - -
1091 R4 gil38637146 10.50 20.72 45 9 38 REEA - -
1092 i gil19920114 9.40 68.03 49 15 18 e R SR T i A% -
1097 T4 gil116310988 11.46 25.89 41 6 26  0SIGBa0138E08-0SIG- - -
Ba01611.23.4 &1
1100 T8 ¢i1297721349 10.19 11.87 54 4 37 0s02g0580800 K A - -
1134 FI gil218198007 11.15 15.73 48 5 28 {RUEEH 0s1_22617 - -
1137 R4 gil62733034 6.81 8.15 47 6 59 {REEH LOC_0s11g14690 - -
1148 T4 gil297721349 10.19 11.87 44 4 37 0020580800 % [ - -
1149 FI gil125577371 5.19 11.88 45 8 70 {REEH 0sJ_34120 - -
Bl 154 VCECEORNAE 35 % 1 Mascot 244 )\ NCBInr ,Swiss Prot Fl1 EST $04E JE SR o Ar o s, 7 5 3R 8 1 B & SE 12 7 41 9 UC i A% Jik B

BB A s A0 IR BE T BB DR BC R IR BER MR P S DL RC R - AR,

2.5

BB EAEM & 53

1837 UniProtKB F) Blast 7087, A 1153 T 34
MEEEEARNME IFRERERE(E 1), FIH

ZRKBRRBEAIMHRZERPERER

GeneMANIA X i3 46 [m] Y5 3 R 647 8 1 o B A T,
DL SR AR 2R A 2L K R it v B 25 1)
KA A, A BN IR (K 4)
R, BSEO6EE R F BT, B30 RuBisCO K
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Fig.3 Functional classification and distribution ( A) and protein subcellular locations (B) of all 53 identified differently expressed proteins

of rice flag leaves
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fifi 2(ALA2) 5 ATP &1 B W3 (ATPB) £ 1EAH HLEX
%, CEWCE RS L (OASAT) R kLA NADH-%f
Q Wi% ( EMB1467) | 15 TR 2 i =i ( PDH2 ) 17
THEER, H5XE2FE 14X ab G H5EH
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CBS5) . PSII R A & &% 1(PSBO1) . PSI F I %
(PSAF) F:ik

3 17 8

g — RS T A e A
(AR G B A Y B A AR R R B
5 I B 1 ORI PR R 3K B 1Y 3 SN AR AR
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Fig.4 Interaction network of differentially expressed proteins

( homologous proteins in Arabidopsis thaliana) in rice

flag leaves during booting stage and milk stage
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