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Influence of protein expression in rice leaves under heat stress

CAO Yunying"?, DUAN Hua®, WANG Zhigin®, LU Lijun®, YANG Jianchang™*
1 College of Life Sciences, Nantong University, Nantong 226007, China
2 Key Laboratory of Crop Genetics and Physiology of Jiangsu Province, Yangzhou University, Yangzhou 225009, China

Abstract: The global temperature has been continuously increasing in recent decades due to the explosion of population,
the development of industries with emission of greenhouse gas, and excessive deforestation. High temperature in summer
occurs more frequently and keeps longer in many regions of all over the world, leading to adverse effects on crop growth and
development. Rice ( Oryza sativa L. ) is one of the most important staple food crops in China. The decrease in grain yield
due to high temperature stress during the growth period has become a serious problem in rice production, especially in the
Yangtze-Huaihe River Valley. Although effects of high temperatures on grain yield and quality have been studied, the
mechanism involved in the injury of high temperature to rice growth is not understood. As proteomic approach is a new
technique in plant stress physiology in recent years, this study investigated whether and how high temperature stress
regulates protein expression in rice leaves. Two indica rice cultivars differing in heat tolerance, Shuanggui 1 ( heat-
sensitive) and Huanghuazhan (heat-tolerant) , were pot-grown at Yangzhou University farm, Yanghzou, Jiangsu Province,
China, and treated with high temperature stress at the stages of seedlings ( during the 4" leaf, 38°C (day)/30°C (night) ) ,
meiosis (from 14 days before heading to the initial of heading, 35°C /25.6°C ) , heading (0 —10 d after heading, 33.4°C/
20.9°C) and early grain filling (11 —20 d after heading, 33.4°C/20.9°C). The temperatures for controls were 25°C/
20°C at the seedling stage, 32.7°C/25.6°C at meiosis, 29.99C/20.9°C at the heading, and 29.9°C/20.9°%C at the early
grain filling stage. The protein expression in the leaf was observed by using two-dimensional gel electrophoresis with
immobilized pH 4 —7 gradients as the first dimension and sodium dodecyl sulfate-polyacrylamide gel electrophoresis ( SDS-
PAGE) as the second dimension. The results showed that the changes in protein expressions under high temperature stress

exhibited four statuses: some proteins were induced, some proteins were up-regulated, some proteins were inhibited, and
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some proteins were down-regulated. Protein expressions varied with the treatment stages and the two cultivars. Among the
four treatment stages, protein expressions induced by high temperature stress were the most at the early grain filling stage,
followed by the seedling stage, the third at meiosis, and the least at the heading stage. Protein expressions were more in the
heat-sensitive cultivar than in the heat-tolerant cultivar. The mass spectrosmetric analysis indicated that the differences in
protein expressions were mainly those involved in photosynthesis and signal transduction, such as 0s01g0791600,
05120291400, ankyrin-like protein, ribulose- 1, 5-bisphosphate carboxylase/oxygenase ( large subunit), Hypothetical
protein OsI_22016, and Rubisco activase small isoform precursor. These proteins were inhibited or down-regulated in the
heat-sensitive cultivar Shuanggui 1, but were induced or up-regulated in the heat-tolerant cultivar Huanghuazhan. The
results suggest that proteins involved in photosynthesis and signal transduction play a major role in heat tolerance of rice.

The possible regulatory mechanism of these proteins in rice leaves in response to high temperature was discussed.

Key Words: high temperature; rice; heat-tolerant cultivar; leaf; protein expression

F TR SO AR , R URASHR , = IR A E 7R i SV B AR S A R T KRR . RIERK
R A= AIH B R, — B R 1 BUK R R A Hubb SR B I 27 I, T R IR 7K A
R EE I E DL B OK R HAE AL BAR U HE R,

AR AT R R KRR —FEAR . PRSI E AT ISR AN E B R RMRBE B
(7R Ak, 38 3 2B 1 R 2 T LA 7 PRSI0 1 5 3 AL LA AR A %3 BRBE IR BLALM] . 0 Shen % BFFTH R
B TR B EE S S P EARNZL, A ERZEDA 10 MEAFEHE TR ER, 19 MEA
MG SREIE BT 4 R0 ARWIE S 5105 % R AN K. Zang % 416E , 7K RE 4 M 3530 o 265
& A BRI LR R — B ERE T KR EE B, RN B E M8 AR K 8 B AR T 52 P38 Bl b
H1 . Majoul %1 FIZE 111 B4 2 J7 W0 AU A 4 1 B /RS /N2 K W R 2R T 4100 AR AL AT T 9,
H 42 DMEEFUR, H A A ARSE R P EE, A S A RIRE T RERBNER S /N RREE A
TEABMIE . A, AKREER B 412 R A T 7E R 45 3 B SR SUE AR I B A R BB B SR B
T KRR AR I FORCRE SR LB 57 MK RS WA K - 1 R AL 5 LA . HHE M
R A AR A R, T IR A O T B GE R

IRFEERA A R R 2% S B R, 757 R A2 7 A4 A0 g LB 28 T 7 e AT R &7 A S TR A iy B, PA) it
AR RS ME AR RE. T AR EZDEE4E , KR &R R T EZ Y R .
P LA, iR B SRR R P R BRI RAE o B, AN [ B $9 F fR R A BEE ZK A R R SR AR 3K R R e
JFC A ol ] B 22 53 E R P R DLARAE o PR AR B AR At 2 S S 07 R A o AL, R P XL 1 3R PR 44
R R IE PR DK 5 R 23 AT AR 45 B 7 3 B S RIS e R e R /KA I 1 B9 3 B R I 22 AL, 8 7 A TR i
A ol 255 1 R P ) A AL Ao
1 Me57HE
1.1 bPRfE 5408
1.1.1 K5 F

A it o DAy it PRV rHOL it o 2 4 o AN UL RoRl R AR R 1 5
1.1.2 FHEFK

HIRRY SR K b, B RS R K REDF ST B i B 7™ 8 2d BE S 1 IRE R MBS
1 AR S R 2 LSO BRI R AR AT S M 2 ¢ SR BRIR AU (KH, PO,)
0.5 g fERNIE, BAIE 7 d 4 0.5 g IR, MR 0.6 ¢ JRE . HAREHEILHE M =R
1.1.3 SR

(1) vesab
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FATLRBEREPERM/PERE 4 IR HETHRAAE, 6 d JFERAE, AR K 38 °C(8: 00—
17:00)/30 °C (17: 00—8: 00), 2k 25 °C/ 20 C JyXf HE, S 3% B 500 pmol m > s, MIXHBE N 75% —
80% , B RIEHE 12 h,

(2) W3 sL 3

YRR A B A (SR T FE " MR, R IRR S S ) i, 8 S SR 26k 7 B
RE N7 R, ZIRTE (B 10% AR iR HEE) 2R3, B R RIMASER . BN EELEY
KTHO, AR FEGIR , OGIREE AR RS 5 b —3, = IRACTHIA H] 33 b5 N 1) H 4R B 35.0°C/25.6C (H
R/, AZEIMNREE(32.7°C/25.6°C) AXTH(CK) o AXNREE 42% —92% ,CO, KB 5 E/h—3, Jy 385—
392 pmol/mol,

1.1.4  HfEAESR B b3

RS AE K T EIMEST—B(10% iR MAEHRE 23R E N7 S IRAAE, LB BB EE/M
SR 10% MM AR E RS 10 dCHEEET, T1) FidliEfE 11—20 d(FER R, T2) 43 2 A B T
TRALTE  H ¥IIREE N 33.4°C/20.9°C , A MR EE (29.9°C/20.9°C) Fy 5t BB (CK) . AHXHEEE 34% —95% , CO,
WeBE 5 EHh—2, i 382—396 wmol/mol,
1.2y
1.2.1 Bkt

ERAEFREE G , 4 B B B R it B 2O iR AR 1 RS B R RS, B A T %
HRIET - T0C KSR T8 E B 4R
1.2.2 HHERHHRR

& A RIS R Granier ™ {77 1R TCA/NERYE . FRECA M F 1.0—2.0 g, AT Bk K, ¥
LT 1:4 I ASREU & 0. 03 mol/L Tris-HC1 (pH 8.8) ,0.1 mmol/L EDTA (pH 8.0),0.5 mmol/L MgCl,,
0.6 mmol/L HiIF MR ,1% PVP,1% H,0.02% B-FiILZE],4°C,15 000 g, B.0> 15 min, B EVEW . WA
4—6 fEEF10% =R RSB (WERERER, & 0.07% B-HELr) RS, -20 CHE1h I E, 4 C,
15 000 g, B> 15 min, YLIER 80% ¥ A 3—6 mL ¥E% 3 K, B /5 AV IER- ZBER (IR 1:1) k%, UL
REHEETH, -70 CHFERAE.

1.2.2 S Hk

SO Bk (—[7 [ 4 pH /B J3 4 e 38 2 I i) SDS-PAGE) 218 Gorg 217 T ik - RIME B, B ERIE
B KA (7 mol/L JRE ,2 mol/L Biflf ,4% CHAPS,0.001% J5 ¥ , FRTHNA 65 mmol/L DTT H10.2%
FIPERARIR ) 7520454 , 12 000 r/min 5.0 10 min, 35 R &8 R Bradford 7™ i . 350 pL EERAK
R (L& B TLZIH 1000 pg) HIA IPG strip Rt N, K IPG IR PE T 4% pH 4—7 (11em) RARIPHR,
JREEAT, BRREARFRES, B 20 SRS, BT [PGphor SFr RAMUHEMR |,
Bhk4k 12—13 h, F57E 17 CTF A3 7R A 10.5 h, HA£5$250 V0.5 h 1000 V1 h,E[358 000 V4 h,
SR EAES 000 V 5 h,

FHRELSNG, REBGH WA R IPG 555 I FF A2 P A [6 mol/L JRE ,2% SDS,20% HiH,
2% DTT,0.05 mol/L Tris-HC1(pH 8.8) | . 5425 vh#i B (6 mol/L JR2,2% SDS,20% Hif,2.5% M7 ik,
0.05 mol/L pH 8. 8Tris-HC1) &-F-4 15 min, K- P45 IPG R 4&H £ SDS-PAGE(12%T, 2.6% C) T 3,
FAEH M EAR 2 RPRER B, {0, 1% BRievEEEcs 1] ,20 CHEM/KYS 20, R 5 mA {8
TR ZRMIEFTE B L PG ARG, i FIEHE 20 mA E ALK B 2 IR I BAERKIAZ 1 om 4L,

HIKEEHE , NOBUT B, VA EIE S, FIZKEE 3 IR, BIR 5 min, J5 A% S 55 35 44 ) Bio safe
coomassie (Ji § BIO-RAD A H]) 3R EAWITES), e A3 %, AR AW, FEH/K P 30 min 2H FR 2T,
FFAH#{X ( UMAX Powerlook IIT) %% 4t B 8 5 ik I3 W 3R B & 1%, F PDQuest 2-DE v 7.3 %% {4 ( Bio-Rad
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Hercules, CA , USA ) 5t BG4 T 40 HT (3 ST 080 BE AUk DG e AR BOBE AL B AR AR AE) o
1.2.3 HEHRAKNHEL

218 Peng &1 7 BRI VEIB R, IERE AR, 78 111 1130 mmol/L ZKEALA A 100 mmol/L #Hift,
WMERSNIBE WP i ; 56°C 54T F 100 mmol/L NH,HCO, (& 10 mmol/L DTT) E¥ Hi£J&E 1 h, 100 mmol/L
NH,HCO, ( & 55 mmol/L) B Z BERZE W e F 1k 1 h; FH 12.5 ng/pl JES R EF S vh W (& 0. 05mol/L
NH,HCO,, 0.005mol/L CaCl,)4°C F7k4k 30—45min, F-7£ 37°CF, A& 5 (B A 40 5—25 L 11k
B 431 0.05 mol/L BRIR EEIAW & 5% =R 50% ZIEMZ NGB =4, H B Th. B
2 TR 3 wl 0.5% =W ZMRBEWIRSHFRIEST.
1.2.4  Jiksrd KR FE A

R F ABI /A&] MALDI-TOF/TOF [ &34 HAR R H RS FH 1T IR B A8 ST 2R a-4-R P E:
FREAR, S 0. 1% =5 BRI 50% ZIEH AR . B 2pl 255 2ul BERIRS), B3 pL IRG WS EEAR S
WL, =P ERTHRE BEABTFESFN, RARFERN.EE FEUE, 8 FEMEHBE 1R
25. 00KV, ik FE FE 2 iy 21. 00KV, N, OV 2 337 nm, ik ivp T2 B2 3ns, IG5 SR R0 100 1K,

1T Mascot Z1H) NCBI 2 [ 4% & , SR )5 F-7E SwissPort $4 B i — SR RILRBIMIEFEH, U
W R E WAL, ST A B8 MM I B I FT REFE . FEHE R ZAT, Ik B F R R KA FIRE
FE 2 0.2 Da, YiFh R IEE K FE (Oryza sativa) . 3T FRIREGROTE , ZREA RS TEBEKE, FIE
ZERTF20%
2 #7
2.1 OR[F] B AR R AL ER T B T O] K S A R 25 S AR

B 1 g4 b AU 1S3 R (ALC) A iR AL (B D) £ O 1 . @S/ 24 . AR A @WE 3k 7.1
MR AR KB . R GREL 2D B RS MBS S, F PDQuest 2-DE BT/ Hr e, 4Kk
B2 RK8 2 £5F BIA Y BAg B, B A A B (B P a8 B, M T 5 RE A 28O0 F
) o ANBEUCHC 2 5 U B AR R, B o i 2 B8 (A X B s B R B R R , W #T
FESHEA S (B P aFRTR, AN T e AR R BN E A S) W7EA . W 7E A R X
VKBS _EAR_E AR R R R s B R (B 1) o

i 1d F AR [R] B A R R AL B S K ARSI B B R R R L (B R L) |, RIS A B AT A B4R 5 S AR AR

*1 FTEMEFEXMF 2-DE K& B KA PDQuest LL 417
Table 1 PDQuest comparative analysis of 2-DE gel protein spots subjected to high temperature at different stages

LRg ] v i BEREA FHEA
Stage Cultivar Treatment Induced protein Up-regulated protein
TE A At seedlings stage #4E i Huanghuazhan CK 5 2
T 12 0
¥EE 1 5 Shuanggui 1 CK 8 8
T 13 0
T2 At meiosis stage #4E 5 Huanghuazhan CK 1 14
T 0 1
¥EE 1 5 Shuanggui 1 CK 1 6
T 10 0
HliFEHA At the heading stage #4E i Huanghuazhan CK 0 1
T 4 2
¥EE 1 5 Shuanggui 1 CK 3 3
T 0 10
N B At early grain filling stage #4E 5 Huanghuazhan CK 8 3
T 0 14
¥EE 1 5 Shuanggui 1 CK 11 12
T 0 3
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LRI B ABES DT | 5 i fl . R [FACERET Has , 57 A A B 25 TR g A8 AL i 2R B R B & (T i
it o S1AY B 14) IR Z (48 4, B 1-1) i ZUAE B R Z (33 4>, B 1-2) , A A % 2> (23
A E1-3) o BN AR S A A SEE R EA R AEERMRXE EES TRRAAR -2, W
TR AL PR TR W i AP R B — S RN ], S H RS E B, S EE R TR, MEHE
SHE B A BIET PR AR S rh pn B RS E TR ER R, REE FRRNEB RS HHM
A AR B R BRI A2 B B, WA A S AR B B EERGA B T A B9 B 55 BB O A R i A Ak T
WP AR, B W HA M ES R, 8BS NER RN AR A . RV SMEARR
A R IR T 2R R BRI TR AN AL
2.2 AR RAL T i 22 58 H B R IR T

AR B BX ] B Ok B 25 2R, NRIB 1 vh e B 6 e BE Ty LV i 22 53 B B AR, R AR IR B 5 LI
FIFETIENTEAL , SR )5 F MALDI-TOF R #E47 B 04 , 818 H Bk il LUB 3 B C A R Ik & a0 A
& (PMF) (& 2) , B 3 ZEB4F BTS2 5 R MBCRE . RIEEEFTR PMF 5/ 1 #80E PERET R 2R H X
Hof 3 MEHRAILEE (A0K.\2) A 3 MEE A DIREAR MR E H (a3) AR 12 H (al2 K8)
(3R2) o BE—2BXbX P X )26 R 64T BLAST MR 48 BLAST 4518 5E , & al2 g0 —BERAR 1L
B R EEFT ARSI, i a3 IRERFHEED, HIIRERM (K 3) .

ARG R 4R, "R T S E MEE R IFN LT 3 KT8k

() 5aiaE R I BRI (L E (Rubisco) KILEEHT ALY (5 al2), Rubisco /N (K
K8) ,Rubisco K3 ( & K9) , Rubisco JEALER/IMARTIA( & 12)

(2) 5ESHIARX  WEBMEH (ankyrin-like protein) (5 A0) .

(3) RATNBEME B (A a3) .

R2 TEMYPHRLEABHAFEREON PMF BIRERENEELER
Table 2 Differentially expressed proteins in rice leaf subjected to high temperature at different stages identified by PMF query

= R % 2
S B EHE T P33 PR/ R Sequence Mascot 1543
Protein spot  Accession number  Protein name Origin MW (kDa)/ pl a Mascot score
Coverage/ %
al2 NP_001044494 05010791600 Oryza sativa 23.0/8.24 35 112
(Japonica Group)
0 ,
K8 NP_001066606 05120291400 ryza saliva 19.7/8.87 44 103
(Japonica group)
L. . Oryza sativa
A0 BAD22084 ankyrin-like protein ( Japonica Group) 21.1/5.97 43 60
ribulose- 1, 5-bisphosphate 0 "
K9 NP_039391 carboxylase/ oxygenase Tyza satwa 53.4/6.22 25 111
. (Japonica Group)
large subunit
Hypothetical protein Osl  Oryza sativa
EEC801 29.2/5. 2
a3 (80169 22016 (Indica group) 9.2/5.63 6 69
0 AAX95414 .Rublsco activase small  Oryza s.atwa $2.4/5.59 31 81
isoform precursor (Japonica Group)
®3 MRMTYEEEF LUK hypothetical protein #1T Blast FIZER
Table 3 Blasting results of the unknown functional proteins and the hypothetical protein
1 il P PR p GRS
—_— — R 1 BRI BLAST /8 IR
Protein sot Homol. Protein Number of Residues of BLAST Scon Accession of
e spo omologous € Homologous Protein core Homologous Protein
al2 050120791600 protein 205 425 QOJIMO
K8 Ribulose bisphosphate 75 130 Q2017

carboxylase small chain
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Fig. 2 Peptide mass fingerprinting of protein spot t2 of Huanghuazhan under heat stress at the heading stage
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