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FEE OIS KREAR 2058 0 10 3T BRI, AP KRS PI312777 FSREURUKAS IR24 ATkl B8 Cd> W JE 4 0,50 Al
100 pmol/L M/KIHIREG AL B 7 d J5ArHT TR R MEAZERRL, 2R RW FEMME T KR PI1312777 1 IR24 iR &R
I8 MEARKLET 2755, b py 12 M55 MALDI-TOF/MS %5 . 30460 iR A SIRETT 43 1U2E . (1) 5% % (ROS) i
JEAHSC R E ALY (POD) R AL I (MAT) 2885 R R B RTA; (2) SAMH Ik (GSH) & BUH G S-B T i 2
TR U ( SAMS) A S ke 4 B ( GS) A Z MR IR &0 (GDH) 5 (3) 58 A A G ABA WA B S B & HVA22 & |
ABA-B - A S E A S(ASRS) 5 (4) 54115 24 SE M GTP Z55 8 A Ran-2, 438 T SAMS F1 GTP 45 & HE A
Ran-2 TEPIFUKFEMR R B LA FiAZRIA ; MAT . POD 2885 & R A AT GS & 2E T I3 ;i NADP-GDH ,GDH FI##R H ih
FRAR ([ E IR24 AR FR 3 & 2B F IR 3R 35, 78 PI312777 MR ALAE 100 pmol/L Cd* b ¥ & /E T W Fik; &% HVA22 BUE A4
PI312777 AREB FEFEk 78 TR24 MR H & A= F 235 ASRS 7 PI312777 M#B FH 2k, 18 IR24 MR AYFIA L B2 2 5%, 100
pmol/T, Cd* il T 60S ERMEAZBEHIATE 11 PO FE/KFE PI1312777 RFFIL T IE, 78 TR24 ARFFFIA LA, v UL, 41038 S K FE AR &6
ROS 0, J& MR A M 18 5210 , v ARE 3 1, Wi 7K R AR 3 5k 55 SAMS il GS #217 GSH A R . ASRS Il HVA22
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Analysis of the differently expressed proteins in rice roots in response to

cadmium stress
XTAO Qingtie, WANG Jingyuan, ZHENG Xinyu, RONG Hong, ZHANG Guojun, WANG Lianghua, XIE Huiling,

LI Yi,CHEN Shan, LIN Ruiyu”, LIN Wenxiong
Institute of Agroecology, School of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China

Abstract: To investigate the molecular and physiological responses in rice roots to cadmium ( Cd) stress, a set of
hydroponic culture experiments treated with Cd*"at0, 50, and 100 wmol/L in the solutions were conducted to analyze the
differentially expressed proteins in the roots of two rice ( Oryza sativa 1.) cultivars ( Cd-tolerant rice P1312777 and Cd-
sensitive rice IR24) 7 days after the treatments. The results showed that 18 proteins were differentially expressed in the roots
of PI312777 and IR24 under Cd stress; 12 of them were identified by the MALDI-TOF/MS technique. The biological
functions of these identified proteins were involved in four metabolic pathways, including (1) reactive oxygen species

(ROS) stress: peroxidase (POD), methionine adenosyltransferase ( MAT ), and germin-like protein precursor; (2)
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glutathione ( GSH) synthesis: S-adenosylmethionine synthetase ( SAMS), glutamine synthetase ( GS), and glutamate
dehydrogenase (GDH) ; (3) stress response induced by abscisic acid (ABA) : HVA22 and abscisic acid-stress-ripening-
inducible 5 protein (ASR5) ; and (4) cell division regulation: GTP-binding nuclear protein Ran-2.

Under Cd stress conditions, the expression of SAMS and GTP-binding nuclear protein Ran-2 were up-regulated and
MAT, POD, the germin-like protein precursor, and GS were down-regulated in the roots of the two rice cultivars. The
expression of NADP-GDH, GDH and phosphoglycerate mutase were down-regulated in the roots of rice IR24 | but they were
down-regulated in PI312777 only upon the treatment with 100 wmol/L Cd**. The expression of protein with HVA22 domain
was up-regulated in PI312777, but it was downregulated reversed in IR24. ASR5 was up-regulated in rice PI312777, but
no significant change was found in IR24. The 60s acidic ribosomal protein PO was down-regulated in PI312777, but up-
regulated in TR24 at 100 wmol/L Cd* condition. Our results suggest that Cd stress increases ROS and produces oxidative
stress in rice roots, which lead to Cd toxicity in rice roots. To alleviate Cd toxicity, rice roots increase the GSH synthesis by
up-regulation of SAMS and GS. Different expression patterns of stress-related proteins such as ASRS and HVA22 are

important in understanding the differences in Cd tolerance across rice cultivars.

Key Words: rice (Oryza sativa 1..) 3 root; cadmium; stress response; proteomics

W (Cd) RAYIREE TR I LS QY 2 —  EW S Y RN R R JF i S Y s e s 5 N2 f
R KR TR e AR B VR, B Tl =R R e I S A R AR 2 1 R R AR TS e H 4™
ORGSO 5 BRI T i B DG AR AR IR S R R 10 28 1, A W Wi 5
IKIF VAL A FE Y)Y S BEIE , WFE A UK R B AR A ) Cd* B 2 BARTEARES, ™ S AR R A I fif
AR i AR BRIV HT T DNA 43, 5162 DNA 43 F 81051 5 5% 00 40 i 43 24 175 Y 0 R iy 22
A FLBEA VR BE 3 X AP0 S R L KRR B3 o O S AL 1 B L GSH  PC 45 A i 7 AR 4
R A2 T 1 SR AR Y 7 VR ELk 2 i R A R 14 A e, JLR B AL O A I, i R A 5T
LA AT K e i ol ) B BT A ], HC RS R 3 A7 7 2 500 ALk o 22 S5 D G 1 DA PR RIBIL ) oo A B A
W WFSEAN TR it Ao ZA R R 8 X 58 B3 4wl RO X 485 7 7K R )R B P -5 R T /KR A P AR AR R L o) AT T
o FVRTX A [ it o A R AR 0 J 30 1) AN TR e BF S T 24 PR AT 2 (AR i AR RO AR 2 M RO 45
f4) EFL(SOD POD (CAT & P4) 5577 07 W AR 8 HAL 7 W A BIF S8 020 S i, A WF 5 4800 0 0 4 7K
PI312777 IS EUROKAS IR24 SARERL, N 22 5 A R 2707 ik, o0 A R OK RS B9 AR R AE Cd Bl 250 T 3R
FUSCRIA A, LUYI A AR 58 7K R i Rz i i ) o AL B AR

1 #MRERFE

1.1 AR

ATRI AR A A A B ST i 25 R AT, SR B AR K A R P1312777 4R BUROK R 5 A
IR24 R HERARN T 78 3 PR KRR RS Rk 22 R4 (40 emx30 emx 15 em) A 10 LS IR (S M E PR
IKRERIFZE T # B FR e 5 ) AT KRG . 5 VIR, 768 R OR AR I 50 T 100 wmol /T Cd™ ¥ V& A7 it
SEBRCARERIN N ZS AT HR ) B0 PR 3 RE AR, AEBE 7 d )5, BV K — Sk R mi i, SRR 2R 0~ B
BTRAT, HTEARER
1.2 TR S VAR A

B 4.0 g /KAEMR , % T2 A9 TCA-PIFR T 047 26 P 4R B, BGE 588 (TR A 2@ [ 9
M JRZE 1% i 75 Bl ( DTT) , 4% CHAPS, 2% Ampholine ( pH3-10) ], 20°C —25°C 7K & # 7 30 min, SR J5 7
25°CF 18000 r/min £§.0> 15 min, FFTLVE, T I ENER FUBTRE SO, B T —80°C VKA IR A& Fl . B 1 BT AE
e BE ] Brandford J5 kb TE R,
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1.3 XU HL Yk 5 B A A

% BRE . R AHD 18 cm K& (FRE 1.854 g;15%ACR 0.900 g; 47K 0.234 g;10%NP-40 5 0.68
g;pH3-10 PP FL AT 61 Wl ;pHS-8 (1P FL A 5T 244 wL; 10% 3 B R %% 7.2 wL; TEMED1S5.0 pL) #4745 H
B AR 150 pg, BAEHESS.200 VX0.5 h,300 Vx0.5 h,400 Vx0.5 h,500 Vx0.5 h,600 Vx0.5 h,800 V
x14 h,1000 Vx4 h,

@SDS-PAGE HL¥K . 458 T -1 22 W [ 60 mmol/LTris-HC1 ( pH6.8) ,2%SDS, 5% -%i 5L 2.1, 10%
H1,0.05% IR % |- 30 min, J5#17 SDS-PAGE ( LIk Z%0 K . 44 10 mAx10 h) .

ORFPRER Y €, . UK S5 R J5 , SDS-PAGE i 28 [ 5 WK (50% I, 5% VK R ) 30 min, 3 K (30% & 1
0.2% B ARBRERE , 6.8 % B FRH ) x30min , il FR 4R e LT (2.5% MR ER , 0.4% H ) x20min , i 41 ( 2.5% Bk R
B9,0.29% ) BAG 5% UKBERRZ 1 B4,

@FEE T AR Y5 1Y SDS-PAGE JIiR ] Tmage Scanner I3, ¥ 8 86 (A R 2k E3% . R Image
Master 5.0 KRN S AT 04T , ik B2 23K 1.5 5 LA LI F R ARic N 22 5050,

1.4 Ji%oHr

M SDS-PAGE Ji¢ 42 B 25 528 11 5 S 480 45, (50% 26 +50 mM BRI E04% 100 wl) T (100% 205 ) .
FitEfiE (12.5 ng/ L B trypsin BHA) AKBHRIU(50% L NIE+0.1%TFA 60 wl) J&  KHE 55 96 FLAR N kAT
FIESE e B AT AE 2 B R 2E A B 2 2E B o i s b0 1647, SR A 4700 MALDI-TOF/TOF Proteomics
Analyzer( Applied Biosystems, USA) #4734, BOGIR . Nd: YAG BOGAS (A 355 nm) , i AL 20 kV, B4l
SRAESR HHIE B s [ shaR OB . PMF & #E3E Fl 700—3500 Da, HL58JE e K 5 AN IEEA T 405
T M1 3 I myoglobin i fift K BEAE R SR FR A IE TS, FH GPS (Applied Biosystems, USA ) —MASCOT ( Matrix,
Science , London , UK ) 53 FEAG 2 A5 45 51100

2 HR55%H

2.1 R T KRR R 2 R RBE AT

P HEE A A5 B I RE i 20 XUm] HL ik, A5 21 0L m) FEL KBRS 2-DE &% | i — 283 i Imagemaster 2D Elite 5.0
B3R HT , 28 A Sh R AN N T 25 B 22w Je , R4S 2] 700 2240 8 TS, & B B pl il 3.5—
10.0, Mr i K 14.4—116.2 KD(E 1),

2.2 JKAEMR R 2 HFRIAE A MALDI-TOF-TOF MS 15 % &

2L 0 wmol/L Cd* b Ay Xt HE  EHi AR /KRG P1312777 FARASUR/K R TR24 R iRl A& A 22 53 3k A 26 1 A5,
A 18 (1), XEER RS B BLEAT, Cd™ Wha N F AR A 1.5 500 AR 18 422 S 8 S kAT
FRIDE I3 o3BT , B 2308 F B A (IR ey A U () 2 11 00 A 12 AN R RIS (R 1) o P @ ilan T 7K A
FREB B AR 1 T ) Rk G e L3R 2.

2.3 A[FEERPUIEKFEAR R 25 5 R P R IR

BRI E AR PR AR A AR BUSOK AR AR A B A A R R AR 25 R R IBE F 6 4, L4 SMAS MAT,
POD i & REHATA CTP 455 EH Ran-2 1 GS, HHPTEANFMREMAIE T ¥ &4 FRRRNEAN
SAMS \GTP Z55 %8 1 Ran-2( 3R 1,3 2) s TEAR RV EE AL T ¥ & £ R IR IB M 1 MAT POD 2Kl &
REHAMAM GS(F£ 1),

AT  FEDUR S R EUBOK IR B A AR R A A 22 KRB ENA 6 1, BRI NADP-
GDH % HVA22 {#E 11 ASR5 \GDH ,60S FRIEAZAEAR I [ PO FIRERR H MRS (i . P 50 F1 100 pmol/L
Cd™ e T, IR24 AT IS NADP-GDH .GDH Fi R H iR AR v il 3 & A N IR 28, 1M P1312777 ARFRX 3 4~
FEHANFE 100 pmol/L CA* il F A KA FIHHEE (R 1) ;7% HVA22 S A TE PI312777 R k4 LRIk,
Mi7E IR24 ARER & A PR (1,36 2) ;ASRS 75 PI312777 MREF L IZE1k , M7 IR24 MR AR Ay 21k & 5 % 1]
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B 1 AERERLEKFBRERFRILEL
Fig. 1 2-DE maps of proteins in rice roots under different Cd2+ concentrations
A.B.C 41 0.50,100 pmol/L Cd**4b¥EF PI1312777 AREE KA K%, D \E . F 45124 0,50,100 pmol/L Cd*" b TR24 R [ Kk K
W, AD PRFREREARERS .,

T EFEF (K 1,3 2) 548 50 pmol/L Cd™ Ml T ,60S FRVERBEARE 11 PO 76 PR K REAR 14 2 34 ok & A 78
&, 7E 100 wmol/L Cd** W38 I W FP/K AR AR 1Y 60S MRIERLMH I 11 PO Rk AE/K T P1312777 AR b/, 78
KA IR24 ARG I (3R 1) o

3 it EEE

M3 Ao A ) e T A 0 T R SR I X Rl 38 S BRI R I PR S (ROS) 3, ROS —J7 I
i I T P SRR DG P TG T #8557 — T AT LG A KA SR A IR N B e T Ak P il
(POD) JEHE 7L 55 1 T R BT R SR G 2 — , 2 SHEYIR N ROS Bk, KBTI R REH (GLPs) 2
PRs G —FMAMNEE L, FEAEY SR A7, GLPs EZLING 2RSS E LS 5 28
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Table 1 Identification and expression mode of different proteins expressed in rice roots under different Cd>* concentrations

ESIY RN

Expressing pattern

EAR
SRS BERARR STR s T PiS12777  IR24
Protein  Protein identification Mr.(D) pl Score Biological function A B/
spot No. (wmol/L Cd*")
50 100 50 100
1 A NADP 75 12 i S B (NADP-GDH ) 416413  7.66 60 A o | | 1
6 W B HVA22 B A 21959.6  6.18 174 [BERF s o AR [ 1
7 ABA-JE - S T 5(ASRS) 15455.5 6.2 61 R EA T 1 O O
8 A M % ( GDH) 44594 6.32 108 A o | | !
10 60S FRMEZBERE H PO 34356 5.38 164 f55HS o | o i
11 S-BRHF B 2 BR A B ( SAMS ) 42509 5.74 345 SRRt Tt 1 1
12 T2 (BT T ek R A5 o7 ity 60752 5.42 382 At o | ! !
13 AR IRAT AL B (MAT) 42874 5.38 61 AL A i
15 HeSE 3 A ALY (POD) 359543  8.72 65 SAARI I8 SN o !
16 % k& REANTER 24212 5.92 55 JHp e s o !
17 GTP 54 H Ran-2 225023 6.66 165 55HY T 1 1
18 B G A  (GS) 39176 5.51 257 A o !
OTe£ 5+ 435 No difference; | 2153 F 4 Down-regulated; 1 #i%%_E 4 Up-regulated.
£2 EMETAEBRDBERREINAEEARS
Table 2 The key proteins were differently expressed in rice root under Cd>* concentrations
A AR IKFE AP AW Cd concentration/ ( wmol/L)
Protein identification Rice cultivar 0 50 100
A HVA22 BB (6) PI312777 ‘f-' ,-' f‘
ABAMA-HAAE S S(ASRS) (7) 1R24 - - "
PI312777 * *‘ t
-
h—. —
S-MRF B 2R £ B ( SAMS) (11) IR24 . E' .
GTP Z55#% 4 M Ran-2(17) IR24 ! . F
1 |
s~
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Al RE, BEVEBRAEDI IR L 219 ROS, flBRAEYI A LA MAT LR A ATP JE A S-BR T H A%
SRSV, 2 S BRI Y SC Bl , 7 Mg™ A K% B P AR T e K Y cdP R AEAE T BE S IR
MAT M85, BEARHERE M . RV SR I R RO REIR R 5 H 3RS B AR POD 2R & R & FI TR
A MAT BYFRIXE NI (R 1), RIDKREH R0 0 16 M 32 20, AR T At 3L 078 bR, AT BB i 7K R
AR ER ., X5 HEFELEPRainE KA KL BRI R AT,

FE A3 5 AT DA o PR A 4 R B T SIS R s S S AR A &
[ o U T 4 REURR A S RS DR R, ARG T 4 SR TS e it . S AR (PCs) AP Cd™ el
BIERZ — , B A MEH K (glutathione, GSH) i A5 1%, 45 & 4 8 50 B 15 v H 5 2 200, i 42
SR PE MR P AR, R RIE A GSH A& R Y , 7EAE 4 T 4 I g il R FE E R SR
IR A L ( S-adenosylmethionine synthetase, SAMS) I] 46 H A Z FR F1 ATP A= B% S-IRTT H AR &R , #F i IE i
H R R AR DR R | BEEHE GSH BYA T8, PRIt SAMS T PE 2 s R sl oK R AR e i RE 11171 BF9E
TR FER A BES T MA KRR ER ) SAMS Faki5m i oe 45 55 Wang %6 (2010) WFoE4aNa T /N
AR SAMS FF k& B FWMA—2 " . A& B A 8 ( glutamine synthetase, GS) JEH P IL AT E R LR
(Glu) F7AE AT G (Gln) 1Y SCHERE , 76 5 M8 % B TS k52 SR PR > S M B FEAR R HE T Glu
MR AR TR R GSH MY AR . BF9E & BRI G T IR RS R A GS ¥ FiE%RE, A H T
IKFEMR R AR EE AT

ASRS5 1 HVA22 %82 ABA BB F&E A, BT RBAKCE B TP YT, ASRS j&—2 3z i ihia
(AnF5 ARIR FRhWA ABA 45) 5 K Em R, DO S B R A 5 E A A, HVA22 J2—~ ABA A
BHEA, EZ TR MR RSP E SRS MG RE RN SO AN A R P st T 8
VA i 40 A e 558, vl A A A0 A A 26 75 4300, TR S A P B2 6 112 L Arenhart 251 5T
KB AL e T RERS H AHE i) ASRS Feakigan > Eh it Rk KRS i) ASRS 2 A LR Zeak , i /e S flUsok
Ferp o B Ak ) R EYETE 100 uM ABA AbFE 24 h /K AbFE 3 d, 5% 1 C¥AbFE 4 d 255040 F H HVA22
LR IR AR ST R B, AP K RE AR A X B AN B R I e A T OR TR R Rk BN,
T SR BUAR KRS PI312777 MEFFAO & A HVA22 S8 1 F1 ASRS 85 11 f 28 35 1 X 8 fin 1 76 7K A
IR24 ARFFA A HVA22 SR H R HIFRMI, ASRS FYRIA R SXTIRIC2E 57 (£ 1), RIDKFER P ASRS Ml
HVA22 8 [ 34580 238 1] BE 42 m KRS i A .

sams {

n{—;c*f_:zpnc_);)QD l }4_ ROS ; GS‘l/ Gl —— Cys +— Met .
H-:Hsp T} / \ Gln
RS SR S —

—  GSH
- DNASS BEALE [ 17 Loy
#R:Ran-2 T /

ABA

{ H,0+0, MDHA

: Grt !

: DHAR :

H:ASRS t } — {H,0, :
fHVA22 N asa

B2 KkEXEHMENMAEEEREERBESIETHEARRETN

Fig. 2 A putative model of Cd response in rice and possible roles of differently expressed proteins in Cd detoxification

Ran2 8 F YA J&— P 2 A0 40 i 70 2 42 N1, 255 98 42 200 R S 300 v 254 IE 30T 1) 7 22 400 M 2 e i
gy, WA E £ DNA S RNA #5850 Tz 40 i Bk is i or 240 5 ik i 2 46 45 %
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Jp38 KRG OsRAN2 FEH 3235 i, 3k K V- 5 K REAR IR (AT 2257 498 8 2 | 3 1EAH G, FZ P i i 3%
AR TOKRERPIIERE S RIS NO T A KRR R GTP 454 %8 11 Ran-2 3 M &35 | fiE i
TR 22034 B T OKFE AR

F DA K R AR ) 17 6 1 36 1% B 1 S AR AR Ak, B i e B e R KRR I B R B B A R o A A R
ARV KAERRAISE TR R AR AR R A S PUREE T (K 2) . XU L (1) M R KA
HREB—J7 T e 3o SR F B AR & U ( SAMS ) 1Y 2 TR A 4R i e R R 1 & B 55— O Tl i IR &
Pk e A5 0 ( GS) BT MR8 2> Glu # 46 M Gln, 3850 Glu (5, JE A B Z 10 GSH I Tt b 1
FH o AR KR o D003 2 8 i 0 e TR - A i P A BEC %) 4R Ak 38 D 2R 4 b ) S B il R i 7 38 JE g ( DHAR)
A e H IGA JF R (GR) T MR BRda T DR A A XL A S MEFEEM, (2) aiESEANRSAF
FEZESE . KREM FiE 5 S AR 1 (HSP) AT 2475 3 8 R R AR08 1 B 4R BTk o i 7K R A s D 2
Pemm T B ARSI RE T ABA BA 5 S A ASRS Ml HVA22 W& kB FHIU4RRE J1. (3) JEH
FIKTT1H . KFEM At DNA &5 B & PRI SR IE 5 7K F DNA S5H9 Fn 0y Re B4 , 4k ek fegnt
R IEH A K TR PR T K REARTEEE & T2 5 W A% B B 4 . DNA & RNA #5850 T8
By AN STREEAZ | 20 43 SR 2 A A P10 20 286 25 3% Bh Y Ran2 25 1 89 A8 5, 418 128 7K R AR 400 1t 0 24 | BRAER  XoF 7K
FEA R I HIVE . A28 NER SRR T T /KRG AR A FES@ e A po e 7 i /2 8 B T ImiaRAr ]
XK AESUR T AL A A,
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