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Screening differentially expressed proteins in root tips in response to methylmercury stress
by iTRAQ technique and their bioinformatics analysis. LONG Shui-ting">, WEI Yan', XU
Xiao-hang”, LIU Lin®, QIU Guangde™ ('School of Public Health, Key Laboratory of Environ—
mental Pollution Monitoring and Disease Control, Ministry of Education, Guizhou Medical Univer—
sity, Guiyang 550025, China; *State Key Laboratory of Environmental Geochemistry , Institute of
Geochemistry , Chinese Academy of Sciences, Guiyang 550081, China) .

Abstract: To understand the molecular mechanism of rice ( Oryza sativa L.) in response to meth—
ylmercury ( MeHg) stress, we analyzed the expressed proteins in root tips of rice Liangyou 302
under MeHg stress using isobaric tags for relative and absolute quantitation (iTRAQ) and liquid
chromatography-tandem mass spectrometry ( LC-MS/MS) . Differential proteins were elucidated in
view of bioinformatics and molecular biology. The results showed that a total of 3508 proteins were
quantified in both the control and MeHg treatment. According to fold change ( =1.20 or <0.83)

and P<0.05, a total of 88 differentially expressed proteins were identified, out of which 32 pro-
teins were up-regulated and 56 proteins were down-regulated. There were 15 differentially
expressed proteins associated with the characteristic of metal ion binding, including 12 known
proteins of germination-like proteins, lipoxygenase, and three unknown proteins. Results from the
molecular functions of gene ontology ( GO) suggested that differentially expressed proteins were
mainly involved in catalytic activity, binding and transport activity, while the Kyoto Encyclopedia
of Genes and Genomes ( KEGG) pathway exhibited that they were significantly enriched in pro—

tein processing in endoplasmic reticulum, oxidative phosphorylation, starch and sucrose metabo—
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lism, and phenylpropanoid biosynthesis. Our results provide insight into regulating absorption of

MeHg in rice.

Key words: iTRAQ; methylmercury stress; differentially expressed protein; rice.
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JEAIESE, 6 B AR IC  ALVA2V A3, Ab BRZH AR
#rich B1.B2.B3.
L2 EHERSEE

FE S IR O AR 4% 1+ 3 il im A BPP
VWL, 4 °C vortex #ik % 10 min; IASFEIAFRAY Tris4f)
I, 4 °C vortex #£7% 10 min, 12000 xg B.C» 20 min
JE U A, A SR AT BPP Wi, 4 °C vortex #R55
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Pt fire 2 R P s Sl T kB, L 0.5 mol
L") TEAB S Ik BL, R H iTRAQ 17 & ( AB Sci-
ex) PATFRIC, oA iTRAQ8-113.114 F1 115 43 5ilfx
TONHIRLL 3 AT EREA( AL A2.A3) ,iTRAQ816+
117 #1118 pricAbHi4H B A7 ( B1.B2.B3) .
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Fig.1 SDS-PAGE spectrum of rice root tip protein ( Mark-
er: 1, 2, 3, control groups; 4, 5, 6, stress groups)
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Fig.2 GO function annotation of differentially expressed proteins
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Table 1 Up-regulated 32 differentially expressed proteins of stress group ( B) compared with control group ( A)
ESETIT] e ISR HEE Ry EI K8 P{HB/A
Uniport Gene ( Protein name) Biological functions (B/A) ( P value
No name FC(B/A) B/A)
A2XMUS5 OsI_13868 AAI domain-eontaining protein IREARHN 1.830 0.041
BSAGI4 0sI_05593 UTP-glucose—1 phosphate uridylyltransferase AR M R TR PR R T RS B i 1.606 0.037
A278R3 0Osl_34106 Uncharacterized protein IIfEARZN 1.556 0.048
A2YVI4 0Os1_29344 Uncharacterized protein R R i T2 W5 1.536 0.003
A2YCI2 0Os[_22823 Uncharacterized protein I B 1.447 0.001
A2YIN7 0sI_25087 AAI domain-containing protein || iEna 1.416 0.034
B8BHW?2 0OsI_34332 Cytochrome b5 heme-binding domain-contai- ‘BB TS 1.357 0.030
ning protein
A2X7ZJ1 OsI_18149  Cytochrome b5 heme-binding domain-contai- &BE TG 1.354 0.044
ning protein
A2XS14 OsI_15603  Stearoyl- [acyl-earrier-protein] 9-desaturase 5, LBEFHEE 1.328 0.009
chloroplastic
A2WLZ1 0sI_00860 Uncharacterized protein IIREARHN 1.319 0.005
A2WYE1 0s1_04943 Small ubiquitin—related modifier EHELZ EL 1.309 0.014
A2X5T8 0sI_07574 UCR_hinge domain-containing protein PR ZE o iR JF TS 1 1.295 0.027
A2X776 0s1_08345  Uncharacterized protein TE A 1.268 0.046
A2XAM7 0sI_09307 Uncharacterized protein I8 1.261 0.009
A2YIP9 0sI_25100 Uncharacterized protein IhREARTN 1.261 0.031
A2YP57 0sI_27047 Uncharacterized protein hfeARH 1.260 0.008
B8AJX7 OsI_13440 Serine hydroxymethyltransferase HE& R P I T 1.253 0.020
A2YHCO 0s1_24586  Peroxidase ERBTEE 1.240 0.014
B8BE24 Osl_32232 Thioredoxinike_fold domain-containing protein T RE A 1.236 0.030
B8AJQS 0sI_12007  NAD( P) -bd_dom domain-containing protein YifeARH 1.235 0.043
A2XYW8 GLU6 Endoglucanase 13 KL EMAEE 1.234 0.013
A2YBI4 0sl_22465 Phytocyanin domain-econtaining protein AL i 1.234 0.018
A2WMG6 0sI_001009  Salt stress root protein RS1 R 1.230 0.047
B8B869 0Os1_25271 AAI domain-containing protein e 1.226 0.020
A2WNS2 0s1_01506  Peroxidase ERBTEE 1.222 0.011
A2XCH7 0sI_10010  Tonoplast intrinisic protein 11 I G e 1.217 0.026
B8BC40 0sI_29751 Uncharacterized protein S R R SR P L E AL T M 1.215 0.014
A27Z7W8 0OsI_33803 MFS domain-containing protein TOHLE R £ 5 5 15 7 A T 1.208 0.037
B8AMO3 OsI_11143 Uncharacterized protein IREARHN 1.207 0.026
A27KK1 0sI_38348 Uncharacterized protein KIFTBEALE 1.206 0.025
B8B6Z9 Osl_26347 Uncharacterized protein TK ittt e 1.204 0.049
A271S0 0sI_37721 Uncharacterized protein 1AL T T 1.200 0.048
F2 HEA(B)RMRBEA(A) RETEHS6ANMERER
Table 2 Down-regulated 56 differentially expressed proteins of stress group ( B) compared with control group ( A)
GHEEIT LK 2 HIAHA W) Tihe X5fEE P{AB/A
Uniport Gene Protein name Biological functions (B/A) ( P value
No name FC(B/A) B/A)
A2YGE7 Osl_24247 Expansindike EG45 domain-containing protein  ZHEARHI 0.561 0.025
A2WULS 0sI_03568 Tr-type G domain-containing protein GTP fifg 5 0.596 0.031
B8B9RO OsI_28781 Uncharacterized protein DNA 454 0.602 0.017
BSB2L2 0sI_24520  Aamy domain-containing protein HEF&EE 0.636 0.036
B8AAII 0sl_02374 Ubiquitin carboxyl-terminal hydrolase W B T 22 Ik /K St il i 0.648 0.018
A2WKJ8 0sI_00351 Uncharacterized protein g A0 0.682 0.024
A27GY9 0sI_37038 Glyco_hydro_18 domain-containing protein U /LA ] 0.689 0.020
A2YLZ3 0s[_26248  TONDI LhREARM 0.696 0.043
A2ZENS 0s1_36252  LRRNT_2 domain-containing protein TiseARH 0.698 0.048
A2WU94 0s1_03445  Uncharacterized protein EH 2 0.702 0.019
B8BL89 0sI_36603 Uncharacterized protein IIREA N 0.704 0.031
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Table 2 Continued
EEETIE e ISP HEH L Ryl X5EE PHB/A
Uniport Gene Protein name Biological functions (B/A) ( P value
No name FC(B/A) B/A)
A2YXN9 0sI_30109 Uncharacterized protein IREARHN 0.707 0.046
BSBMG3 0s1_38692  Bet_v_1 domain-containing protein 774 521 0.710 0.018
A2WX99 di19 DL119 protein TiseARm 0.729 0.001
BSBHLY 0sI_34133  Uncharacterized protein YigeARm 0.732 0.003
A27ZLJO 0s1_38687  Bet_v_1 domain-containing protein I J52 0.736 0.039
A2XF52 0OsI_10995 Uncharacterized protein IhREARHN 0.745 0.011
B8ACP2 0sI_00847 Mannosyltransferase o, 2 H BB R R 0.761 0.016
B8BKVO 0OsI_36335 Uncharacterized protein 22 TR PN KT TS 1 0.762 0.042
A278T9 0sl_34132 Uncharacterized protein IhREARTN 0.763 0.000
POC511 tbeL Ribulose bisphosphate carboxylase large chain EBTFES; 0.763 0.006
A2XEH6 0Osl_10733 SHSP domain-containing protein P if 0.765 0.009
A2WZ34 0sI_05202 Uncharacterized protein IREARHN 0.771 0.049
B8B7D9 0sl_24954 Uncharacterized protein PR 8 SRR K A T T 0 0.772 0.017
A2WSF2 0s1_02790 Uncharacterized protein 5 R B R T 0.773 0.007
A2X6V5 NBP35 Cytosolic Fe-S cluster assembly factor NBP35 & BET&E4 0.774 0.016
B8AKK2 OsI_13703  Uncharacterized protein SBETES 0.784 0.016
A2YJX3 0s1_25529  M20_dimer domain-eontaining protein TR A G 0.785 0.000
A2XWN6 0OsI_17065 Polyprenol reductase 1 22T B B I R 0.788 0.040
A2WU38 0sl_03384 Polyprenol reductase 1 FA PRI PN K 0.788 0.041
A2X1P8 0sl_06126 Uncharacterized protein TCHL RS TR Tt i e 0.791 0.020
A2WLG6 0sI_00679 SHSP domain-containing protein Fhun if 0.791 0.003
A2XZF8 0sI_18107 Glutamine amidotransferase type-l domain-con— i & Ff! ok H 22 52 & Rt 7% P 0.792 0.023

taining protein

A27]JA7 0sI_37907  Uncharacterized protein SR T A 0.797 0.004
A2XPL8 0sl_14582  HATPase_c domain-containing protein KT BEASE 0.802 0.002
A2YU26 Osl_28834 Lectin_legB domain-containing protein WK S WG S 0.802 0.003
B8AHE3 0sI_05791  Terpene cyclase/mutase family member BIEM R A A TS 0.804 0.025
A2WXK4 0Osl_04655 Dirigent protein YR AR5 0.804 0.030
Q01MI9 APX3 Probable L-ascorbate peroxidase 3 ERBRETFES 0.809 0.029
A2WYV5S OsI_05117 Uncharacterized protein TEA TR Y PN K 0.811 0.003
A2WZ52 0s[_05222  Germinike protein BBTEE 0.811 0.032
B8BKIO 0sI_36108  Uncharacterized protein GBS 0.812 0.029
A2Y523 0s[_20099  Protein YIPF IhEEARZN 0.814 0.004
BSABJO 0sI_02777  Uncharacterized protein Uife R 0.814 0.012
B8BEQS8 0Osl_31006 Protein kinase domain-containing protein ATP 254 0.817 0.023
B8BALO 0sI_27723 RING-type domain-containing protein 7 R E ARSI 0.818 0.039
B8ASX9 0OsI_16901 Malate dehydrogenase L 3P SRR v AR 0.821 0.017
B8AWU4 0sI_20948 BS domain-eontaining protein BBET5E 0.823 0.001
A2YWV7 0sI_29820  Lipoxygenase 2RBTSH 0.824 0.000
BSAANS 0sI_00955 Protein kinase domain-eontaining protein ATP 454 0.824 0.007
A2X691 0sI_07729 Abhydrolase_3 domain-eontaining protein IK et S R 0.825 0.041
B8B5N5 OsI_25817 Protein kinase domain-containing protein ATP 454 0.826 0.043
A2Y851 Osl_21225 Uncharacterized protein O it P 0.829 0.044
B8B3X7 0sI_22104 Uncharacterized protein IREARHN 0.829 0.013
B8BBT4 0sl_29644 Uncharacterized protein IhREARTN 0.829 0.007
B8AXF2 0sI_19671 Uncharacterized protein IK ft S T 0.829 0.041
LR Y FEAE D RE; AMOZH 73 11 4~(30.5%) .+ ke

B KA 4R M A S D REs 0T DI RE 10

(27.7%) , T2 A 1 255 R iz 1% 1 55

2.4 KEGG 734

Pathway 7347 & 31, 25 5 Rk 8 (19 K 28 %A%
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R, WLER 3. BT AR N T A AR R
Ve SRR AR I R AR A 5. XS
AR, FRRAE NS PIRREENY
AZ50EEA S5 4, WM& AN TH 4 4T
FIRE 11 ( A2WLG6. A2XEH6. A2XPL8 . BSBKI0) £
Yo FRFIRER (PR TT — 0 R A A R PR T
Tk ik 5 7% Wi ( BEAGI4) 5 22 1R & WP KL 5% 7% iy
(BSAJX7) , /il B 5T 4 480 3 S i, i~ &
FISPAR MR U ( BSASX9) 225 5 J%id o

Kl 3 i, 2 R E A S5 W E LRI
HE T, SR SAEFC R AR U I /K A P B T e ] 7
A, AR R AR R A A i,
LA IMEFR TR IR 1, f O AE R R LR
IKEE . Pathway 38 [ & 42 3 45 S b 7 I (6 1
LR FEEHEHE 3 A, L 2 A4 ( A2X5TS.
A2YP57) , T 1 4~ ( A2X1P8) , Hvh F I E [
A2X5T8 YE MW FE Ndufab 25 Ik 12 1 &2 51K 1:

%3 Z£REBH KEGG BEMLHH
Table 3 Differentially expressed proteins KEGG pathway

NADH-Q & J5iE§E 54, A2YPST /5 5 QCR6 2
SEGERNE AR AR C AR5 E 57 T
P A2XIP8 2 5 SRV : ATP &1l E 51K,
3N 25 3 B b A ) 52 G A e o R i
[ISER
2.5 ZEFEHTEAEMEH
SR ( plants, Oryza sativa Indica Group) , %

FHPZ A0 7 kAl 4t 88 /> 22 ¢ R A 1 A B
YERIM 2%, B 2s 55 AN F BT, o 33 NFTEAH
HAEMR 2R KRB EATING, WK 4. BIRRE
1, ME 2 s AR 1 (AP TE AR DG AR, A 1Y Mg bt
2, RO, SRR 3% B AR R 4 v B B
o [ 4 BoR REE I A2XPLS (R K, 5 HAlL
EAMEA LRI m. A2XPLS8 Sy HATPase-C 1)

A S EN, AA R SEASSEEES S5
Yy ) E A %, 40 AR 1 RT Re T 4R A 25 S
e SLC)VAEE- 7 R i]i7 S ]

i 44 PR wAEEA PfH W ID

Pathway name Protein number P-value Pathway ID
Protein processing in endoplasmic reticulum A2WLG6; A2XEH6; A2XPLS8; BSBKIO( | ) 0.114 map04141
Oxidative phosphorylation A2X5T8; A2YP57( 1), A2X1P8( ) 0.178 map00190
Phenylpropanoid biosynthesis A2YHCO; A2WNS2( 1) ,B8AXF2( |) 0.466 map00940
Starch and sucrose metabolism B8AGI4( 1) ,B8B2L2; BSAXF2( | ) 0.152 map00500
Glyoxylate and dicarboxylate metabolism B8AJX7( 1) ,B8ASX9; POCSI1( |) 0.046 map00630
Glutathione metabolism QO1MI9; A2WZ34( |) 0.365 map00480
Carbon fixation in photosynthetic organisms B8ASX9; POC511( |) 0.260 map00710
Cyanoamino acid metabolism B8AJX7( 1) ,B8AXF2 ( |) 0.092 map00460
One carbon pool by folate BSAJX7( 1) 0.160 map00670
Ascorbate and aldarate metabolism QOIMI9( |) 0.368 map00053
Pentose and glucuronate interconversions B8AGI4( 1) 0.310 map00040
N-Glycan biosynthesis BSACP2( |) 0.263 map00510
Fatty acid biosynthesis A2XSLA( 1) 0.263 map00061
Aminoacyl+RNA biosynthesis B8AWU4( | ) 0.340 map00970
Galactose metabolism B8AGI4( T) 0.493 map00052
alpha-Linolenic acid metabolism A2YWV7 ( ]) 0.421 map00592
Glycine, serine and threonine metabolism BSAJX7 (1) 0.446 map00260
Amino sugar and nucleotide sugar metabolism B8AGI4 ( 1) 0.716 map00520
Biosynthesis of unsaturated fatty acids A2XSL4 (1) 0.230 map01040
Pyruvate metabolism B8ASX9 ( ) 0.696 map00620
Linoleic acid metabolism A2YWV7 ( ]) 0.103 map00591
Purine metabolism A2XZF8 ( ) 0.575 map00230
Cysteine and methionine metabolism B8ASX9 ( ) 0.556 map00270
RNA transport A2WYEL ( 1) 0.689 map03013
Endocytosis A2WU94 () 0.682 map04144
Citrate cycle ( TCA cycle) B8ASX9 ( |) 0.628 map00020
Plant-pathogen interaction A2XPL8 ( |) 0.660 map04626
Steroid biosynthesis BSAHE3 ( |) 0.083 map00100

e TR LEEN: | FRFIHEN. Note:

1 represents up-regulated protein;

| represents down-regulated protein.
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SE SRR I & B ( malatedehydrogenase , MDH) -
W AEAE T2 A AT S A A A AR A
(R DGR — , 7 A M R AR 1 e A A S AE
(R P S AR 2 A BRI 2y v R o S AR (R
A ,2009) o 4@ A 4r & MDH ZZ 4B 1E B
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FE R IR (/D 2555,2006) o I K BE 24 R S
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v el 7 RT3 SRR 5t U 1 A2 3 T

LA A L A J5T T 2 4 L A 3 0 2 R 2 1
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(E 37
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SR A R 1L 38 1 S G A T AN G A I s et
T, RUPKFETE H H R 8 AR LR ROS, £33
I IMERA N 2 5PUAAAIR ARG F YR L
T N A A PR AR DGR B RN BB L S
HLHTTCHLAR A A 45 R AU Chen et al.,2012) .
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