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Screening differentially expressed proteins in response to mercury stress in rice roots by
proteomic quantification based on stable isotope labeling and parallel reaction monitoring.
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Abstract: Mercury ( Hg) is highly toxic. Rice ( Oryza sativa L.) is one of the most important
pathways for Hg exposure to populations. To reveal the molecular mechanism of rice adaptation to
Hg stress the Jinyou 431 rice cultivar grown under supplementation of 0 mg * kg™'( CK) 50
mg * kg™' (low) 150 mg * kg™'( middle) and 300 mg * kg™'( high) HgCl, was selected to
investigate root tips’ differentially expressed proteins in response to Hg stress using the isotope
relative labeling and the absolute quantitative technique TMT ( Tandem Mass Tag) combined with
parallel reaction monitoring ( PRM) quantitative proteomic technique. Bioinformatics analysis of
the obtained differential proteins was performed to screen the target proteins responding signifi—
cantly to Hg stress. A total of 20 differentially expressed proteins identified were selected for pro—
tein validation. The results showed that 5253 quantitative proteins and 364 differential proteins
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were identified ( variation fold=1.3 P<0.05)
down-regulated. The molecular function of gene ontology suggests that differential proteins are

out of which 258 were up—-regulated and 106

mainly involved in catalytic activity binding transport activity and antioxidant activity. The Kyo—
to Encyclopedia of Genes and Genomes ( KEGG) pathway significantly enriches in metabolic
pathways secondary metabolite biosynthesis and phenylpropanoid biosynthesis ( with false dis—
covery rates of <0.05) . The identified and validated differential proteins are related to antioxidant
reductase metal chelate peptide synthesis protein and metallothionein—+elated proteinsdike. The
expression levels of proteins involved in responding and signaling pathway to antioxidants and
heavy metal stress defense were generally up-regulated while the expression levels of those
involved in metabolism energy production and transport were generally down-regulated.

Key words: rice; proteomics; TMT; PRM; mercury stress.
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Table 1 Differentially expressed protein statistics

(>1.3) (<1/1.3)

High/CK 18 27
High /Low 30 86
High/Middle 98 87
Low/CK 83 37
Middle/CK 149 156
Middle /Low 52 102
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Fig.1 Venn diagram for the differential proteins of treated

groups
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2
Table 2 Co-expressing significantly different proteins in experimental groups
/ / /
Catalase 0s1_05576  BSAGH7 1.463( 1)  1.479( 1)  1.351( 1)
Cinnamyl alcohol dehydrogenase 7 0sl_17363 A2XXF7 0.681( |) 0.555( |) 0.696( |)
Germindike protein 1-1 0s_01439  A2WNKS 1.302( 1) 1.319( 1) 1.331( 1)
Peptide methionine sulfoxide reductase OsI_11657 B8APW2 R 1.646( 1) 2.078( 1) 1.501( 1)
B5
Peroxisomal ( S) 2-hydroxy-acid GLO3 B8AUI3 1.318( 1) 1.783( 1) 1.318( 1)
oxidase GLO3
glutathione S-ransferase 0s1_05201 B8A962 1.501( 1) L72( 1) 1.707( 1)
Purple acid phosphatase 3 0sl_32568 B8BFG7 0.707( }) 0.478( }) 0.754( })
Subtilisindike protease SBT3.10 0s1_04057  BSAAUI 1.843( 1)  1.825( 1)  1.451( 1)
Thaumatin-ike protein Osl_12893 A2XKBS8 0.727( |) 0.587( |) 0.719( |)
unknown 0s1_07828  A2X616 4.847( 1) 5393 1)  773( 1)
unknown 0s1_38155  A27ZKO03 0.659( |) 0.542( 1) 0.61( 1)
unknown Osl_38156 A27K04 0.666( |) 0.493( |) 0.622( |)
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Fig.2 Gene ontology enrichment analysis of differentially expressed proteins
(31%) . A2XXF7 3
(21%) (20%) ; 3 o
(51%) . (36%) 2.5 PRM
(5%) TMT/iTRAQ
Savitski ~ (2013)
2.4 Pathway o TMT/iTRAQ
Pathway
pathway ( P<0.05) o
23 o Western blotting
N / S
( 2017) o
( 3), 3
; X Western blotting (Ae-
o bersold et al. 2013) , 1.3
BSAGH7 11 364 20 PRM

4 TMT PRM



1796 38 6

3 KEGG (P<0.05 FDR<0.05)
Table 3 The differentially expressed protein KEGG pathway in stress/control group
P

High 0sa00630 Glyoxylate and dicarboxylate metabolism 3(1.22%) 0.0045
0sa00480 Glutathione metabolism 3(1.22%) 0.0094
0sa01200 Carbon metabolism 4(1.63%) 0.0385
0sa04146 Peroxisome 2(0.82%) 0.0451

Middle 0sa01110 Biosynthesis of secondary metabolites 56( 22.86%) <0.0001
0sa00710 Carbon fixation in photosynthetic organisms 12(4.90%) <0.0001
0sa00250 Alanine aspartate and glutamate metabolism 10( 4.08%) <0.0001
0sa00010 Glycolysis / Gluconeogenesis 17(6.94%) <0.0001
0sa00410 Beta-Alanine metabolism 7(2.86%) 0.0002
0sa00940 Phenylpropanoid biosynthesis 14(5.71%) 0.0006
0sa00330 Arginine and proline metabolism 6(2.45%) 0.0021
0sa00592 Alpha-Linolenic acid metabolism 6(2.45%) 0.0042
0sa00910 Nitrogen metabolism 4(1.63%) 0.0048
0sa00360 Phenylalanine metabolism 5(2.04%) 0.0097
05200950 Isoquinoline alkaloid biosynthesis 3(1.22%) 0.0150
0sa00350 Tyrosine metabolism 5(2.04%) 0.0198
0sa00630 Glyoxylate and dicarboxylate metabolism 7(2.86%) 0.0240
0sa01200 Carbon metabolism 18(7.35%) 0.0250
0sa00380 Tryptophan metabolism 3(1.22%) 0.0270
0sa00960 Tropane piperidine and pyridine alkaloid biosynthesis 3(1.22%) 0.0270
0sa00790 Folate biosynthesis 3(1.22%) 0.0428

Low 05200592 Alpha-Linolenic acid metabolism 4(1.63%) 0.0016
0sa00630 Glyoxylate and dicarboxylate metabolism 5(2.04%) 0.0022
0sa01110 Biosynthesis of secondary metabolites 19( 7.76%) 0.0027
0sa00904 Diterpenoid biosynthesis 2(0.82%) 0.0039
0sa00900 Terpenoid backbone biosynthesis 3(1.22%) 0.0092
0sa00740 Riboflavin metabolism 2(0.82%) 0.0105
0sa00710 Carbon fixation in photosynthetic organisms 4( 1.63%) 0.0199
0sa00380 Tryptophan metabolism 2(0.82%) 0.0199
0sa00910 Nitrogen metabolism 2(0.82%) 0.0236
0sa01200 Carbon metabolism 8(3.27%) 0.02438
05200250 Alanine aspartate and glutamate metabolism 3(1.22%) 0.0380

4 PRM TMT
Table 4 Comparison of PRM and TMT quantification results
/ / /
T™MT PRM TMT PRM TMT PRM

A2WK73 0s1_00222 Multicopper oxidase LPR1 1.31 1.24 2.50 1.46 0.74 0.89

A2WMV6 0s[_01177 Germindike protein 5- 1.34 1.33 1.41 1.19 1.12 1.01

A2WNKS 0sI_01439 Germindike protein 1- 1.84 1.36 2.35 1.40 1.79 1.35

A2WPA9 0s1_01682 Peroxidase 1.43 1.33 1.44 1.33 1.05 1.12

A2WZD6 0s_05314 Peroxidase 1.26 1.22 1.61 1.33 1.32 1.09

A2X2T0 0sI_06495 Peroxidase 1.07 1.05 1.78 1.35 1.26 1.04

A2XIA2 Osl_12162 Pyruvate phosphate dikinase 0.67 0.74 0.66 0.61 1.31 0.90

A2XN31 0sI_13961 Germindike protein 3-7 1.76 1.38 2.02 1.32 1.67 1.18

A2XXF7 Osl_17363 Cinnamyl alcohol dehydrogenase 7 0.51 0.68 0.33 0.55 0.58 0.66

A2Y053 SAM1 S-adenosylmethionine synthase 1 0.78 0.98 1.81 1.47 1.16 0.98

A2Y375 0sl_19463 Trans-cinnamate 4-monooxygenase 1.03 1.01 2.37 1.42 1.65 1.08

A2YBOI1 PFP-BETA Pyrophosphatefructose 6-phosphate 0.45 0.76 0.52 0.67 0.87 0.92

Iphosphotransferase subunit beta

A2YQIO 0sl_27546 Alcohol dehydrogenase 1.18 1.33 1.44 1.45 1.12 1.14

A2YRYS 0sI_28084 Germindike protein 84 2.05 1.66 1.66 1.28 0.98 0.84

B8A753 0s1_01672 Peroxidase 1.43 1.49 1.41 1.23 1.26 1.07

B8AGH7 0sI_05576 Catalase 1.95 1.52 2.25 1.48 1.71 1.41

B8AQ75 Osl_11725 Peroxidase 0.46 0.76 0.40 0.68 0.89 1.05

B8AWG6 0s1_20922 Glutamate synthase 2 NADH 0.37 0.62 0.26 0.44 0.74 0.76

chloroplastic
B8BA60 0sI_27578 Peroxidase 1.73 1.45 2.22 1.47 1.22 1.14
P0OC511 theLl Ribulose bisphosphate carboxylase large 2.29 1.40 2.59 1.07 2.67 1.56

chain
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