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Quantitative proteomic in hexavalent chromium resistance CM01
by isobaric tags for relative and absolute quantitation techniques
(iTRAQ)
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LIYing-Li' GAO Jie-Ying'

Abstract: [Background] As a highly toxic heavy metal pollutant, the reduction of hexavalent chromium
(Cr(VI)) by microbiological methods is not only economical but also environmentally friendly.
[Objective] To explore the proteins or genes related the tolerance or reduction of Cr(VI) in
chromium-resistant strain CMO1, and to explain the tolerance mechanism of the strain at the molecular
level. [Methods] The difference of protein expression in chromium-resistant strain CMO01 under the Cr(VI)
stress or not was analyzed by isobaric tags for relative and absolute quantitation techniques (iTRAQ). The
mRNA expression of 4 up-regulated proteins related to metabolic pathway was verified by RT-qPCR
technique. The hydrophobicity of cell surface was determined by UV spectrophotometer. [Results] In this
study, 2 570 proteins were identified and 646 were significantly different, of which 343 were up-regulated
and 303 were down-regulated. Fe/Mn superoxide dismutase, betaine aldehyde dehydrogenase, pentose
phosphate pathway, inositol phosphate pathway and amino acid metabolism in CMO01 were involved in the
response mechanism to exogenous Cr(VI). The results of RT-qPCR experiments showed that the gene
transcription levels and protein level of the four proteins involved in metabolic pathways were consistent.
The cell surface hydrophobicity of CMO1 in the control group was higher than that in the experimental
group. [Conclusion] Cr(VI) response mechanism of chromium-resistant bacteria was preliminarily
explored in this study, which provides theoretical support and new research ideas for the use of
microorganisms to control environmental pollution.
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PrimeScript™ RT Reagent Kit with gDNA Eraser i
H & . TB Green™ Premix ExTag™ iR 7| & ,
TaKaRa 2\ Al .

P U A M RBE R AL, T IR 2 AR R Ay
ARAW; BXmEREE.OL, B L
EANARITFRARA A BB UE TR,
LaboGene 723w ; FEARAL, FifEACB] BT 2 hlA
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Table 1 Primer pairs sequences of target genes

FH R SR 43 66 BE T I0 2 E. RNA e B, ffi
PrimeScript™ RT Reagent Kit with gDNA Eraser 2%
BRAE S AL RNA H G JE R 4] DNA JEbf Fifs s, fiff
A TB Green™ Premix ExTag™ i | & iF 17
RT-gPCR . RT-gPCR Jx Wik & : L. TUE5|¥
(10 pmol/L)#% 0.4 puL, cDNA (1 pg/mL) 0.8 uL,
TB Green™ 5 pL, JNJCHEZK 2 5 b 8 B AR FR
10 uL. W& 95 °C 30 s; 95 °C 5's, 60 °C
30s, 95°C 10s, 39 MEH; 65°C5 s, Edkfii
AT, AN H SRR AT E A 3 %
IS,
1.5 ZRAEFREGH KIS

B 37 °C. 200 r/min $5F5 A SEHG L AU IR
ZHiY CMO1 15 mL, 10 000 r/min &.0> 5 min, F
PBS VUEYE 2 X, BRKN 5 mL PBS, H] PBS &
WWEEZ ODgoo[H N 0.5-0.8, [0 3 & 45
3 mL 4R A 1 mL B, 85 2 min, EiR
CE 1 h JERBRFEHIRE, TR
ODxoo fH, HHAEM 3 IR

AT 5K E=(1-OD x41)/ODys

2 ZR545W
2.1 WHEEH CMO1 B2 ERIRRS RiE

4390 5 REHR T S0 20 5 X A A A T IR R R
1, LA SDS-PAGE HLUKER 1 551G I 141 5) Ry B 4abn
e, FORITEEIUYE A TS iITRAQ SEHEHK,
SDS-PAGE HLJKZEHUNE 1 R, EASHHEWIIC

Primers name Gene product

Primers sequence (5'—3")

fldA-F Flavodoxin

fldA-R

trxA-F Thioredoxin

trxA-R

fliY 1-F Sulfate starvation-induced protein 7
fliY 1-R

DX900_04235-F
DX900_04235-R
gyrB-F
gyrB-R

Oxidoreductase

DNA gyrase subunit B

GGCGGACGACAACCACTTCATC
TCGGCCAGGCTCAGCTCTTC
CACCTGACTGACAGCAGCTTCG
GCACGGCCCACACCATTCAG
GAGTATCAGGGCGTGGGCATTC
GCGGCTGGGCGGATTTGG
CGCCGAACGCCACCCATG
CTTCTCCGCCGCCGCAATC
CATCTACTGCTTCACCAACAACATTCC
CCTTCTTGCTGTAGCCTTCCTTCTC
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Figure 1 SDS-PAGE of CMO01 total protein in
experimental group and control group

25.0 —je——

18.4 — s &

14.4 —as =

Note: Marker: Protein Marker sm0671 10—170 kD (26616); Al, A2,

A3: Experimental group; B1, B2, B3: Control group.
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Figure 2 Length distribution of all peptides
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Table 2 Differential expression of protein and gene of chromium tolerant strain CM01 under chromium stress

Categories Accession Description Score
Stress Oxidoreductase AOA3E2EKY9 SERMA  Alkene reductase GN=DX900 05080 19.60
response AOA3E2E933_SERMA  Superoxide dismutase GN=DX900 22340 10.89
V5YVS1 SERMA Aldehyde reductase GN=yghD 10.11
A0A2U9UJ2 SERMA Bifunctionalaspartokinase/homoserine dehydrogenase GN=metL 10.09
AOA3E2EMI2_SERMA  GrxA family glutaredoxin GN=DX900 08005 10.02
AOA3E2EK99 SERMA  Glutamate dehydrogenase GN=DX900 03790 6.54
AO0A2V4AFLA4 SERMA GMC family oxidoreductase GN=DMW43 26335 0.05
A0A421HW45 SERMA  Superoxide dismutase [Cu-Zn] SodC2 GN=CLM68 00955 0.05
AOA3E2ECI8_SERMA  Erythritol/L-threitol dehydrogenase GN=DX900 18205 5.28
AOA1Q5W4C0_SERMA  Anaerobic ribonucleoside-triphosphate reductase GN=A8A12 14405 5.09
AOA3E2E8L4 SERMA  L-threonine 3-dehydrogenase GN=tdh 4.83
AOA3E2EJS3 SERMA  YciK family oxidoreductase GN=DX900 02875 4.50
AOA3E2EL86_SERMA  Isocitrate dehydrogenase [NADP] GN=DX900 05955 4.40
AOA3E2FEIC1 SERMA  Catalase-peroxidase GN=katG 0.10
AOA3E2EKT6_SERMA  Glutaredoxin GN=DX900 05095 3.54
AOA3E2EKD4 SERMA  Oxidoreductase GN=DX900 04235 3.52
AOA1C3HBA6 SERM Glutathione-binding protein GsiB GN=gsiB 0.18
AOA3E2EKKO SERMA Sorbosone dehydrogenase family protein GN=DX900 03870 0.10
AOA3E2EE85 SERMA  GMP reductase GN=guaC 3.06
AOA3E2ENI8_SERMA  Flavodoxin GN=fldA 2.98
AOA3E2EMJ7_SERMA  SDR family oxidoreductase GN=DX900 08215 0.27
AOA2U9FTJ2_SERMA  Quinone oxidoreductase GN=B1A42 22115 0.38
Energy TCA cycle AO0A3QONWZ9 SERMA Pyruvate kinase GN=AAY84 04070 6.52
metabolism AOA3QONUNI1 SERMA Pyruvate dehydrogenase GN=AAY84 07035 0.39
Pyruvate AOA3E2ENIS SERMA  Succinate-CoA ligase [ADP-forming] subunit beta GN=sucC 4.10
metabolism  AQA3E2ENGO SERMA  Succinate-CoA ligase [ADP-forming] subunit alpha GN=sucD 2.94
AOA3E2EAU2_SERMA  Bifunctional acyl-CoA synthetase/GNAT family 0.34
N-acetyltransferase GN=DX900 18240
AOA3E2EIU0 SERMA  2,3-dehydroadipyl-CoA hydratase GN=DX900 00795 0.14
A0A430PNL3_SERMA  2-(1,2-epoxy-1,2-dihydrophenyl)acetyl-CoA isomerase GN=paaB 0.16
Others A0A421HM43 SERMA  NAD-dependent succinate-semialdehyde dehydrogenase GN=gabD 11.57
AOA3E2EMT3 SERMA NAD/NADP-dependent betaine aldehyde dehydrogenase GN=betB 3.02
PTS system AOAOPOQFS9 SERMA  PTS mannose transporter subunit [ID  GN=manZ 2 0.19
AOA3E2ENUS SERMA  PTS N-acetyl glucosamine transporter subunit IABC GN=DX900 10270  0.23
AOA3E2E9Z9 SERMA  PTS mannitol transporter subunit ICBA GN=DX900 22390 0.27
AOA3E2EJB6 SERMA  PTS mannose transporter subunit [I[AB  GN=DX900 02055 0.29
Inositol AOA3QONL83 SERMA Inososedehydratase GN=iolE 20.73
phosphate metabolism AO0A3S0B2U7 SERMA Inositol 2-dehydrogenase GN=iolG 18.72
A0A430PUM9 SERMA  Methylmalonate-semialdehyde dehydrogenase (CoA acylating) 14.6
GN=mmsA
AOA3E2EB53 SERMA  Inositol-1-monophosphatase GN=suhB 11.91
AOA3E2E9TS SERMA  5-dehydro-2-deoxygluconokinase GN=iolC 11.52
A0A379YC59 SERMA  3D-(3,5/4)-trihydroxycyclohexane-1,2-dione hydrolase GN=iolD 11.08
AOA3SOAMVO_SERMA  Gfo/ldh/MocA family oxidoreductase GN=C7M67_20780 7.87
AOA3E2E9R7 SERMA  5-deoxy-glucuronate isomerase GN=iolB 3.80
(748)
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Pentose phosphate pathway ~AO0A3E2EMQ2 SERMA

Amino acid metabolism

Others

AOA3E2EF08 SERMA
AOA3E2ELD7 SERMA
AOA3SOCLT2 SERMA
AOA430NKCS SERMA
AOA221H7R7_SERMA
AOA430NDB7 SERMA
AOA3E2ECGY SERMA
AOA3E2EEM2 SERMA
AOA1C3HKL4 SERMA
AOA221DURS_SERMA
AOA3E2EMRS_SERMA
AOA3E2ENES_SERMA
AOA3E2EFDS_SERMA
AOA2V4GZ58 SERMA
AOA3E2ENG6_SERMA
AOA3E2ECJ1_SERMA
AOAOPOQ7X3 SERMA
AOA3E2EB03_SERMA
AOA421HWQ6_SERMA
AOA3E2EBZ9 SERMA
AOA3E2EC08_SERMA
AOA3E2EF80 SERMA
AOAOPOQD16_SERMA
AOA3E2ESC4 SERMA
AOA3E2EA90 SERMA

AOA3E2EEA7_SERMA
AOA3SOCAT6_SERMA
AOA3E2EPG8_SERMA
AQA3E2ENV6 SERMA

3189

(823 2)
6-phosphogluconate dehydrogenase, decarboxylating 0.02
GN=DX900_08265
Aspartate carbamoyltransferase regulatory chain GN=pyrl 4.98
Gluconate 2-dehydrogenase subunit 3 family protein GN=DX900 05445 0.06
UTP--glucose-1-phosphate uridylyltransferase GN=galU 3.83
Class 1 fructose-bisphosphatase GN=C7M68 02275 3.81
Ribose-phosphate pyrophosphokinase GN=prs 3.48
Aldolase GN=C7M67 12855 0.15
Transaldolase GN=tal 2.95
Deoxyribose-phosphate aldolase GN=deoC 0.38
ATP-dependent 6-phosphofructokinase GN=pfkA 0.38
S-adenosylmethionine synthase GN=metK 24.75
Methionine--tRNA ligase GN=metG 3.67
D-alanine--D-alanine ligase GN=ddl 2.87
TonB-dependent siderophore receptor GN=DX900 14200 27.53
Aspartate-ammonia ligase GN=asnA 15.62
Adenosylhomocysteinase GN=DX900 09590 3.49
Cysteine synthase GN=cysK 4.05
Aspartate-semialdehyde dehydrogenase GN=asd 6.93
Serine hydroxymethyltransferase GN=gly A 5.21
Diaminobutyrate--2-oxoglutarate transaminase GN=CLM68 01950 18.17
Acetate kinase GN=ackA 9.77
Porin OmpC GN=ompC 0.04
Sulfate adenylyltransferase subunit 2 GN=cysD 5.65
Acylphosphatase GN=AR325 11075 0.06
Glutamine synthetase GN=DX900 22850 4.68
2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-succinyltransferase 4.63
GN=dapD
Peptidoglycan D,D-transpeptidaseFtsI GN=ftsI 4.09
Nitrate reductase subunit beta GN=narH 3.81
Aspartate aminotransferase family protein GN=DX900_ 04065 3.69
Lon protease GN=lon 3.00
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RS R il 3] T EEEA .
24 EREANEES
24.1 GO BEHS

Wik GO BEVEHTREM & 22 HE AT E
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Figure 3 Statistical histogram of annotation results of differential protein GO function

2.5 mRNA FTikKFNE

i3k RT-qPCR #—Z Kk iTRAQ & E 4
RHERRTE, 763 2 iz S 5 RHEREN 4 F
FH, HE iTRAQ & EMPEA M5 2
R ERVLIRIE S E I (gene . fLiY 1), AALIE 5 HE
[ (gene : DX900-04235) . # & A6 M (gene :
fldA) ., FERE I (gene: trxd). MEmGS 4 FhE
1Y HER mRNA KA ACFAnE 6 s, Sl B i
FEH mRNA ik 5 B4 )k g Bk
2E5:(P<0.05), i H. 4 FiJEE mRNA RBAKF 5
5 iTRAQ HE & =4 I/ —3L.
2.6 REFREEIKE

SEHZH AT REZE CMO1 2 A 2% 11 S 7K P4 0 o
SRR 7 B, FEAT Cr(VDIE T CMOT B4

FIEHKMER 69.1%, J& Cr(VDIMHE T CMO1 HI4H
MR GHKPE RN 34.6%, SEERLH CMO1 4N iR 1HT
K PE ST B2 CMOT A R Tl s K PR I 2 2
5 (P<0.001),
3 W

AR, B NAMRE R A L RS
e Cr(VDIFR IR 2, 3 BEtF 5% Jay B F X6 B A 114
Bk SE BRI Y g, AR AR
YR F0 BE TR AR VT8 B RR T Cr(VD i 3%
SR ML . AR GEH iTRAQ HAR ST A
J& Cr(VDFE 1 R it 5% Bk CMO1 (U8R 252 55 460K,
A DLk — 25 AEE R 4R 58 5 35 AR A DG 1 2 1
SR O THRIEIHAR R CMOL [ 32 553 J
Cr(VDIHLH], R iTRAQ F AR VT8 4 245

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



XS HET A7 AR TCANS I i B BORBEFE I B (VD I Bk CMO1 B9 1

Y12

3191
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Figure 4 Comparison group A:B up-regulated and down-regulated differential protein pathway annotation results statistical chart

T 3855 PR R IIRE T A E A BECH .

Note: The number of proteins under each function is indicated in brackets.

#3 IREABERERENFIREZEEIMER®ETH)

Table 3 Analysis results of significant enrichment of biological process of A:B differential protein in comparison group (top 5)

Gene Ontology term Cluster frequency Protein frequency of use P value

Cellular ketone metabolic process 118 out of 540 genes, 21.9% 299 out of 2 070 genes, 14.4% 1.75%x10°
Acetyl-CoA metabolic process 21 out of 540 genes, 3.9% 28 out of 2 070 genes, 1.4% 4.53%x10°°
Organic acid metabolic process 114 out of 540 genes, 21.1% 293 out of 2 070 genes, 14.2% 8.39x10°°
Carboxylic acid metabolic process 113 out of 540 genes, 20.9% 290 out of 2 070 genes, 14.0% 8.81x107°
Oxoacid metabolic process 113 out of 540 genes, 20.9% 290 out of 2 070 genes, 14.0% 1.38x107°

¥ : Gene Ontology term j GO 2k H. Cluster frequency NiFREE1Z 4 HIWZE R E A SHEREITA GO 4 HIW2E 58 A I HUE.
Protein frequency of use M BEZ 4 H WA E A 5EREIE GO 4 HIWUA & A B EGE A HLE. P value 3 i H LA K565
%3 Pvalue . TIA.

Note: Gene Ontology term is a go entry. Cluster frequency is the number and ratio of differential proteins annotated to this entry and
annotated to all go entries. Protein frequency of use is the number and ratio of all proteins annotated to this entry and all proteins annotated to

all go entries. P value is the P value calculated by hypergeometric test. The same below.

x4 UBHEABERERASTUHREEEEANERETH)

Table 4 Analysis results of significant enrichment of molecular function of A:B differential protein in comparison group (top 5)

Gene Ontology term Cluster frequency Protein frequency of use P value

Ligase activity 42 out of 532 genes, 7.9% 90 out of 2 039 genes, 4.4% 1.36x10"°
Structural constituent of ribosome 28 out of 532 genes, 5.3% 52 out of 2 039 genes, 2.6% 1.48x10™°
Aminoacyl-tRNA ligase activity 17 out of 532 genes, 3.2% 27 out of 2 039 genes, 1.3%  5.40x10°°
Ligase activity, forming carbon-oxygen bonds 17 out of 532 genes, 3.2% 27 out of 2 039 genes, 1.3% 5.40x10°°
Ligase activity, forming aminoacyl-tRNA and related compounds 17 out of 532 genes, 3.2% 27 out of 2 039 genes, 1.3% 5.40x10°°
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x5 IREABEREAMMABS EEZRANERETR)

Table 5 Analysis results of significant enrichment of cellular component of A:B differential protein in comparison group

(top 5)
Gene Ontology term Cluster frequency Protein frequency of use P value
Intracellular part 211 out of 338 genes, 62.4% 640 out of 1 206 genes, 53.1% 2.95x10°
Cytoplasmic part 90 out of 338 genes, 26.6% 231 out of 1 206 genes, 19.2% 3.40x107°
Non-membrane-bounded organelle 34 out of 338 genes, 10.1% 68 out of 1 206 genes, 5.6% 6.36x107°
Intracellular non-membrane-bounded organelle 34 out of 338 genes, 10.1% 68 out of 1 206 genes, 5.6% 6.36x10°
Cytoplasm 200 out of 338 genes, 59.2% 608 out of 1 206 genes, 50.4% 9.24x107°
m Up-regulated proteins m Down-regulated proteins P-value
Aminoacyl-RNA biosynthesis | EEAE S O S S S 2.5c-06
Reductive carboxylate cycle (CO, fixation) | I e 5.9e-06
Citrate cycle (TCA cycle) | N o 6.2¢-06
Microbial metabolism in diverse environments™| [ GO S 74606
Metabolic pathways_| GO o 3.7¢-05
Nitrogen metabolism_| I S 4.4e-05
Biosynthesis of secondary metabolites_| NSO SO 5.0e-05
Alanine, aspartate and glutamate metabolism_| 2 5.4e—05
Ribosome _| s 1.7e-03
Propanoate metabolism | IEEG_—S 2 5.2e-03
Glutathione metabolism _| | EEG_—_—TE s 5.8e-03
Glycolysis/Gluconeogenesis_| NS 7 5.8e-03
Cyanoamino acid metabolism _| [INEEEE_—_—SEE A 9.3¢-03
Styrene degradation | (N7 9.3e-03
Pyruvate metabolism_| NN 9.8e-03
Inositol phosphate metabolism | I 1.3e-02
Butanoate metabolism_| IR 1.5e-02
Cysteine and methionine metabolism _| NS 2.7e-02
Tryptophan metabolism _| I 2.8e-02
Bacterial secretion system | I N2 3.1e-02
Fructose and mannose metabolism_| N0 3.4e-02
Lysine degradation | IS o - 3.8e-02
Pentose phosphate pathway _| IS 3.8e-02
D-glutamine and D-glutamate metabolism _| IS e 4.1e-02
I I I 1 1 1
0 20 40 60 80 100

Bl 5 tbE4E A:B EREH Pathway EED T EZMHFKITE

Percent of proteins

Figure S Statistical map of significance of pathway enrichment analysis of A:B differential protein in comparison group
TE: FPRET M IREEER A PR, AMRSSR I B R A 5K P, A TLL /4% (0 DX i B P 25
SRR EIRATRRE RN A4, AT BB RN 22 5 1 BUEE

Note: In the figure, the left side of the column is the name of each functional pathway, and the right side represents the significance level P-
value of enrichment of this pathway. The red and green area of the column is the percentage of up-regulated and down-regulated proteins
identified in this pathway, and the number on the column represents the corresponding differential protein number.
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