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Diversity of arsenic oxide gene (aoxB) in endophytic bacteria of
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Abstract: [Background] In recent years, due to the mining and smelting of metal ores, the processing and
use of arsenic products, the burning of coal and other factors, arsenic pollution in the soil environment has
become more and more serious, causing many people to be exposed to extremely dangerous arsenic
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poisoning. [Objective] To study the diversity of endophytic bacteria aoxB gene in Pteris vittata root of
Wanshun Pb-Zn mining area in Sichuan, and provide a theoretical basis for improving the efficiency of soil
heavy metal pollution ecological restoration. [Methods] Real-time quantitative PCR (qPCR) and
restriction fragment length polymorphism (RFLP) were used to study the abundance and diversity of
arsenic oxidation gene (aoxB) of the endophytic bacteria in Pteris vittata root which were isolated from a
Pb-Zn mining area in Hanyuan of Sichuan province, China. [Results] The results of QPCR showed that
there was a significant difference in the expression of aoxB genes between the different sampling sites. The
abundance aoxB gene were in the order of dressing area>entrance to the mountain>spoil area>mine
tailings>mine mouth. The RFLP results showed that there were significant differences in the diversity
index of the aoxB gene of endophytic bacteria among different sampling sites, and the diversity index of
the species were in the order of mine tailings>mine mouth>spoil area>outside mine area>mine mouth.
Pearson correlation analysis showed that the abundance of aoxB genes was negatively correlated with
concentration of As (P<0.05), and the diversity index was positively correlated with concentration of Pb
and As (P<0.01). Phylogenetic analysis showed that aoxB containing endophytic bacteria in the Pteris
vittata were mainly belonged to Alphaproteobacteria. [Conclusion] The results showed that there were
abundant endophytic bacterial populations containing aoxB gene in Pteris vittata root, and these
endophytic bacteria showed potential application value.
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A 37 °C 153548 30 min, P& 10 min #—1K., F0
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Table 1 Heavy metals contents of Pteris vittata root in different sampling sites

) ) Cu (mg/kg) Cd (mg/kg) Zn (mg/kg) Pb (mg/kg) As (mg/kg)
Sampling site
KK 65+5a 37+3a 974+65a 587+22a 221+12a
WK 57+4a 31+6ab 1 035+34a 499+23b 198+23a
Qz 424+4b 24+3ab 995+62a 344424c¢ 165+30a
XK 33+7b 19+5bc 984+83a 162+36d 62+10b
CK 11+2¢ 8+lc 1574£35b 93+6d 81+10b

e RPRBEEAELS A EE AR SR B2 AR R LSD KGR, [RIFNEUE R bR A R 7 2 A X e
Giitef bR 255 B35 (P<0.05), A IR PR B DX S8t 5 G BB 35 01T 25 5:(P<0.05).

Note: The data in the table are mean+3 standard deviations; The difference between the data is tested by the LSD method, and different
letters in the same column indicate statistically significant differences (P<0.05), same letters in the same column indicate no significant

statistical differences (P<0.05).
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Figure 1 Abundance of aoxB genes in the endophytic
bacteria of Pteris vittata root at different sampling points

T R MBI AR Bl 1922 5 AL Bk LSD
R, BREL AR TR KR e ST i B 22
S92 (P<0.05), AR [F] 5 R 3 B W ISR it TC i 35 e 1 22 5
(P<0.05).

Note: The data in the figure are the mean of each sampling point.
The difference between the data is LSD. Different letters on the
error line indicate statistically significant differences (P<0.05),

same letters on the error line indicate no significant statistical
differences (P<0.05).

23 aoxBERRFREEZN

WL RGEKBRATRIE 3), AR
)R E T AR B ] (Proteobacteria), AR
WA AR IS aoxB FERAY N AR R R AR B —
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NCBI H E AT AR 5 100%. RGEK T
SR 3N, R 1A 2 MERITS, 2ERET o-
AW (Alphaproteobacteria), 1% M H 8
(Rhizobium Frank)FAF 1 (Agrobacterium); 7% 2
WBE 3 AERFY, 2WET p-LEH
(Betaproteobacteria) )BT 18 J& (Thiobacillus); 7% 3
S 1T, BT v R Gammaproteobacteria)
(ISR (Acinetobacter) . 454G BEVIEI G 4t
SRy A 2 Maks, Hd 5 X-8 MHFE L
50%, 5 X-28 AHFEME 50%, 5308 T o BT
(Alphaproteobacteria)F B-~E X [ (Betaproteobacteria)
A A FEEL, Hoh 5 X-8 M & 50%,
HHEFRN, J&T o-~IEH (Alphaproteobacteria); ik
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Figure 2 Digestion patterns of aoxB gene in the endophytic bacteria of Pteris vittataroot by Msp 1

Agrobacterium sp. TS45 (EU311946.1)
Rhizobium sp. strain K3 (KT992346.1)
X-8 (MK381469)
X-1 (MK381468)

100

X-6 (MK542381)
X-27 (MK542383)
100/x 28 (MK381470)

X-26 (MK542382)
Acinetobacter sp. 18AAV (HQ449663.1)
Acinetobacter lwolffii strain BDP2 (KM884950.1)

100

—
50

B3 RMBERALNEMNE aoxB BRRFLER

Agrobacterium tumefaciens strain GW4 (KF434542.1)

Thiomonas arsenivorans strain B6T (GU084437.1) |

— Alphaproteobacteria

— Betaproteobacteria

— Gammaproteobacteria

Figure 3 Phylogenetic tree of the aoxB gene sequences of endophytic bacteria isolated from the Pteris vittata root

T AW RIS S UHLIR R, 35 R ECT 3R IE T 1000 SRR IR AR 1) Bootstrap SHF4(%); HA I 50% 4" BoR k. 1L

RS T M RO LAY 0.02 M.

Note: Sequences from this study are in bold type. The number at the nodes indicate the level of bootstrap support (%) based on
1 000 resampled data sets; Only values above 50% are given. The scale bar corresponds to 0.02 substitutions per nucleotide position.
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O IXA 3 AR, Hdh g X-27 MR & 40%, K
RHHF, J&T BT B (Betaproteobacteria); 1L
A 4 Fppgal, Hp 5 X226 MR 40%, MG
R, JBF vy R (Gammaproteobacteria). %
EAI1S, XIS aoxB FE R ) AR A AL SR
i a-"BIE # (Alphaproteobacteria)
2.4 aoxB EHMYIEILES tHHEH. FEEE
. HEEERINEEIER S

AR B R AR R I B AR SN A AT aoxB
FEHRZHER R (H) . FEERES) D A s
B (ENTE—ERE EEAAAEZERGR 2)o X T
SR, ZRERREON 8 A B0, AR
KRS >58E X>HE L T >3E0 X, SR,

ZFREPEFEBAE 0.81-1.10 Z 8], & B35 5E
2.30-3.00 Z[a], 5] 0.993-0.999 Z [A],
o B X g s AR 2 N A= A B aox B FE R 1)
ZHYERR B E Y e, 58T 1.10 A0
3.00, T ZAEPEFR BN+ & B RARA T X, 2
AR 0.81 Fl 2.30, AN[ARAF SUMRIA A 2N E
YN aoxB L MEFDIERI Mt i e 225, Hip
KEAH A 2 Figml, BaX 2 FhigRl, 35k
4 PR, BEATIX 3 Rk, PR 4 Rk,
25 ESESEMEREALHAEME aoxB EH
ZHM. FEE. WAERENEHEXMES T
FESZ R BN T & E# S Cu. Cd. Pb.
As BIEMHKER 3). H, ZHMHREECS Pb f1 As

*2 GMERALANEMRE coxB ERSHIEEHN. FEE. HHE. BYIEE

Table 2 Contains aoxB gene in the endophytic bacterial of Pteris vittata root diversity index, richness, evenness, type of

digestion functional gene

KRR ZREEREU(H) FEBEHERS) K5 FE R AL (ER) A 27
Sampling site Diversity index Richness Evenness RFLP type
KK 1.09+0.00a 3.00:0.00a 0.993+0.00a 2
WK 1.10+0.00a 3.00+0.00a 0.998+0.00b 2
Qz 0.94+0.07ab 2.60+0.16ab 0.999+0.00b 4
XK 0.8140.06b 2.30+0.15b 0.999+0.00b 3
CK 0.88+0.08b 2.50+0.22b 0.999+0.00b 4

T R EdE A AEE10 N EE R ER s BdERI2E AR R A LSD S, [FFEUEFARE WA F B ARIE S T4 022
S0 (P<0.05), AH A F-REF B A X 5L T 3 4122 J:(P<0.05).

Note: The data in the table are mean+10 standard deviations; The difference between the data is tested by the LSD method, and the different
letters in the same column indicate statistically significant differences (P<0.05), same letters on the error line indicate no significant

statistical differences (P<0.05).

*3 ECEEBRMERALANEMNE aoxB EEAZHMEIEE. EEEIREMY S E R NERHEX S
Table 3 Analysis of the correlation between heavy metal content and the aoxB gene diversity index (H), richness (S),
evenness (Eh) and copy number in the endophytic bacteria of Pteris vittata root

Ef=L

Cu Cd Zn Pb As
Index
ZREMEERU(H) 0.556* 0.366 0.226 0.724%* 0.700%*
Diversity index
FHEEIEES) 0.199 0.318 0.151 0.384 0.378
Richness
Y5 BEFG B (ER) —0.670** —0.626* —0.266 —0.741%* —0.634*
Evenness
PE DU —0.679** —0.616* —-0.370 —0.853** —0.934**
Copy number
Note: **: P<0.01; *: P<0.05.
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INo FERRIAIEFEELS Cu. Cd. Zn. Pb il As 5
TS, (Y5 Zn RRFEEKF. IS Cu.
Cd. Pb. As BEEGA, 5 Zn BHAK, R
KRB EKFE, Hp As 58 SR B . &
b, As 5 R EOREE DA A R U R, R
B As P 0T aoxB BRI ik B K AR MR R o
3 e

AWFFENG DI REIE R — DI AR, R
qPCR HiAR LI K RFLP WF5E AN 4@ M T gt
FARHLUNLEANE aoxB FEZRENE, MIhBESE
D] 1 J3E R AT W A 80 R A 20 B T P AL BE L K R
RN &8 SRR RN CR . ARSCHHY
RN As SR &, femisg] 244 mg/kg, (HiXif
FEA R MR WA H BT B & A I i KA . PR IR
SEDONE , BPAMG YA R, MR B 1A B
R IL 1 540 me/kg, MRS H Al ik
900 mg/kg. 1EHAYITE I A & & — AR
3 mg/kg, T A YRS H A R A 5 T8 2] 1 R A A 1Y)
AR MR AR AT CE, W H A
XA A R 5, (FLBR A B I REAS IR AT 22 1t
U s e B AR B

SRR IR B, 0 X HE DU BT A
FIHARAE S, R S IR A 5
aoxB LR IR ACV-HE = A Y1 bt B 4 R 5 3 Bl
RIIA B B R IRREAE A BRI, mERss s iy
B4 B AT LIES aoxB FEMIFRIE, IS0
WIRNEE T EZWESEES T, W, XL
(12387 ) B AR R N s AR 1 43 8 15 1T I
HRAER TR, FEOL aoxB HIFRBKF TR,
UEAh, FEPIS R AR N PR B 4 S 1) 1 AR
HR S T EE A SRR 8 X PR
() F < Jag , A T AT R ol 5 h AR 2 0N A A TR
aoxB FER B IR T AP,

DB A BOARZH 2N A= AN B aoxB FE R R 2 REE:

F &SI, SR AR 2 4 R % w A
KMESTHTRIFD, Pb Fl As 5 ZHEVEFR BN C R 5L
Wi, FILAZRH] Po F1 As &t aoxB SEH ZREME
SR, TR R, —E R4 E N
T, XAHIC I RERE R 1 2Rk HAT — S BRI
FAEAEPTRMIFRER As T SRR L IEA
ik, AHRTEA R R 5 LR LT AR
H . [FIRT, Inskeep Z5EC7HIFST MR AL IEH
CAET S L ROk ik, HEAE®ENZH
Pk, X SASCHBIR A3

aoxB B ZHEVEBRIS S el i B AR 2 4
M Z RN, TR A2 R E R R 5
W, 256 RELKBWER, 5H aoxB FERERNL
R AN AN T o-“2 B 1 (Alphaproteobacteria)
JELA TR, 5B B8 (Thiobacillus) AL 5
B M A5 IS BB TR R ) 2 E 4 S A i
ZAEH HERRRE R WA, X522 Ak b 4
JE DAY N AR R TR I RIETR 5 AR, anBR S A
MEYREN X AR st R INAE A I v, B TE o &
BRI, AT R 2 4R MR 1 3
H -8 IE 1 (Alphaproteobacteria) WL REY, M
5 DAFRAESIERERE, 070, B, 3
Y. B XA O EEMEE N o BIBE
(Alphaproteobacteria) . B-"FI¥ [ (Betaproteobacteria)
B- & I
(Betaproteobacteria)fl a-"FIE [ (Alphaproteobacteria)
HApES R %, ek EY ek, fe
J& Pb & i S YRR AR B R 2 n A
MR o ANIGAT DI, FEEeT X R A RAR 2 2485
aoxB LR PN A A0 R RE S AR — e R E ez
EEJBAF, IR R LR,
s s

KH qPCR ALK RFLP H AN U 1L 7 5
PR IR WA B AR AN AE AR aoxB FEIAETE
)8 AT R IA G K SRS T 0, ARA
PUAS TR R A A R A B AR LN A AT aoxB S5

o- 2 B (Alphaproteobacteria)
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Rik e L2 AAEM W 22 5% 0 B R A S8
VUBE S As 5 835 TR K (P<0.05). 2R
BOAE S BRI >0 1 >F i X > 1>
X, TEMNLBEFR T oo LILE
(Alphaproteobacteria) .

REFERENCES

(1]

Yang JH. Research advance in bioremediation of soil polluted
by arsenic[J]. Acta Agriculturae Jiangxi, 2012, 24(3): 125-127,
134 (in Chinese)

W arer. WG g R A M S WP T BRI (D], YT 24,
2012, 24(3): 125-127,134

Luo T, Sun JX, Xia K. A research review of arsenic pollution in
soil[J]. Environment and development, 2017, 29(8): 11-12 (in
Chinese)

B, M, B RS YRR SRR T]. RS KRR,
2017,29(8): 11-12

Ren CQ, Zhang Y, Yang M. Research progress in soil arsenic
pollution remediation technology[J]. Environmental Protection
and Circular Economy, 2014, 34(6): 30-33 (in Chinese)

EFMR, K, W s B 2 BORDI ST IER()]. 3F
B Y 545, 2014, 34(6): 30-33

Ran JW, Zhang X, Ning P, et al. Advances in soil remediation
polluted by arsenic in different kinds of farmland[J].
Environmental Science Survey, 2017, 36(3): 80-86 (in Chinese)
Mgk f, R, TF, & ANREBFH2ET s g 2 r K
WFFE kR[], MEERE 51, 2017, 36(3): 80-86

Huang YF, Chen GF, Xiong LM, et al. A review of soil heavy
metal pollution status of cultivated land and analysis of
phytoremediation application[J]. Journal of Anhui Agricultural
Sciences, 2015, 43(26): 88-89 (in Chinese)

HOMEK, BREESE, REMIME, SF. PR LT 4R TS PR K
HYME R, LRk, 2015, 43(26): 88-89

Shen HL, He ZY, Ma M. Advance of the mechanisms of arsenic
hyperaccumulation in Pteris vittata L. and applications for
arsenic-remediation[J]. Plant Physiology Journal, 2014, 50(5):
591-598 (in Chinese)

FHZLFY, Al diRd, PR, WA RITOR B AR ML) K R i
1652 P I [T A2 3223, 2014, 50(5): 591-598

Liu WJ, Zhao FJ. A brief review of arsenic uptake and
metabolism in plants[J]. Environmental Chemistry, 2011, 30(1):
56-62 (in Chinese)

XUSCH, A, AHP BRI SACE T R R[] PREE Ak
2#, 2011, 30(1): 56-62

Chen TB, Wei CY, Huang ZC, et al. Arsenic hyperaccumulator
Pteris vittata L. and its arsenic accumulation[J]. Chinese
Science Bulletin, 2002, 47(11): 902-905 (in Chinese)

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

BRIFE, SR, R, 5. Bl E 4R B i KR
i BT ARAEAE )], Bl AR, 2002, 47(3): 207-210
Wang HJ, Ning P, Zhang ZB, et al. Pretreatment of arsenic gold

ore by Pteris vittata L.[J]. Journal of Wuhan University of
Technology, 2010, 32(8): 59-63 (in Chinese)

FWE, T, WEN, SE. ST A R R A T AL B
WIEWEIE[T]. RO T R0, 2010, 32(8): 59-63
Hallmann J, Morgenroth W, Paulmann C, et al. Time-resolved

X-ray diffraction of the a-styrylpyrylium
trifluoromethanesulfonate ultrafast

photochromic

crystal films reveals
structural switching[J]. Journal of the American Chemical
Society, 2009, 131(41): 15018-15025

Luo MY, Lu X]J, Liao XL. Research advances on application of
endophytic bacteria[J]. Modern Agricultural Sciences and
Technology, 2010(7): 11-12,16 (in Chinese)

BEA, WEAE, B YRR 58T R ).
PACALME R, 2010(7): 11-12,16

Liu LH, Liu SJ, Chen FM, et al. Effect of endophytic bacteria
inoculation on cadmium uptake in Solanum nigrum L.[J]. Acta
Scientiae Circumstantiae, 2013, 33(12): 3368-3375 (in Chinese)
XUFIAE, XA, BRAEEH, 5. Bemh oy AE 240 7 e 28 R
ZE N[, FREERLEER, 2013, 33(12): 3368-3375
Zhang XC. Isolation and identification of endophytes from
Sedum alfredii and the mechanisms of their enhancement on
heavy metal hyperaccumulation[D]. Hangzhou: Doctoral
Dissertation of Zhejiang University, 2012 (in Chinese)

SR AT SRR N AR T B 4 SR B R R
RESHLEI[D]. AU : WL L2083, 2012

Ma Y, Rajkumar M, Luo YM, et al. Inoculation of endophytic
bacteria on host and non-host plants—Effects on plant growth
and Ni uptake[J]. Journal of Hazardous Materials, 2011, 195:
230-237

Yang J, Zhu YG. Progress in study of mechanisms of microbial
arsenic transformation in environment[J]. Asian Journal of
Ecotoxicology, 2009, 4(6): 761-769 (in Chinese)

Wi, RAKE. SEE RS B E S kR ()], A SRR
2F4R%, 2009, 4(6): 761-769

Wang GJ, Huang YY, Li J. Bacteria live on arsenic

analysis
of microbial arsenic metabolism-A review[J]. Acta
Microbiologica Sinica, 2011, 51(2): 154-160 (in Chinese)
FHG, AR, G 2R R 0 A T —— AT G A R T
D). WEEAAR, 2011, 51(2): 154-160

Zhao K. Gene function and regulation of arsenite oxidase in
spp.[D].  Wuhan:
Master’s Thesis of Huazhong Agricultural University, 2010 (in
Chinese)

Bl ERREE P = M0 A LA TE As(ID4A LRI PR R

JED B S RE AT ST (D). aI: AR ARl S Al L 24 38 3,

arsenite-oxidizing  bacteria-Acidovorax

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



2184 A IR Microbiol. China
2010 [28] Giloteaux L, Holmes DE, Williams KH, et al. Characterization
[18] Weeger W, Lievremont D, Perret M, et al. Oxidation of arsenite and transcription of arsenic respiration and resistance genes

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

to arsenate by a bacterium isolated from an aquatic
environment[J]. Biometals, 1999, 12(2): 141-149

Cai L, Wang GJ. Advance on studies of arsenic-resistant
microorganisms and molecular mechanisms[J]. Microbiology
China, 2009, 36(8): 1253-1259 (in Chinese)

SEbR, EHEY. HURERE Y BB 2T B B 5T R (1]
TAE M A3 4R, 2009, 36(8): 1253-1259
Wang GJ, Wang Q, Chen F, et al.
microbial arsenite oxidation regulation[J].
Microbiology, 2014, 34(5): 1-7 (in Chinese)
FHYE, EAE, BOF, . MY SR

R, 2014, 34(5): 1-7

Research progress of
Journal of

R[],

Han YH, Wang SS. Arsenic resistance mechanisms in microbes
and their roles in arsenic geochemical cycling-A review[J]. Acta
Microbiologica Sinica, 2016, 56(6): 901-910 (in Chinese)

BRACHT, I AR A A AT B LA T b R A 2 A1 B
HITERID]. 2=, 2016, 56(6): 901-910
Cao K, Wang XN, Sun YF, et al.

endophytic bacterial diversity and biocontrol of plant roots[J].
Agriculture & Technology, 2017, 37(17): 1-3,5 (in Chinese)

WO, FWRAE, AN, S RLUIHL I Y A A T L R R
AR TEBFRER[T]. Rl 54K, 2017, 37(17): 1-3,5

Zhang J, Zhang HW, Li XY, et al. Soil microbial ecological
process and microbial functional gene diversity[J]. Chinese

Research progress on

Journal of Applied Ecology, 2006, 17(6): 1129-1132 (in
Chinese)
sk, sREDC, BT, & R A SIS RS MAY

IRESE D AR
Zheng YK, Ren D, Lu SE, et al. Diversity and community

1. MAAER2ER, 2006, 17(6): 1129-1132

structure of endophytic actinomycetes of Pteris vittata in a
Pb-Zn mining area[J]. Acta Scientiae Circumstantiae, 2014,
34(11): 2832-2838 (in Chinese)
A, ALY, R,
Z Rk K B VR 45 H [0].
2832-2838

Tian XL, Cao LX, Tan HM, et al. Diversity of cultivated and
uncultivated actinobacterial endophytes in the stems and roots
of rice[J]. Microbial Ecology, 2007, 53(4): 700-707

Quéméneur M, Heinrich-Salmeron A, Muller D, et al. Diversity

AR X A PR 2 T 2k T
BBl 2F 2, 2014, 34(11):

surveys and evolutionary relationships of aoxB genes in aerobic
arsenite-oxidizing bacteria[J]. Applied and Environmental
Microbiology, 2008, 74(14): 4567-4573

Gu Q, Xu YL, Wei W, et al. The establishment of the real-time
PCR system for detecting soil bacteria abundance[J]. Soil and
Crop, 2012, 1(2): 117-120 (in Chinese)

JEUE, VEHEEE, B, 4F. LIRS

PCR R4 2 (1 8 7. [1]

A S 2 O S
. S, 2012, 1(2): 117-120

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

during in situ uranium bioremediation[J]. The ISME Journal,
2013, 7(2): 370-383
Hill T, Motte F, Didelon P, et al. Filaments and ridges in vela C
revealed by Herschel: from low-mass to high-mass star-forming
sites[J]. Astronomy & Astrophysics, 2011, 533: A9%4
Wei CY, Zheng H, Sun X, et al. Characteristics of arsenic
enrichment by plants of Pteris vittata different in source and
their phytoremediation efficiency[J]. Soils, 2008, 40(3):
474-478 (in Chinese)
FRIFH, AR, PR, . AR A U s e % W S R T )
fE B AB PG S HCR IR T]. 13, 2008, 40(3): 474-478
Pan ZM, Deng TL. A review of researches on Pteris vittata
phytoremediation of arsenic polluted soils[J]. Soils, 2007,
39(3)' 341-346 (in Chinese)

WA, AR K e, s g e R I A R AT

HE, 2007, 39(3): 341-346

SRk £

Xu D. Cadmium-induced gene expression for heavy metal
transport in barley[D]. Thesis of
Northeast Normal University, 2009 (in Chinese)

WZ. WS REE RSN RIAD]. KEF: AR
R L2 AL, 2009

Robert-Seilaniantz A, Grant M, Jones JDG. Hormone crosstalk
than

Changchun: Master’s

in plant disease and defense: more just

jasmonate-salicylate antagonism[J]. Annual Review of
Phytopathology, 2011, 49(1): 317-343

Diao S, Su XH, Ding CJ, et al. Cloning and expression analysis
of PsCCH from Populus simonii under stresses of heavy
metal[J]. Forest Research, 2015, 28(1): 32-36 (in Chinese)

Ak, Ghvese, TER, %&. /Nty CCH SR ok e AL E
SJEME T 1 FRRET]. Mok BHAAFSE, 2015, 28(1): 32-36

Wang HZ, Li J. Effect of cadmium ion and Lead ion induced
stress on anti-oxidative genes expression in perennial ryegrass
cells[J]. Journal of Agro-Environment Science, 2008, 27(6):
2371-2376 (in Chinese)

TR, Y. BEEM . N A4 R BN JLRBT
SRR R IR B FE IR T]. Al SRR 224, 2008, 27(6):
2371-2376

Wang N, Lu XL, Wu MXJ, et al. Progress in microbial
oxidation of As(Ill) and Sb(III)[J]. Microbiology China, 2017,
44(3): 689-700 (in Chinese)

FAE, B/NBE, BRERIRMR, & S AL AsIDAN Sb(IDAY

W [T]. UEW A, 2017, 44(3): 689-700
Inskeep WP, Macur RE, Hamamura N, et al. Detection,

diversity and expression of aerobic bacterial arsenite oxidase
genes[J]. Environmental Microbiology, 2007, 9(4): 934-943
Xiao JF. Study on removal and its mechanism of heavy metals

by Acidithiobacillus ferrooxidans in steel-picking sulfuric acid

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



PN—UFE5: T3 MR DX MA FE P AR A R i S AL DR (aoxBY Y ZFEE S5 1T 2185

pickling waste liquor[D]. Tianjin: Master’s Thesis of Tianjin T GO 0k 2 T 5 UM RE TR [0]. W AR S 2R IR, 2007,
University of Technology, 2014 (in Chinese) 18(12): 2795-2800

M 375 PRRBRIR e 2 TR g R A A S AR AT T X B 4 1Y [41] YangJS, Yang Y, Sun LM, et al. Characterization of soil fungal
FBR B HIHFSE[D]. KHE: KT 22783, 2014 community in response to heavy metal pollution in Lead-Zinc

mining area[J]. Acta Scientiarum Naturalium Universitatis
Pekinensis, 2017, 53(2): 387-396 (in Chinese)
ek, s, IR, . BTEEETIX A T N T R

[39] Chen B. The effects and mechanisms of endophytic bacteria
promoting Zn/Cd phytoextraction by Sedum alfredii[D].
Hangzhou: Doctoral Dissertation of Zhejiang University, 2015

(in Chinese) 15 YRR BRI [T]. AU R ASRFRERR, 2017,
Fis. PAE AR IR UEAS R R Zn/Cd AR BCHON B LML 53(2): 387-396
33[D]. MM WiTT A2 7850, 2015 [42] Xie XH, Fan FX, Yuan XW, et al. Impact on microbial diversity

of heavy metal pollution in soils near Dexing copper mine

[40] Niu HB, Liu WX, Wan FH, et al. Screening, identification, and
tailings[J]. Microbiology China, 2012, 39(5): 624-637 (in

antagonism assessment of dominant bacteria in Ageratina

adenophora Sprengel rhizosphere soil[J]. Chinese Journal of Chinese)

SbRLr B Sl EE SN Af g W AR B YE YUY - 5
Applied Ecology, 2007, 18(12): 2795-2800 (in Chinese) R, JURE, S, 57 AR R TS ey 1
FELRE, KNI, JTO5i, S5, SR AR LR LS TICE SRR ). B EE R, 2012, 39(5): 624-637

HRY R AR Y HRY Y RY AR RY HRY Ry HRY AR Y oY Y HRY Y Y oY) Y HRY Y Y oY) RY HRY Y Y Y RY oY Y AR oY Y oY Y HRY Ky Y oY) Y HRY Y Y oY Y oY Y HRY Ry Y oY Ry RY Y R

IE F& oA

(B ) S hH ERE B A YT s e A E A Y 2E S 0, DA Y 0 FH IR T 5% B B AR B8 5 N
R FEMLGEAEEAARTL, ATV A P, oo oBfl, P EREZCHAT, CSCD Z.O0HT], BIREZRMNFHE R
AR P EBEGE SR T AR AR UE B A E R B B B R RG] N 2012 AEFE A
ATICAE WA REEFI P LR AT B0 5 — R R B S 2R BT, IF AL 300 Fherp EDRG SR
HATP, B rp EDRE SR P TIAR AR8 SC(F5000) 551 H SR IR T

ARFPENAEERE: Tk, . 5. . Rk, &&. BE. K4, 259, EFMUEY MY E A R
. TEEIEFA . TRSAWESUSMN R R R . Pl A B R TR, DU RUE YA BeE R O S . BN
EHA: IRy . TS558, APLR=E . SRAI . TR5%,
2

PR BHE &R T FE T http://journals.im.ac.cn/wswxtben, mifEEBRTEX, H—RKEFIFLEN, HA8H P 2%
5, SRR RIS R, L E TR %
3
3.0 CRESZECSRIC SIS, BdETE, R, FHA%EH,
32 WHEBETESED.: (1) EUERE— AR, DA X045 025 FSCE RAEE Frisg; (2) @i EahiE
A, PiomBEEFAMHE, REAH, XTI, DORREREN; (3) BBUEH R, BSRIERIER, A
TFAEIN; (4) FESCHGEM A5 SCH B — 2, (H] e SRR, 5585 55 Wi SCRT HL& b AR 1 & 5K 37
e ER e AR (5) WS AR SIS, BRIERANEHMN, 1. DNA. ATP &; (6) 7E5 B HOREHE R+ g
FIbREAFS .
3.3 SCEEI. WEARE . BAK, —eE . BETERIRNE, eIt EeRiA %,
3.4 HECGESCETUR )

Foundation items:

*Corresponding author: Tel: 86-; E-mail:
Received: 01-01-20xx; Accepted: 01-03-20xx; Published online: 31-03-20xx

FETH . HEWH (H5)
EIEVEH . Tel: ; E-mail:
W ks HI . 20xx-01-01; 332 H . 20xx-03-01; M4 & HI: 20xx-03-31

(T%% p.2271)

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



