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Identification of As( V )-reducing bacteria from the rhizosphere and tissues of Pferis vittata L.

WANG Jiao, TIAN Hai—xia, HE Wen—xiang”

(College of Resources and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and Agri—environment in Northwest
China, Ministry of Agriculture, Yangling 712100, China)

Abstract: Arsenic—reducing bacteria are the main biological factor affecting arsenic transformation in the natural environment. Investigation
of the diversity and reduction mechanism of arsenic-reducing bacteria will be an important foundation for arsenic pollution remediation. To
obtain aerobic arsenic—reducing bacteria and determine their arsenic—reducing characteristics, four media and two culture methods were em-
ployed. The results showed that 23 arsenic-resistant strains from 2 phyla and 10 genera were screened from the rhizosphere and tissues of
Prerts vittata L. Most of the isolated bacteria were identified as being from the genus Pseudomonas. The 23 isolated bacterial strains exhibit-
ed distinct arsenic resistance and reducing abilities. The As ( 'V ) —resistance concentration ranged from 80 to 300 mmol - L™, and
the As(Ill ) -resistance concentration ranged from 2 to 30 mmol - L. Tn the medium with 1 mmol - L™ of As( V), the 23 isolated bacterial
strains reduced 0%~100% of the arsenate to arsenite and removed 3%~79% of the arsenic from the medium. It was found that among these
23 isolated bacterial strains, four of them, i.e., Pseudomonas sp. S2, Pseudomonas sp. P3, Staphylococcus sp. S14, and Agrobacterium sp. P1,
were able to remove 75%~79% of the arsenic from the culture medium and reduce more than 81% of the arsenate to arsenite. The arsenic—
reducing mechanism of all 23 isolated bacterial strains was detected. The arsC gene, which is well known for its involvement in arsenate re-
duction, was amplified from 21 of the strains, indicating its prevalence in arsenic—reducing bacteria.
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fifi (As) B —F A BE 2R 4 Jm , vl F AR IR AE
FHECN TG SR B AT ) 5% A 28 fidt it Ui
KA e JC LA 32 28 LA MR R [As (V) =
WA As (D IR BAFAAE, AW aE 422 60 ~ 80
fifo HTHE AL, S S B IEhaIE S5
b, I PR AT R B2 2 A S i A 9 o [l g Ah
KA TR I g TR SE TR, A Krumova 55 M 5
AL FE 43 E 27 BRAEIE T 1] (Proteobacteria) 4T
Tt 7, e HL AU AL RN J5LRE 77 5 Chang 557 MRS Y 135
Hhr 4385 H Citrobacter sp. NC—1,24 h N R] 6 [ 40 o Y
As(V) IR R BA H m Bk ny AsCID) , Sy el
TR B 145G T FRAR RS s 1 o H FT 2N il s
JEAILT A PR, AL PR AR B ALY As(V)HEA
U A S TS TR 0 M w5 S5 As CIID) FFHE H
RS, SC B i dE AR o 3 — 2 AR e e R B R
RGBS Y ars B O TR 45, HAKR AL $E 3~5 4 Sk
(arsR,-D,-A,-B, 5-C)", BFFERI], bf 4 ik J5
B AT DA 0 B B A, AR DR W vh b ) R
DRI, B T 3 D B 118 22 1 B A b 3K A 27 A7 B
) R S B T e

XTI AR —FP AR B AR . (HE
DG MR A R SR B Y B v TR P A
KA 3z AL, X G A P A iy R A e AR R P
YERTFSE AL FoI R B . CA DR A e
A S M s B A BB 7 1 [R] B, 38 T DA Ry MR B
AWt . Ghosh S5 AR PR TR 55 e i B 2L 85 5 4
TG A X A A BB AR (18.1~35.3 mg- kg ), IF H MR
WAV A AT FE B N 1.5~3.4 g(dw)]. Yang 25"t
A A S B, FE S A A D B i MR A R ) A )
I 53% , B N T 44%. Han S TEfTA
UM T Z 5, W e %) it ARl W S 43 i 35 0 1 47 %
169% , HAP RGN T 20%~74% . BRIA RN AR
B A 38 v 2 A1 25 R TR R R S B (EE: H RTAR
KM, B e th BT s R 28 T3 A R o

AR SC BRI LA N SRR -3 v A3 B B, LA
ST e S G A A2 I si Xof it a0 JE o A 2 A

ARIATR., I X L e I A R 154 7 AL, i — PR
W ENTAEDTI LB A 3t BR AL 2 A 2 P O EE 2R T,
5 g L P R E - S B AR SRS AR

1 MEETE

1.1 ik #F et

W e FEAR R 38R 17 191 e A 1) L DX A Al
R IX (29°387 55" N, 111°01 46" E) , H fp g i &%
HERUR AR AFE S A% 4R 7 B JORG B 2 A4 1+ 18
Jei s T 5 BOR B AR 2R B - A M AR B SR A
FIp B A e B R IR wh v B R A I RE
T2 4 e fa 2 ok s s . B R
Fi4ET 4 COKFE AT
1.2 FEHEMNIEENEE
1.2.1 U ER g i i

AGIEVE FH 4 FPEE 238, 23901 7 20 mmol - L i
TR AN B 7 35 9 55 (BCM R YCM) 5 & B 5 0 5
(TYEG #1 BPM) , HLAR B 43 DL 3 1, MR A 55y AR i fi
B A0 R AR 3 g REIRE S, B8 AR ¥ T A
G5, 75% G AL B, - FF AR JTBTHEZE 5 mm
B, AR A RS JE, B4 SN 30 mL () 4 B R
s

i e AR P - e BT A I B, BR 3 g B AR BN A
30 mL A 4RI R 5L . PR TR B R BN T B AP G 55 7
o HEMBRL CBRAERY MRS IR EE
mL RS B, IR IBOAS [R) 9 B B 119 100 WL 3% BRI
AT MR A o YR s ERIR &1 30 €150
remin” FYRGHESE 12 h, BUEE i 3 mL PR 5 45 AR [A]
(TG R 5 7R 2 v A 3R G A TR A . i R
ISR PRI TR V% | PG B2 AAH R A 15 7R 3004 T Ik
RN 5 F% , POEUY BT 75 DR AE 2% 30% H il i 3 77
Jerb B T80 CUKAE £
1.2.2 PUAPEE 19 16S rRNA %52

FIFH LB (Luria—Bertani ) i 14 15 35 5% (177 15 b
HEATIHALRE SR, 10 000 r-min™ T 5.0 10 min J5 AR &
Mo R A AN R 3 PR AL ) & (Omega , 92 1)) 45 B4

R HBRMENEFERR

Table 1 The component of four mediums used in the isolation experiment

PR

gy

BCM % 5 g, (NH.),S0. 2 g, K;HPO. 5 g, 4E4E 2 10 mL, fit JC% 1 mL, Na,HAsO. - 12H,0 8.04 g, 7K 1 L

YCM  [EFERY 1 g, NH.Cl 1 g,MgS0. 0.2 g, K;HPO, 0.5 g, KH,PO, 0.5 g, ZE4 % 10 mL, 35 ICZE 1 mL,Na,HAsO,- 12H,0 8.04 ¢, 7K 1 L
TYEG  JREEANRS o, BERR 2.5 ¢, D-H%HE | ¢, K.HPO, 3 g, Na;HAsO, - 12H,0 8.04 ¢, 7K 1 L

BPM  NERIRIK 5 g, A 10 g,NaCl 5 g, Na,HAsO, - 12H,0 8.04 g, 7K 1 L
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P & DNA J5 , PCR 9734 {% (Eppendorf, 72 [ ) 4 3% ¢
K 16S tRNA ¥4 . it 51492 27F (5" ~AGAGTT-
GATCCTGGCTCAG-3" ) il 1492R (5’ - TACGGT-
TACCTTTTACGACTT-3") ,KJ5 1 X TAE-1% B B
W GE JE L UK 43 5 PCR™ 9 o B¢ IR ) £ (Omega,
FE) B PCR W )5 , ¥ H ML R v B I B R A
w) (Jb 5T, d ) #E4T DNA W%, F) ] NCBI f#4 BlastN
TR AT A HE T, B e S5 0
1.3 fEE W REEEELEE
1.3.1 FiihEAg As( V)5 As(ID) Hitk:

AR 0 2R FH e R AR A B2 (Minimum inhibi-
tory concentration, f&] FX MIC ) > R AIE B B (A i T 1
FLRT LR R LB W AR 3G 95 X R A7 R R 2R A 7
TG4k AR SO mL Y LB IR 7236, As(V)
A1 As CIM ) /) % £ 43 51 2 0~500 mmol - L' 5 0~50
mmol - L™ B X B0 A KB B 100 wL 32 A FiR &
s FR 3R F 150 remin™ 30 CEF T 5537 48 h, Fl]
FH 8 40 43 5% 56 BE 31 (HACH DR2800, 2 [# ) Il 7 e
ODewoo
1.3.2 il LA (arsB , arsC) %8 5E

FORAF TR R LB R A 85 57 206 A 35 7% 2 0 4K
Wi, BSOS AR . FH A0 A 3k PR 4300 £ (Omega,
FEDREILDNA, R AR 2 R 5191 B i H A
Bro BHPE PCR =9 R F I MG 65 (Omega, £ [5)
I, 4% 5 R AL B8 Sl Je RS w) (et , D) i
17 DNA Il 7, F] I NCBI 9 BlastN F2£ /¥ ¥E 17 ¢ 41 b
X o
1.4 MIREER RRENE

HF PRI DR VR P T LB WA S 7R BTG AL 1 5% = X
BOW S, BU100 wL T3 1 mmol - L7 As( V)Y LB
R 150 remin .30 C R 53824 h 5, U1 mLiR
A B FEMWT 5000 remin B0 5 min, I FIEWR . [H
T35 " TR AR 3 R X B R i RIOROR 8 - S 28
S AL (HPLC-AFS) (75 K, i [#) & _F 3 i
As( V)5 AsCI) By A BE T3 B AR IR A 5 R 5 2

e
2 arsBCEIHFFH"
Table 2 The primer sequences used in the detection

of arsBC genes

514 A5 %3") T,/°C
arsC { TCGCGTAATACGCTGGAGAT 53
arsC r ACTTTCTCGCCGTCTTCCTT

arsBf  GTGGAATATCGTCTGGAATGCGAC 55
arsB r GGTAATTTTCGGCCCCAAATCG

IR =(Crun /Cror.) X100%

EFHE=(C~Cr1/Cy)X100%
K Co WA BE 5 Cocony A B KR I I 24 h 5
() AsCID ) W& B 5 Coon WA B RE SV 24 h 5 19 BB v
B
1.5 REXERHE

ot NCBI & RIS Mk B W TG 1 =%
4. B i 458 i Clustal X2 72 7% 4 48 8 AH 7]
A B JE G, FI A MEGA6.0 54+ ) Neighbor_Joining
TIEMEERGE LB, A ITS DNA P4 4
2& & GenBank £ 15, J¥ 515 43 5l MG759526~
MG759548(16S rRNA) ; MG765306~MG765326 (arsC)
J MG765327~MG765328 (arsB) .

2 HBRESM
2.1 MImEESEMEE

NG % B AR A R AR B 9 0 8 73 8 3] 23 ki
PUER SR WA 3 k4, SRR SRR E B SR ko

3 VBHIAMBANS BEFERIEFRAE
Table 3 The culture media and methods used for 23

arsenic—resistant strains

FF 5 Bk PR Higrdk Wik
1 Pseudomonas sp. S1 BCM LI RIA7S
2 Cedecea sp. S6
3 Staphylococcus sp. S14 BAERRRL
4 Pseudomonas sp. S11
5 Pseudomonas sp. S12 YCM
6 Stenotrophomonas sp. S16 LI RIA7S
7 Pseudomonas sp. S2
8 Pseudomonas sp. S4
9 Exiguobacterium sp. S17
10 Agrobacterium sp. P1
11 Pseudomonas sp. S8 TYEG R
12 Pseudomonas sp. S9
13 Exiguobacterium sp. S13
14 Bacillus sp. S15
15 Pseudomonas sp. P4
16 Pseudomonas sp. P5 BPM
17 Pseudomonas sp. S10
18 Pseudomonas sp. S5 LlE 7S
19 Acinetobacter sp. ST
20 Lysinibacillus sp. S18
21 Pseudochrobactrum sp. S3
22 Pseudomonas sp. P2

23 Pseudomonas sp. P3
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O3 BARAT 10 13 BR A 5 DAL 1E FR 0F B R Bk & 43
13 10 BRBTME T 5 T HL 18 BR AN 5 R4 51 A 2 A AR
P - SRR A B N . 23 BRI JE FIANTT AR TE
& '] (Proteobacteria, H: H1 y—Proteobacteria, 16 £ ; a—
Proteobacteria, 2 £ ) \ JEBE B ] (Firmicutes, 5 #£ ) , ¥
K104 & o Horp 13 Bk R A IR &8 (Pseudomo-
nas) o

S 2 BT A R 1) 43 2 2 L, IS I 16S rRNA
JFA , 45 NCBLEE 22 Lot & 3R A i i 5 2 4
TE S TR Y R UE M 5 3k 99% . FF X 23 BRPUAH I Y
16S rRNA M T RGE L T (1), R T A IR 5 i
A J& (Pseudomonas sp.) B T Kk [A] IR M &5, B4 L &R
U, HAEAERNE) 22 5 5 ok A U &8 (Exiguobacteri-
um sp.) I PAAR TR S13 I S17 WAEAESRPIKE R . fRbE
B & [ (Pseudochrobactrum sp.) Fl £ O
(Agrobacterium sp.) A~ [F] J& 57 51 Z A1 L s 1 85 v 1Y
—EhE, iL_fﬁ'é%l79”!511‘]5@??*9&@?525&8"]%%@o

ANTA], H e B2 T 43 53 2 80~150 mmol + L7 5 5~30
mmol - L' (K 5) o FLEA TR R A [F 0 2580 A9 BTk
ATRLURBL, BT As(V) 5 As(ID) P bk R 1 IF AR &
PR — k. B R S4 F1PLXT As(V) A As (D $it
P = , 10 S16 AR AT 52 30 mmol - L7 i As (1), H
HAT AsCV ) BE T AHXT /N, i} 52 6 A 80 mmol -
L7

25 AR AR A S5 R SARRVRRE 22 S 50K, Bt Ji o
LA 0%~100% , il RAH Ny 39%0~79% . HHh 19 Bk
PURH TR () B St 2 IR T 20% , il RARZAL T 50%
A 4 ¥ (Pseudomonas sp. S2, Pseudomonas sp. P3
Staphylococcus sp. S14 5 Agrobacterium sp. PI)I:]EH‘%%
B A5 v 1 B 3A SR (81%~100% ) 5 R AR (75%~
79%) , R JURR I TEAP S g e ny AR e 5 b /L
ABRBINANE T o
2.3 MIERE R arsBC

X 23 BRI 1 arsBC 3 TP 4, 45520,

2.2 FHTMHERERIUE Lﬁ%*ﬂ?z% 21 BRTAE A] P73 H arsC%IﬁﬁfREﬂﬂililqj?Tiﬁtﬂ
23 MRBTHE B XF As( V) (AsCID) P TR 32 W BEARSR arsBIEMR . 2R HUAER 23 BRI MBI BTMERRIE & B, arsC
R4 23HRIME 165 RNAWETELER
Table 4 16S rRNA identification of 23 arsenic-resistant bacteria
FF5 [ Blast Lo X DEFC 11 [ 95 B vk 1/ HAELA /% e
1 Pseudomonas sp. S1 Pseudomonas chlororaphis subsp. aureofaciens ATCC 13985  y—Proteobacteria 99 PR
2 Pseudomonas sp. S2 Pseudomonas monteilii CIP 104883 99
3 Pseudomonas sp. S4 Pseudomonas mosselii CFML 90-83 99
4 Pseudomonas sp. S5 Pseudomonas alkylphenolica K128 99
5 Pseudomonas sp. S8 Pseudomonas marginalis ICMP 3553 99
6 Pseudomonas sp. S9 Pseudomonas vancouverensis DhA-51 99
7 Pseudomonas sp. S10 Pseudomonas weihenstephanensis DSM 29166 99
8 Pseudomonas sp. S11 Pseudomonas baetica a390 99
9 Pseudomonas sp. S12 Pseudomonas umsongensis Ps 3—10 99
10 Cedecea sp. S6 Cedecea lapagei DSM 4587 99
11 Acinetobacter sp. ST Acinetobacter dispersus ANC 4105 99
12 Exiguobacterium sp. S13 Exiguobacterium sibiricum 255-15 Firmicutes 99
13 Staphylococcus sp. S14 Staphylococcus epidermidis Fussel 99
14 Bacillus sp. S15 Bacillus cereus ATCC 14579 99
15 Stenotrophomonas sp. S16 Stenotrophomonas maltophilia ATCC 13637 99
16 Exiguobacterium sp. S17 Exiguobacterium acetylicum DSM 20416 99
17 Lysinibacillus sp. S18 Lysinibacillus fusiformis NBRC15717 99
18 Pseudochrobactrum sp. S3 Pseudochrobactrum asaccharolyticum CCUG 46016 a—Proteobacteria 99
19 Agrobacterium sp. P1 Agrobacterium tumefaciens IAM 12048 99 PR WA FE
20 Pseudomonas sp. P2 Pseudomonas putida NBRC 14164 y—Proteobacteria 99
21 Pseudomonas sp. P3 Pseudomonas koreensis Ps 914 99
22 Pseudomonas sp. P4 Pseudomonas lurida P513/18 99
23 Pseudomonas sp. P5 Pseudomonas lundensis ATCC 49968 99
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100

100 b8

94 | Pseudomonas sp. S1(MG759526)
Pseudomonas chlororaphis subsp. aureofaciens DSM 6698 (NR 119340)
Pseudomonas sp. P5(MG759537)
100" Pseudomonas sp. S10(MG759544)
Pseudomonas sp. S8(MG759541)

09| | Pseudomonas sp. P4(MG759533)

73_ 94 Pseudomonaspoae P527(NR 028986)
Pseudomonas sp. P3(MG759547)
Pseudomonas moraviensis 1B4(NR 043314)

Pseudomonas baetica a390(NR 116899)
Pseudomonas sp. S9(MG759528)

59

92

Pseudomonas sp. S12(MG759536)

59 Pseudomonas sp. S11(MG759543)

54% Pseudomonas umsongensis Ps 3-10(NR 025227)
Pseudomonas sp. S5(MG759535)
Pseudomonas sp. S4(MG759548)

99 |- Pseudomonas sp. P2(MG759534)

Pseudomonas sp. S2(MG759529)

67 Pseudomonas monteilii NBRC 103158(NR 114224)
100 [ Cedecea sp. S6(MG759531)

L Cedecea lapagei DSM 4587(NR 126317)
r Acinetobacter sp. S7(MG759538)

1005 Acinetobacter tjernbergiae DSM 14971 (NR 117193)
[ Stenotrophomonas sp. S1 6(MG759542)

100

100 Stenotrophomonas maltophilia NBRC(NR 113648)

100 | Agrobacterium sp. P1(MG759532)

Agrobacterium tumefaciens NCPPB 2437(NR 115516)

[ Pseudochrobactrum sp. S3(MG759545)

100 " Pseudochrobactrum saccharolyticum CCUG(NR 042473)

100 Exiguobacterium sp. S13(MG759539)
|_[ Exiguobacterium undae DSM 14481(NR 043477)

Exiguobacterium sp. S17(MG759546)
100 Exiguobacterium indicum HHS 31(NR 042347)

0.02

ML A 280 TS5 . SR Neighbor—Joining (NJ) 77 B A . BEALEE 882K JH] Poisson Jr ik 8. LR 0.02

100 100 r Lysinibacillus sp. S18(MG759540)

Lysinibacillus fusiformis NBRC 15717(NR 112628)

7 100 | Staphylococcus sp. S14(MG759527)

Staphylococcus epidermidis NBRC 100911(NR 113957)

89 Bacillus sp. S15(MG759530)

100" Bacillus cereus JCM 2152(NR 113266)

BLI9OR0]0I[—A

BLIIOBY 09101 -0

SOINOTULIL

Sequences from this study are in bold type. The tree is constructed using the Neighbor—Joining method. The evolutionary distances are computed using the

Poisson method. The scale bar represents 0.02 substitutions per site

1 23BkFTATE Y 16S rRNA I Rk & B it

Figure 1 Phylogenetic tree based on 16S rRNA sequences of 23 As(V)-resistant bacteria

BEDR SRR TR vl A7 TR AR L TR (B R A A 5t
REPUER P ENE R o 750K 21 4> arsC A2 A
arsB J7 4155 GenBank H1 2 LU F 41 HUXT, #4 AR I 24
MR ARG K TR (EI2HFE3), 45 RK, 21 PRI
B arsC J3 315 CL 56 UE A S5 arsC SR 208 R
PR R S1.S15 F1 S6 72 16S rRNA 45 v i /i Sl A [) Jg
(B 1) ABFE arsC FE PR A9 AR AL BE 55 35 99% , Ui B arsC
FEDRTE R AL 3 R v ] BE DR 11 55 v B A AH DG Y UK

FERS . T arsB B ARG K BREEF LI, kK ST Al
S14 11 arsBAFAET AN 4332, 24 R R

3 iTtig

3.1 JUEER SRS
AWFFEILHLERATA A 104N 19 23 BRITHH A,

Hrp 54N J& (Pseudomonas \Acinetobacter . Exiguobacteri-

um \ Bacillus 5 Lysinibacillus ) 7£ FHAth Ak 22 SCHk o 8 42
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Table 5 Arsenic resistance, ars genes,reduction and accumulation rate of resistant strains
o — e K A2 4% 4 /mmol - L PR % B/
As(V) As(1I) arsC arsB
1 Pseudomonas sp. S11 80 10 + - 4 29
2 Stenotrophomonas sp. S16 80 30 + - 5 17
3 Pseudomonas sp. S5 80 10 + - 4 35
4 Exiguobacterium sp. S17 100 5 + - 9 34
5 Lysinibacillus sp. S18 100 5 + - 5 41
6 Pseudomonas sp. S10 100 10 - - 3 20
7 Pseudomonas sp. S9 100 10 + - 0 5
8 Pseudomonas sp. S1 100 10 + - 5 36
9 Pseudomonas sp. S12 100 10 + - 5 31
10 Pseudomonas sp. S8 100 10 + - 4 23
11 Pseudomonas sp. P5 100 10 + - 5 38
12 Pseudomonas sp. P4 100 10 + - 8 31
13 Cedecea sp. S6 100 10 + - 20 49
14 Acinetobacter sp. S7 100 10 - + 3 18
15 Exiguobacterium sp. S13 100 10 + - 19 49
16 Bacillus sp. S15 100 10 + - 4 5
17 Pseudomonas sp. S2 100 10 + - 100 79
18 Pseudomonas sp. P3 100 10 + - 81 78
19 Staphylococcus sp. S14 100 10 + + 100 76
20 Pseudomonas sp. P2 100 30 + - 11 24
21 Pseudochrobactrum sp. S3 150 10 + - 3 21
22 Pseudomonas sp. S4 150 30 + - 6 3
23 Agrobacterium sp. P1 150 30 + - 91 75

TE PR AN T AR A A ST A T B —
B 5 3 Je B R 7R AR T RIS SR T 4 Fh s 57 5k
L 2 b 37 05 15 0 e A i B A N S AR B L BT R
AT MERT T B 5 AR BT, & H IR R R
H(TYEG 5 BPM) 5 YAk 5 7% 2 A i 8 BT f 181 J7 180
S AL H (3 3) , 12 R ok BFL IR 23 85 b ml I e Rk
o RIS FRATT & IR S B & (Pseudomonas ) J&Hifif
PR EORUR, X S T AR ZE AT . 4 Krumova
SECTERIT ST 238 27 BRPURH T , Horh 20 BRERR B IR
FAHL TR 5 Ghosh S DG W B AR B 3 v 73 B 51 7
PR, Hoh 5ok ARG . iz g | i e
SERNZ S A B B Jm AT b, R B Ak
FUPRIE R I AR s A3 T, DR T iz AT LA RE
A RE X SE R Wl G A IR R R I 2 — . T
Xt HiAth 54~ J& (Cedecea . Pseudochrobactrum | Staphylo-
coccus | Stenotrophomonas 5 Agrobacterium ) , W 5 47 $i%
EH R

AN TR) 7 B R WK, A 5T 18 Bk 20 2

HRBR A 458, A 5 R R Ry R WA B A AE T T Han 252G
W e vp g3 B Y AR B B AN A A R G IR B 17120,
P 22 St AT RESR AT 07 0B 5 S i v A o 3 ok
AN—, Han SEI7E 5 B HUAN TR 1 355 352 3L FR A i i
WREAL A 75 mg- L7, A SCHh 2y 1 W5 s e M A0
i JEU , BT I B 2 5 20 mmol - Lo B4, 738
SRR 67% BN PR R IR T2 T2 @ 17] (Proteo-
bacteria) , H: /1 61% J& T y—"2JE I# 49 (y—Proteobacte-
ria) , Fo 4% 33% K P T JEBE T ] (Firmicutes) , X 5
Huang S RFFE 45 - — 20, AT RIAE & 30 y—"2 8 1R
AP B  EERUR (84% ) o {H Han S5 BFGEH)
K a—"2 I 7 24 (a—Proteobacteria) Fll B —7% ¥ 745 24
(B—Proteobacteria) (5 JIr 73 & LA B 1) 80% , H H A4
WRE Ve 45 K 20 1l 32 S T A BILJ S i TR A
Frit o DA, nl LAHERT GO T 2Ok IR Y 22 5 T RE h
S IR 22 o R o Dy — Jr T R B 5 BR IR
AR N A R A EROR AT TR ], X SR A DSR4 SR
FEAE— 8 22 5Pk, 10 Zhu 5529 PUBR WA B vh 43 B Y N A=
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Pseudomonas sp. P2(MG765319)
Lysinibacillus sp. S18(MG765323)
Pseudomonas sp. P3(MG765310)
—— Agrobacterium sp. P1(MG765314)
— Pseudomonas sp. S3 (MG765316)
Pseudomonas sp. S2(MG765308)
I~ Pseudomonas sp. S5(MG765325)
Staphylococcus sp. S14(MG765309)
Exiguobacterium sp. S 17(MG765317)
Pseudomonas sp. S12(MG765322)
— Citrobacter freundii(WP 057102339)
Pseudomonas sp. S8 (MG765312)
L— Enterobacteriaceae( WP 058800878 )
“— Enterobacteriaceae(WP 011117598)
Exiguobacterium sp. S13(MG765313)
Citrobacter sp. AATXR(WP 061549667 )
Escherichia colil WP 019843128)
Klebsiella michiganensis(WP 065366235)
—— Pseudomonas sp. P4(MG765326)
Pseudomonas sp. S9 (MG765306)
Escherichia colilt WP 047666270)
Pseudomonas sp. PS(MG765315)
Escherichia coli( WP 000065804 )
Proteobacteria( WP 000065769)
—— Pseudomonas sp. S4(MG765324)
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Sequences from this study are in bold type. The tree is constructed using the Neighbor—Joining method. The evolutionary distances are computed using the

Poisson method. The scale bar represents 0.02 substitutions per site

B2 asCREBRFIIHNRGREH

Figure 2 Phylogenetic tree constructed from arsC amino acid sequences of 21 As( 'V )-resistant bacteria
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Sequences from this study are in bold type. The tree is constructed using the Neighbor—Joining method. The evolutionary distances are computed using the

Poisson method. The scale bar represents 0.005 substitutions per site
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Figure 3 Phylogenetic tree constructed from arsB amino acid sequences of 2 As( 'V )-resistant bacteria
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