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H AT B e SRR 2RI 2, Tz 0
MFAFALE, Xy, L8, WY . R
PET UK . R K DL R IIR S s SR R SR
BT T a-. B- y-BIE RN . 5 BRI
TLA B JEERER 11, B A A 2 SR
LI 209045 OB AL - SR WX A R R 1Y)
PR 2 B 3 40 M % H e 1 B T GIpF,
A AR A A BRZE D A L P, A v AR
1 GIpF ([AJEEE 1 FpsIP L& AL S BED,
20— 4 A Bl A AR A As(TID)3E i i ArsB B A%
(9 ATP I3 0 A R b 552 (/M 1), sl ik
T3 — PO R ER e is K ACR3 AN HE R
SN Bl et IV e 7 s ) A el A o i 4
AN T aio BRI\ TP IZ IR T AUHE 1y Bt
KA. WAhEREE A B aioBA . ¢ BUZHIRAER
(eytC) . FHEE G I (chIE)™ | RN i
K aioS FI0i S 3L R aioR . 155 A WA R R A9 1%
BUT, aio FRGAT 185 A B PR S [a) 428 ) i A= 4 ox
As(IID AL DI RE RN 32 DIBE . T3 4b, 4 TE g g fif
PUVE (ars) BT HBR T RH arsC b, B
arsH™' | B AR JEEE FIER arsTXU L K 2L
HERMGIE arsN'IAE, SXCSEE P IE R4 A T T
PERGE, T B Py A0 T 52 P45 v s v T

N HAT R IEC e W B AL R A 70 £
PR, BB TR TR . B
T S HEE KL R BT B, X s A LT
WRFEESALE o, B y-BTEAT RN R FT R
T3k 26 2 el i B Ak AR A PR B B s
AW SRR Stibiobacter senarmontiit*® Fl
IDSBO-4!"REME 7 FH F5 4641 F A Ak, HoAh B bk
MPRTE SRR A0 T AT B A . TERIBATP Y
WF5E & PR W%t Sh(IID) AR A AT LU 1 H i i

B GIpF #EA71. BRI Y Sb(II)
AIFMEN] 32 2 @it AhHEER E ArsB Hl Acr3 fE
M 2015 4ELEHRE Agrobacterium tumefaciens
SA FRIIFE LI, BEILEE AioAB AT LA
A, ¥R AT LIAEAR ST SO AL FERY; Heah,
Li SF7ERR GW4 FP%ERE 5 —Fh Sb(ID A AL
AnoAPY, It HAE R LRI IFSE th R BUAEIZ R R
AR B 77 AR Y Ho O, AT RAAE SRy A A= 4 TR 44
FEMN SbAIDE] Sb(V) A AR, 53 SMEXS T bk
Agrobacterium tumefaciens GW4 [T KB, FE
Kl phoB2 %} Sb(II)M AL AT IE A 1EH, H
PEIEH ST SO AP A X2,

= R A BT LA TR R R BT, B
B R o TR AR B AT R AR BT
B FEOZ M X A R T K R | B Y Y
PR, 32 DO BIFFE A P A L B A B
DL Al . SR A s R AL T BRAR I I
TEARMTEH, AT 1L R AT B ali i 41
TRTERE, DL T iz X S AL TE O RETE L 5
XA ) — PR RE A8 e AR A RIS Y TR PR AS-1
PEAT T ARSI Py, i A o3 B2 R R Y PR 2
NG A, SR DR Y )2 1 P AR 2 T R RE
B AT DX Y BB i R

LR %
1.1 #E

111 SEERl: AW T TR RS TR
BTG B X, FERARIE FEh 8
. B FBETBKE 10 MEMA . KR E
8 R it 2B 7R TG T ) SR A A% b O B TR DR R
e s, VR E SR . R Ak
TETE R
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1.1.2 3EgREE. LI AT ARG SR N B RS Y
CDM #5773 MSM 157732, CDM K5 ## :fi
J7M: 0.975 g/L MgSO,, 1.00 g/L NH,CI, 0.014 g/L
K,HPO,, 0.994 g/L Na,SO,, 0.051 g/L CaCl,, 0.1%
(WIV) yeast extract, pH 7.2, MSM B5 LR /N -
7.9 ¢/L Na,HPO,, 1.5 g/L KH,PO,, 0.3 g/L NH,CI,
0.1 g/L MgS047H,0, 5 mL/L fff&ICX, 10 mL/L
YA KVEW, 10 mmol/L ) HCO; (NaHCOs), pH
72, fEICEE . 50 g/L EDTA, 22 g/L
ZnS0,-7H,0, 5.54 g/L CaCl,, 5.06 g/L MnCl,-4H,0,
4.99 g/L FeSO,7H,0, 1.1 g/L (NH4)¢Mo0,0,44H,0,
1.57 g/L CuSO47H,0, 1.61 g/L CoCly. 4EE KA
it /7. 0.002 g/L 4= ¥ & (Biotin), 0.002 g/L Mz,
0.01 g/L EHFRMLIEEE, 0.005 g/L MR, 0.005 g/L
122, 0.0001 g/L 4k B12, 0.005 g/L X & FEFE
R, 0.005 g/L A2
1.2 MEAERNEES B

1] 100 mL 5 As(III) (¥ 1 mmol/L)I
CDM 53 5EMA 1 g OKFE R 1 mL)RAEMIFES,
B H B FEERGREKRGT °C, 150 r/min)H 55
72-84 h, SRJGHL 200 uL 3P4, RIS R4
Bi3% 48 hJa, PRI [R5 9 B ik ) P A ol 2
B T — Ay | alifk,
1.3 HHRNEESRERLEN

W 52 % 4l Ak 45 B A BT R R B A
2 mmol/L As(II)[) CDM & {4 5% 35 5t 15 3%
72-96 h, WA, BOHBCEE, ARE T ERRRA
X B AR B AL BE D A RGN BT s HLA
SAALRE T BRI XA 16S rRNA BRI AT
PCR #3#%, PCR ¥ 3l BT M 514 27F
(5-AGAGTTTGATCCPTGGCTCAG-3") #il 1492R

actamicro@im.ac.cn

(5'-GGTTACCTTGTTACGACTT-3"), PCR ¥/}
K& H: Ex Tag (12.5 pL). 27F (1 pL). 1492R
(1 uL), DNA (2 pL). ddH,O (8.5 puL); Ay
J¥A 94 °C 5 min, 30 MEFR(94 °C 30 s, 55 °C
30s, 72°C 1 min), 72 °C 10 min. B 14w 3h i
PCR Wk 24wl , A NCBI X 1
DI P 5054 T BLAST HoXF, R4 TR ik R 1)
AR AL AR AY 16S rRNA 41 i MEGA7.0 34471
PR i b R B .
1.4 BEkR AS-1 Z[H4 DNA WS & FH
WP

B lAL S BRI RR AS-1 #%F0 %] CDM WA RE 77
H1 T30 °C. 150 t/min & TR RREM, FH
TR EE A 41 DNA SR S PR AS-1
[KIZH DNA, X3 FifESET5 4= Wy = 25 RH A BRA H
PEA T LI I Y
1.5 Rtk AS-1 WeREEAN T S5EE T B

PR AS-1 4 JE R4 3 5 25 DR 3 Al e
o (1) FEFEAM T F25 sy, —a A
M CovarsM22 {{##FE K 4] DNA R BrfbAbBE,
SRIGH /N B PE SCEFHXT F Bedi 4T Tlumina
Hiseq M7 55 —353 K G-tubes Jy o 2L R 240
DNA Lb B A - B Fr B i it 7 326 42 I P AR B
B, SRJE X EE  Bedk A T AR DN Y O R
T B A o (2) X T A N SR A T A
PR B 85 U1 . (3) A SOAPdenovo
(v2.04) 015 41 %% Tlumina I /5454 , ) blasR He
XF Pacbio AN P EHE , HR A X625 5 XT B3 -)
PR R AT IE S 25 SRJFFET PacBio KIE SR
(R SRR e B, I HGAP 25 3 T 4l
PP A TA R, A PFER R 0 GAP 2k ]
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HFH o (4) FIFH Glimmer 3.02 3K/ HEF T #k AS-1
AL R 7 . F Barmao7.0 il tRNA-SE v1.3.1 #k
A TR0 3 R 2 H ) rRNA T GRNA ;1L NR %
JF . GOC ¥/ . CO H¥i/ . KEGG ¥ %5
X BRIRE AS-1 3 R 21 v iy B R 04 F0ml A i e
1.6 GenBank B35

Wk AS-1 1Y)77 41 £ 425 GenBank, %
S5 CP022372,
1.7 BEHE AS-1 i B FRAERK K HXT ShAIDHE AL

KE LIS B AS-1 P TR IR ZEFN 2K CDM 15
FHP T 35°C, 150 r/min $R P HEFEE ODgoo HZY
0.8, FRZIESIE MSM 1535 SLARFRK 1% (WIV),
B VT T Y O 8 S0 (3000 r/min
5min), 3+ b, SR FHJCEA I AR BRER K PR A B R
UUVE, H4 3 %, LABRZEH A CDM R 7R 5L L
gy BT A R AS-1 BB IR R R 5
1 mmol/L Sb(IIN)Y MSM A& 3E 353 T 35 °C .
150 r/min fERIRZ R SR . B0 12 h B 1 AR
LIy HEIETEHINE ODeoo 18, 45 FTHURE b 1E
FFE5.00(12000 r/min, 3 min), B EISERAE, RREC
PGS 2 5 R R 80RHE 3 L (LC-20AT, H A5
HAH, HA)SEFHIEEE(SA-10, JbatE
RALERA PR A, w16 A 5 A i AN R 25
Sb HUE

2 HRFitib

2.1 TEERIVEEE Rk

S LAy E 17 MOR TR AR AL R AR . T8
TR AR HEDHEIX 17 ARATAR Y 16S tRNA JF 511
18 tRE KR AAILH AT 16S tRNA 74114
HERGHALFERE 1), RIADGE #1535

17 MRAEMR EL M RR T T AR EE
(Achromobacter) . KA TH & (Agrobacterium) . H [X
FF 18 J& (Shinella) . S\ TR J& (Ensifer) . ZF i &
(Bacillus) . 13 74 [K J& (Bosea) . & H. il H &
(Pseudomonas) . 4 A1 & (Ochrobactrum) Fl JEEBE
BRI o K ST g rp A o AR A R AR B AT
S5ERMEER—, Yamamura 57E 2014 5]
ELRGE iR AL AR 16S rRNA LR M E i1k
REWIERZI, #EACHE R M RTE o- . B-.
yAETE RN . JEEER RS H R TR T B AR
AT BRI PR Y 73 28R Yamamura 55 (1A
FAERA G o
22 G ISR EMERNRER

Ay E R A A R AR TR T PR R A R
PUFJLANE (K 1) : Bosea J& T2 5405 T Fk XMNO6
AS-1 F1 XS20Y1l ; Ochrobacterum J& {i &
XTO6A08 ; Shinella J& 1 & XWTS06 #i
XSWE030701; Agrobacterium J&1d & XWTS03;
Rhizobium J&AL T FAR XM20Y0701 , XM20Y02 #il
XTO03A04; Ensifer J&f 7 XRGMO02; Bacillus J&
f17%5 A01.9; Pseudomonas J&fL7 XSWR0312;
Achromobacter J& 1,75 B FE XS08A06 . XSWR0309
B01.10 }2 XMOY04. Bosea J&HI 3 tkE#kH AS-1
f) 16S rRNA K:[H 5 XMNO6 7EJELIE RS |8
VT, T ELIX 3 BREERERD 16S rRNA BEH 5438 H &
il 7K A B A AR B SR B AL R AR Bosea sp.
L7506/ 16S rRNA FE K (AR f 5 o 85 )
AL M XWTS06 J& T Shinella J& , A
A3 BT BT (%) RE A5 I A2 1R vk A ) e S A TR
¥k Shinella sp. EIKU6 H{LL, 5345 B bk
Shinella sp. EIKU6 AMUREMEFEA [ (5 T2 4514
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100

95 XMN06
53[1AS-1
100[L-Bosea sp. L7506 (EF637044.1)

XS20Y11
Bosea sp. WAO (DQ986321.1)
100 79'—XT06A08
Ochrobactrum tritici SCII 24 (AM114402.1)
100 Shinella sp. strain EIKU6 (MH231522.1)

XSWRO030701

100 Agrobacterium sp. GW4 (EF550174.1)
XWTS03
Arsenite-oxidizing bacterium BEN-5 (AY027505.1)

Rhizobium sp. NT-26 (AF159453.1)

59|73 Arsenite-oxidizing bacterium SDB 1 (FJ774943.2)
XRGMO02

Ensifer sp. M14 (QINR01000044.1)
87— Arsenite-oxidizing bacterium NT-2 (AY027501.1)

100y Bacillus sp. TE-7 (JX292026.1)
100 Bacillus sp. SeaH-As22w (FJ607342.1)

Bacillus safensis strain MS11 (JF836885.1)
XSWRO0312

0.020

61
61 100|_|— Pseudomonas stutzeri TS44 (EU073110.1)
Pseudomonas arsenicoxydans (FN645213.1)
XS08A06
1
00 JQ,_XSWROSO9
100[ L-B01.10
25| — Achromobacter sp. KAa3-5 (JX173986.2)
49 Achromobacter sp. SY8 (EU073119.1)
63 Achromobacter xylosoxidans strain TSL-66 (EF446893.1)
75
Flavihumibacter stibioxidans strain YS-17 (NR 152673.1)

1. EF 16S rRNA 1 NJ SZMZ M mE Sy LSBT XWELENARZ L FHELH

Figure 1.

The phylogenetic tree based on the 16S rRNA gene of arsenate-oxidizing bacteria at Xikuangshan

mining area of Hunan province via N-J method with bootstrap values of 1000 resampling. The numbers at each
node that indicate the percentage of bootstrap supporting. The numbers in the brackets followed each bacterial

name are 16S rRNA sequence accession numbers in NCBI.

PEATEAEAL, TEATER . B B B ES RN
HA—E iR XRGMO2 &8 T Ensifer J& ,
AL A 53 25 H i Sangdong B IX
R LA Bk SDBI1 iy, SDBI1 BE AT LATE
SIS T ERCEAR R, SURTLATE A R 4508 T Xt
AT RALC Y HE Agrobacterium & RN A B )
AR XWTS03 ALY TR S 0 1 T Ll v 4 1
T H T K TUAR Y 1) i 6 | AL TR Agrobacterium
tumefaciens GW4, W5XL5RELEHE K GW4 BEn]
DU AR ST U BEDY . XM20Y 04 [RlJ&
B #k Achromobacter sp. SY8 5 [F #k XSWR0312 [f]
J& S AL FE R Pseudomonas stutzeri TS44 E 4y
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B AW A T s e Y 5 bk
XTO6A08 7] Jag il A AL e i A 43 125 F A FH L33 1Y
AL FE Ochrobactrum tritici SCII24", SZEG4S
RBRIZE A BB T 2 50 mmol/L HYIEAIR
£RF1 200 mmol/L FYRFERER , T HIX AR L BB 52
10 mmol/L (¥ EBERR ALY, L Tk A01.9 [W]JE (¥l
AALTERRA 3 Bk, g ER el DI, Wik A01.9
F53 B3 E EDBE E s bt A A T K i e A
L BEHE Bacillus sp. TE-7 EALIE B e Air, SEge sk
W] TE-7 REMSAE 12 h WoEe%A L 2 mmol/L Y
As(IIl) , 5 A IF 5T 3R W i TR Bk A (L RE 1% 4 1L
As(ll), HAEEILE Cr(VDPY, 45 BTk, Bk
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ELR RIS R 208 A Sy Y. s
B G e MKWM&WH 1) RV &
PggEvh . 33X AR SO A S AR TR PR G 43 B BRI
HATALZ AL, g & FERT | 3275 YL i K A ——
BB K A S Z 15 e iy -4 o p B i 2
PR 2Z [B] B A AL R T B 2 AE AL, ER B4 1
AR I — P ST
2.3 BBk AS-1 RENAREARFE
FRATTHT IR L B9 & BLIR Ak Bosea sp. AS-1

— MR R B R AL T bR, BTN 2 S b
120 mmol/L 4 As(IIN)F1 50 mmol/L f) Sb(IIN)">%,
PR AT B MR AS-1 AT T 4 LB 41 7 ik —
PR GEIR R AR TR 32 68086 1) 4 F-HILL, 0 45 5 i
IRASYR I P3RS reads B JE R/ R B4y
fifE 0-20000 bp, W77 R4, WP IRE A
206X, FmAPHEISH] 0 GAP B IERLFS] .
L1 X P 5 R i AT R A AR AS-1 [ A
H G — 2 K/NN 5.53 Mb FRIR IS ik, LI
K 2 KN RIR 189990 bp il 112144 bp FY 5
KL(1& 2), H GC &R 65.86%. 63.25%.
66.89% (F 1); Mt LR, 7ERR AS-1 o6
R EIRE 5514 4> CDS (coding sequences),
PIAS R Y CDS 23312 260 (5O 1)1 152 4
Bk 2). AS-1 PYRERAHEH 50 4 (RNA Al
6 I~ tRNA.

Ktk AS-1 ML R 4LE BAIH COG %
ESEATIIRE R (B 3-A), FRATRIL AS-1 HFEH
Aoy 25 AIIREN SR, Hh i AR B i 2 1Y)
4 AR SRR S i (16.6%) . TCHLERES
T 12 AR (9.79%) . BEHE 7 AR L 4(7.57%)
DA K B 7K ARG 0 04 s FIAR 6§ (9.87%)

FIFH GO (gene ontology)%#iE ZEXT AS-1 Y%k

R EA 7 S REFERR (] 3-B)Ja & B, AS-1 AYFER B
AT 53R 37 28, A R I 3 DR O %) 25 PR A e

%, K 1323, ZH5MMESRNEEA 1041 1,
Z 5 Y R R 925 4

i# 17 KEGG (Kyoto Encyclopedia of Genes and
Genomes){F R (Kl 4), SR E/R AS-1 L4 A3t
TRR T 2795 NHH(50.69%) 5304 T 197 MRt
waE . MWEIH AT LIE R R A A A
KIEERERZ, WiEmKIe GRS, ZIEme
3. BEE AR DL e AR A

e AS-1 B9 I A B A )& o 2 58 il 4 ik
DKL 20 D0 e 7y G At T ke iy i DR 2 850 i A7 L A
(# 3), K Bosea JEFEHFH K/NN 5.5-7.0 Mb,
GC & HAE 65%/Ar. FEFEEAE 5100 5] 6500
Z I, AEFFHIER AS-1 FFEEA K/, GC
S DA SRR R CDS ik iE TR M. it
Ah, BEEEPE AS-1 AYFER4L(5 B A Alexandra S5 1
FEH ERAR WAO LAY Bosea J& Hh A 10 #R
PRI LAUE BT HAERET, IR AS-1 3%
R/ TIRESEFE L & COG %581 FixX 10 #k
PR RS R A - Y 1
2.4 BEBR AS-1 ha B HAE SR

XTI PR AS-1 JERIA A E— 040 Br R B, AR
AS-1 PFEIH h &GV 2 SRR SRR . HE

R 1. EHk Boseasp. AS-1 £EFEEKEEER

Table 1. The basic genome information of the Bosea

sp. AS-1

Features Chromosome Plasmid 1 Plasmid 2
Gene num (#) 5514 260 152

Gene total length/bp 5536255 189990 112144
Gene average length/bp  905.27 640.68 653.76
GC% 65.86 63.25 66.89
Gene density/(number/kb) 1 1.37 1.36
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A)

HRNA
l5S rRNA
M16S rRNA
23S rRNA

M B: Chromatin structure and dynamics
5 [ C: Energy production and conversion
\ O [@D: Cell division and chromosome partitioning
—%\ N0 M E: Amino acid transport and metabolism
— %, 10 M F: Nucleotide transport and metabolism
=}V“" [0 G: Carbohydrate transport and metabolism

1.30M H: Coenzyme metabolism
1 40M 1: Lipid metabolism

"M J: Translation, ribosomal structure and biogenesis
1.50 M K: Transcription
-F1.6o B L: DNA replication, recombination, and repair
B M: Cell envelope biogenesis, outer membrane
) B N: Cell motility and secretion

89 B O: Posttranslational modification, protein turnover chaperones
M P: Inorganic ion transport and metabolism
M Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
M S: Function unknown
< ET: Signal transduction mechanisms
) B U: Intracellular trafficking, secretion, and vesicular transport
= M V: Defense mechanisms
ENo assigned COG

(B) ©)

[ C: Energy production and conversion [l O: Posttranslational modification, protein turnover chaperones
[ D: Cell division and chromosome partitioning [ll P: Inorganic ion transport and metabolism

[H E: Amino acid transport and metabolism R: General function prediction only

[ G: Carbohydrate transport and metabolism [l S: Function unknown

W K: Transcription [ T: Signal transduction mechanisms

[ L: DNA replication, recombination, and repair [l U: Intracellular trafficking, secretion, and vesicular transport
[l M: Cell envelope biogenesis, outer membrane [l V: Defense mechanisms
B N: Cell motility and secretion [ No assigned COG

2. HE %k Bosea sp. AS-1 E [F B E [ B|[E

Figure 2. The genomic map of chromosome (A), plasmid 1 (B) and plasmid 2 (C) of Bosea sp. AS-1. The
outermost circle of the circle diagram is the genome-sized logo with 0.1 Mb between each scale value. The second
and third circles are CDS on the positive and negative chains, and the different colors indicate the functional
classification of different COGs of the CDS. The fourth circle is rRNA and tRNA; the fifth circle is GC content
(Figure B, C does not have this circle). The outward red portion indicates that the GC content in the region is higher
than the whole genome average GC content, and the inward blue portion indicates that the GC content in the region
is lower than the whole genome average GC content. The innermost circle is the GC skew value 100 bp. The
specific algorithm is G-C/G+C. In the biological sense, the positive value is more inclined to transcribe CDS, and
the negative chain is more inclined to transcription CDS.
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(A) _ A: RNA processing modifucation
B: Chromatin structure and dynamics
C: Energy production and conversion
D: Cell division and chromosome partitioning
E: Amino acid transport and metabolism
F: Nucleotide transport and metabolism
G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
K: Transcription
L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism
Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
S: Function unknown
T: Signal transduction mechanisms
U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms
0 W: Extracellular structures
ABCDEFGHI JKLMNOPQRSTUVWYZ Y: Nuclear structure
Z: Cytoskeleton

340

T

[\

W

W
T

170

Number of unigenes

85 r

Funtion class
GO function classificition

B) 100 11931

193

19
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Biological process Celluar_component Molecular_function

GO function classificition

3. E#K Bosea sp. AS-1 EEFZH COG EIEFE(A)FN GO (B)EIE FERIThRE T FE
Figure 3. Functional annotations of Bosea sp. AS-1 genome against the COG database (A) and GO database (B).
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4. Bk Bosea sp. AS-1 ZEFEHH KEGG it i@ EREE
Figure 4. Annotation map of KEGG metabolic pathways in the genome of Bosea sp. AS-1.

3 3. Bk Bosea sp. AS-1 Btk 5 Bosea BEMEHNESEREKREELER

Table 3. Comparison of complete gene information among Bosea sp. AS-1 and other strains in the genus of Bosea

#Organism . .
name Size/Mb GC/% Scaffolds Genes Proteins Level Replicons
Boseasp. 7.044 654 3 6594 6305 Complete genome Chromosome: NZ CP042331.1/CP042331.1;
F3-2 plasmid pB32-1: NZ_CP042332.1/CP042332.1;
plasmid pB32-2: NZ_CP042333.1/CP042333.1
Bosea sp. 645 659 2 6242 6096 Complete genome Chromosome: NZ_CP017946.1/CP017946.1;
Tri-49 plasmid unnamed1: NZ_CP017947.1/CP017947.1
Bosea sp.  5.53 63.25 3 5667 5501 Complete genome Chromosome: NZ CP022372.1/CP022372.1;
AS-1 plasmid unnamed1: NZ_CP022370.1/CP022370.1;
plasmid unnamed2: NZ_CP022371.1/CP022371.1
Boseasp. 5.51 652 2 5294 5153 Complete genome Chromosome: NZ CP014301.1/CP014301.1;
PAMC plasmid unnamed: NZ_CP014302.1/CP014302.1
26642
Boseasp.  5.62 67.6 2 5412 5274 Complete genome Chromosome: NZ_CP016464.1/CP016464.1;
RACO5 plasmid pBSY19_1: NZ_CP016463.1/CP016463.1

actamicro@im.ac.cn



MIEABASE | UAEY2=1k, 2020, 60(11)

2547

etk EASERE aio YT,
moed . aioS Fl aioR HEH ; FTTANMEA As(IID)F
As(V)FEiz IARSCIE I, A0 A R R AL X
Y acr3. WilRER¥ iz H Pit, Pst DL AHHiME
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aioR W REE LT Ars BERCANMLIT P Y As(IID),
/ST anmK 25 A RE/BE A, DABH I
As(ID AP, DT BE S 1 As(IID) R 4 il B 25
FP SRR b, ARSI ATII BRI, AS-1
A PATE 24 h 584484k 2 mmol/L ) As(IINPY,
DRI, Sk Seffif G IR ) A7 7 T EHE B AS-1 484k
FNTES SZ A0, DA B G- A A7 T i e A v

W R AS-1 1 Bosea J& Hr HAB LA
B i ¥k (Bosea sp. 117, Bosea sp. WAO ., Bosea
sp. 67-29 . Bosea sp. DSM18164 & Bosea vavilaviae
SD260) AR SCHE N FE (K] 6), £ A BX L
MRMRF I EH T aio HRHTHICAYFE -5 H

aioBA . cytc,

Sb(II1) As(II)) As(V) Sb(V)

> Sb(II)

b --(_2_)---
ars ron

Antimiony resistance

Sb(I11) As(I1I)

[ 5.
Figure 5.

Sb(V)

ABC
transporte;

As(V) Sb(V)

Vit FE A arsC, arsH LA arsR %5, HX
S TR R T ) e A AR O 1% R IR A e A 1 A HE
FWNG 7 FEASE— B (K 6). HILHEI B R AS-1
EF‘TIEF{JUET%IEE’J I Ak A [A) & B T PR R RE S — 2

N H TR RR AS-1 1Y aio BRI\ FNE K Bosea sp.
WAO F Bosea sp. 117 ] aio 9\ FH & A~ FEH 1Y
HESW AR B v, 1 HLX 3 BRI RR AR A A 4 Ak
REJT, XULHIEX AS-1 MR AL HLE] AT 5E 5 B bk
WAO FI 117 #L. {0 AS-1 FIF:A 5 R B # ) i
PO E DR S B 22 5 (18T 6) oAb, 117 T Bk
ST moed F cyrC HEH, THHK B. vavilaviae
SD260 11 aio ¥\ R &4 aioB JEH 5 TR HE B. sp.
DSM18164 AL R #E AE e (iR b BT 5
WK AS-1 BYIERIUFARSL o &A=k FhAE AL Y I A

AR MRS R AR T R KPS
fiAgax SE TR rh BRI AT DG Y BE LA 7
B2 PR BRI b 0 B D A 22 5

Bk Bosea sp. AS-1 i f#., #HRIGHEXER

Possible arsenic and antimony metabolism genes in strain Bosea sp. AS-1. The solid line represents the

metabolic process verified in other arsenite- or antimonite-oxidizing bacteria, while ? indicates that the metabolic

mechanism is unknown.
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mfsl mrp  tap aioX aioS aioR  aioB aioA moeA mfs2  arsCl tauE  arsCl arsH arsR arsR  arsCl
Bosea sp. AS-1 et
eytC gap arsC2 arsC3 arsR mfs3  fad acr3 arsC2
arsR acr3 aioXaioS aioR aioB aioA moeA mfs arsC1l arsR arsB arsR  mfs
Bosea sp. WAO
arsCl arsH eytC gap arsC2 arsH
aioX aioS aioR aioB aioA arsH arsH acr3 arsC2arsC1
Bosea Sl 17 mfs gap mfs arsR arsC ! arsR  pstS
aioB arsCl arsCl arsB
Bosea vaviloviae SD260 s orsC2 arsH
mfs tap aioXaioS aioS  aioB aioA meoA cytC mfs arsCl taukE arsClarsH mfs arsR arsR acr3
Bosea sp. 117 -
P mrp gap arsC2  acr3 arsR fad arsCl arsH
arsR arsClarsR arsR arsB arsClarsC2 gap tauk cytC aioA aioBaioR aioS aioX
Bosea sp. DSM 18164
p acr3 arsC fad mrp arsH arsR arsC1 — mfs  lvsR moeA

6. Bosea B EHk I E FH 5%
Figure 6. Arsenic metabolism gene cluster in Bosea. The white arrow indicates the unknown functional protein,
and the double slash indicates that the genes on both sides belong to different scaffolds.

TAh, A AS-1 EERA PR T P
238 F FER AR DG R, A FE BB AR ET T A 4R
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o RBAAT IR R, AS-1 HATR &R
AAL TN 32 A8 S0, AS-1 LR 41 Fpix #4540
HAH DL R A A7 7E 22 B AS-1 AT BE o X BE 3L [
IR, o TR R B A i A2 1, Bzl Sb(IIn)
Xof 240 B 1Y 2 3 R AE AR T AT A 25 6 119 P 45
B A

AN, 2B I8 S B A3 Fa e AR G i) Bk
e AS-1 Yeta fAf ks - &RAELE, T H — L5
DR e e AR RN kL AF A 285 01, W aiod |
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T8 Pst AHOCHE A S5 (1] 5) i S 5L PR 3 A 78 G £ 14
MR b, DL RCEAT] 2 ¥ DURE AT BE RN RR B
AS-1 REHE T 37 /5 Wk BE A A L B6 DL & AS-1 =L
B AL RE 1A O, BE— 2B B, 0 A A ik
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B 75 &4 T B ¥k Bosea sp. AS-1 X3 Sb(III)#Y

The Sb(Ill) oxidation curve of Bosea sp.
AS-1 under autotrophic conditions. The standard
deviation of the mean value and the measured value
indicates the error bar.
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actamicro@im.ac.cn

1E A FR A KT RE A B AL ) A D B RR 3
HIT AS-1 70 B T A, JF BLHIEI 1 H.
ATEREN) sox REGE, WA R AS-1 7] GE
HA B AL ) A U R £ 1 BE

HIR AS-1 BEPRZH B 1 A AH O ) SR ]
Hb, & HA R AR B, 3 S A4 S )
i TR R 3 i Vi TR 8 3 it R — AU L0 D il i
: napEFABC, nirK VX norCBQOD. T H. &
9% Nap R Gt T Bk 0 47 48 S s A0 A TR A
W
2.7 HEBEHEIT

ik AS-1 HAHEERY, itttk AS-1 4
MBI T R B, AS-1 BIEH 35 4MA
HEBASCAIEIN, B M EA%GSIEN fMiF, i
Tz S EsE & A RIS IER motd . motB, S 5T
MM IZ ST gseBC. fihd . fIhB | fICD
fihB2 , flgABCDEFGHIK , fliEFGHILMNPOR , noeJ
Fl kdsA 23 L Jérémy X 48k B RE Rhizobium
sp. NT-26 ff 58 & BH,  Ho A0 i ik £k A 80Tk 2 R i
WiEIW B S kiZ o), EWARERAELE I BL T
NT-26 3 K 4 o i =5 4 DG 1 3 DR ek i),
T 244 NT-26 4 aiod F aioR JEH 755, Hkk
iz shEe ) MR, VERE AN AT BRI T aiod Fl
aioR WERIARAG MR IC AN AR L, AT
T MR AR AR AN, FERBR NT-26
Hh R IR AL T 58 W - 1 - IR % 1 S A RS R SE ] noeJ
NG 25 -3t Al TR T 440 T ik P (ks A ) TE
A As(UDFY S N 2175 5 TR AP 22 Bl 5L 55 1
FERpFRk, XU As(I) 5 Fkk NT-26 (HIE
B LRI IE SRR AE PSS TR 1A D6 R 1O 5
INETRFRIGE AsIFAEI ST, 3L gseBC
3 3ok T AR BN ML ) 2 5 0 R R 4 TR B R R



MIEARRSE | P44, 2020, 60(11)

2551

Wit gseB 5 fihDC T FWHsh T B G,
MIMi3EER gseBC 1755 B AR HIE B 6 R R 2R 5 5P,
PRIAR AS-1 Fb 14 33K 6 A DG Ik 5] v B R #2540
LIRE, TE AsIDAFEMTEOLT , 15 Fbk AS-1
(TR 52 M A2 s MR aER DT AE B e TR
As(IID) A PRI H B I A A

3 4

A SO 3 A4k oy B e AR AL T AR, R 16S
rRNA BEDIN e EA T AR 4 , K BUR AT A %
W LB AT DX A [ AR s o A S A TR AR 32 A 7
a- B-. yRIE RN LA S ERETR ] i a4 R 2
WA 4, 3R15 T Rk Bosea sp. AS-1 4 3L 4H
JP 5 SRR TR AR AS-1 R iE— 25 i R T &
P, AS-1 B[R4 & A s S A0 DL S R a4
AHOC Y JE R AN G JR Pk LA, X5 AS-1 REmal
AR | N SZ I RN 22 D 4 R AR PR ARA 5
PR AS-1 JEDZ A — BB [ S ] LR 58
HE sox RGL; WEREE AS-1 AJREHRA AFRAK
A AP A AL A IR ER AR T, i — 2D 5L IR
BITE R AS-1 BERETE R 55 T AE K . A, AS-1
A AR ZHEBAOCHEER, nlRETE B R4 &
Xof B R TS 52V S S itz Bl P, AT 7 ey B PR 5 vh
AT AEAE

2 % X W

[1] Ali H, Khan E, Sajad MA. Phytoremediation of heavy
metals-concepts and applications. Chemosphere, 2013, 91:
869-881.

[2] Feng RW, Wei CY, Tu SX, Ding YZ, Wang RG, Guo JK. The
uptake and detoxification of antimony by plants: a review.
Environmental and Experimental Botany, 2013, 96: 28-34.

[3] Filella M, Belzile N, Chen YW. Antimony in the

environment: a review focused on natural waters: I.

Occurrence. Earth-Science

125-176.

Reviews, 2002, 57(1/2):

] Wang N, Lu XL, Wu MXJ, Wang M, Wang HM. Progress in

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

microbial oxidation of As(III) and Sb(IIlI). Microbiology
China, 2017, 44(3): 689-700. (in Chinese)

FAE, BN, SSBRE, EMm, E4AME. MAEMEL
As(IIDFI Sb(UD)AIBFFE . fZEY2¢iEfe, 2017, 44(3):
689-700.

Reimann C, Matschullat J, Birke M, Salminen R. Antimony
in the environment: lessons from geochemical mapping.
Applied Geochemistry, 2010, 25(2): 175-198.

Oremland RS, Stolz JF, Hollibaugh JT. The microbial
arsenic cycle in Mono Lake, California. FEMS Microbiology
Ecology, 2004, 48(1): 15-27.

Quéméneur M, Heinrich-Salmeron A, Muller D, Li¢vremont
D, Jauzein M, Bertin PN, Garrido F, Joulian C. Diversity
surveys and evolutionary relationships of aoxB genes in
aerobic  arsenite-oxidizing  bacteria. = Applied  and
Environmental Microbiology, 2008, 74(14): 4567-4573.

Fan H, Su C, Wang Y, Yao J, Zhao K, Wang Y, Wang G.
Sedimentary arsenite-oxidizing and arsenate-reducing
bacteria associated with high arsenic groundwater from
China. Journal of Applied
Microbiology, 2008, 105(2): 529-539.

Wysocki R, Chéry CC, Wawrzycka D, Van-Hulle M,

Shanyin, Northwestern

Cornelis R, Thevelein JM, Tamas MJ. The glycerol channel
Fpslp mediates the uptake of arsenite and antimonite in
Saccharomyces cerevisiae. Molecular Microbiology, 2001,
40(6): 1391-1401.

Martin P, DeMel S, Shi J, Gladysheva T, Gatti DL, Rosen BP,
Edwards BFP. Insights into the structure, solvation, and
mechanism of ArsC arsenate reductase, a novel arsenic
detoxification enzyme. Structure, 2001, 9(11): 1071-1081.
Nakajima T, Hayashi K, Nagatomi R, Matsubara K, Moore
JE, Millar BC, Matsuda M. Molecular identification of an
arsenic four-gene operon in Campylobacter lari. Folia
Microbiologica, 2013, 58(3): 253-260.

Kashyap DR, Botero LM, Franck WL, Hassett DJ,
McDermott TR. Complex regulation of arsenite oxidation in
Agrobacterium tumefaciens. Journal of Bacteriology, 2006,
188(3): 1081-1088.

Muller D, Médigue C, Koechler S, Barbe V, Barakat M,
Talla E, Bonnefoy V, Krin E, Arséne-Ploetze F, Carapito C,
Chandler M, Cournoyer B, Cruveiller S, Dossat C, Duval S,
Heymann M, Leize E, Lieutaud A, Liévremont D, Makita Y,

http://journals.im.ac.cn/actamicrocn



2552

Chaoyang Liu et al. | Acta Microbiologica Sinica, 2020, 60(11)

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Mangenot S, Nitschke W, Ortet P, Perdrial N, Schoepp B,
Siguier P, Simeonova DD, Rouy Z, Segurens B, Turlin E,
Vallenet D, van Dorsselaer A, Weiss S, Weissenbach J, Lett
MC, Danchin A, Bertin PN. A tale of two oxidation states:
bacterial colonization of arsenic-rich environments. PLoS
Genetics, 2007, 3(4): e53.

Achour AR, Bauda P, Billard P. Diversity of arsenite
transporter genes from arsenic-resistant soil bacteria.
Research in Microbiology, 2007, 158(2): 128—-137.

Chauhan NS, Ranjan R, Purohit HJ, Kalia VC, Sharma R.
Identification of genes conferring arsenic resistance to
Escherichia coli from an effluent treatment plant sludge
metagenomic library. FEMS Microbiology Ecology, 2009,
67(1): 130-139.
NN.
microorganism oxidizing antimony. Mikrobiologiia, 1974,
43(6): 941-943.

Terry LR, Kulp TR, Wiatrowski H, Miller LG, Oremland SR.

Microbiological oxidation of antimony(Ill) with oxygen or

Lialikova Stibiobacter senarmontii-a new

nitrate by bacteria isolated from contaminated mine
sediments. Applied and Environmental Microbiology, 2015,
81(24): 8478-8488.

Gourbal B, Sonuc N, Bhattacharjee H, Legare D, Sundar S,
Ouellette M, Rosen BP, Mukhopadhyay R. Drug uptake and
modulation of drug resistance in Leishmania by an
aquaglyceroporin. The Journal of Biological Chemistry,
2004, 279(30): 31010-31017.

Meng YL, Liu ZJ, Rosen BP. As(IlI) and Sb(IlI) uptake by
GlpF and efflux by ArsB in Escherichia coli. The Journal of
Biological Chemistry, 2004, 279(18): 18334-18341.

Lehr CR, Kashyap DR, McDermott TR. New insights into
microbial oxidation of antimony and arsenic. Applied and
Environmental Microbiology, 2007, 73(7): 2386-2389.

Li JX, Wang Q, Li MS, Yang BR, Shi MM, Guo W,
McDermott TR, Rensing C, Wang GJ. Proteomics and
genetics for identification of a bacterial antimonite oxidase
in Agrobacterium tumefaciens. Environmental Science &
Technology, 2015, 49(10): 5980-5989.

Li JX, Yang BR, Shi MM, Yuan K, Guo W, Wang Q, Wang
GJ. Abiotic and biotic factors responsible for antimonite
oxidation in Agrobacterium tumefaciens GW4. Scientific
Reports, 2017, 7: 43225.

Li JX, Qiao ZX, Shi MM, Zhang YX, Wang GJ. Regulation
of antimonite oxidation and resistance by the phosphate
regulator PhoB GW4.

in  Agrobacterium tumefaciens

actamicro@im.ac.cn

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Microbiological Research, 2019, 226: 10-18.

Zhou JW, Nyirenda, MT, Xie LN, Li Y, Zhou BL, Zhu Y, Liu
HL. Mine waste acidic potential and distribution of
antimony and arsenic in waters of the Xikuangshan mine,
China. Applied Geochemistry, 2017, 77: 52-61.

Weeger W, Liévremont D, Perret M, Lagarde F, Hubert JC,
Leroy M, Lett MC. Oxidation of arsenite to arsenate by a
bacterium isolated from an aquatic environment. Biometals,
1999, 12(2): 141-149.

Rhine ED, Onesios KM, Serfes ME, Reinfelder JR, Young
LY. Arsenic transformation and mobilization from minerals
by the arsenite oxidizing strain WAO. Environmental
Science & Technology, 2008, 42(5): 1423-1429.

Salmassi TM, Venkateswaren K, Satomi M, Newman DK,
Hering JG. Oxidation of arsenite by Agrobacterium
albertimagni, AOL15, sp. nov., isolated from Hot Creek,
California. Geomicrobiology Journal, 2002, 19(1): 53-66.
Yamamura S, Amachi S. Microbiology of inorganic arsenic:
from metabolism to bioremediation. Journal of Bioscience
and Bioengineering, 2014, 118(1): 1-9.

Liao VHC, Chu YJ, Su YC, Hsiao SY, Wei CC, Liu C, Liu
CW, Liao CM, Shen WC, Chang FJ. Arsenite-oxidizing and
arsenate-reducing bacteria associated with arsenic-rich
groundwater in Taiwan. Journal of Contaminant Hydrology,
2011, 123(1/2): 20-29.

Bhakat K, Chakraborty A, Islam E. Characterization of
arsenic oxidation and uranium bioremediation potential of
arsenic resistant bacteria isolated from wuranium ore.
Environmental Science and Pollution Research, 2019,
26(13): 12907-12919.

Lugtu RT, Choi SC, Oh YS. Arsenite oxidation by a
facultative chemolithotrophic bacterium SDBI isolated from
mine tailing. The Journal of Microbiology, 2009, 47(6):
686—692.

Wang Q, Qin D, Zhang SZ, Wang L, Li JX, Rensing C,
McDermott TR, Wang GJ. Fate of arsenate following
arsenite oxidation in Agrobacterium tumefaciens GW4.
Environmental Microbiology, 2015, 17(6): 1926—1940.

Cai L, Rensing C, Li XY, Wang GJ. Novel gene clusters
involved in arsenite oxidation and resistance in two arsenite
oxidizers: Achromobacter sp. SY8 and Pseudomonas sp.
TS44. Applied Microbiology and Biotechnology, 2009, 83(4):
715-725.

Branco R, Chung AP, Morais PV. Sequencing and expression

of two arsenic resistance operons with different functions in



MIEARRSE | P44, 2020, 60(11)

2553

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

the highly arsenic-resistant strain Ochrobactrum tritici
SCI124". BMC Microbiology, 2008, 8: 95.

Bagade A, Nandre VS, Ghosh S, Battu S, Haram S, Giri A,
Kodam K. Rapid and efficient sequestration of arsenic from
contaminated water using hypertolerant Bacillus L-148 sp.:
a two-step process. Green Chemistry, 2019, 21(9):
2245-2251.

Lu XL, Zhang YN, Liu CY, Wu MXJ, Wang HM.
Characterization of the antimonite- and arsenite-oxidizing

bacterium Bosea sp. AS-1 and its potential application in

arsenic removal. Journal of Hazardous Materials, 2018, 359:

527-534.

Walczak AB, Yee N, Young LY. Draft genome sequence of
Bosea sp. WAO an arsenite and sulfide oxidizer isolated
from a pyrite rock outcrop in New Jersey. Standards in
Genomic Sciences, 2018, 13: 6.

Shi KX, Wang Q, Fan X, Wang GJ. Proteomics and genetic
analyses reveal the effects of arsenite oxidation on metabolic
pathways and the roles of AioR in Agrobacterium tumefaciens
GW4. Environmental Pollution, 2018, 235: 700-709.

Stolz JF, Oremland RS. Microbial metal and metalloid
metabolism: advances and applications. Washington: ASM,
2011.

Hartig C, Lohmayer R, Kolb S, Horn MA, Inskeep WP,
Planer-Friedrich B. Chemolithotrophic growth of the aerobic
hyperthermophilic bacterium Thermocrinis ruber OC 14/7/2
on monothioarsenate and arsenite. FEMS Microbiology
Ecology, 2014, 90(3): 747-760.

Yuan HZ, Qin HL, Liu SL, Nie SA, Wei WX, Wu JS.
Advances in research of molecular ecology of carbon
fixation microorganism. Scientia Agricultura Sinica, 2011,
44(14): 2951-2958. (in Chinese)

WA, BLAR, Ry, =2, BOCE, RaK.
Aoy FHES V. P ELEE, 2011, 44(14):
2951-2958.

Berg IA, Ramos-Vera WH, Petri A, Huber H, Fuchs G. Study
of the distribution of autotrophic CO, fixation cycles in
Crenarchaeota. Microbiology, 2010, 156(1): 256-269.

Ishii M, Miyake T, Satoh T, Sugiyama H, Oshima Y,
Kodama T, Igarashi Y. Autotrophic carbon dioxide fixation

in Acidianus brierleyi. Archives of Microbiology, 1996,

[44]

[45]

[46]

[47]

(48]

[49]

[50]

166(6): 368-371.
Friedrich CG, Rother D, Bardischewsky F, Quentmeier A,
Fischer J. Oxidation of reduced inorganic sulfur compounds
by bacteria: emergence of a common mechanism? Applied
and Environmental Microbiology, 2001, 67(7): 2873-2882.

Bedmar EJ, Robles EF, Delgado MJ.

denitrification pathway of the symbiotic, nitrogen-fixing

The complete

bacterium Bradyrhizobium japonicum. Biochemical Society
Transactions, 2005, 33(1): 141-144.

Andres J, Arséne-Ploetze F, Barbe V, Brochier-Armanet C,
Cleiss-Arnold J, Coppée JY, Dillies MA, Geist L, Joublin A,
Koechler S, Lassalle F, Marchal M, Médigue C, Muller D,
Nesme X, Plewniak F, Proux C, Ramirez-Bahena MH,
Schenowitz C, Sismeiro O, Vallenet D, Santini JM, Bertin
PN. Life in an arsenic-containing gold mine: genome and
physiology of the autotrophic arsenite-oxidizing bacterium
Rhizobium sp. NT-26. Genome Biology and Evolution, 2013,
5(5): 934-953.

Santini JM, Sly LI, Schnagl RD, Macy JM. A new
chemolithoautotrophic arsenite-oxidizing bacterium isolated
from a gold mine: phylogenetic, physiological, and
preliminary biochemical studies. Applied and Environmental
Microbiology, 2000, 66(1): 92-97.

Muller D, Médigue C, Koechler S, Barbe V, Barakat M,
Talla E, Bonnefoy V, Krin E, Arséne-Ploetze F, Carapito C,
Chandler M, Cournoyer B, Cruveiller S, Dossat C, Duval S,
Heymann M, Leize E, Lieutaud A, Liévremont D, Makita Y,
Mangenot S, Nitschke W, Ortet P, Perdrial N, Schoepp B,
Siguier P, Simeonova DD, Rouy Z, Segurens B, Turlin E,
Vallenet D, van Dorsselaer A, Weiss S, Weissenbach J, Lett
MC, Danchin A, Bertin PN. A tale of two oxidation states:
bacterial colonization of arsenic-rich environments. PLoS
Genetics, 2007, 3(4): e53.

Marchal M, Briandet R, Koechler S, Kammerer B, Bertin PN.
Effect of arsenite on swimming motility delays surface
colonization in Herminiimonas
Microbiology, 2010, 156(8): 2336-2342.
Clarke MB, Sperandio V. Transcriptional regulation of
fIhDC by QseBC and o** (FliA) in enterohaemorrhagic
Escherichia coli. Molecular Microbiology, 2005, 57(6):

1734-1749.

arsenicoxydans.

http://journals.im.ac.cn/actamicrocn



2554 Chaoyang Liu et al. | Acta Microbiologica Sinica, 2020, 60(11)
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Abstract: [Objective] In this study, we aimed to characterize the community structure of arsenite-oxidizing
bacteria in Xikuangshan of Hunan Province, and the whole genome of an arsenite-antimonite-oxidizing strain
Bosea sp. AS-1 (Abbreviation: AS-1). [Methods] Arsenite-oxidizing bacterial strains were isolated from the
samples collected in Xikuangshan, and 16S rRNA genes were sequenced for phylogenic analysis. Whole genome of
strain AS-1 was sequenced and analyzed using relevant software and databases for genome assembly, gene
prediction and functional annotation. [Results] The arsenite-oxidizing bacteria in Xikuangshan were mainly
distributed in a-, B-, y-Proteobacteria and Firmicutes. AS-1’s genome contained one circular chromosome with a
size of 5.536 Mb and two plasmids of 189.9 kb and 112.1 kb, respectively. Further analysis on AS-1’s genomic data
reveal many genes related to arsenic and antimony metabolism, as well as flagella formation, flagellar movement,
and biofilm formation. These genes may be involved in AS-1’s resistance to high level of arsenic and antimony in
environment. Besides, several carbon-fixation genes and sulfur-oxidizing genes were also found in the genome of
AS-1, suggesting that AS-1 may grow autotrophically and oxidize sulfur. [Conclusion] Subsequent experiments
confirmed autotrophic growth of AS-1.

Keywords: Bosea sp. AS-1, whole genome sequencing, arsenic and antimony metabolism genes, metabolic
pathways

(R T4 KBEm)

Supported by the National Natural Science Foundation of China (41877320, 41402300)
"Corresponding author. E-mail: 37113603@qq.com
Received: 14 February 2020; Revised: 12 April 2020; Published online: 21 May 2020

actamicro@im.ac.cn



