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Advance on Studies of Arsenic-resistant Microorganisms
and Molecular Mechanisms

CAI Lin WANG Ge-Jiao"

(State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan, Hubei 430070, China)

Abstract: Arsenic is known as a toxic metalloid, which mainly exists in inorganic forms such as arsenite and
arsenate in the natural environment. A number of microorganisms have evolved different resistant mecha-
nisms for arsenic detoxification to cope with the widespread distribution of the poisonous arsenic. Four dis-
tinct microbial arsenic-resistant mechanisms have been described including As(II) oxidation, cytoplasmic
As(V) reduction, respiratory As(V) reduction, and As(III) methylation. These mechanisms confer arsenic re-
sistance in microorganisms that play important roles in the transformation and geological cycle of arsenic.
This review mainly focuses on the researches on these molecular mechanisms and potential application for
environmental arsenic bioremediation using microorganisms.

Keywords: Arsenic, Arsenic-resistant microorganisms, Arsenite oxidation, Arsenate reduction, Arsenite
methylation, Arsenic contamination, Bioremediation
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Fig. 1 Physical maps of aox operons (A) and As(l11)-oxidizing regulation and metabolic pathway (B)
(GenBank ): Herminiimonas arsenicoxydans ULPAs1 (NC_009138); Agrobacterium tumefaciens 5A (DQ151549).

Note: Strain (GenBank accession number): Herminiimonas arsenicoxydans ULPAsl (NC 009138); Agrobacterium tumefaciens 5A
(DQ151549).

R AoxR ; ArsC,
,  ao0X operon pl258 [2021)
, AoxX )
AoxAB TAT ; Arr2p,
. AoxC ( 16 23, 34 kD
) As(111) , 3
, As(111) 2 As(V) ,
AoxB R AoxB [3Fe-4S], As(V)
AoxA  [2Fe-28], AoxC, As(V) ,
02 [24]
2 IR As(V)ER Ao A
As(IIl) ,
As(V) As(V) (Extrusion), As(III) ,
(Cytoplasmic arsenate reductase) As(I1I) (251 ArsB
As(V) As(11D), As(1I) Acr3p ( Acr3p 2 ),
(Arsenite transporter) As(1IT) , , ,
As(V) ) )
o, o) Acr3p ArsB ; (Sequestration),
21, (221 (23] As(11D) Arr3p
As(V) As(V) , , (261
3 As(V) ArsB
ArsC, R773 Acr3p  Arr3p 45 kD
16 kD , As(V)

© FEMZFREMEIARMATESHEL http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



1256 wehGEHR

2009, Vol.36, No.8

As(V) (ars operon), aox
operon , , ars operon
ars operon 3
(arsRBC) 5 (arsRDABC)*" ArsR
ars operon; ArsA As(III) ATPase,
ArsB As(IIT) (281: ArsD
, ars op-
eron!**>%, As(IIT) ,  As(III)
ArsA ArsA
(31 ArsR  ArsD 13 kD
, ArsA 63 kD
(arsH),
ars operon
(32], arsH ,
ArsH NADPH FMN
H 02 H202[32]
ars operon ,
As(V) (
2A) As(11T)
(Aquaglyceroporin, GlpF) , As(V)
(Phosphate transporter, Pit/Pst) ’
As(IIl)  As(V)
As(III) ars
operon ArsR , ArsR ,
ars operon
s As(V) ArsC
As(I1T) As(I1T) Acr3p
ArsB  ArsAB R ArsD As(IIT)
ArsAB
ars operon (27,
As(1IT) ,
(arsB/ACR3), ,
arsB/ACR3 arsRk,
, As(V), As(V)
(arsC), 3
, arsR  arsB/ACR3
arsD  arsA, 5
( 2B) arsD  arsA

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

S arsD arsA ,

ars operon

4
As(V)
As(IIT) (Convergent
evolution), ,
[24]
As(11T)
, (Horizontal gene
transfer, HGT) s HGT
[13]
3 PRk As(V)IRJR
10 As(V)
[33]
As(V) ,

arsB/ACR3
J
T IR

N4

@l arsB/ACR3 DlarsC»
4

arsi

2 AEMAER As(V)ERIBE &K EKIE(A)F ars
operon i# 1t (B)

Fig. 2 Regulation and metabolic pathway of bacterial cy-
toplasmic As(V) reduction (A) and evolution of ars operon (B)

> arsB/ACR3 DlarsC>

© FERZFRMEDHA RS TEESHEEL http://journals. im. ac. cn



1257

As(V) (Respiratory arsenate reductase)
As(V) As(V) (34]
ANA-3[35:36]
MLS10  SF-1 (37381
ANA-3 As(V)
5 131 kD ,
95 kD (ArrA) 27 kD (ArrB)
[36] As(I1I)
, TAT , ,
, (DMSO)
ArrAB [2Fe-2S] [3Fe-4S]
, ArrAB  4~5 [4Fe-4S] ,
ArrA( ) AoxA( ) N TAT
[39]
As(V)
ANA-3  arrAB B3,

arr operon,

]

ars operon(  3), ars operon
As(V) 140)
As(V) ,
4 As(I11)H 34k
As(11II) gy
[42,43]
As(II1) ,
As(IIT) ,
, As(111)
(441 As(IIT)
Rhodopseudomonas palustris CGA009
As(IIT) (Methyltransferase,
ArsM) , As(III)
, [Trimethylarsine,
(CH;);As]*, , ArsM As(I1D)
( )
, arsMm As(1IT) ArsR
, ArsM As(1IT)
, As(I11)

5 MR AR &

- (3,
SA As(IID) ,
As(V) o,
As(V) 5A

As(IIT)
As(I1I)

6 BGHRHKAENMEBER

2 ( )
As(V) ,
As(III) As(V)
As(III) ,
, As(I1I) As(V),
, As(III) ,
As(I1T)
As(V) [45,46]
As(II) As(V), As(V);
As(V)

© P ERFEMED R TIE S %wIELT
http://journals.im.ac.cn/wswxtbcn

http://journals. im. ac. cn



1258 wehGEHR 2009, Vol.36, No.8

NCIB xﬁx?-u...[zt kb |  aoxr | aoxs | Laoxx |@| aoxB D|aoxD>
Y8 aoxr [ aoxs | aoxx |.| aoxB >.|am:;>.
TS44 .ml aoxB 2.8 kb| aoxH ](4(‘;:3|@@
ANA-3 @(m-ss [ arsa I@l arrd )@
CEAGACC D

3 HEMBEERD
Fig. 3 Bacterial arsenic detoxification gene islands

s (GenBank ): Alcaligenes faecalis NCIB 8687 (AY297781),
Achromobacter sp. SY8 (EF523515), Pseudomonas sp. TS44 (EU311944), Shewanella sp. ANA-3 (AY271310), Rhodopseudomonas palustris
CGA009 (NC_005296).
Note: Four types of structural gene for arsenic detoxification are painted gray. All related genes are annotated in the text. Strain (GenBank
accession number): Alcaligenes faecalis NCIB 8687 (AY297781), Achromobacter sp. SY8 (EF523515), Pseudomonas sp. TS44 (EU311944),
Shewanella sp. ANA-3 (AY271310), Rhodopseudomonas palustris CGA009 (NC_005296).
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