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Wi (Bacillus sp.)* . BAEIBISEIEH, A9 T
1R A S SR AR B A D S RO S B
TKRpIG Y N SfornaE ANy, fAY
WA RBHR IR T274C 0T, A4S 40 AN
As” 38 ORI A" ) F AL | B R 6 5 Ak 348 DI
(dissimilatory arsenate-respiring prokaryotes,
DARPs) Fl1 P A A RER A AL T —— 5 IR WA R R
A AL IH (heterotrophic arsenite oxidizers, HAOs)F14k
RETCHL H F7 WA R ER 446 7 (chemolitho-autotrophic
arsenite oxidizers, CAOs)7E 2l fitd J&] ot o X A 1Y %8 AL
WAL R As AN, E TR
AT UL, B S A it e ATL A0 1 B %) b sk A
PG AR R PHAE TR AE Y h i ' S B
S AR SO Bl A e B R EL ) e bR
AR I E— TR L5 .

1 4 4y b i R

As RBEIL2EARIY , P As Rl
ARESwEEEEAA L. 2002 704E 40,
MedveczkyFIRosenberg' " & I J& T 4= 9y
As WIS ARSERI ST o 45K, KIAFFEAs Bt
PEGRR SRAR R L T X RE, Ui
WIHE A RES S T As BRI, B8 186 2 10
FIAs #BAT FEMAE ST, TR Y+ Z A4
22%. Pit(PhoS)FIPst(PstBFIPstC)(El1-A), Hi#E &
Bt QIPTRIER S NERTIN 7N 22 Frp=n (e =W
TN RN, A T SR E AS T K-
i 1B % H (aquaglyceroporins, AQGPs)GlpF H
19974EA 1 BRI IN , Hodw ) E SCHY DI RE 2 1 5%
S IR HIEE A Y, B A Ykt
As FIAS" IS 2 T o B 1238 1 FTAQGPs S
HI(EL-B);s AR, EEEYTS5As ]
e ) B AR & Pho87, T Fpslp, Hxtl-5, Hxt7#1
Hxt9J2As" iz 25 1",
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PURI(E . LR AT, As W EFArsCH] i 2F
BT, B—FEESNIERE (arsRDABC),
o M S 3 (arsRBO)!Y . arsRDABCHEEY
FEEAETEZRAEME D RGBT E
(Escherichia coli)f) ik L, TiJE# FEAAAE T HE
2 I P 4 TR T 4 €0 3] A 3K TR (Staphylococcus
aureus)H BRI o A& YAk I, Hrb, arsREEH 9
tt ArsR/SmtB 1 1) e XA FH BHL i 2 1 32 0 ) 45
T AT S, arsBaRISAs" SNIERE 1, T
arsAMlarsDT ST G2 R I H——ArsA: %
As" TR ATPEG R ArsD . 55— P2k 42 J Wi 17 (1Y
R E A" HEMEY A B R Acr2p
W) F arr 3 PR G

MG As IR JEEEEE R R e, g
I As I R > 3R KA A
FE A BEH K(Grx-GSH) NS 5], EEAAET
AR BAFF . /N 45 I 9 B /R 7% IR (Yersinia
enterocolitica) FIiL B ILFT 7 (Haemophilusin fluenzae)
By N AV 3t DI S AR R R DR PR SR NS T i vl
B R UMARE H(Trx) MR JRF], FEFLET
DA 4 B0, 2 K T R AR Y 2R 2% [C BH PR 21 7 S LA
Wi 25 ZEHOFT B (Bacillus subtilis) R 5B 50 M
(Pseudomonas putida) k3% 1 2% FGBH 4 41 TR 1Y
AR GR Y NS A e 3 7 [T RS W N e e e S T
1% S PR W IR B AF AEAR DL 5 58 =22 B H AT Ik
R IR ME—— R AT B T Y As I F B Acr2p,
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O @ @ P transporters: Pit (PhoS), Pst (PstB & PstC) and Pho87p, respectively

@ Aquaglyceroporins (AQGPs), GIpF in prokaryotes and Fpslp in eukaryotes & -CH,

@ Hexose permeases (HXTs) 3 ArsA/B in prokaryotes and Acr3p in eukaryotes

@D ArrA/B or ArxA/B - @B Aro/Aox/AsoAB I Ycflp D Hexose permease 1 (HMT1)

1. FER=ZMEMAFEZMEDB) PR S RiSREE

Figure 1. Schematic diagram of arsenic uptake and metabolisms in prokaryotes (A) and eukaryotes (B). Solid lines
and dotted lines indicate the major pathways and minor pathways of arsenic uptake and/or metabolisms respectively.
As, arsenic; As', arsenite; As', arsenate; ATP, adenosine triphosphate; ADP, adenosine diphosphate; GSH, reduced
glutathione; ArsC/Acr2p, arsenate reductase; GSSG, oxidized glutathione; red, reduction; MMA, methylarsine; DMA,
dimethylarsine; DMAA, dimethylarsinoylacetate; TMAO, trimethylarsine oxide; TMA, trimethylarsine; S, sulfur;

PCs, phytochelatins.

M AL B 8 1 25a(cell division cycle 25a,
Cdc25a) AR 1% 2 IR W R T A e AR AL o

H ArsC/Acr2p /-5 (14 As” T Ji 2 fi 3 11 1
R EEILE, EAITEAR |EUT A R T AT &
41, MukhopadhyayFIRosen" A Ky, X2FiG 5
BERR R T2 LRI 2R, DR O R e L3
Py As IR JEHLIA e % o
22 MR Arr AR EEEN F A BIR

SN ArsCAIR] )02, A A 10 400 e ]
J ) As I 38 J57 i (arsenate respiratory reductase,
ArrA)SRERCIIA DG, H RAERESR T A4 E
A",

JEAZAAE W ARR 7= 45 R (Chrysiogenes arsenatis)

FEAs IR R, BELLAS AR A P21,
I DA W6 Ry W I b, T AR A 7 R AP, 22
YTE, AR Y Bl A R A S ArrAB,
B VR, T AR S B i S o — SRR L, i
487 kDa (ArrA)F129 kDa (ArrB) ) K /NIF 3L 4H
oo FFPHIMT R, ArrAR 1S — H 3L
(DMSO)it JE B AH B Mo/FefE 1, ArrBE A 14
[4Fe-4S]#%, HLT M[4Fe-4SIHEME 1L 45 Arr ATV 3
0 B DR 17 X 2 G B g kg e 27
FETE T As” B IIE J5T, HL SR ) 4 A 5 % 2 2
Bacillus selenitireducens"®, B. selenitireducens
HIC. arsenatisf) As" WA R B 22 6T, AT
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(K1-A), M, Fid WE 5 F RIS &K,
‘B 1110 kDalJ Arr ARV 3134 kDaf) ArrB/INIE.
SRR . 53— R R As P IRA S Bl B
S Ay BLIC T4 @ 40 1 (Shewanella sp. ANA-3)!"", %
B BRI FEATrA (95 kDa)th, 5 DM SO 5 i AR 41
L, /NEFEArrBI T JE25.7 kDa; #t— 4
R, RYArrAFIAreBILFEI AR, 44
ARG, A — Mo T, —4
B AA-SI¥ENS U [ - 45> [4Fe-4S141K ™
AR, ANA-3ALREHEAT Arr AR IR GL 5
R RERAFEArsCRYIBJEAER] . WSS R, FEPRAASE
PR, % B Arr ARG SRR IR n] B BE AR = n M
As SEAS T s FEAE KM I BE, ANA-3f5
] A As W R = R kTR K, H
As" Y RBUSE FarsiR T R K LR Y
",

VEKFFE R, Desulfurispirillum indicum™
Denitrovibrio acetlphilusm]%ﬂﬁ'i@ﬁ?ﬁﬂ ira%j(Nitrincola
sp. DAR-403)" "0 Wy v AR AFAE Arr AR SR
A1, FisherfilHollibaugh™ & 3, Zi%iH(Mono
lake) fF7EHEEL As” IEIL A SR A S AL T RE IO A=
Y, % R16S rIRNAJFEA 5B, selenitireducens>f
GRFREE . RUMAR WA TREE A F
ey ™ BIEATCh IR, A 30 FIF EarA
SEN A AT B TR Y. AR arrdSE
PRI R AR A W) 22 A DR AR R 5 Al e S TTE AR A v A
ME], JiaZE" N Zhang 25 e K REHR PR+ rh va e 3
TizER, Ui arrASEF B335 0] BEIFAE A4S
PRE

3 As"HAMNIE

3.1 AroAEALENFHIAs"EL

HR B EEAs ALY, T84
&AM RALRESC A A FRMEY . BETIFSE
B A" EALH EAroAB(ElAox ABE;
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AsoAB)™, I LTI P (EI1-A) . RIS
FEHFT 1 (Alcaligenes faecalis) N1, H:AroAB4y
F 54100 kDa, KA HEAro AR 8254 Z H iR
BRAE, DRI MO, Mot 52 M-l
11~ [3Fe-4S1iE4s &, H45 5 R DMSO
W A A i JE A AL Z AL . /N AroBZY
13415, HobRieske I [2Fe-2S 5% HeytbE &
Yy Riesked 145 Fa dak K SN & AR
HRAEAs" R R, wE L E R oy
22 AsEACBEREIETTILRE A 3R K (CAOs) &
A E AL AR RE(HAOs) LA S BT, A A% i)
AL N aro, )G # Haoxsi#Faso™ ,
P PR 2 AR 25 57, X ERRA W) SURT R
426 —KLIO N FZIR, As" hE Tk, If
DU AL B 7 A Y RE [ COL AT ARG H3—
RETAREAE FLINO; | SO,” FICIO; 45
Tk, DAs" i PR RE AR K .
i, Santini% " A& H T FIOFM A Y, Hop
AFPRENE IO, L T2, LAAS" L PRI L
T CO, Ry H BRI R g e — SR IR HEAT AL REA IS s 9
HhsHhE T Al A LR E Y, s T
Proteobacteriafllg-Proteobacteria, 1F A #iL7Y ) + 1
WA, KT H (Agrobacterium tumefaciens) 1)
As"E AL AR B TIRARIBFSE . A
&, ZHE A AL R X AT R k2R AR L
Sb A AALTIRE™ s A = IRAKI T Se R AR
A, inBacillus sp. ML-SRAO™, % RELA
Se'mkAs R HLFZ I TAS BRI E R, H
TEAE AT AP R JE G (UL3.270) . BRLA F32EAs" Y
fLBE FI RSN, Hoeft:™ iR & 8L T Al 45 78
U R IR S 4 1 F As ' AR T RE A A
Alkalilimnicola ehrlichii MHLE—IT, AR A
FHTLIO M T2 it fr R B I, HAER
NO; HH T2 I LaE A SR LK. fEfLRE A SR
ARG AR, MHLE-1AT7ERZRE 1, 5 —BERRAR 1L
it A T 38 e R 2R SCHE 3R 52 B TE LA Y [ 7€
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SRIM, aroAEPIF ARAEMHLE-1 g 2], i
S S arr AR F RS RARARRY, Fk, MHLE-1"
B As R AR DR 0] BB —Fh 5 arr A FE ALY
BRI, SCE R A AR A AEE DI REGE WL T
30)o

AN, i LR A TR IR A VB R AR T AN
(Aeropyrum pernix) . FEVEIH T (Sulfolobus tokodaii)
FIChloroflexus aurantiacus"", X ECLH T 7EHNH]
RN () ST S IR A SR R A7, B H A
AL IR S5 A PR TR A Y MR AL 2 IR P e R i R
AR,
32 ArxA KBTI A" Ak

WHTATR, A. ehrlichii MHLE-1" 4716 2F
As" AT, (HIERAIMT B, KRBT
5 As" B AT RE A (aox), EIAETE2 gt
arrif JREGIER B TC L R ITIE K B,
MHLE-1" 5S4 arrd-likeMlars CEEH , HIAHEL
R IAS", WARRERAR A, JEU 1
WAL ZHFEA. ehrlichii PHS-1H1Ectothiorhodospira
shaposhnikovii HS-1/1"" | Zargar®$" "X MHLE-1"
Wimlg 0216FImlg 2426 N IEAT TERAMISE, Hi
FHAEL 5As" WEMA KR, JEHWRER 15
H— LR (EH e SAs A E0). ik, 1EE
W LI i 45 Marxd, HAEHAs" E 1k i
ArxA HEETEALRE H IR 41 T SN0, 138 sk [a] &
PEERT . 280, ZargarE " 7EPHS-1H A T
arxARTEAE , ZFE R A Fak Z 2 As™ ™ 45 I
¥ JFEYIHT R, PHS-1RIMHLE-1"arxA(X
H BT B EE R AL

RicheyZ:"" M R, A. oremlandiiFShewanella
sp. ANA-3WAFTEArxAE AL, S5, ANA-3
FAEAT AR RGN RE(2.2717), VLB ArxATREJ&
1FR S A 38 S5 X 2 BE i (biochemically reversible
enzyme). FisherfllHollibaugh™fEB. selenitireducens
ML-SRAOH V& B T 2 R —— % i [F] iy He
As" IR JFRIAS B TIRE, (HILF S S arrd LA

AL, I, Hamamura: ™Y RS & IR )
Wl(Khovsgol) & B T 1 ¥k 7% 5 MHLE-1" i arxA 3
R S AR B 3 Ak Y Halomonas sp. ANAO-440,
BTV S5, IR EAAs EAL I BE S Karra it
BRI B SR AR R Arx A, TR
AroA; ILAN, A EERUEYIRERS LA A" EAL
FMAs I F R DI REE AR, % T ArrARIAroA
#B)Em TDMSOZ AL 5, 1M ArsCJ& 38 Ao
FUR B (rhodanase) ZC G L b1, 3 3Tl F4) a2 A Iy
AR : ArsC—ArrA—AroA. ir24E % i
ArxARIAs" SE AL AR AT BE7E ArrA— Aro A 1 3E1L
H i JEAE B8 ArxATE ArsC 2 i BTt —25
AL ATTAFIAToA . #RTM, HETHIRFFRATS Joik Ml
DL b B IR R R AR AR RS, W EGR A
Z o A MHLE-1" "7 Emlg 24265L AR KK
HAIF AR As" ELRE R L, arxadt
KAIRE "l G tbarrd flaroASE BB, (B #E{bid
R ETER Tmlg 24263 TIEE, F5mh
mlg 0216 FAs" R AL . 9z b, By
A=Y FANA-3E BAAEArsCIE R, Arr AR JFAN
ArxAFALR =T IhEE" ", TR X LRR Y AL
N FAR AT BE S . ArsC—ArrA—ArxA—AroA,

Joie ey, DL A ER UL T A Y i A
DIRERI ZAEME | 5k MR 2, St i ek
AR IR B A IV E FH S 5E 48 B T 7 W)

4 As"Hy R /L F RN BE KA

NZETE 1820 86 T2 i T &5 e G i i 4K
FETZ2WE RS ZE R R B b R
A RE SR AU B R R AT G, R
K F) ¥ 24 52 Bartolomeo Gosioffjih g B JLah
E— PR R, —SE B AN KB (Mucor mucedo
[sic]) M1 Penicillium brevicaule e == H FER ) TT
X, A RSk I (Aspergillus glaucus) . Aspergillus
virens . IBCIRTEFE (Mucor ramosus) . TR L0
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B (Cephalothecium roseum)FlSterigmatocystis
ochraceas FLAT T AL DI REAY BL AR BE & B
H#]19354F, ChallengerfilHigginbottom i AF5E
HLTH % B (Scopulariopsis brevicaulis) i H FeAk,
R, BAEAs'—As HAs"'—As(CH;), i —F
G JE RN 4L, BiChallengeril#%™ ., &S
RN SR, BAEAE. . B, #K.
SRR TE PG As™ F 361035 i 2 AR AT
(K1),

SR F R, EE T As H
H: ¥4 i (arsenite-S-adenosylmethyltransferase,
ArsM)IYEERR 3 Bk BRI AT A1 -5 HC At 2 B2 e e 25
AWML HE I, 78R IR R, S-IRAE
fiil % R (S-adenosylmethionine, SAM) 7t 24 F JLfiL {4
M, (RIS BIRIIRERED, As"H
FALR ML SR S LA FLsh W R 5, BHETE
SNBSS VSR UIEI R R [CR AL RIE /DL E - S
AS3MTI)FF #2505, HAPAE>1604%,
B>254%, E>174(NCBIEHE ). LIRPRLLE
PR (Rhodopseudomonas palustris) N, H
arsMBER P FRR A KIAAT B T 3 W (At
P TEGSHMSAMAFIERTE LT, Sfaifbhy
ArsMAEHE As" AL S B P/ 1004 1 — Y H i
(dimethylarsinic acid, DMA")HI/)N 100014 — F it
ALY (DMAO), [EANFFAE 7 B 5 F)— PP At
(monomethylarsonic acid, MMAs"8iMMAs ")
PR, A= P 5 0 e PR A AL R O] e b 3K
AR A e it — 2P SR o

As"E BB AR RSO S, R RE
FERG P 7 Y o f 1 p (LT A A T 245 4H ¢ 28 1
MRP1 ) 1R ATPRER)fEIL T LAAs"-GSHIE PR A
W PR BN IR E SRR SN ERE S
K, H¥EA E F (phytochelatins, PCs)7EI )
— B A IR TR, S
bl BE(Schizosaccharomyces pombe)JPCsTECA” .
Cu” FIZn™ 55 5 42 JB i3 vh R4 T BRI, o
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Pr I, FEEE A PCsX 5 4 @ 1Y il 25 A7 76 3 i &
X, agExTAs" ", A" A PCsH A A As-
PCsE W), TEABCHAHUEIEE AHMTI/EHIT
BB T, IR S R E I As-PCs-S&
LB, RIEER, MEFEAIFAER 40
MO B RS, AR B RE AR . TSNS HE R
F(E1-A). As"ISNEEAE H H ArsB(As" . H'-
i) ArsA/B(As" ATPRE, ArsANR/EH)
P, EE B Ac3p P E D" A
Y, Maciaszczyk-DziubinskZ5: P 5t 207
TEBRI B B (Saccharomyces cerevisiae) T, As'"HY
HNHEAR S F Acr3p Bl sg iU AG , As™ b IR A 3 2
HFpslpthZ 5Hd (E 1), Uil FpslpR—FFizki
As" L) R

TRA A R it ) HH Ak 2 AR AR B B 1Y
FEMESNE, BAE20014E, GeiszingerE gk
R 2% ff B (Fucus serratus)BEFE100 pg/L#Y
As"EW AR R 19E, i aiE o Rm
As"HIMMAY, LK KB DMA Y i (arsenic
sugar, AsS), ZJi, Lehr™RiE 1A% T 6 [ i
A1 3 bl AR Y B R PR R BE AT, TR S T
fift AL T AE e A s B2k . (AR O
M, BYEMAYATFEarsMIER , AIBEH H 5L
B A (E ). BN, AT E (Mycobacterium
neoaurum) ] B 2Fh 25 Y i B BL AR (MM A Al
MMAs")EF AL, 74 As"(43%)FIAs" (27%),
AR, WAEY A TR0 2 B A ] e AE
TR A Pl B R S il A v SR
X B J& (Burkholderia sp. MR 1) FI% BB 5 B
(Pseudomonas puditaKT2440)7] Iz it MMAs" If:
W A JFUR R ME SR AIMMAs' . MMAs' g
BurkholderiaHE 1RSI 5 X% 55 55 1 (Streptomyces
sp. MD)W, 5225 F 60 LAAS " T 2 bl HE
AR PR L, R e A R AR R 3
E— PSR, H AW AT BERR 2 A
A 220 58 o
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AWFFEUESE, A= X B ) i 52 53 8 1ok EL b H:
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PORSEZA0 I 2 R, WEBIRERE A )
B 0 (H A A A ) AU A P B A 3 (R Y
R 22

ST A AR A TR O R, AT A
OSBRI - S 18 52 AT 3 [ BB A 3 o
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BTN, DUTER G As I 1 [ 25 54
PRAE 0 B2 B e il ) L BR AR o FEAAE A BH
PETT T, A A A PR A Bl i Sl T B ]
Peeplide i, 0 i AR 4R R K R AR R Bk
IR e ) I B LA ARG A e 3l i PR AL A
FAREAR e i, g e 2™, g b
Pk, 4 e BT — A A Wy i e

PL, IPRILSHRE G IMERE | B AR
R SCIE SR, o fa s i - kA 2 i ER Y
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Arsenic resistance mechanisms in microbes and their roles in
arsenic geochemical cycling - A review
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Abstract: As a ubiquitous metalloid in the environment, arsenic (As) has attracted concerns by humans due to its
strong carcinogenic property. Environmental As fate is often affected by physico-chemical and biological factors, of
which microbe-mediated arsenic transformation predominates. Arsenic uptake, redox, methylation, sequestration and
efflux have been verified to be involved in As resistance in microbes. In some microbes, As transformation
contributes to detoxification, while some can obtain the energy for their growth and reproduction from this process.
Here we reviewed the mechanisms of microbe-mediated As uptake, transformation, sequestration and efflux, which
may help elucidate As geochemical cycling and provide the methods to remediate As-contaminated soils and waters,

and to reduce As uptake by crops.
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