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Objectives : The objectives of this study is bioremediation and detoxification of arsenite using arsenic resistance
system (ars) genotypes of Arsenic Oxidizing Bacteria (AOB) isolated from highly As-contaminated mine.

Methods : Bacterial strains that are resistant to arsenic were isolated from the Samkwang mine. The identification
of AOB was conducted by analyzing the 16S rRNA gene using universal primers. To determine the genotypes of
the arsenic resistance system (ars), specific primers were used for each gene. The extent of arsenic resistance was
measured, and the efficiency of arsenite oxidation was assessed through a batch test. Arsenic concentration was
measured using ICP-MS.

Results and Discussion : The arsenic concentrations at site 1 of the Samkwang mine were found to be 1,322 mg/kg.
This concentration is 26.4 times higher than the standard for soil pollution concerns (50 mg/kg) and 8.8 times higher
than the standard for soil pollution measures (150 mg/kg). The appropriate remediation is studied such as bacterial
remediation. The three efficient AOBs were identified as Agrobacterium tumefaciens EBC-SK1 (MF928870),
Ochrobactrum anthrophi EBC-SK4 (MF928873), Ochrobactrum anthrophi EBC-SK12 (MF928881), respectively. The
arsenic resistance system (ars) genotype were detected, which is the leader genes of the arsenic oxidation system
(arsR and arsD), and the membrane gene (arsB). The arsB is involved in the encoding of the efflux/influx pumping
system and moves arsenite into the bacterial cells. Arsenite-oxidizing (aox) genes are activated to oxidize arsenite
into arsenate. The AOBs biotransform arsenite to arsenate with the regulation of ars genes, which detoxify highly
As-contaminated mine.

Conclusion : The AOBs from Samkwang mine are known for their resistance to highly toxic arsenic environments.
They play a crucial role in the bioremediation of abandoned mines by transforming As(IIl) into As(V) through
biotransformation.
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Fig. 1. Schematic diagram of arsenic resistance system (ars) function and microorganisms that can purify As-contaminated
abandoned mines: arsR: a transcriptional regulator '°; arsD: an arsenic chaperone & metallochaperone '8, arsB, arsA: an
membrane pump & MFS membrane '®; arsH: organoarsenical oxidase 2% arsC: an cytoplasmic arsenate reductase 2, arsM:

S-adenosyl-methionine methyltransferase '®; aox operon: As(lll) oxidizing operon
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Table 1. Levels of arsenic contamination at sampling sites.

Control Dajeon 2 0
EBC-SK1 Sediment soil 1,322+£0.2
EBC-SK4 Sediment soil 4596+0.5
EBC-SK12 Tailing 3,596+0.3
BGRI-SK6 Water 6.004 + 0.2 mg/L

50 150 26.4 8.8

50 150 9.2 3.1

50 150 71.9 24.0
0.01 mg/L 600.4

YEnforcement Ordinance of Ministry of Environment 1032, EZQ&<a47|2/ch47|2, 2023, https://www.law.go kr/

2Enforcement Ordinance of Ministry of Environment 1061, H=2421

— pd i

7|#, 2023, https://www.law.go.kr/
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Fig. 2. The location of samples in Samkwang Au-Ag mine the republic of Korea.

2.2. tigf|2|o} 22| L H|ALHMHAE

dre|g]ols ujdstr] {18l AR BiAl= 37} H]4 (NaAsO,)
7} el MSB Hljxjolw, AR AL 7)E0] =53 5]
o, oh39] AI7ER] 8 E3tsto] Azt Solution A: 4.8x
10" mM Na,HPO, (Sigma, USA) and 1.5x10* mM KH,PO,
(Sigma, USA); solution B: 3.0x10* mM C;oHpN>OsNay-2H,0,
EDTA (Sigma, USA), 2.7x10° mM ZnSO,7H,O (Sigma,
USA), 4.0x10* mM MnSO,-H,0 (Sigma, USA), 8.0x10° mM
CuSO4-5H,0 (Sigma, USA), 3.5x10° mM Co(N-03)-6H,0
(Sigma-Aldrich, USA), 5.4x10? MgSO,-7H,0 mM (Sigma,
USA), 2.2x10? mM CaCl,-2H,O (Sigma, USA), 7.0x10° mM
(NH,) 6Mo-7H,0 (Junsei, Japan), 3.0x10* mM FeSO4-8H,O
(Sigma, USA), 1.0-10* mM C1,H;,C1;2N4OS-HCI, Tiamine HCI
(Sigma, USA), 1.0x10™* mM Biotin (Sigma, USA), 1.8x10° mM
KNO; (Junsei, Japan) and 1.7x10* mM NaCl (Sigma-Aldrich,
USA); solution C: 1.5x10* mM (NH,),SO; (Sigma, USA) E
MSB Hj#] (pH 7, 30 C, &7]4 7)ol 1 mM2] D(+)-glucose
£ carbon source® H7}eFIct H|a W AE-2 37) ofHj4t

A (NaAsOy)9] th5 s=o sl AAISI3AAL (0, 5, 10, 15,
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20, 26 mM), 57} HAFE (NapAsO,) 2] ThZ “skmof thall AA|
st} (0, 5, 10, 15, 20, 26, 40, 53, 66.7 mM).

2.3. 16S IRNA S XXt M 2 ars genofype 2al 2AM

Fejaton Golgt AME FF2RE gnomic DNA
extraction kit (GeneAll)2 ©]-83}o] 16S rRNA §AAE &
sfe] PCRE FE519ich. PCR 49 L2 Ie chat ek
1) (7] DNA H4]) 55 95T, 2) (353] Hh=2=3)) 15 94C,
15 55C, 152 72Col 13] Z7], 3) (W2t A%, final
extension) 75 72C.

ZZ5] 16S rDNA 8- A}= PCR purification kit (Bioneer,
Korea)Z ©]-8sto] JAstlon, AAH d7] 1H=2 ABI
PRISM 3100 1do]= DNA g7 A EEA (Perkin Elmer,
Boston, Massachusetts)& AME-3}o] 3-8} A EEH-S AAJS}
k. HlRW/GA L 94 (ars genotype) A= 2 7]
5 (gel electrophoresis)© 2 PCR AHES HA5lo] AR
ok A WA T4 skl thae F7HA] #E- primerE ARS-
3}k BGRI-09 sense (5'-ATC ATG GCT CA ATT GAA
CGC-3")¢} BGRI-15 antisense (5'-T ACC TTG TTA CGA
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Table 2. Oligonucleotide primers used for amplification of the arsenic-resistant system genes.

BGRI 0904 ars Sense (universal)
BGRI1558 ars Anti-sense (universal)

BGRI 0609 arsR Sense
BGRI 0310 arsR Anti-sense

BGRI 0725 arsD Sense
BGRI 0726 arsD Anti-sense

BGRI 0923 arsA Sense
BGRI 1230 arsA Anti-sense

BGRI 0929 arsB Sense
BGRI 0226 arsB Anti-sense

BGRI 1117 arsC Sense
BGRI 0822 arsC Anti-sense

BGRI 0507 arsH Sense
BGRI 1103 arsH Anti-sense

BGRI-arrA Sense
BGRI-arrA Anti-sense

BGRI-arrB Sense

BGRI-aroA Sense
BGRI-aroA Anti-sense

BGRI-aroB Sense
BGRI-aroB Anti-sense

BGRI-aoxS 0507 Sense
BGRI-aoxS 0705 Anti-sense

BGRI-aoxR 0725 Sense
BGRI-aoxR 1103 Anti-sense

BGRI-aoxA 0415 Sense
BGRI-aoxA 1106 Anti-sense

BGRI-aoxB 0125 Sense
BGRI-aoxB 1022 Anti-sense

BGRI-aoxC 0710 Sense
BGRI-aoxC 1118 Anti-sense

BGRI-aoxD 1025 Sense
BGRI-aoxD 1124 Anti-sense

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
BGRI-arrB Anti-sense 5 - ATA CCT TGC TCT GTG GAT CAT CTA -3°
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

- ATC ATG GCT CAG ATT GAA CGC=3

-TACCTTGTTACGACTTCTACCT -3 >
- ATCCAG CTCTTCAAAACC-3 53
- GTTTTT CAG CTT CATAC-3

- ATG TGCTGCAGT ACCGCCGT-3 60
- TATTAC CAC CACAGCAAC-3

- ACCCAC GCT TAG CAATAT CAT CGA -3 55
- TGA AAG TCT TCATAT AGG TCT TCC - 3

- GTG GAATAT CGT CTG GAATGC GAC -3 57
- GGT AATTTT CGG CCCCAAATCG-3

- TGC GGCACT TCG TGAAACAC-3 57
- AAG TAT ATC CAG AACCACTT -3

- ATG GACCAG TTCCCAGAC-3 55
- CTG ATT GGG GAT GGT GAACA -3

- CTT TGA AGA AAT TCA AACGTACG -3 59
- TCAAAGTTT CGCTGT AAAACT CA-3

- AAC ACG AAC GAC GGT ATT CACTGG -3 59
- GT ATG TCA CGT TGT CAA AAC - 3° 59
- TTATAG AAC GTT GGA CAG AC -3

" - ACT CTT CAC CTATAT CGC CGA -3 59
- TTCTCG TAA CCG AACATG ACA -3

- TTCATC ATC TCC GAA CGC GTATTG -3 59
- TTG CGT TTA GCA CGA GGT TCA AAA -3

- AAT CGC TCATCC AGC GACTTT CGC -3 57
" -TTG CGT CCT CGC CAAGCG TACTGA -3

- ATA AAG TAA GTC GTC GCAATT - 3 55
- GAG CTG AAT CTG AGG CAG ATT - 3°

- TGC GGCTAC CAC GCCTACACC-3° 59
- TGC CCCAGG TGT TTT CGT AAC-3°

" - TGG CAT CGG GAG GAG GAT -3° 57
- TGA CCT GGG AAG TAT GGC -3

- ATATGC CATTGCTAT TTG -3° 57

"-TACTTG GCT CCA GCC AAT -3

YGenBank sequence similarity was evaluated using the BLAST program. (BLAST; National Center for Biotechnology Information

[http:www.ncbi.nlm.nih.gov].
2Tm, annealing temperature used in PCR cycle.

CCT-3"). T WA, TR} (ars genotype) A
£ 9J3to] ARE-E primer= T2 Table 23} 7hc})

] A Al 2

2.4 H|A &3

EX5 9714E HEE NCBI (National Center for Biotechnology
Information)2] BLAST (Basic Local Alignment Search Tool)
2388 At 4 A9 S B S
th 71 F Mega XEEIHE olgte] @71HGEL Fs}
1 AEEE MegaXolA] neighbor-joining 52 ©|-&35F3
th2) F29] 16S rRNA 342 A Q (ca. 1000bp)T+ GenBank
doleMol o] mgE sjE @Eo] LS Hmalgch
o, Escherichia coli

HIE|2|0}2| A ELrAIEHN 2 A

o=2o= T =

kimura 2-parameter model-& AME-3}%
J01859.1& H|u o & ARg-3}Gtt.

2.5. H|A LS} HER| HIAE

3184 AL 250 mL F-2]Zet239] 1 mM sodium arsenite
(NaAsO,, Sigma, USA)2} I mM D(+)-glucoseE- 3Z£315}= MSB
u12] 60 mLE Yol AAls}st. uhelo} HES FYstol
S714d 24, 28°C, 180 rpmof|A] 50X 759t wijFslSict
TR 2 Rt AFE AAEHGC) FEA AFHLS A W df
B3hoie}. wjoFr] 7k S0t 37} ohu] Ak (arsenite)o] 57} H]AF
(arsenate) 2 AIBE|= 2S¢ wUEDel7] 98] vlasE
g& AABET 37} otujqhed (arsenite)> A 2]|7F7IRES]
o] 23 3k=%] (LC-SAX SPE, Supelco, USA)E ©]-&3}o] 5
7} B)AFY (arsenate)d} E-2]5}9)aL, 371 o}H|AMY (arsenite) Tt
Folso] FES SEAFZez0}YFRA7] (CP-MS,

n{o A o2

o}lv

CHstalA Zats|x| M|46A M55 20241 52 189
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Table 3. Bacteria and arsenic resistance system (ars) genotypes.

Pseudomonas putida OS-5d AY952321
Agrobacterium tumefaciens EBC-SK1 MF928870
Ochrobactrum anthropi EBC-SK4 MF928873
Ochrobactrum anthropi EBC-SK12 MF928881
E.coil)01859.1

Pseudomonas rhizosphaerae OW-2 AY866408
Pseudomonas putida 0S-3 AY952322
Serratia marcescens RS-2 DQ112331
Achromobacter sp.GIST-SW8 EF555455
Arsenite-oxidizing bacterium NT-10 AY027500
Herminiimonas arsenicoxydans ULPAs1 AY728038
Pantoea agglomerans RS-18 DQ112330
Citrobacter freundiNTan8 DQ481469
Aquaspirillum sp. VTs22 DQ481472
Arsenite-oxidizing bacterium NT-14 AY027497
Alcaligenes faecalis SRR-11 EF446888

arsB
arsD, arsB, arsH, ars), aoxR, aoxB 48 30/30
arsD, arsB, arsl), arsX, aoxB 60 40/ 150
arsR, arsD, arsB, arsH, arsX, aoxR 24 25/30
arsD, arsB control
ars8 arsA arsH Chang et al. (2018)*
ars8 Chang et al. 2018)%
arsH Chang et al. (2018)%°
arsB Chang et al. (2018)%°
aloA Santini et al. (2000)°
30xA, aoxB, aoxC, aoxD Arsene-Ploetze et al, (2010)"°
arsB Chang et al. (2018)%°
arsC arsH Chang et al. (2018)%
arsD arsB aoxR Chang et al. (2018)%°
aoxB Santini et al. (2000)°
aoxR Chang et al. (2018)20

A NCBI (National Center for Biotechnology Information: https://www.ncbi.nlm.nih.gov/ ) Gene Bank

Inductively Coupled Plasma-Mass Spectrometry: Agilent 7500)
5 ol-g3to] Zsrk 57h ALY (arsenate)9] FEL F]
49] =9} 37} oH|AFA (arsenite) =2 xjo|2 AAE Q]
th A|EZEEE 600 nmoj|A] UV Spectrophotometer 2 optical
density 2 Z3lo] ksl

3.1, AFLTALO| HIAQY EA

842 AEE A AF 6 HlAasEE 6.0 mgLE
Hg 7]2259] 001 mgLET} 60087} =om, B3 A 24y
=S 913t 7ISAtR ARGSHE Jtoloja] o] A7tot 2t
7ol AlE wlE = Adgolrh A 19 N 1 BEY
H 45 1,322 mgkg? B4 Ye7|&P o) 260 2
Tt om, Bk Ar =0 it 8.8u) Z2ukstgict. A
49] H| A BEE 4596 mgkgE EOFQ ¢Sul7| 2T} 9.28)
zitstgl o, diA7]ERo) 3.0WE 28kt A3 12
749 3,596 mgkgE EFQ Q7| 2R} 71981 Xt
thom, 27| rct 24uiE Zakslglch MEYS et
BE AelA BAFATIES 2akete] AEg Hejrt Al
gt Aot AAIgt U-8-2 Table 10 Az|atgict.

1o

ol

3.2, H|A At}
g 24

sig2lote] SH ASE M A Hi

- =<

b

HI

Aol A A F3E AR 25 37} ofu]AbY (arsenite) 3}
57} H]4k (arsenate)o]] UA1S 71R)= Bhg|gjols Helslqict
FeerH o R FEEE vE g RS 422 (Isolation)
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R, o]F H|2AlSkso]l 53] Pt 3FRE IS
Agrobacterium tumefaciens EBC-SK1 (MF928870), Ochrobactrum
anthrophi EBC-SK4 (MF928873), Z1&|31 Ochrobactrum anthrophi
EBC-SK12 (MF928881)%2 %7 (Identification)s} STl A}FAY| g
42 b Table33} 2}, 718o] el T w4y Al
A% FEET R AAR A3 AR RS
Fig. 33} 70| E&sloth. 2 Aol S43 F750|
Alphaproteobacteria 7 (class)o]] £3= A3} H|usle] 7]&£9)
TF5-2 Betaproteobacteria 7 (class)¥} Gammaproteobacteria
7 (class)l| <3¥c}. Herminiimonas arsenicoxydans-2- 1% = 2]
H|2E SRt AN Ele2 5 e 2efeh dhE|2jotoln B4 Akst
ahe|jole B gk )4 Ak} vtjEjols HlA ¢ 2|
A H20] B3 o] FE Eole Hl 8% IS drh

v A Avks thaat Ak 359 HER|ok= ohtt
A (arsenite) 37} WA AdS AASE An}, Agrobacterium
tumefaciens EBC-SK1 (MF928870)+= 30 mM7}X|, Ochrobactrum
anthrophi EBC-SK4 (MF928873)+= 40 mM7}X|, Ochrobactrum
anthrophi EBC-SK12 (MF928881)= 25 mM7}1%] A< 2.¢)
ok wl2o] Bmet o) A 24T Avks §9)
w5} peteh A1 129) HlA%E (3.59 mgke)s X4
H AN (459 mekg) Rt 784 BOLO, HlA A A4
4 (40 mMy7H A4 12 25 mM)RE Lev) ek uldo) 84
7} S0k a4 HrElelote] ula o] o et e
obd& =&Eshglon, yido] A glow njad] =4
of Btelgfolrt BESEHA ok Aoz WEEh

3.3. H| AL MA|AHE!I S XX} (ars genotype)

H Ao A ars genotypeS MGt AN} Agrobacterium
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Pantoea agglomerans RS-18 (DQ112330)
’%L; Citrobacter freundii VTan-8 (DQ481469)
100

Serratia marcescens RS-2 (DQ112331)

-proteobacteria
97 Escherichia coli J01859.1 ve

|— Pseudomonas rhizosphaerae OW-2 (AY866408)
100| [ Pseudomonas putida OS-5 (AY952321)
97" pseudomonas putida 0S-3 (AY952322)

arsenite-oxidizing bacterium NT-14 (AY027497)

Herminiimonas arsenicoxydans ULPAs1 (AY728038)
arsenite-oxidizing bacterium NT-10 (AY027500)

100

B-proteobacteria
100 arsenite-oxidizing bacterium BEN-4 (AY027504)

99 [~ Alcaligenes faecalis SRR-11 (EF446888)
85" Achromobacter sp. GIST-SW8 (EF555455)
Agrobacterium tumefaciens EBC-SK1 (MF928870)
100 ichrobacterium anthropi EBC-SK4 (MF928873}—  o-proteobacteria

100" Ochrobacterium anthropi EBC-SK12 (MF928881)

_—

0.02

Fig. 3. Phylogenetic tree of bacteria with arsenic resistance system. This tree was constructed from a matrix of pair wise genetic
distances by the neighbor-joining tree method.?" The scale bar represents 0.02 substitutions per 100 nucleotides of 16S
rDNA sequence.

tumefaciens EBC-SK1 (MF928870)0)| 4] arsD, arsB, arsH, arsJ, 2 311S sl GARA] AsI)S B YL AjzHo| $A]5h
aoxR, aoxB7} TEE| Q). Ochrobactrum anthrophi EBC-SK4 = asB §AA9] 23] $9=lE HAUZL Figure 10 s}
(MF928873)N| A<= arsD, arsB, ars), arsX, aoxB7} 2= ¢ich gt v AYAAA A8 AAS &R0l g AR arsRI}t
21831 Ochrobactrum anthrophi EBC-SK12 (MF928881)0]|A] arsDZ B AYAAA| A" Y] HELS Ygl= 92 3t} 2y
arsR, arsD, arsB, arsH, arsX, aoxRo] T2E] 1t} (Table 3). AR 2T A9 A B 3§43 75l g
olalat HlAWAAAE (ars) A= Fig. 13} o] AJAE0 | 2R ansBi ulAE AlE (FE)Q)) Qo
2 e 24 Seg oA, vias] gl gy T oo AN MRS VIS e RSl ot
Godth A M WAAAEel b e RS VIS e oo ek et uE e
(transcriptional regulator) -3-A %01 arsR1} arsD7} B4 = Q1ct Rlefl A uilg =] SRSz, S falhs His, His™,

- 137 135 137 161 142 164 166 ui] 171
Ochrobactrum anthrophi EBC-SK12 (MF928881)0]| 4] arsR, His™, Arg™, Arg™, Arg™, Trp™™, Trp™, Trp™ 8 Trp "%

arsD A% F7AA 7L Aol HAEAT). Agrobacterium
tumefaciens EBC-SK1 (MF928870)2} Ochrobactrum anthrophi EBC-SKAs 1
EBC-SK4 (MF928873)0l|A]+= arsDRF &A= Qict. WEg el 1000 #
arsB 2= RE qtFoll 4] WA E I arsB= efflux/influx
g Al2F 9 kol ¥ei3to] arsenite (IID)E e[ 2|0} Al
3 oto g ol AIZItk 1 & aoxB, aoxR 5 H|AAES} (aox)-G-A
A5 ZFEA|A 37} ofH|AFY (arsenite)2- 57} HIAFY (arsenate)
oz ABRBth B4 AB} asH SAA= Agrobacterium
tumefaciens EBC-SK1 (MF928870)} Ochrobactrum anthrophi
EBC-SK12  (MF928881)oll4]  ®FAERIA,  Ochrobactrum
anthrophi EBC-SK4 (MF928873)0l41= WA= %] 9Fotch = 0

800 —

i —— As(Ill)
600 —O— As(V)
—@— As(I1I), no cells L o1
—&— As(V), no cells

+  Optical density of culture

400 +

Arsenic Concentration (M)
Optical Density 600nm

200 +

0 10 20 30 40 50

Aol wpReat v WY B2 olEe) vz g A -
Lo o]as] . . o ,
228 arsH, aroA, aroB, aoR, aoxX 755 °ol-g-5to] MR Fig. 4. Batch test of arsenite oxidation by Agrobacterium
odE BEoF 9 A oA v|Ae ASLE Fe SAAAY tumefaciens EBC-SK1 (MF928870). The experiment was
o] ZQa3l A%k Zaalc) 829 performed indecently in triplicate in batch modes with
H| 2 AJAI A8 (Ars: arsenic resistance system)-2 H] A0 Al3} a working volume of 60 ml at 30°C.
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EBC-SKAs4

1000

800

& A
600 —O— As(V)
—8— AS(ll), nocells o1
B As(V), no cells
4 Optical density of culture
400 - +

Arsenic Concentration (uM)
Optical Density 600nm

200 -

0 1‘0 2‘0 1;0 4‘0 50
Time (hours)
Fig. 5. Batch test of arsenite oxidation by Ochrobactrum anthropi
EBC-SK4 (MF928873). The experiment was performed

indecently in triplicate in batch modes with a working
volume of 60 ml at 30°C.

EBC-SKAs12

1000

800 +

—— A
600 + S\
—0— Al nocells Lo
—O— A(V), mocells
400 — +  Opfical desity of aiture

Arsenic Concentration (uM)
Optical Density 600nm

T T T T - 0.01
0 10 20 30 40 50
Time (hours)

Fig. 6. Batch test of arsenite oxidation by Ochrobactrum
anthrop/ EBC-SK12 (MF928881). The experiment was
performed indecently in triplicate in batch modes with
a working volume of 60 ml at 30°C.

oE Ul e aox AIAH2 HIAE
Azt BN E vAE WRE A=Y aox tkek 7
Aol ofs HiA(V)Z F Hgho] HiL, ujdlE 9F-2 FEF o
FANM = F4d0] Haso] Zrt

& Aol Fholl ’AlE Apel= AA 1, 4, 1|3
12 % 55 2y 72404F arsR, arsD A S 1 W, arsB 7741
A 5L AR FAA aox A4 7o) BRlE A|sERA] H]A
Aol digh b siEE 22 4 & Aotk = BE&
) YELS gy AR 25 arsRI} arsDe= A E 9o
Hla ARSF FRRe] eujE (F e Al2E Alofske +A
Ao ot ehel)2 vl A ) A 54 Aol Satt A
S 3tk AR} ARGl ArsHiE NADPH 9)&A ot
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(monocucleotide) FAQl AEY3HY FAE 9T st Ser®,
Arg®, Ty WA A% 9 ggsto] dagt Sl fboln Alst
71502 H)A& BA] Az7to| 0]8E 4= Itk Agrobacterium
tumefaciens EBC-SK1 (MF928870)2} Ochrobactrum anthrophi
EBC-SK12 (MF928881)+= arsH7} B R| & o] AL -4} 7%

2 splstgon uhelejote] ZAjAlel ula S Ty Folld

o223t (Fig.4~6)= &34 vl A7} nlES]
A=A F /g8t (exponential growth phase)ofl 4 7}
% dolulso& Hojerh i dd=-toll A whg Al
Babsh dofubo] ofu) ule] ASHE 74 mha A wAsHs
Ao g e, As(II) 1,000 pm ¥HS-2 7] 10A]7HLE
AshE AJRFske] 50417k 100%  ARshE|Qict. Fig. 4=
Agrobacterium tumefaciens EBC-SK1 (MF928870)0] <]3}|
As(IDollA] As(V)2 & Abste= vhg-2 UEh]lch. Fig. 52
Ochrobactrum anthrophi EBC-SK4 (MF928873)] 23l As(lll)
oA As(V)ez AtghE= ¥R uUElgich Fig. 6=
Ochrobactrum anthrophi EBC-SK12 (MF928881)] 2J3}|
As(LIDol A As(V) 22 AFste] = Hhg-2 YRl ik Bl 4F
5} upejelobES SA4jo] 4% Al AFSHsto] B o] oreh
As(V)o. 2 AHZL (biotransformation)s}7| W&o H]A EA]
off g 7V 4 ola, At o] X AEeie 67
& WA 4= ok wheba] B4 Abs) dhe ok wgAL
o WEshY Belo] £ TS FYsiv ABATHIIA
(biogeochemical cycle) H]ZA<=3ko] 7]ojgtc}

4.7 2

gHEElol7t AsDE 4tetsh= ekt dej= vo) F+7F
A& BaElek 3 AA £ QY (autotrophic) W] AE-S
AsII)E tHARPE oA ofUA o= ARg-sto] R A o
A AR} FoJA} (electron donor)2 AMREH= A7t 91?,
+ WA F59Y (heterotrophic) 1]A¥E0] F7]= (carbon
sourcey & AFBFH= T4l AU o] Abgtslo] shEx
& (detoxification)©] E+&= ZHLx Qltl F 7R H|4& Absh
WAUE B Hpie] AR Belo] 2ad 3e 43
Bk 2 0)gEe] EAss WA EALTS BgE YR
2 LIS FUST TR R VIS FE5H]
sare] 87 o] Holgic.
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