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Abstract: The aim of this study is to identify a strain for microbial remediation of arsenic (As)—contaminated paddy soil and explore the pos-
sible mechanism of arsenite[As ( Il )] oxidizing bacteria in remediating As—contaminated paddy soil under flooded conditions. In this study,
some As( Il ) oxidizing bacteria were isolated from the As—contaminated paddy soils collected from different areas in China. We carried out
molecular identification, physiological and biochemical analyses on these bacteria, and then used them in remediation experiments on As—
contaminated soil. Six strains capable of oxidizing As( Il ) were isolated. A novel chemoautotrophic As( Il )-oxidizing bacterium strain, des-
ignated as DWY~1, was isolated from an As—contaminated paddy soil in Huangshi City. The physiological and biochemical characteristics
showed that the strain DWY~-1 was a facultative autotrophic anaerobe, Gram—negative, and belonged to the genus Sinorhizobium. This bacte-

rium could utilize the energy generated from the oxidation of As(Ill ) to arsenate[As( V )] using O, or NO; as the respective electron acceptor
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for growth under both aerobic and anaerobic conditions. After the addition of cells of strain DWY~1 into the flooded As—contaminated paddy

soil for 14 days, the content of As(Ill ) in pore water and the phosphoric acid—extractable fraction decreased by 73.0% and 80.0%, respec-

tively. In these samples, the total As content decreased by 32.6% and 32.9%, respectively. In summary, the strain DWY~-1 can be a poten-

tial resource for the remediation of As—contaminated paddy soil. In the flooded paddy soil, As ( Il ) oxidizing bacteria can couple

anaerobic As(Ill ) oxidation with nitrate reduction and obtain energy from these biological processes for growth. Thus, As (Il ) oxidation me-

diated by strain DWY—1 is considered as one of the effective ways to remediate As—contaminated soil.

Keywords: arsenic; microorganism; arsenite oxidation; denitrification; arsenic—contaminated paddy soil; remediation
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Table 1 Total As and pH value of different As—contaminated

paddy soil
W5EWTH A HBHH ik FEE K&K
MBAs/mg-kg! 1223 835 4780 744 782
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Table 2 Information of As( Il ) oxidizing bacteria

DWY-1 Sinorhizobium meliloti 100 + HA
DY-1  Brevundimonas naejangsanensis ~ 99.85 - KR
DY-6  Brevundimonas naejangsanensis  99.85 - KA
DY-9 Brevundimonas diminuta 99.92 - R
ST-8 Rhodococcus pyridinivorans — 99.73 - IBS
CZ-5 Rhodococcus ruber 99.92 - HBH

TE 7 Ry 1 i UL L I oA, =7 RO AR 1Y AR A
ML aioA

Note: ‘+’ denotes gene aioA had been amplified in bacteria and ‘-’
denotes no gene aioA had been found.
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R3 Bk DWY-1 B EBELNE

Table 3 Physiological and biochemical characteristics of

strain DWY-1
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Note: * + * denotes significant growth (P<0.05, compared with the
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Figure 2 Effects of different concentrations of As( Il ) on growth
of strain DWY-1
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Figure 3 Growth curves of strain DWY~-1 in CDM medium

containing different concentrations of As(Ill)
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Figure 1 Phylogenetic tree based on 16S rDNA sequences(A) and aioA amino acid sequences(B) of strain DWY-1 and related sequences

which were retrieved from NCBI
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Figure 4 Oxidiation of As(Ill ) by strain DWY—-1 under aerobic

condition without NO3 (A) or anaerobic condition with 1 mmol +

L' NO;3 as the electron acceptor(B) and nitrate removel under

anaerobic condition(C)

As(ID YA R KBRS As( VI T As(D
RS B /N BEE AR, AR P 19 As AL
PO As T e BB R Y T 2R ez 0 3
S5 A A — S R A W RE SR W W B 1) As, L 2]
LA As (D) %8AE S As(V ) I it 4 3 72 v 31645 RE
T A S AR, X LR YR A R i ok A7 7 HAE
As B HUBR AL PR ER I B b A 45 T B SR I A

WFFE N As V5 YL 7K AR £ rh 23— PR A AL R DWY -
1, #5740 5.0 mmol « L7 9 As (I ) o X B #k
DWY -1 #4755 & BLH & T v e iR 1 & (Sinorhi-
zobium sp.) , 5 H 5 5 R F 4T 1) R AR Sinorhizobium
sp.DAO10 Fll Sinorhizobium sp. KGO-5 ] AT As &4k
ihe, HE bk DAO10 th s IR A As AL S TR R ik
JE e FE A 7B (X As V5 Y K AR 0 18 1R
WK AR TE . RTE R DWY—1 B4 AR AR 57 7
58, KRB DWY -1 0 522 [ FAYE R, GE R 2 Fh
MR IR A T A  TEAF R SR S RIS SR F Y A
As(IID %A AL RE

AT, AL A PR AR A As (T
A SRR R A IR BRI b RS RE ] T B B4k
F128, - Chen SE°058 338 % 7K A it A [A] ) 0RE , % B0
R A4t FH AT DAY 2D K R X As BRI, 1 AR AT RE 2
W T Y BRER A IR E A T As EAL RIS W v oy o 78
X AR DWY -1 19 As S AL FR M SET T 0I5 5 2 B A
UF A T RUR S N ¥ HA As S ALTiRe, 9F A
PRAEAA T S8 Ak As () 14 [R) B F: B 2 A R 6 38 D
IRAESEFREE WG | 35 5 b AR A 21 NOL (A7 AE , H
NOs 19 £ B85 As (D) 9TH FE 2 AE H , M fh 2
H2E T, K IE R DWY -1 i As B AL SR RRER R
JEE FEAEAE AR S - SH3As05+2NO—5HAsO% +No+
SH'+H,0 ( 5235 45 t 14 #E 1Y As™FI NOS HLAE M 2.47 +
0.05, SHLSTHFE LA 2.5 WA W E MR D NO;
B S5 N, 78 LA A B 5 v, 200000 8 Ak A i
T TR A SRS B AioA £ T
20 A SR s T, As CTIT ) 8 H /K 2 P sk 7
N AP 48 L F A Jo s 1) 0 Ak R As (V) TR
AN LT, o A% i 42 As (T ) 4% 35 A L F
B KW HE AioA HFRIERS B N T, B2 45 44 T o AL
ZB[3Fe—4SIH% , SR B/ KL AioB Y[2Fe—2Si% , FT 5]
YL e K CE A AioC, It Ji BIFF I HE 1Y 0., 58 A
U5 As S AL R, SR Rhine 555 E R AU A4 AE
B Sinorhizobium sp.DAO10 H L4 4 H As S AL HGHE A
(aioA) , W As B AL AioA 7] RE [F] IR 671 T 4748 As R
FE LA K PR AR As S AL 2L AR o ASHIF 5% 7 I DR 4R Ak
DWY -1 i 5L A 2H DNA w47 15t As 010 i 2k [
(aioA) , FRURUESE T 3X — Wik . A WFFEiE , RA %
P, ROAE AN B RS R A SR (N AR B L B
MR, Al R SR (NTR ) 4 TR Sy 40 it €6
% Cytbe ™, X TRk DWY -1 RS LE DA S5 T %
AsCID) AL 5 s R +h 18 R UEA TG, SE 4R LR



2752

VRIEIN ity F3755 12

FEAE (K] 6) « As™ 1% 356 L 7~ 2| KV 6 AdoA FY 4 M5 04 iy
-, SR 5 450 1 #4336 B [3Fe—4S|#% , T 21|/ 3
AioB 1 [2Fe—2S|#% , It i — 43 H T 1% 33 45 R A 28
(Q.H,) , FRA% 33 B R A )5 (NAR) , NAR 4 it T-1%
2 NOSHHIG R J5 K NOs 5 59 Ah— BB 40 v 15 i i3
25 N i 5 % Cytbel, 2R J5 B 1% 3% 31 0 f 1R 348 D5
(NIR) , NO>7E NIR W 1EH T #2:32 H 7 I 4 2 IRk it
e AR R (N, AT 58 B As CIID ) 48046 B [7) A 1R
R A R

KRG As F AR AE R AT DU E - 8 i
HAr As HER AL s A A A LTI BEIR As 1Y
A=A RO RS S T FERIL R R DWY -1 8 &
As V5 QLK LM R R A Ak DWY -1 Ab 3
1) - 3L B KRR 398G U Hh B IR T 4R IS 0 B As
R T R 43 AT 32.6% F132.9% , As (V) i i
As [ 53 e 43 5 N 24.2% F1 8.7% 4% 75 3 69.6% I
72.8%. HEMEERE DWY—-1 227 K KRG - Hoks As (D)
FAER As(V) 3553 As(V) S IE i 3L TTE,
SR A L B K RN 4 38 U rh B R T R IS As 1
TR BRAL, X 5 2 JE SR A I 2 R o AR
As () 55 248 AU i 7 B 2O & As (D) 19 4804k

CK DWY-1
b3

O As(II)

AR ENHSAAZ , HAEKR L As 2l s oo
R MAESRKRFEICE , T LUHE G R DWY -1 7848 1k
AsCID) Ay AR, 320 Hh — AR 0 RO S AL, (e ok
THEARDWY-1 R As b5 IR ER I8 Rl
TEWTFE IS RE T, 10 R B S BROR T 15 ) As 4k
Wt B DAH HAT As 58010 D RE 1) TR PR , 6915 8 L g 21 35K
(Rhodococcus pyridinivorans ) 5% S U 5B B ( Bre-
vundimonas naejangsanensis) Fl 75 21 BR & ( Rhodococcus
ruber) % HEM I AE VI TE As 15 Y KRS+ rh KA
TE HAE As B AL ST R vh 4 8 3 B (0 Y

e As V5 YooK LA R T R AE Y AR K
WA S RORR TR R 1 EER AR SRk LA

ST 0 A R R R AR A T IR R Y AR
L8 AT BE AR S 33 1) As R A S A, DA T A
AR As RS BT AE A Rk

4 it
(1) 4L DWY =1 X%F As 5 44 KRG + HoA &R
FEEAEA WK B IEPIRERE SR 14 dJa , IS

PR DWY =1 40 P ) - 3£ L B K FIRE 8 P B AT S S
f9 As CIT) 35 555 60 B8 N i) A B2 51 A 73.0%

60

B

50 T
Dot
o0
£
b 30
% T
£ 20t

10 - T

0

CK DWY-1
Ab PR

0O As(V)

El5 EHEDWY-1 %t HIZFLIEK (A) FIER (B)As XA HI B0

Figure 5 Effect of strain DWY—1 inoculation on As speciation in the soil solution(A) and the phosphoric acid—extractable fraction

in a flooded soil slurry(B)
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Figure 6 Supposed process of anaerobic As( Il ) oxidation coupled to denitrification
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