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FEE . MR BB (AMF)7E R S AE Y i (Asy DUy T R V6 EEAEH] . AT AHDCHISE R 568 AMF REEE mAE IR N =
il As(IID L], AMF A BEZ 5 T8 HAN B As(V)IB I As(UDFZ AR MR S T R A9 As ik, 5 B Aj i Be= B
FUEE . A SCNSEIEAR ¥ 55 (Rhizophagus irregularis) B 22 WP TE A8 T — AP BR $h 18 R L [N RiarsC FE3E4T P50 400, #
ZEERE AN arsC BFA B K5 HT 1 (Escherichia coli)#ikk WC3110 (AarsO) it As(V)PutE K dhZe A As TR & , 2007 T 1%
LW DIEE, R BIR, RiarsC J& T4 0 8 -4 W H AR IS 0 1 2 SR 38 TR SR 1 5 RiarsC S& IR (%) 363K 3548 55 1 As U
B E. coli BiRRXT As(V)IIBLIE , 155558 As(V)HEJE A 100 wmol - L' I R BUEANIA B, As JEZS /04 &M, F 3k RiarsC 1) E.
coli PR REASIGIEFRFL T 71.03% 19 As(V)IRJFCN As(IIl); 5 A 25 AR B ARAH UL, B RSCR AR T 61.98% , AWFFIE T
AMF [R50 IR RE 1, ilk— 2 JF . AMF (A AL IR ST 4R 48 T — 2 o0 T W2 35,
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Abstract ; Arbuscular mycorrhizal fungi (AMF) play a vital role in improving plant arsenic (As) tolerance. Studies
have shown that AMF colonization could increase As(Ill) proportion in plants, suggesting that AMF might involve
in reduction of As(V) into As(IIl). However, the molecular evidence of arsenate reduction in AMF is still lacking.
Here, an arsenate reductase gene (RiarsC) from AM fungus Rhizophagus irregularis was cloned and characterized.

RiarsC was transferred to Escherichia coli strain WC3110 (AarsC), whose arsenate reductase gene was knocked out

BE£WH . BEKARREL T 1 H 41471219, 21677164)
fEFE BN 25 8(1992-), B, i1, W58 18 £ 5875 Y4852, E-mail: caulijinglong@ 163.com
* @ WI4E3E ( Corresponding author) , E-mail: xinzhang@rcees.ac.cn



72 £ x B

FLIN

%13 %

and was sensitive to As(V). The function of RiarsC was verified through growth curve comparison and As specia-

tion analysis. The results showed that RiarsC belonged to the Grx/GSH linked ArsC family. Heterologous expres-
sion of RiarsC enhanced As(V) tolerance of WC3110, especially under the As(V) concentration of 100 wmol-L™" in
LB medium. E. coli expressing RiarsC reduced 71.03% of As(V) into As(Ill) in LB medium. The As(V) reduction
rate of E. coli bearing RiarsC increased by 61.98% compared to the strain expressing empty vector. The present
study proved the ability of AMF to alleviate As toxicity by As(V) reduction, and advanced the research into the

mechanism of As detoxification in AMF.

Keywords: arbuscular mycorrhizal fungi; arsenate reductase gene; cloning; gene function verification

fifi (arsenic , As) & —FhaE AR 5% 19 PRI 15 YL ) A
—RBUEY ., HIREER KNG Bl i) 3K
TRA 5 Y T 28 5 R 0% 1 i R 9 4 3K P 109 30 45 )
G Y R A2 A Y e e M EE Y b X B
B A = DL K FR = R SN TR NS
LG DL K BV A b 1 52 B[R] 2 B A A 7 L £
O3 IREE v A A P A D L A B A st A
T A T A BE T A, S AT DL s RO K )
i S NAARAEERRE™

F R A 58 A K R A 5 i S DL TR ML A i
As(V)FITCHL =M il As (100 2 Fb S AL S A2 7ES
As(V) FZ W W s HEA YR T As(IT)
STEUY) SRR S Tt 7/L T G 1L T S NG |
MG, 23 A — ZR G I R Y Ak i 5 Ak ok 72
As(V)H 56 76 1t 2 £ 34 J5 il 1 4F F R Bk it il
As(IID), A= B As(IT) AT A 42 S8 B 2R 1 A 455
B LS A TR REAE WO B AR AL 2l M | 5l 38 2o
SEVE R B2 26 R As(TIDHE H R4 | 41 al 76 fib B
FLEEFLREAAE OB As(TIFE Ak A (R 75 ) FR Lt
Jo AR J 25 HE AR A DA 3 20 A A 2 19 H 17,
P, 85 As(V) IR JFUN As (TS A B i A i A i
SRR OCEERR YT AR R A i e R 7R A T
WL h AT 2l A& FLINEH Shewanella
sp. strain ANA-3 @ bR it R 31 38 It il 3 K arrAB J=
MTETETE R As(V) BRI BRI P AETE ™ R ACHE C. re-
inhardtii RE % F) F 8 B 19 i 52 £ 38 It i 5L
CrACR2.1 Fl CrACR2.1 ¥4 5537 3L RN As(V)ik
JE R As(I)IFAMHERI#R 4 @

MK B AR L [ (arbuscular mycorrhizal fungi,
AMF)J& 1 58 3 AA7E I — RN AR U et 5 4
REHBEAFEYIE 34 RN, AMF 16 1E
Y s SRR, fE SRR AR SR s A R T R
T4 A 3035 W 30 TR A T R R T AR
U RS B A AMF e i 3 R P 1A

PRBR B . — 7T, AMF 38 38 ok S AT 0w % 2tk
O AR E A B A, DT A RS T AR DY e Y
s 55— 71, AMF ({2 YL REAS (AR 2R 0 =
AW IE R AR R TR, MY X As(V)
A A1, Gonzalez-Chavez 45" & X, AMF
A g AR A A N il i As(IDAMHE R GefE T
AN RE ST, As(IIDAMEZE ArsAB i ATP fiff GiAr-
sA Fll As(II1)i% i i GiArsB ZH )i, PR As(V)
ISR AN 22 1 0 v SR A S 2 8 (1 GiPT g A K
A 22, BTG TE R 22 WA )RR As(TID), 2R J5 7E Ars-
AB W91/E R HE AR S, Li SN SE kR, A
AMF fgfl B E P mK R R As(IID/As(V) Y LAl 5
Zhang U TERERD AMF (1546 & 15 (R o Al 2] 1
i LR As (1), 3 86 245 5 % W] AMF 7R 7] fig
BZ5T As(V)E R, EX—@Eh, o %
EH As(VFE2 T 2L H GIiPT #1 As(IIDAMEZE Ar-
SAB W ATP EFEIH GiArsA™ , Sk, £ 8 AMF
A I B S5 AL BB | As(V)Id T3 B 1 20 ML A R
DA

AT N AMF 52 AR 1 4 % Rhizophagus ir-
regularis DAOM 197198 15 fE15 5 T — ANt fig 16
W EGFE N RiarsC, 3P IE G A arsC SLBE ALK
AT E. coli WMk, Mt Xt E. coli (4T M Fl
WA AT, RHZEE R ) DI REREAT T 0125 B B6E , A
TR T AMF XF As(V)F) b JEALER , 58 E—
HAB/R T AMF 58 APy e i A 43 7ML

1 ##57% % (Materials and methods)
L1 AR R

AMF 53 JE AR 71 ¢ % Rhizophagus irregularis
DAOM 197198, iy H A2 B A 5 PR BE AIF 5T ol £
B SR E R A, A TCE
KRR RN R, irregularis HEATRE RN . =85 5%
LA AR AR 225 FEBAR O 30 mL &4
M 853235 0.4% (w/v) phytagel (Sigma-Aldrich,
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USA) VE R [ 51 ; 76 35 37 3 P R AR AR AT i
(Agrobacterium rhizogenes) Ri T-DNA L% |
(Daucus carota) B, IF 1 R. irregularis DAOM
197198 JCHRfil T ; FF BARARMG I AR )5 , 7R 22 %
T 15 mL itk M B5973E,25 CEBRFRH 9 8 I H &
R. irregularis A 22 A T# A 22 % , T RNA [HEHL,
1.2 RNA #£H

B2 0.05 g #ref i 22 1 TRIZOL 57 (Invitrogen,
USA)REUS RNA, 58404306 B 11 (Nano drop
2000, USA)ll & RNA 1Y e B2 F1 2l B2 I 38 52 BN A
EERSHL VKRN RNA 15238, B2 pg RNA, H
#5348 57 & PrimeScript® RT Reagent Kit(TAKARA ,
Ki#E) A L cDNA , BART5 1: 2 BRI Ui 45
1.3 KPR BRI R A IR A IE [N RiarsC 1) vof

F¥E GenBank I (https://www.ncbi.nlm.nih.gov/
genbank/) K 8 AR EL 1 S+ P AR fU R R, irregularis
DAOM 197198 & PX] 2H v $5 I0 fry At iR 5 30 Ji il 56 A
(Genbank % 5% 5 KI1300620.1)¥ it 4 K 51 %) Riar-
SCIF: 5'-ATGTCATTTCGACTAAATATGG-3'
RiarsCIR: 5'-TCATTCCTTTGTATATCCCAAC-3',
PL cDNA AR , F H & 5 i KOD-plus(TOYO-
BO, Japan)i#£47 PCR ¥ 1  JR1GHEE P 2K Wi 5L
4N RiarsC, PCR 544 :94 CHAEYE 2 min, 94
CAEME 15 5,53 CiB K 45 5,68 °CHEff 1 min 20 s,
35 AMIEH, 72 CCARLEM 1 min, FFPHE =Yy R &
% pGEM-T Easy 5 [ # {4 (Promega, USA) /&, % A
JRZ S E. coli IM109(TAKARA , K %), 7 1% FH
PEvORER A TAEY) TR (i) B dn A BR 2> w1 7
A BE A B Bk v B BB ORE, B 51 4 RiarsC2F . 5'-
CGCGGATCCATGTCATTTCGACTAAATATGG-3'
RiarsC2R: 5'-CCGGAATTCTCATTCCTTTGTATAT
CC-3'#47 PCR 4 H M iz B UM A B3/ 58 BamHI
F1 EcoRI(FRIZE/R), PCR 4544 F) b, ¥ 3 =4y [n]
W , B3 F R # AR pET-28a+(Biofeng, | ) Jf- 4%
AU E. coli WC3110(DE3)(AarsCO)H % bk
R T E. coli R773 kI AR £ 4 JF L A ar-
SC A As(V)HYIRJF e S KRR BEAE . ¥4 A Riar-
sC W RRAT 24 "N WC3110+ RiarsC; [R] B} B 25 244
pET-28a+5% A E. coli WC3110 H4E Ky [ % B8 4
kAT 44 WC3110+pET28a, K Hikk WC3110+
RiarsC,WC3110+pET28a, WC3110 FfI#f 4= E. coli
W3110 3X 4 R RS A LB WA R 55 37 C |
180 r-min”' B5 5%,

1.4 RiarsC A 53 HT MR S8 L B WG

B BT () RiarsC 3386 Fr By 511 5 B AT
YHTRT B R £ 8 DR L R P 81 #E NCBI L kA7
BLAST 43#r. FIHTEZ 41 ExPASy (http://web.ex-
pasy.org)%f RiArsC 45 [ 17 2 5L 15 914k 5 M
T, FFH MEGA 7.0.14 #f4:, % FHARHE 1
(Neighbor-Joining)i4 @ Z R T 5| R KK B .
1.5 As(V)PrtEoa#r

B Bk 4 FPEERRTE LB 552 5 R5 9% 8 h )5 B
1 mL B2 SIMAZ] 100 mL Frif iy LB 5555tk
H, LB R A 0.3 mmol - L IPTG, 50 mg -
L' RAREEZR(WC3110 F1 W3110 BRAMLA KL 2 Fhk i
) Na,AsO, - 12H,0(50 wmol-L™" and 100 pmol-L™";
Sriral, 25 ), A E A E R 3 Kk, 4 FP
FRET 37 °C,180 r-min BEYGE R 57, A FH 4L 4b-
AT L4396 96 B 11 (UV-1700, Shimadzu, Japan)%f 2 h
5 — YRR R TE 600 nm Ak YT 56 (OD 1),
TR 7 WKW GRS il B A B A il 2k
1.6 BT

B ik 4 FPEERRA N As(V)RITC R 25 R I8
(Control)3: 5 M FRAE LB 853 K 55 3% 8 h Ji, Bt
1 mL FER B AZ] 100 mL Bt il LB K 553k
H, LB R} EH A 0.3 mmol - L' IPTG, 50 mg -
LR ABEEZ(WC3110 F1 W3110 & 4M A K 20 pmol
L Na,AsO, - 12H,0, /M E 4T 3 Ik, KT A
AbFEF37 °C 180 r-min LR A E FE 12 h 5,
8 000 r-min" B.0> 10 min WWERE KM FiER, B
#-50 CHR IR THRJEFRE, A S mL 1% HNO,({f
Yool R 25 4 ) fE MARS 5 W H AR R S
(CEM, USA) " i fift, 1M ff 2% R . 55 °C 4E+F 10
min;75 °C4E+F 10 min; 95 °C 4E£F 30 min, M
K FEWGE 045 wm JEIES BT 4 CIRFE. RS
BRACHRAH € 3% - H R 5 5 B A S5 {6 FH (HPLC-
ICP-MS)(Agilent 7500, Agilent Inc.,U.S.A.)M & I
IR &5, A [EAE S8 72 % ] PRP-
X100 B &5 122 43 (Hamilton , U.S.A.; 240 mmx4.1
mm), A AR [F OB PR 974 (11.2 mm, 12~20
mm), FiEhHHE&A 10 mmol- L' (NH,),HPO, #1 10
mmol-L" NH,NO,,pH=6.2, i 3h#H:# 4l /K &
H=70:30, i sh M A 1 mL-min™, #F 5 45
T 2SR i B v 42 S5 = i A (TIT) Al — FEY 3 i
MMA | — H Z:5 DMA | T4 As(V) A A5 B8 1 ]
i , H winfass B34 158008 T A
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FI ] SPSS 20.0 #44(SPSS, Inc., U.S.A.) % 41
A A i 2 Al 2R A 7 i A 0 1 B DR 3R T 2 4
(Repeated measured ANOVA)IT5 4 F & bR A: K i1 £
()25 55 1 25

2 Z5% (Results)
2.1 AMF HfRE A JF L H RiarsC 1) 5Ll 5 1751
Gl

MSFIE AR /L 2 5 R. irregularis DAOM 197198
cDNA Wi eS8 T — AR R I8 R SE N RiarsC,
DU P45 5 S 7 52 2 0 I il 1) 132 4 (ORF) 42 K o 438
bp, FfiHh 145 ASZIERR Ak 0 & F 5478 16.69
kDa, %5:H, 25}y 8.50(Genbank 55 ERZ96229.1), %
GLRE AT R 7E 50 A0 B R R TR 5
RiArsC 548 S0 B -4 e H A6 Py e i 5 35 D it
Grx/GSH ZEH5 EA & B 1 R PR 1),

= _
/ S .
// %\ Trx family 3 N
[ & \{;5 § \
& =] ~ N
o & o
\@(‘0(, = < § ,ﬁ{/\
\ ¢ Z S & A \
\ o e @ &5 N o)
\ E gl S éz& \\
<} $
& £ oy
% § A
g L |
S ; )

Grx/GSH family

B 1 E-F4B#E% (Neighbor-Joining ) ¥ HJ RiArsC B H
SHMME EEWHRLTFEHRISIERF I RS

WA B PR )G N Z 8 1Y Genbank 5 55, BB 0 )5 HEFF 7R M RiArsC,

Fig. 1 Phylogenetic tree of RiArsC and other arsenate reductases
in bacteria and fungi based on the Neighbor-Joining
Method using MEGA 7.0.14

Note: The accession numbers are shown after the species names.

RiArsC is labeled using a black square.

2.2 ik RiarsCFHEH W) E. coli BIHERT As(V) LM
S AT

TR RS E. coli BRI AR WC3110 5 HF A= AU B #
W3110 AH L, mBR T AR 64 R L ] arsC, As(V)
W IRBE IR KPEAR , H I 0 B R R Ty 22 0 Hr s
BB TERAL As(V)IBE KT (50 pmol-L™),
WC3110 1 OD {H 1 K T W3110, %5 As(V) B4k
AR B A BB R W3T10([8] 2a; P<0.05); 78 = e BE 1Y
As(V)(100 pmol - L)AL, W3110 5 WC3110 #f
Ho B A= AL F I B & (& 2b; P<0.05); 76 As(V)#
Jnv S 50 wmol - L7 BF, %35 RiarsC B & Bk
WC3110+ RiarsC 5 3 35 25 4 1Y B #k WC3110 +
pET28a AL X As(V)HA B 5 iy Ht 1k (& 2a; P<
0. 05); 24 i vk B T /5 2 100 mol - L7 i, f2 4%
WC3110+RiarsC 5 WC3110+pET28a 14k K 1457 3|
TS AL {2 WC3110+RiarsC 124 KA A& g
FHEE I (& 2b; P<0.05),

2.3 Escherichia coli Tt IRIE 2550 #r

2212 h R38R AY E. coli TR R W3110 ¥
LB 555 87.29% ) As(V)ikJE A As(IID), 1 ar-
sC SRIE B B fR WC3110 FUBE B 3R 3 v 16.33% 19
As(V)iE4L R As(IIT)(FF] 3a,b), ik RiarsC 1 F bk
WC3110+ RiarsC Xf 15 3% Fe v As (V) [ 18 i Rl
71.04% , Lt arsC Sl PG R B AR WC3110 X As(V) AT ik
JRAESIHE R T 435 £l IR S # AR R WC3110
+pET28a i A5 a4 5 T 61.98% (1] 3a,b),

1 E. coli WA H, WC3110+ RiarsC, WC3110+
pET28a, WC3110 Fl W3110 iX 4 RhE#E As(IIT) 5 &L
T A1 43 00 50.24% ,17.16% , 12.22% F160.69%
(K 3c,d), H B4R B coli Bk As(TITAY e
B L arsC BRFE R bk WC3110 #2755 48.47% ; F£ ik
RiarsC (TR WC3110+ RiarsC 5 33k 25 8K 19
Bk WC3110 +pET28a #H tb, As (1) 1 B 451 2 & T
33.08% . A, WC3110+RiarsC 5 W3110 ik
() T v BE 2 B & {IX T WC3110 + pET28a Al
WC3110(/ 3c,d),

3 i}i8(Discussion)

iR 2 30 i ol A i A ) VR ) A S [l e £ i
AR R YRR HEREH . AU AMF RIEAR
fBE8 R. irregularis T EREFR B T — R £h 14 )5
LA RiarsC, FI S5 338 9 7 0 -5 AR
A E. coli AR WC3110 /P, 25530, RiarsC 3E
AR IRE T E. coli X} As(V)RUBTHE ; IRl ik
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a b
2.5 TS WC3 110+ RiarsC 2.5 T&WC3110+RiarsC
& WC3110+pET28a . -+ WC3110+pET28a !
& 24aweslio ) £ 24{awcsiio \
o =W3110 S =W3110
(=3 (=]
o 1.5 o 1.5
R 2 RN
X 8 = §
2 14 S 14 3
2 s '
< 05 2 05
0 T T T T T 0 T -
0 2 4 6 8 10 12 0 2 4 6 8 10 12
F 8] /h i 18] /h
Time/h Time/h

B 2 A[E Escherichia coli Bk As(V)HL M & K #h £k
TE: [ a,b 48 53R BN 50 wmol - L I 100 wmol - L As(V)If, 335 RiarsC 1 E. coli itk WC3110+RiarsC,
FILZE MR E. coli Bk WC3110+pET28a, iR+ 1 IR FEAE ) arsC BRBEEL E. coli T B WC3110(AarsO)F]
TFA: AL E. coli Wik W3110 (¥ As(V)BUHEAE R 2k ; {8 £SE, n=3,
Fig. 2 The growth curves of Escherichia coli strains
Note: Figure a and b respectively indicate at the As(V) concentrations of 50 wmol-L"and 100 wmol-L™', the growth curves of E. coli bearing
RiarsC (WC3110+RiarsC), vector plasmid pET28a (WC3110+pET28a), WC3110 (AarsC) and wild type (W3110); means+SE, n=3.

S [ As(I)
_ 60000] As(T) B2 %’/ //
£500001 [\ DMA ooy SV e % / >
LA™ IFEIEN B
"0 20 300 400 500 = \w;3\\0+\?\'\%§\C\0+?€\‘2§?@\\0 W0 o
PREA I i/ o
Retention time/s RIGHT i ik

Escherichia coli strains

o
(=N

As(T) ¥5 gl
o0 .S
300001 pvA % ]
25000 As(V) E E G
200001 ' EE 4
Z g E £
& 150007 et 7\ Standard £% <
< 10000 ) —7 / WC3110+RiarsC g £ 2
7] WC3110+pET28a i &
50007 N WC3110 - |
0 : : : . . Rl r 0 oy = / L)
100 200 300 400 500 < R EI2%% 110 110
QOO o e w3
PREAmEIL s KT B b
Retention time/s Escherichia coli strains

B 3 [ Escherichia coli BRI FEPMNBMESRIRE
. & a,b 5353 /R 35 RiarsC 1Y E. coli Btk WC3110+RiarsC, 323K %5 #iK 1Y E. coli itk WC3110+pET28a, Bl iR E 4 L REHE D arsC
BLEEHY E. coli Wikk WC3110(AarsC), ¥ 4= %1 E. coli Btk W3110 2 As(V)JCHI 25 (4] I Control 4bEH FFif {A LB 15573k
HRIE SRR ; & o, d 203 R [k 4 Bl E. coli TR B IIE S FIHR L ; ¥ {H £SE, n=3,
Fig. 3 The As species and concentration in Escherichia coli and LB medium
Note: Figure a and b indicate the As species and concentration in LB medium cultivating WC3110 bearing RiarsC (WC3110+RiarsC),
vector plasmid pET28a (WC3110+pET28a), WC3110 (AarsC), wild type (W3110) and blank (Control), respectively.

Figure ¢ and d respectively indicate the As species and concentration in four different E. coli strains; means+SE, n=3.
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RiarsC /) E. coli REWS 415373 MARINTE Z 1) As(V)
WEN As(II), BEHEE T E. coli X} As(V) 38 Ji

A= W R R A DR T AU 3 A EIEIE 1)
R R I E 2 Grx/GSH Kk, B A Hid H A
(Grx) B A WEH BR(GSH)E A HL T4, B ars B9\ F
W arsC E R GmtS, r=¥) R ArsC, FBAFHE T R
YA 5 KRR A A Y ArsC, {H A AR
SRR AR 1 (Tex) VS FL A B R T 580
5 Grx/GSH FGE M ELR 75 FL e 1 45 A B AN ]
WK IEWARAE ACR2 &, K G Grx/
GSH 1E A F Ak, FZAEAE T B AY T, anEE
Bl BEEFAEYER . AL AMF R. irregularis
FERERRAST T — AR ER IS LN, A5 4% A RiarsC,
FEB b 45 0 R 1L TR g i 1 26 P 81 5 G/
GSH ZIE M IREhA R R A = AL, Sl
WA R A, RiArsC I8 T A% A= 9y (i
FREhid Rl ACR2 G145 , 15 SR A Wy i A i ki I
fitf ArsC BAHIEREGCR, BRIk, HAHD>
BRCEC TR %) B R R A i R TS, AR RR 2 T 1
P. destructans (GenBank: OAF59943.1) 14} i 5 J& 1Y
E. oligosperma (GenBank: KIW42989.1)%:, AMF 74
As(V)IRJ5 R As(ID) 3 F2 o2 5 FH Grx/GSH AR
S JEF DS EAR (P AL A T B AT

PP o AT 25 R I, 58P A B E. coli TR #E
W3110 # L, arsC S IE AR FR WC3110 765 As(V)
BrFRH b i AR K 2 B0 B A A, T IK RiarsC
FL E. coli WHRTE & A As(V)IREFREL I AE K
AR5 35 25 BAA ) B AR AH E B A B i B 8 £
BOFLE Y A(V)HREE T 2 100 mol - L B8R Xt
As(VYEA —EmPitE, X Ui RiarsC LK AE—E
T LRANT E. coli ' arsC WIS REBRS B8R T 1
Pk WC3110 X As(V)AgHitE,

E. coli fy it B iy R773 ki | arsRBC #
PTG As(V)BE ArsC i85 5 FR7E ArsR
1 ArsB (3L [RIVE T HEH RSN St — 2B oY
RiarsC 255 E. coli ¥ As(V)BYPT PEHLHE, Fo AT X%
E. colig IR MB35 36 rh (4T T IR S 4001, FAl]
KL, S5EFAE AR BR W3110 M HE , arsC BRIGTYE. coli
FRAR WC3110 X As(V)I38 JFBE 1 KR5S , (49 A
ETHE ZRYRICEE T As(I) %5 5 i 18 HE A4,
P As(VYBTrEE s, F, LB #5533 LL As(V)
R EFREIEL, 24 WC3110 5% A RiarsC 3EH )5

BRI N R 15 5 3 R i As (T e B i 25 T, 36
XIS E. coli WHRELHTHAS T8 As(V)id il As(1ID)
IRETT , PR N BRI E RS DL As(TIT) A9 20 HE H 1
b, PRI TZ B R P 1 A R R R R A i s o 3 vp
() FERIE M H As(V)F R As(II), DL 25 5400EF
BT RiarsC RN ELAK As(V)§Eh As(IID Y fE

AHFFE N AMF H g BEAS 2 T — A iR 5 340 )i
B A RiarsC, i i S0 ik M F Bewl 0T T
RIS RE . G5 R, RiarsC $2 5 1 fh
A E. coli 1) As(V)PitE, I HREASF 15 S Kb iy
As(V)IR 5o As(IID) f5 HE AR SR, B2k 9 0 i S HE
PLH B ZEA R As (V) 9 IR I, As (V) B9 38 5L DL &
As(IP Bz, DA R EE N T AMF fif
SMHEE AR As(V)IRISGE E & GIiPT Fl As(IID#5
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