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B IR AT AT, R SRR EE- AL AE-RTFRELBENTE As. [4R] K
FX8 A% LK fak, 478, HAXANEF. 3Lé &, 1348 % 45 (scanning electron microscope, SEM)
B A AR, K 4(0.5-2.5) pmx(0.13—0.25) um, T Y3 4 5 47 & /& (Arthrobacter). ##k FX8
fE49% AL Fe(Il)FF & AKX BN IR, LI A —FF LA 69 Fe(lIDF 4, L& a2 B8 KE
AW, JFEE i F A N BE AL Fe(Il). Btk FX8 4 28 °C. 150 r/min &4 T, 4w As(III)
Fo As(V)WR 2 & ,48 h A & Fe 895 TR E 394 100%, @t & 495 As IR FE 53] 4 99.54%F= 99.86%;
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As =R E A 99.45%F 100%. (441 B FX8 Z—HEKAALE , IR H M BE R A 4 7 14K
PRFR 6 20 R T A AR-FRILIT I, RBFGLTT A KARAY 75 42 64 3 204 15 B3R AR 3T 69 & A F A 3238
KRR APia R, IRAY SREULE; AHH L

TENIUH - B K H AR 2542 (32100102); 64 20H TR 711 K1(Q20212902)

This work was supported by the National Natural Science Foundation of China (32100102) and the Scientific Research Project
of Education Department of Hubei Province (Q20212902).

*Corresponding author. E-mail: fanxia@hgnu.edu.cn

Received: 2023-05-26; Accepted: 2023-07-08; Published online: 2023-09-05



JBE F | TITE FX8 B9 BTt B H A MR BREH 97

Isolation of Arthrobacter FX8 capable of removing arsenic by
biomineralization
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WANG Gejiao®
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Hubei, China
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Abstract: [Background] The contamination of arsenic (As), a highly toxic metalloid, in water
is aggravating, which threatens human health. The common method used for removing As is
adsorption, and it is urgent to develop efficient As removal methods. [Objective] To
characterize an iron-oxidizing bacterial strain FX8 isolated from the surface soil of iron ore, so
as to use the iron mineral (adsorbent) produced by the strain via oxidizing Fe(Il) for removing
As. [Methods] The strain was identified based on morphological, physiological, and
biochemical characteristics and genome-wide sequencing evidence. The concentrations of total
Fe and Fe(Il) were determined by phenanthroline spectrophotometry. The iron oxide precipitates
were analyzed by X-ray diffraction, X-ray photoelectron spectroscopy, and energy dispersive
spectrometer. The concentration of total As was determined by high performance liquid
chromatography in combination with hydride generation and atomic fluorescence spectroscopy.
[Results] Strain FX8 was Gram-positive and aerobic, with while and round colonies. Its cells
were rod-shaped with the size of (0.5-2.5) umx(0.13—0.25) um. FX8 was identified as a strain
of Arthrobacter. It could oxidize Fe(I) to generate iron oxide precipitates which were an
amorphous Fe(IIl) mineral with poor crystallinity and a large amount of biological impurities.
Strain FX8 oxidized Fe(Il) by producing extracellular enzymes. The strain cultured with
As(III) or As(V) at 28 °C and 150 r/min showed the total Fe removal rates of 100% in 48 h and
the corresponding total As removal rates of 99.54% and 99.86%, respectively. When the
extracellular enzyme liquid of strain FX8 was added into the As(III) or As(V) system, the total
Fe removal rates reached 100% in 2 h, and the corresponding total As removal rates were
99.45% and 100%, respectively. [Conclusion] Strain FX8 is an iron-oxidizing bacterium, and
the iron biomineralization with its extracellular enzyme liquid outperforms strain-arsenic
coculture in the removal of As. The findings provide new biomaterials and theoretical
references for the efficient remediation of As-contaminated water.

Keywords: arsenic contamination; arsenic removal; iron-oxidizing bacterium; biomineralization
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A 1.5 A NBFEAETG YL Y BREE ih D), fifty5 e
e ML 5 ARG, 0 IS e
PRI L T L e 2 g VR B A g BV A e )
AR, AERKPIREEMIAE PO ST EZ
Fofr G fs e 98 L AR R Bz R e, Rk,
15 G 3 BRI 1 JE B

e SR A LU R R [AsO5™, As(TIT)]
TR ER [AsOL ", As(V)TE S AELEL), Bl 7 7K 4
H T2 22 S AR SR HL A A pH 52, 7E R
BT FE S As(V) AR F L Af () HoAsO, Al
HAsO,* B RAFAE 5 TEIR U5 T B i) F2 A7 7
TR ANHS HL A ) A RR (H AsO5) ) TR, As(V)
AT As(UDE 25 Kbk, HETKARS S Y4h
PR REEUTUE TS . By B vh L B T ACH
W vk o TREEVTIE LSS A AL EE LB As(1ID)
L As(V), 8 H S 500, H2ME T H2
PR RS By BT A KBRS
FUELEIR YT, ik 5™ B s kO
TE LS T As(V) A Z50m 6 H iy As(TI) IR,
HK A Fo At 2t 25 F0 As(V)IE 158 4 PR
B, SEC As(V) R BRBREALD, W BRI AR
s BRI S S AMIRESEAL S, S H A %
PR B Ay i 22—, L R B 3 ok ] 4 2 M BRI
SERMPTPRE B0 22 BRUO1 R (Fe) s 72 1 15 1
FEIEITTE . MEWBEE Fe(D)E kN
Fe(Ill), i id A Y0 10T B 45 FhER S AL P DT e
Y, WARERET | TR R 4% , X AL
Ay VER E AL B BRI E AR
Az B RS A P T U LA T e A L 3R TR RRURH B
LSS GRE, R — R ERAE AY BR A B R

ARG A4 SR T Sk 2 - 45 rp
Oy AR — MR, X RAR R B IE T T &
SE N T AR E AL R AR DR . IR T
PRER S AL RE S R H i o A T AL BR B Y RE T
DUIA SRy i 375 e KRG S A58 1) A= W dE ko

1A

1.1 #&
1.1.1  #&

RAEALA TN T SRR X FER A (30°2853 N,
114°233"E) &2 158, FEERAE T T i 3K
gerf, ARSI E A
1.1.2 EFE

BB AL A BERE Winogradsky B FEHREAIN K
B 25 1B B B By 6 1% 3% B (peptone  yeast
chromogenic medium, PYCM), £ B8 3CRk[15]HC
i, LB RIS SCHRI16]BC M, AN Y [ 4
BRI AR AR R RO 15 ¢/L 35505 .
1.1.3  FERXFTMNE

AR T FH B Ak 2F 500 24k o dr i, [
R A2 AR A R A AL 22 [ ]
il DR A HEAA R/ E; APL 20NE X5
ZRMEAL I E R &, AW IR A ]
DNA ##i#07 &, QiAamp AH].

SEHNAT LA EETE, M2 AER (i) A R
o] R RO A - A A &R - RO
T, Jb T KA A PR Al 5 $14# B 8% (scanning
electron microscope, SEM), X R H A £
ARA AT,

1.2 7%
1.2.1 EHBTFER D B

FRit 10 g SRAEMBI et H4F, 2E2]5 4 90 mL
A FRER KA 250 mL =AM, 28 °C.150 r/min
g 2he M)A, FEMEIREE 0.5h, B 1 mL
RN 9 mL ABEKA, HEATH R
107", 1077, 107, 10741107, HL 100 uL F
BRI 2R A T Winogradsky 35553 I,
28 °CHiF% 7 do BRAEML TR IR PRI IR AL s B
IREZRTE , ILRRR Fe(D)SE LR &Mk,
A VR LR, PR B R IE T VR
J&, PRBURBEVEFE LB A b 2 Rk Lo
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aifb Rk, 280 TS B R Ak FX8, #k FX8 HLlE
TR LB A 3R 5L 28 °C| 150 r/min 1%
F% 48 h, B 1 mL B 50%H i 1:11REIF4~
17 F—80 °CUKAHiH o

1.2.2 HEFk FX8S LT

1) Btk FX8 B FRAE S R B AL R bR

FHEF A PRI FX8 V5 3 LB 55k,
28 °C., 150 r/min 1555 48 h J5 DL 1% AR R iE 1
T 100 mL LB #5584, R ODgoo KZIHN
1.0 BHE AR PR F AN IRE . B, HE
IREHC bR FX8, 23R4T Winogradsky 3%
FEHA LB -z, 28 °CH53: 7 d WELHIHk FX8
TEWR SR E RV ME 6, ik, ik
5 mL () FX8 H#itk, 4 °C. 8 000xg &.[> 5 min
WCEERAR, 0.9% NaCl VBB 3 ¥k, 155
TR 28 2.5% I3 A 181 7 24 h s , Rl SEM
WEL H kR FX8 AL .

KR A ZE R RE SR vk, B RE FX8
BT 5 03%BUEN LB 5383kl gs Hiz g
PEo AR 22 QY g 00 AR Al o 22 Qg 623 0) & 0
BB E T4 . R IR RE I FX8 IR, WIZk
T LB “Phr, JHEH B 2% B 5 AR
AR, B — M ERR A IR
JEET 28 CCHEFRATP IR 7 d, WEERAR
R . KRR FX8 R4k LB A, 4ralicE
TEA R B2 (15.0, 20.0, 25.0, 28.0, 37.0 Al
40.0 °C)¥55% 7 d, BERMELMRAAERORE
S HIBCHIAN R NaCl ¥ EERY LB K535 5E(0.0% .
1.0%. 2.0%. 3.0%. 4.0%F1 5.0%)F1HC HA [H]
pH {Ef%) LB }¥373£4.0. 5.0, 6.0, 7.0, 8.0,
9.0 F1 10.0), 1%MF%Fh 544 A bk FX8 #7074
MR FERL ) 28 °C, 150 t/min $53 7 d J5 il
JE ODgoo, PANFERP TR TR EAEXS B, 22
FhPARE L FX8 TR, W4T LB ¥4, 28 °CH;

7% 3 d, ¥ 5% H,0, BT N 2] FX8 HE % |,
WA A A Hak, RN R PRI
HIRT T ueal b, wn— A L Eg i
WLEE 10 s P TR A 75 B €4 . FIL T APT 20NE
T SR AG I T R FX8 F0 T 146 R 5 A1) P 15
W, HAKEEMEZS % API20NE $iHH .

2) Bk FX8 (435 R 41 58 i T 3 23 i

P FX8 303 LB 85555, 28 °C,
150 r/min 5504~ 1535 23 ODgoo 290 1.0 B,
4°C. 8000xg Z.0> 5 min WA, #4E DNA
FER R G U6 54 U AR FX8 DNA, i 3%
Z DU A R BR A w07 Fgi e
K FH I 4% R A& Oxford Nanopore GridION, J&
IRl 2H 2H 25 % A i 2 Canu v2.2 B0 ) R Fl 2 25
SERUE , BT EE B AL S NCBI iF TR,
IR RS . MEERENERA, kA
proksee il E ik FX8 FEHZHIIRIE; M IE KR
FX8 M4 3L R 2 R $2 B 16S TRNA SE 747
FIFH MEGA 11.0 2k F 2B i % (neighbor-joining
method, NN E 248 & B WU # F EzBioCloud
web 2.0 HHE Rk FX8 A& 5H: 16S rRNA LK
AEABL M 55 15 B PR 1) - 359 % T R A (L1 (average
nucleotide identity, ANT),
1.3 BEHRBISKE N R E A L ERBR
1.3.1 BE#k FX8 MTERATFEIER . SRE W R
L B B9 40 BE E At

PR FX8 7E LB B R B 472 2 ODgoo 294
1.0, 4°C, 8000xg &[> 5 min WK, KI5
F10.9% NaCl # R PESAM 3 RIFFE 74 2
BV ODgoo 290 1.0 BeJa, FEIFRLL 1%
FEFh AP F] 100 mL SR ) PYCM B3R,
28 °C. 150 r/min ¥55% . R B ] 4 i 5 7
Y1, 8000xg B> 5 min X4 FIEW, 0.22 pum 3
JE L 8 0 VR VR I o IRl MR E
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24 h iF, 1 000xg B0 10 min WAE ;353
AERERUTTE , ddH,O PEW 3 Ik, X2 RDMERE
TR AR BRA AT X G4 AT I (X-ray
diffraction, XRD). X 52kt H T RE i (X-ray
photoelectron spectroscopy, XPS)FIfE & (4 H 1%
(energy dispersive spectrometer, EDS)53 T, 8k
W A% 2 25 SCIR[18 1R R ABE & k3 't ot &
P

h T RENIEMR FX8 Ak Fe(IDAURE, Wit
T2 AR P A REL R 9 0 B AL, o A
#] 271 mg/L FeSO, %5 i [Fe(ID)H& & > 100 mg/L]
W YR FX8 7ERK R ) PYCM K5 77 245 57 5|
18 hiF, Jp e BIg R4, DA P& FX8
{14) 60 &/ HEL T 908 0 6 PR HEL Tt 9 % Fe (T 1) 48U AL g
J1, BB AR, (1) 1 000xg 4325 10 min
FBRIG IR IR DTVE , WA ML TR (2) 4
MR LA 5 000xg B5.0> 10 min, 42 H1F53] Fi&
WA, Hod g R B MR, e A
U P P R B 5 (3) KA TR AAFR A i S AL
BE VRN FeSOy4 5 rf LAAS I Jfa &/ HH it R 11
Fe(ID A L BE 1, LA US Jin 4 B 21 #H 1 v 19
FeSO, ¥ W AE I X M5 (4) f# A 0.05 mol/L
Na,HPO,-NaH,PO, (pH 7.0 FiREg A,
Wit R P AR, AR i LA 4 °C. 10 000%g
B0 30 min R PRANMIEE 5, 75 2 YR B VA
(5) FEAR TR B AR B R N 2 FeSO,
W, JFTE FeSO M N A S HEAY 0.05 mol/L
Na,HPO4-NaH,PO, (pH 7.0)/E X, 30 °CF
B 1 h i A 0.22 pm v RS 8 S R AR R, EURE I
E Fe(IDAHRE . Fe(1D)Hk B M 45 2 % SCHR[18]
K FHABIE S Wk 435600 B I €
1.3.2  F¥k FX8 S48 1k §5 5 fe

PR FX8 ByIEFR AL IR 1.3.1 1
PRI 5 o 43 AR R Pk FX8 AE R SRl Ft

TR FH EC it 471 R 52 B 26 1 1 Ak AR Bl ) 7
Jo BEFRAMWT . A0l el B PYCM #5573
AL E N 2 mg/L L3 IERRTE I As(TIT)
(NaAsO,)al As(V) (HAsNaO,-7H,0), Hitk FX8
P 1% R R A T LA S SRS, DRI
H R SR REAEXT IR, 28 °C, 150 r/min K537 . 4%
JERFRIHURE, 8 000xg 20> 5 min WEE FIHW,
0.22 pm HRT IS, e SR AL AR
AN, AR FE 2 24 h i, 1 000xg #.0> 10 min
AR R SR B AR I UTTEY) . ddHLO YR 3 1K,
% 2 R A R B AR PR A w3 T XPS 43
Mro T EAEREMR FX8 74 B0 W Il TE vt
As(IIDFT As(V)JZEBR, BF R FX8 2 1%3%Fh
FAERT 100 mL 2R PYCM K55 3Eh, 28 °C,
150 r/min £53% 24 h J&5, 1 000xg .L> 10 min 4351
WA SRR R TTTE Y M A, ddHLO PR
3 RERUTTEY) Ja ATV R T s BRI 4 °C
8 000xg 5.0 5 min WA A, ddH,0 V% 3 1K,
H WA B AR T TE P AR A 43 33 A B 2 mg/L
As(ID k. As(V)ZKIE R H (100 mL), PAASIERDT
TEWFIHAR RS 2 mg/L As(IIDEE As(V)/K A
YEXTHR, 28 °C. 150 r/min )% 3 h, 45 i) ]
HUFE, 8 000xg B0 5 min e FIEW, 0.22 pm
WSS, I SRR . R R R FXS 1Y
MISMREAL SR IO A= 0 fb Bk . Ttk FX8 7R
PYCM K323 RE3R 2 24 h, 1 000xg B5.0> 10 min
FERERDINE, HIZHIEREME 5 000%g 2.0 10 min,
1533 EIE R RIS Y , 4% 5%t E A
TLE N 271 mg/L FeSO4 W, MA 2 mg/L
As(IIDEE As(V) T Fik FeSO, & R, LAATNEAN
FHLRE ) 5 FeSO4 BT B, i i[RI
8 000xg E.0> 5 min YAE FIEWR, 0.22 pm AR
YEIG , DUE SRS AR . A I SR
R PRI - S A R A - IR O E R
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2 EREGHN

21 EHRFXSHILELR
2.1.1 EAEEREEEWIFE

W 1A 1 1B fis, TE Winogradsky £ 5%
FLFN LB BRI A AR b, AR FX8 T
Y REY . h &5 HRMIEW ; ks
IR BTSRRI @ VR TR AR AL
o BRRTE LB BRIk BN FL A, ik
BRI BN MR FXS 4N AR, K/ANHh
(0.5-2.5) um=(0.13—0.25) pum (& 1C).

PPE FX8 22 [RBH MR . ANz gl | i4.
LR A KGN 15.0-37.0 °C, $hil A4 Kl
Flh 0.0%-5.0%, pH {HAEKIEEN 6.0-9.0,
T EA AU M R B, SR AR T D B
M5 API 20NE 7] 445 R BoR . Hibk FXS BE
R MR EL , HRRER IR RS IR EL 3 REAZ /K
fifeLt R, (BAIKAEIIRE, A7 AEmgE; -2
FUBH T 15 1 Sy PR, T JOR I RDRS 220 UK fi
B A EE s et Ak A RE . BURLapE . HER
Wi HEERE . N-ZWb-Hiaime . 22200 A
PR EL . VAR AFTERR ;. AR L2 IR A |

O BRAMARLBR(FE 1),
212 HFEYMFLEEER
Rk FXS 3L H 4 e F1g £ NCBI FiE

BB SR CP113505.1 . JEH 4 K/NA 4.55 Mb,
G+C & i 65.9%, A7 4 283 NI, Hr
Yt 2 R SEA 3 783 4>, 15 4~ rRNA L[
52 4> tRNA S | 3 S HABSE ALY RNA JE K
430 MBS . HRk FX8 LR 4L Rk I an
K 2A . MEIRR FX8 A FE R 4 b R Bz
4K f 1 523 bp i) 16S rRNA X751, it
EzBioCloud # NCBI LLXI4r#71, Witk FX8 5
Arthrobacter nitrophenolicus SJICon , Pseudarthrobacter
phenanthrenivorans Sphe3. Pseudarthrobacter
defluvii 4C1-a Fil Arthrobacter pokkalii P3B162
9 16S rRNA FEPIFH L5351 99.03% .98.89%
98.61%F/1 98.59%; RGEKFMEIREIR, FHk
FX8 5 Arthrobacter fJ Arthrobacter pokkalii
P3B162. Arthrobacter nitrophenolicus SJICon FI
Arthrobacter globiformis NBRC 12137 R#E—1~
433 ., T Pseudarthrobacter (1 B4 U 5 58
A — 0 (] 2B) o JE R 4] ANT 4347 4%

1 BE#k FX8 IS ZAFME A Witk FX8 7€ Winogradsky [ 455 77 3L I () VAL S RHE. B: A
FX8 7 LB [f A 375 E A RVE L BHRIE. C: TPk FX8 20 ML A4 i b B2 1 1%

Figure 1

The morphological characteristics of strain FX8. A: Colony morphology of strain FX8 on

Winogradsky solid medium. B: Colony morphology of strain FX8 on LB solid medium. C: The image of

strain FX8 cell by scanning electron microscope.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



102 (DGX7ES ik Microbiol. China
1 Eik FX8 R4 (LHHE

Tablel Physiological and biochemical characteristics of stain FX8

5 Characteristics Results Hi 1 Characteristics Results
H 22 [C RV Gram’s reaction + B-2F FLA % B-galactosidase +
1532 Y ] Temperature range (°C) 15.0-37.0 15 2 2 XK f#t il Arginine dihydrolase -

pH JZFl pH range 6.0-9.0 [F]4k A FH Assimilation

U6 B YU Bl NaCl range (%, WIV) 0.0-5.0 %6 B Glucose +

iz Pk Motility - FaTH7AF M Arabinose +

B2 £ 14 J5L Nitrate reduction + H # ¥ Mannose +

WP A ERER 14 J& Nitrite reduction - H &2 % Mannitol +
5|4 B Indole production - N-Z.Mit-# 2 B N-acetylglucosamine  +
ik & 4 B H,S production - % 25 Maltose +
JKf# S %, Hydrolysis 2 PEIR Y Gluconate +

B Gelatin -

+ 1R Esculin +
[ )2 )i Enzyme activity

AL Oxidase -

21X Caprate -
C. —fR Adipic acid -
IR Malate

FriE R 4N Citrate

WAL S Catalase + 7K IR Phenylacetate -
JI% 7§ Urease test -
o B - B

+ : Positive; —: Negative.

W E/R, BH FX8 Fl A nitrophenolicus
SICon. A. globiformis NBRC 12137 f4F- 14 #%
17 B2 AH U 43 51 81.90% F1 78.72% , 5
P. phenanthrenivorans Sphe3 & 81.43%, A [-4%
WL, Hkk FX8 5 Arthrobacter 193545 %
Bz, F KR FX8 0 A AT AT AR
(Arthrobacter),
2.1.3 Gk FX8 L sk ELEFAY E (L

h T ELLE R FX8 44k Fe(Il)2 h i St
MR B, ASBIFSE S AR T AR FX8
F14) L A7 REL il 80 R0 AR T I  AS D AH Tl
[ FeSO, ¥ 1 h Ji5 AR M2 W Jo 2 (A Bk TIC
TE, AN B 1Y FeSO. 15 W b i AR P i,
I WY B (AR TTTE « M RN Fe(1l)
PIMREE, B 3A G5B, AH0LAMH B )
K ZRH Fe(IDAYHE A 99.82 mg/L, Fe(ll)H &
JUFEAZE; #E5A 1 mL MAMLEE R R 2,

Fe(IDAY ¢ FE . 20k /b, h 58.48 mg/L, I H.Fl
5 L AINKEL R VRO BE 388, FeSOL ¥ Fe(1D)
W BE BTN B, ZEES N S mL i AMFEL R B 44 2R
W, Fe(ID#K B2l 3.04 mg/L; K] 3B 455 fR
Wit 7 L PN REL Tt 98 Rl TRk 2 o AR FR R 3
FeSO, I T Fe(ID)He 1138 8 F M H —# I
S D31 FEN 1 mL AR ZE iR R PR R
R Fe(IDHREE /94 1.22 mg/L F1 1.43 mg/L;
IS mL A PN R it R R R AR 27 b R B
FeSO, M Fe(IDHJE 735124 0.30 mg/L
0.33 mg/L, XUiH FeSO4 A F Fe(IDHy & 1k
T2 BTG T R 57 1 R T A 2 L PR TR
2 AR, HRE FX8 Sk Fe(Il) 3 %M i
L 471 T 8 71T A 2 L PR KL B
2.1.4 ¥k FX8 T EkBITR1ER

M 3 RS, TR AR FX8 B /ML 7 AT LA
At Fe(IDIFA R TTTE . A TR Itk FX8
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B CDS

I tRNA

I rRNA

¥ Regulatory
B ncRNA

W tmRNA

B G+C content
, M G+C skew+
& B G+C skew—

61 Pseudarthrobacter phenanthrenivorans Sphe3" (CP002379)
78 Pseudarthrobacter scleromae YH-2001" (AF330692)
STI L Pseudarthrobacter siccitlerans 41277 (CAQIN1000001)
94 Pseudarthrobacter chlorophenolicus A6' (CP001341)

Pseudarthrobacter defluvii 4C1-a" (AM409361)
mLRvezrdarfhmbac!er niigatensis LC4" (AB248526)
— Arthrobacter sp. FX8 (CP113505)
95 Arthrobacter pokkalii P3B162" (KM507333)

{3 EAr'fhrobacrer nitrophenolicus SICon" (AOFD01000111)
75 Arthrobacter globiformis NBRC 121377 (BAEG01000072)
Arthrobacter ulcerisalmonis T11b" (MK211245)

91‘_—Arthr0bacter methylotrophus TGA" (AF235090)
Streptomyces albus strain DSM 403137 (NR_025615)

64 1

0.01

2 EHk FXS BRRAMRERERGLKEN A Hbk FXS IEF4IFRRE, diEsh: 25 135, GC
ke s 265 2 35, Pk FX8 9 G+C 545 25 3 Fll 4 31 Mk FX8 MIE SRR LEERY 2w A 5 51). B: TRtk FX8
FT 168 rRNA JE[HFHIM R R G0 A T AWM. 55 MNF 50 GenBank #5355 703X mi BUEAUE
bootstrap ZFF%; ZIFEARR 0.01 TR BN EATER AL 0.01 B9 E %R

Figure 2 The genome cycle map, phylogenetic tree and Venn diagram of strain FXS8. A: Genome cycle map of
strain FX8, from the inner ring to the outer ring: Ring 1, GC migration; Ring 2, the G+C content of strain B7,
Rings 3 and 4, the CDS of the forward/reverse strand of strain FX8. B: Phylogenetic tree of strain FX8 based on

16S rRNA gene sequences. The number in parentheses is GenBank accession number; Number on the branch
points represent the support percentages of bootstrap; Bar indicates 0.01 substitution per nucleotide position.
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Figure 3 Fe(Il) oxidation by extracellular enzyme extracts (A) and intracellular enzyme extracts (B) from

strain FX8&.
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Figure 4 Growth status of strain FX8 in the modified PYCM liquid medium and the characterization of

biologic iron precipitates produced by strain FX8. A: Cultures without adding strain FX8. B: Cultures with
adding strain FX8. C: Change curve of total iron. D: XRD. E: XPS. F: EDS.
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Figure 5 Removal of total Fe and total As by biomineralized Fe(Il) and the characterization of iron minerals.
A: Fe removal curves in presence of As(III). B: As(II) removal curves. C: Iron removal curves in presence of
As(V). D: As(V) removal curves. E: XPS pattern of iron precipitates produced by strain FX8 in presence of
As(IIT). F: XPS pattern of iron precipitates produced by strain FX8 in presence of As(V). G: The removal of

As(IIT) by strain FX8 and its produced bio-iron precipitates. H: The removal of As(V) by strain FX8 and its
produced bio-iron precipitates.
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Figure 6 Removal of total Fe and total As by biomineralized Fe(Il) from extracellular enzyme crude
extracts of strain FX8. A: Curves of total Fe removal in presence of As(III). B: Curves of total Fe removal in
presence of As(V). C: Curves of As(IIl) removal. D: Curves of As(V) removal.
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