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Genomic analysis and arsenic transformation of
iron-oxidizing strain EEELCWO01

XIONG Xiaoran', ZOU Qi?, WU Chuan®, XIA Libin!, PAN Weisong®*

(1.College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.College
of Life Science, South China Normal University, Guangzhou, Guangdong 510006, China; 3.School of Metallurgy and
Environment, Central South University, Changsha, Hunan 410083, China)

Abstract: In this study, the iron-oxidizing bacterium EEELCWOL, isolated from As-contaminated soils, underwent
comprehensive genome analysis. The potential function of As-related genes was assessed through comparative analysis
with GO, KEGG and COG databases, while the As transformation capacity of this strain was investigated via hydroponic
experiments. Results unveiled that EEELCWO01 possessed a genome size of 4 714 242 bp, encompassing two
chromosomes sized at 2 065 078 bp and 2 649 164 bp, respectively, with a GC content of 55.99%. The chromosomes
harbored 4588 CDSs, 58 tRNAs and 12 rRNAs. COG annotation emphasized gene functions centered on amino acid
transport and metabolism, as well as inorganic ion transport and metabolism. GO annotation highlighted functions such as
integral membrane components, oxidation-reduction processes and related enzyme activities. KEGG annotation
predominantly indicated metabolism-related genes. The strain’s genome featured multiple As metabolism-related genes,
including arsC, arsH, arsB, arsR, acr3, arrA, arxA and arsM. Hydroponic experiments exhibited the strain’s robust
capability to reduce As(V) to As(III), manifesting a reduction rate of 40.1% after 3 days of incubation. In conclusion,
through promoting As bioreduction and being in combination with hyperaccumulator, the EEELCWO1 could be expected

i EEA: 2022-05-26 fEEI B EA: 2023-08-01

ESWB: EFRARPAELSETH 42177392)

EE® Y. AEINR(1996—), T3, mEARILA, WiLiHsTsE, FENFIIEELRBEEMIT, 1433859346@qq.com; *HEIFMEHE, Wi,
4, A, FEAEERAEYIEEET, joux19@163.com



55 49 5 4 4]

REVEARE AL R MR EEELCWOL 1y 3 PR 41 457 M fifh i b o fik 429

to conduct for the remediation of As-contaminated environments.

Keywords: arsenic; iron oxidation bacteria(FeOB); arsenic transformation; genome analysis; function prediction
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Fig.1 The genomic map of chromosomes of EEELCWO01


http://blast.ncbi.nlm.nih.gov/）将EEELCW01基因组的砷相关基因簇与Acidithiobacillus%20ferrooxidans%20YNTRS-40
http://blast.ncbi.nlm.nih.gov/）将EEELCW01基因组的砷相关基因簇与Acidithiobacillus%20ferrooxidans%20YNTRS-40
http://blast.ncbi.nlm.nih.gov/）将EEELCW01基因组的砷相关基因簇与Acidithiobacillus%20ferrooxidans%20YNTRS-40

55 49 B 4 1) AEGH AR

B AL R R ¥k EEELCWOL AY 5: R 2H 43 B B i B4k I Rk 431

2.2 EEELCWO1 HERFEAINEEFIRER

KF COG %t PEXT I K™ W 4 T EL 3R [R1VE 4
KRB, %E EEELCWOL FE[N75EfK) 4081 1 Zmith
BEEA5h 20 N IhRES, HrpKER s> COG i
PHE DR S AN AR A SR A T RE A O, N kiR s
Rt TOHLE i ia Q. sk oKk & Witz
A 200 B T JE A ) K B A e e 2 (3R

1)o VEBEIL B i 22 1 R Sk R %32 ) (447
A, HUCH L T2 05330 1Y), Hak%
R A AR Fs AR Q) T RE M L R
51 4>, HEMINEZ . srmFEIEs (U)DhBemy
FRH 65 4, HkKIb AWz (G)hEem
SRS 290 4>, FZR T RS B AR B I
T FZHIA XK.

& 1 EEELCWO1 E[HE4H#) eggNOG/COG FRLER
Table 1 Functional annotations of EEELCWO01 genome against eggNOG/COG

COG Yfigdi = COG Hifig2e ! LK | | COG HRkdn = COG g5 B
B Yo S5 Zh AL 2 L i, EAMBE 152
C R A 223 M U LRE IR B B A= 10 5 229
D it JE M ) At R R R 24 N il s 5 32
E I R 447 o] BEEGEM . EOTITEMEEND 136
F AT IR s R 76 P TebL s T2 ARt 330
G Tk A& i 290 Q R AW G s i 51
H L[l S ey i) 125 S RATRE 1126
I Re it ia g 105 T 55 LI 123
J FPE . AW IRSE R G L 173 U MINEEZ . 4 RT3 i 65
K sk 325 \% HEARAL 47

*F KEGG % EEELCWO01 Jt: R ZH A 1R,
ZEHFE 2 s, EEELCWOL A5 2479 3L 43

fiifE 196 FCHSE R, SSRGS AL TE R
R ot FEEAARROK LGP, 4

#*2 EEELCWO1 EFHE KEGG EFRLER
Table 2 Annotation map of KEGG metabolic pathways in the genome of EEELCWO01

R e — o L% PR B — Ay JEE%
i iiz 3h 35 RSk 3
AR A T 34 O MUEPE 12
JEAZ A IR 175 S AL Y 3
gy} 12 P IR B 9
HA R ZAH Y& 41 B 2 HiTE 16
2 JRy R AR P i 237 EINE BT RN G 30
SR A Wi A Gt 58 Bl 83
oK E At 230 SilFEE 48
B 86 Prd . IR 40
A B R RN A FE AR 171 LS 4
HoAth s SR 78 (ERezias 96
FIHERRACH 250 [EiE 321
B 94 {55 o FMElE 1
BRI 161 WA RGE 12
MR FRZ AL A At 35 MR 5 4
RWEA DA S 31 Ak 9
A RAE Y 4 TEARFRGE 3
e R 20 GIERGE 2
AR PEAZ Y 15 FRARE3E N 5
MZER AR 10 L RS 1




432 R A R A4 (A AR B IR

http://xb.hunau.edu.cn 20234 8 H

B FRge A Z . eRe gt IR, R
AR . 3R B2 | 4B R
Y AR AL R R Bk EEELCWOL X A%
TE A B 3 L R

iz JH GO B ) X EEELCWO1 Ay 3k R 4H 31 75
AERE, 25N 2 frok. EEELCWOL F3E [RI7EA:
Yl 72 | o FOIRe AL 43 3 Ao Ak A 42

FIEE R R 1 [ 75

A2 iEE B
EIRBFLEH B
ATP il 2

PIS A
ARG T B
BESEIRFiGTE B
DNA %54

ATP 454
PERYN

JE g As 0] Jem
JHIAME e

4L

i 4B
TR A
9 JEEH I 5 %5 [

qm ﬂ% r
TR |

ABC 2 5Y)

HIN

AT p

LG4 B
IZTRBETR —Fe Bk i 2
EABRILIE ST
Yl 554
KA & PG A
iEEour
BRI S 2R 5
b A

WERRLAE

K

R B

Bt B

iz P

T SRR DNA Hiti B
AR S R B

GO R

2, Hr ATP. DNA 545G Flf s R itk L i
FALIR ARG KRR SE RS A o TR R
SRR RRALSGRA . JRSE AN 2N B 5 £ 4 L 4 53
A WEALIR IR | S A DNA AR |
5 ia FNBS RS M S A AR Y E R P R BT ER . GO
T RLt R H, EEELCWOL A %558 24y A a4 kY
%, FEAEPERBGHRRE,

0 200

400 600 800 1000
RN

B2 EEELCWO1 £[FH#) GO ERFER
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Table 3  Arsenic transformation genes in the genome of EEELCWO01
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Fig.3 Arsenic metabolism gene cluster in different FeOBs
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AR (A s 3 C3OT) Bfp [ 1A A4 7 - S vl 14 A ) 2 B
B5.

EEPEE

[1] ZHAOFJ,MAY B, ZHUY G, et al. Soil contamination
in China: current status and mitigation strategies[J].
Environmental Science & Technology, 2015, 49(2):

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

750-759.

AL, Xk, sk, 4E LIErhaRn kI AT
RO R F Rk e [J]. 48, 2020, 52(2):
234-246.

SR, W, B, % MR iR
WF5E[]. FEERleE, 2011, 32(3): 817-824.
HARTLEY TN, MACDONALD AJ, MCGRATHSP,
et al. Historical arsenic contamination of soil due to long-
term phosphate fertiliser applications[J]. Environmental
Pollution, 2013, 180: 259-264.

YAN L, YIN HH, ZHANG S, et al. Biosorption of
inorganic and organic arsenic from aqueous solution by
Acidithiobacillus ferrooxidans BY-3[J]. Journal of Hazar-
dous Materials, 2010, 178(1/2/3): 209-217.

LIUQ, GUOH M, LIY, etal. Acclimation of arsenic-
resistant Fe(ll)-oxidizing bacteria in aqueous environment
[J]. International Biodeterioration & Biodegradation,
2013, 76: 86-91.

PARKJ, HANY, LEEE, etal. Bioleaching of highly
concentrated arsenic mine tailings by Acidithiobacillus
ferrooxidans[J]. Separation and Purification Technology,
2014, 133: 291-296.

XIUW,GUO H M, SHEN J X, et al. Stimulation of Fe(Il)
oxidation, biogenic lepidocrocite formation, and arsenic
immobilization by Pseudogulbenkiania sp. strain 2002
[J]. Environmental Science & Technology, 2016, 50(12):
6449-6458.

CORKHILLC L,WINCOTTPL,LLOYDJR,etal. The
oxidative dissolution of arsenopyrite (FeAsS) and
enargite (CusAsSs) by Leptospirillum ferrooxidans[J].
Geochimica et Cosmochimica Acta, 2008, 72(23):
5616-5633.

LANE D J, JR HARRISON A P, STAHL D, et al.
Evolutionary relationships among sulfur- and iron-
oxidizing eubacteria[J]. Journal of Bacteriology, 1992,
174(1): 269-278.

WEBER K A, ACHENBACH L A, COATES J D.
Microorganisms pumping iron: anaerobic microbial iron
oxidation and reduction[J]. Nature Reviews Microbiology,
2006, 4(10): 752-764.

OREMLAND R S, STOLZ JF,HOLLIBAUGH JT. The
microbial arsenic cycle in Mono Lake, California[J].
FEMS Microbiology Ecology, 2004, 48(1): 15-27.
QUEMENEUR M , HEINRICH-SALMERON A ,
MULLER D, et al. Diversity surveys and evolutionary
relationships of aoxB genes in aerobic arsenite-oxidizing
bacteria[J]. Applied and Environmental Microbiology,
2008, 74(14): 4567-4573.

FANH, SUC, WANGY, etal. Sedimentary arsenite-
oxidizing and arsenate-reducing bacteria associated with



55 49 5 4 4]

e o
AEW AR

B AR R Mk EEELCWOL AY 55 R 2H 43 B T Ak T ik

435

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

high arsenic groundwater from Shanyin, Northwestern
China[J]. Journal of Applied Microbiology, 2008,
105(2): 529-539.

YANGHC,FUHL,LINY F, etal. Pathways of arsenic
uptake and efflux[J]. Current Topics in Membranes,
2012, 69: 325-358.

WYSOCKI R, CHERY C C, WAWRZYCKAD, etal.
The glycerol channel Fpslp mediates the uptake of
arsenite and antimonite in Saccharomyces cerevisiae[J].
Molecular Microbiology, 2001, 40(6): 1391-1401.
MARTIN P, DEMEL S, SHIJ, etal. Insights into the
structure, solvation, and mechanism of ArsC arsenate
reductase , a novel arsenic detoxification enzyme[J].
Structure, 2001, 9(11): 1071-1081.

WRibkEZ, sk, g, 5 BRSO
fiG YA S DT R A adi, 2020,
47(9): 3054-3064.

LUO X H, JIANG X X, XUE S G, et al. Arsenic
biomineralization by iron oxidizing strain (Ochrobactrum
sp.) isolated from a paddy soil in Hunan, China[J]. Land
Degradation & Development, 2021, 32(6): 2082—-2093.
WU C, CUI M Q, XUE S G, et al. Remediation of arsenic-
contaminated paddy soil by iron-modified biochar[J].
Environmental Science and Pollution Research, 2018,
25(21): 20792-20801.

WANGHT, ZHUD, LIG, etal. Effects of arsenic on
gut microbiota and its biotransformation genes in
earthworm Metaphire sieboldi[J]. Environmental Science
& Technology, 2019, 53(7): 3841-3849.
ZHAOY,SUJQ, YE J, et al. AsChip: a high-throughput
gPCR chip for comprehensive profiling of genes linked to

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

microbial cycling of arsenic[J]. Environmental Science &
Technology, 2019, 53(2): 798-807.

ZHANG Y, ZHANG S, ZHAO D, et al. Complete
genome sequence of Acidithiobacillus ferrooxidans
YNTRS-40, a strain of the ferrous iron- and sulfur-
oxidizing acidophile[J]. Microorganisms, 2019, 8(1): 2.
BROWNPJB, KYSELAD T, BUECHLEINA, etal.
Genome sequences of eight morphologically diverse
Alphaproteobacteria[J]. Journal of Bacteriology, 2011,
193(17): 4567-4568.

HADRICH A, TAILLEFERT M, AKOB D M, et al.
Microbial Fe(ll) oxidation by Sideroxydans lithotrophicus
ES-1 in the presence of Schi&pnerbrunnen Fen-derived
humic acids[J]. FEMS Microbiology Ecology, 2019,

95(4): fiz034.

MIsARH, R, EL0H, 45, AL AR 1977 % & Bosea
sp. AS-1FEHAIMT]. AEYFH, 2020, 60(11):
2538-2554.

YANG J B, RAWAT S, STEMMLER T L, etal. Arsenic
binding and transfer by the ArsD As(IIl) metallo-
chaperone[J]. Biochemistry, 2010, 49(17): 3658-3666.
XS PR TR AT AL RE S BRAAFIE[D]. dbst:
R 2E (b aT), 2012,

OREMLAND R S, STOLZ J F. The ecology of
arsenic[J]. Science, 2003, 300: 939-944.

MA L Q, KOMAR K M, TU C, et al. A fern that
hyperaccumulates arsenic[J]. Nature, 2001, 409: 579.

HAE R tR: 4R B
FL A E



