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Manganese Oxidation Characteristics and Oxidation Mechanism of a Manganese-

Oxidizing Bacterium Arthrobacter sp. HW-16

WAN Wen-jie, XUE Zhi-jun, ZHANG Ze-wen, HE Dong-lan *
(College of Life Sciences, South-Central University for Nationalities, Wuhan 430070, China)

Abstract: Manganese is a common inorganic pollutant, which is difficult to remove from the environment. In this research, a high
efficient manganese-oxidizing bacterium Arthrobacter sp. HW-16 was isolated from the manganese-rich soil using selective media.
Besides, high-throughput sequencing revealed that there were significant differences of the microbial community compositions when
bacteria were acclimated in different conditions, and Arthrobacte was the dominant genus in Mn( Il ) containing media. In this paper,
the microbiological properties of strain HW-16 and Mn( Il ) oxidation mechanism were investigated. The results indicated that the
maximal Mn( Il ) tolerance mass concentration of strain HW- 16 was 5000 mg+L ™', and it exhibited a decent Mn( Il ) oxidation
efficiency with the highest value of 66.28% at a Mn( Il ) concentration of 3 000 mg-L™~". Single factor experiments demonstrated that
environmental factors could affect the growth and Mn( Il ) oxidation efficiency of strain HW-16. At 30°C or pH 7.0, at 1% or 3%
salinity, and at 200 r+min ", strain HW-16 got the highest biomass. While the highest Mn( I ) oxidation efficiency occurred at high
temperature ( =40°C ), high pH ( =7), high shaking speed and low salinity. Strain HW-16 could oxidize Mn( Il ) by producing
Mn( II) oxidizing active factor and turn Mn( I ) into precipitation by synthesizing alkaline metabolites.

Key words ; manganese-oxidizing bacterium; Mn( Il ) oxidation efficiency; environmental factors; Mn( Il ) oxidizing active factor;

oxidation mechanism
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discophora SS1 HL mofA 3 [N ZF 1 4T 5 /&
(Bacillus) . REWEE ( Pseudomonas) . + IS
( Pedomicrobium ) . $%E W& ( Gallionella ) F14F K& T
J& (Leptothrix ) 55 J& il 224l A B T — S84 S AL 20
SRR (BT AT R | R
FNET T T AN AR T k. R e T 2 A0 il
AN T AR AR AL AR N

AHESENGRAT L3 i A 2 1 BRER AL
W Arthrobacter sp. HW-16 , %11 Mn( 11 ) S AL RE
FT 324, PR 45 R X i i Bk HW-16 28 fkMn( 1)
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1.1 FZIGHRE

FREEAMEFREE(BET) (L) A REH,
3 g; AN, 10 g; NaCl5 g, pH7.0 ~7. 1.

PYCM 5= 38 (L7) . A WEHE, 3 g; MK
FIi, 10 g; NaCl 5 g; MnSO, -H,0, 9.218 g (4
JFEHEE 3 000 mg-L~", PYCM-3000) 5§ 6. 645 ¢
(il B JE 2 000 mg-L~", PYCM-2000) &,
3.073 g (fifi 2 ot i Wk o9 1000 mg-L™", PYCM-
1000), pH7.0 ~7.1.

LB 55556 (L") R IR, 10 g5 BEREIR
¥,5 g; NaCl 10 g, pH 7.0 ~7. 2.

1.2 WEHRR Bt 5%

PRELS ¢ BB T 58 (BT 0 4Ch 4.46% ) ,
AZ 100 mL JCHZK 1,200 remin ', 30°C FIRFE 1
h. HHEKIREY T4 000 remin ™' F&E.L 5 min. T
s mL BVEW, 0 90 A % 100 mL BET K5 773,
PYCM-1000 53545, PYCM-2000 Il PYCM-3000 %
FeHrf 200 remin "', 30°C T35 4 d. [RIGF4E 0
J& , JH TIANamp Bacteria DNA 5] & ( KAEFHL , 4t
50) SRS RE S FLAN B S DNA | 407 A DNA 22461
Je ik T 28T A W R 2R AT FRAA B A T e
W, DA U8 40 0 1 198 5L 0 SO E 0 7 AN R ik
FERR 25T WAk S5 B T MRV S5 H0 1R R AR

WZHL 5 mL PYCM-3000 HLAY B 3, il A Z 100
mlL PYCM-3000 553%%E, 200 r-min ™', 30°C F553% 3
d. PA3d k1 AMESR KLY 5 AME . K94k
J R DA R AT A0 B R, W 1070, 107, 1077 Al
10 ~SFi BB I B4 0.1 mL, %45 T PYCM-3000

A b RS E T 30CEE M G R 1 4. BRECEAR
R BE A PR VR, 2T PYCM-3000 AR L,
MR H B T 7 R S A AR 55 6 K.

WA A KBS HCE[16]. R
TIANGEN DNA $2 B0 & ( KR AR, JbaT)
PRI B DNA. (40 518 (27F, 5'-
AGA GTT TGA TCC TGG CTC AG-3'; 1492R, 5'-
GGT TAC CTT GTT ACG ACT T-3') K3 14 1 Bk
16S tDNAZE[H. PCR =¥ 4lifb )5k T RICERH)
BAED RN A B A FIY. KA 1916S rDNAJT 3
4% % NCBI " 5 E 1% 16S tDNA b X, fifi H
MEGAG" "™ B AL 8 R GE it ALY
1.3 FEHEMn( 1) S ALRE ST AIMn ( 1) i 32 P A

PR R Ll ik i PR Y5 B R T 100 mL LB B
Feded 30°C FHEFE 16 h. B # % T5 000 r+min ™'
FESL 10 min, FHJC TR K 3B R AR E R Do, (N
1 I R BRAR P PR A5 .

R 1% (3R R R PP T (Dgyo = 1)
A2 PYCM-3000 35522 1,200 remin ™' | 30C T
Kigt6 d. B 12 h M2 BRI Dy, B A 13 W
Mn( 1) AT R B, 2l ARt 2. Lk, F B bk
Fh IR ( Dy = 1) 3% 1% MR F ZE 5 500 ~
6000 mg-L~" Mn( Il ) Yy PYCM }5353rp | TR 5%
PR REFE 24 h 5 0E R Do (8, 7572 pH F1 |
HWHMn( D) B FTEWREE. Mn( 1) BT EE 09I
FE R 4 e R

9% PYCM-3000 1% 5% 3 B4R A7 76 B 28 ) H
SR, B 10 mL PYCM-3000 3557 3t H 755 24
h JE B, T12 000 remin =" F &40 10 min, FIEH]
250.22 wm GlFL 8 B A U8 S I Mn ( 1) o 48 Wk 5
(B AL TR VR ) 4 B0 5 IR A 10 mL 50
mmol - L.~ CuSO, W E s ,100 remin~', 4CF
P77 48 h[ BAMn( D) BB Cu( 1) Bl ], T
12000 remin~""FE.L> 10 min, FIHFRKZ0.22 pm i
FLUEAFEAL 8 5 0 78 Min (11 ) o F Tk B (W2 B 254 I
HIRE) ; B0 I TIRE 2 TR K PR S 10 mL
20 mmol - L ™' EHERFLHIR I 12 h [ S M LA I N
Mn( 1) 7,F12000 r-min~" F &0 10 min, K
250.22 wm SlFLE B U8 S I Mn ( 1) B i Wk 3
(VITEASHR TR ) .

1.4 FREER M ( T) AR50

PR T IR ( Doy = 1) 15 1% HEFNRIEFI T
PYCM-3000 375k, FEHR 5T Bl il Se g v, 3%
FiHE pH o 7,8 8552 43 & T 10, 15, 20, 25,



2038 AN 5%

B 38 %

30, 35 3 40°C T ,200 r-min ~'$%5 5% 24 h. 1EIRS A
& pH 5256 JH7Y PYCM-3000 15 37: 3401 pH
4.5.6.7,.8.,9 310,53 T 200 remin~", 30°C
TSR 24 h. TEIRFEGE SRR SL g 55550 pH
7.0, NaCl #5 PYCM-3000 335 3EEE B ( NaCl 2
HBWEYRN1% 3% 5% 7% . 9% . 11% 5% 13% ,
WF#YT 200 romin ™' 30°C F 55524 h. 7RG
TR B S 3SR pH o 7.0, AR 0
40,80, 120, 160 5 200 r-min ", 724 T 30°C T
Kigt 24 h.

FEREFREE G, M 22 BRI Dy (HL, 15 77 3% pH
A EER Mo D) (R
1.5 Mn( II) %A Ma () AR

Mn (Il ) 8 5 FEBERR NI RS2 8 G4, T TE
480 nm A R KWL . B R AR T ( Dggo
=1)F% 1% /0 3280 2 BET Hl PYCM-3000 1 5%
Ferfr 200 remin ', 30°C FHiFE 144 h. &EBE 24 h,
43915 10 mL BET 3% 3% 1 (¥ W (MnSy ) , 10 mL
PYCM #5355 5 h BB (MySy ) , A& 10 mL PYCM-
3000 5773 (MySn) iIlA 1 mL 10 mmol - L ™" £ iR
BHVAT,30°C TN 2 h, JBZE 0. 22 wm T fLIE
R U8 5 F AR ( Thermo, USA) EIE D, T 1
6% BE LIA E Mn (1) -FEWERRENZE S W) 0 75
1.6 B4R M R oA s o

PR T IR (Dgyy = 1) 15 1% FEFNRIEFN
BET 1 PYCM-3000 35573 91,200 remin ', 30C T
Rigf 144 h. FRERFR45 45 B 10 mL PYCM-3000 5%
FEILHE B T4 000 remin ™', 4°C F 5.0 10 min,
88 EWEW (YS); BU 3 iy 10 mL & T2 500
remin~' | 4°C R B 2 min, MR R 1SRRG B
W(YP) , 575 2 )y E3HW (YP) T4 000 remin~"', 4°C
TESC 10 min, B AR, TRARZE 1.0 mol-L~" Tris-
HCI (pH 7.0) P& MK T 10 mL 1.0 mol-L™'
Tris-HCl (pH 7.0) & R ¥ 1 (W& (Y)),
T 1 AR TRE I P R (100 W, TAE 5 s, [ 5
$)20 min Jii , 2 T8 000 remin ' FE > 5 min,
PRE 2 FIEW(YL) . #AHR 52, N BET #5373
r A A B 14 250 40 TR A B R AR R E S NS NP
NJ HINL. %1 mL 3 000 mg-L~" MnSO, %450
AZEYS, YP, YJ, YL, NS, NP, NJ. NL V% 10 mL
TCHK (XFHELL) H, F 200 remin ", 30°C F L 4
h 552 EE Mo (D) Bk .
1.7 BEITE S0

Mn( II) EALHR = 100% x (p, - p,)/py

Kb, py 4 LW W P W) 46 Mo I1) o & ok
(mg-L™") ,p, N EIEWH B Mo ( 1) JBifE ik
(mg-L7").

T K T 22 52 %70, P < 0.05 5 P <0. 01
Ve MK, S8 rh A b RS 3 W, A i 22
1 Microsoft Excel 1127 3.

2 HR5iTE

2.1 GUEYIRER AR

1487 TR TR T3 b i ik YA )
Mn( II) ¥ B3R AL LR 57 4 d 5 R YD RE VR 45 10
TEJR /K- AN, 7E4- B 3 1 RS 57 2% ( BET)
H R ( Enterobacter) MR EE ( Bacillus)
A F R AR 250 N 32 14% R 11.12%
FAE /D & 9 M B & (Arthrobacter ) (2.24% ). FE
PYCM- 1000 #5 & 4& B, L % J& 0 35 41 W )&

( Arthrobacter ) ( 24.29%). # ¥ ®H &
( Halobacterium ) ( 19.27%). M ¥ H &

( Enterobacter) (10.28% ) . AT & J& ( Bacillus)
(9.27% ) At AL YA & J& ( Nitrospira) (5.73% ). 1E
PYCM- 2000 5 7% % b, {8 3 J& o 1 #F 1 )&
( Arthrobacter ) ( 57.39% ). & A Jfg &
( Pseudomonas ) (7.28% ) . #F & &l J& ( Leptothrix )
(6.25% ) FFY B B AT 1 J& ( Citrobacter ) (5.43% ).
5 PYCM-2000 HLE/E PSS AI EL, PYCM-3000 5
FrEEP OB AT IR R 5K & (Arthrobacter) | B
Bl other genus B i cprothrix

B Halobacterium [ Enterobacter

Citrobacter B Vitrospira

B Pseudomonas B Bacillus
B cetobacter B i ihrobacier

100
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30
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AT %

40
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FE i
1 16S rDNARFESEENFHEARRYIL
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Fig. 1  Microbial community composition in different acclimation
conditions as determined by Illumina sequencing

of 16S rDNA genes
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ML & ( Pseudomonas) . £F B & (Leptothrix ) FFF15
FRFT B J& ( Citrobacter ) , F X} = B 43 5|y 78. 12%
4.37% . 3.24% F1 3.59% . H L] WL, 5 v B Mn (1)
REASIN ] — LERR AN B A K, X Min (1) HA e i
ZAERI AN AT LA 4, RS TR Mn (1) e RS R 3L L
B PIREIE SR RTR). SR R AP R R AT 1
J& ( Citrobacter ) #1715 ¥1 5 J& ( Arthrobacter ) WP W AE1E—
SRAE S IR A B P T 5 R A ) O 2 vk
Mn (T0) i 32 M PR AR L T BRIARYE.
2.2 WHRIEE

M PYCM-3000 3557 H &0 0 . & 0 Ml 5
43R4 1 MR SR B B o 4408 HW-16. %
PR HW-16 7€ BET [EMAREIREE b AR I R V% 22
FIE, 7L A o, RN, G F (K 2(a)]. 7F
PYCM-3000 & {455 37 3 A 4 1) FRLERT VK S it £ [ 1A
2(b) ], R YPEANZR I, B
RanE 1 Fron, ¥4 A % W #k HW- 16 J§ T
Arthrobacter J&''®'. T k HW- 16 % 16S rDNA
(GenBank 1D: KY173031) 45 % NCBI B 5 2 %l
16S rDNAF 5 HE4T HL X, 1% 1 487 bp i F Be 5 2L

R1 Ek HW-16 TEHERE LAY

Table 1 ~ Main physiological-biochemical properties of strain HW-16
BRI H £ W AT ERES
Egae O ) + o-FLHERI +
VP A5 - D-AHEF +
VER 7K Ak il + TR +
LT IR + A=A +
FrgE R e - HEREAI +
MR 6 - & ZFRER +
PREGIK it il - 1AL B A +
7R EIR + TR +
T S A A A i + PR +
IR T A 1 - LR +
T RER RIS - A -
T - ZIRENFIH +
A A + ARG +

1) + PR R s - B R

0.005
—_

(a) Witk HW-16 7£ BET B JRE | 2E K 1O BATHT%
(b) Fitk HW-16 7E PYCM-3000 F5353E 1A K1 S %
2 EIkE HW-16 METERES
Fig. 2 Colony morphology of strain HW-16

BB ¥k Arthrobacter sp. FB24 ( Accession number:
NR 074590. 1) 168 rDNAJF 31| it 7 Hi 99% [ AH ]
PEEHMEN T RGEHAM B FE—3Z E (B 3). T
BB AR IR 56 FT16S tDNAJT 31 43 AT, 1 4% HW- 16
] Y5 R Arthrobacter sp. HFFK.

JE Arthrobacter sp. FB24 strain [NR 074590.1]
43 HW-16

Zhihenglivella halptolerans strain YIM 70185 [NR 043765.1]

Renibacterium salmoninarum strain ATCC 33209 [NR 041773.1]

Citricoccus nitrophenolicus strain PNP1 [NR 117546.1]
Micrococecus terreus strain V3MI1 [NR 116649.1]
Kocuria polaris strain CMS T6or [NR 028924.1]

Rothia

h
Cur_,

Jophytica strain YIM 67072 [NR 109752.1]

terium ilicis strain ICMP 2608 [NR 104950.1]

Sine notoginsengisoli strain SYP-B575 [NR 134810.1]

B3 ETF16S rDNARF 3 R Gt i
Fig. 3 Phylogenetic tree based on 16S rDNA sequences
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