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Mn( ) Oxidation and Removal by a Manganese-
oxidizing Bacterium Bacillus sp. MK3-1

LIU Yan-Jun ZHOU Jing-Xiao WANG Ge-J jao

(State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan, Hubei 430070, China)

Abstract: Manganese-oxidizing microorganisms are able to oxidize soluble Mn(II) into insoluble Mn oxides.
Such microorganisms are very useful in treatment of Mn-contaminated water. In this research, a Mn(II)-
oxidizing bacterium Bacillus sp. MK3-1 was isolated from Mn-contaminated soil. This bacterium has high
MnCl, resistance with a MIC of 20 mmol/L. The results showed that it is able to oxidize and remove more
than 96% of Mn(Il) in the culture medium. The immobilized solid-embedding Bacillus sp. MK3-1can re-
moved 87.12% of manganese contaminated water. The final concentration of MnCl, after the treatment
reached the national discharge standard level. Scan electron microscope observation showed that the pro-
duced Mn oxides located on the cell surfaces of Bacillus sp. MK3-1. Energy dispersive spectrdmeter analy-
sis indicated that the content of manganese of cell surfaces of Bacillus sp. MK3-1 was 19.60% (W/W). At
last we amplified a 903 bp multicopper oxidase gene mnxG encoding the putative Mn(II)-oxidizing protein.
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The product of mnxG showed 86% identity to the reported multicopper oxidase.

Keywords: Manganese-oxidizing bacteria, Bacillus, Mn(II)-oxidation, Mn removal, Embedding, Scan elec-
tron microscope
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ﬂ': Bacillus sp. MK3-1 (FJ389509)
93 Bacillus sp. PL-26 (AF326369)
100 ’_— Marine bacillus NRRLB-14850 (AF156316)

L|:&zcillus marismortui strian 123 (AJ009793)
97 Marine firmicuts HTE831 (AB010863)
Erythrobacter sp. SD-21 (AF325445)

Pseudomonas putida (U70977)

100 |—Lept0thrix discophora strian SS-1 (LL.33975)
' | 100 L — Caldimonas manganoxidans (AB008801)
0.02

B 2 E ¥k Bacillus sp. MK3-1 16S rDNA 2G4 B (ES A AFF GenBank BEFES)
Fig. 2 16S rDNA phylogenetic tree of Bacillus sp. MK3-1 (Numbers in parentheses
represent the sequences’ accession number in GenBank)

bootstrap 1000 (%); 2% .

Note: Numbers near the branches are bootstrap probability values (%) with 1000 replicates; Scale bar represents 2% difference in nucleotide
sequences.

F1 EHk MK3-1 894 B4 (b4

Table 1 Biophysical and biochemical characteristics of strain MK3-1

Test items Results Test items Results Test items Results
Maltose Pectinose = L- L-tyrosine
D- D-galactopyranoside Raffinose L- L-arginine =
Sorbose = Glycerol Sodium nitrite =
Sucrose Inositol = Potassium nitrate
D- D-fructose Methanol = Ammonium chloride
Rhamnose Mannitol V.P. V-P test =
Trehalose A Ethanol Methyl red
Dy~ D-xylose = Sorbitol Starch hydrolysis =
Glucose Gluconate = Gelatin liquefaction
Lactose Creatine = Ammonia producing test =
Melezitose Citric acid = Nitrate reduction
Arabinose Glycine = Hippuric acid =

+ s —

>

Note: +: Positive reaction; —: Negative reaction.
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1.94 pm, 1.29 pm 5 b , 6

, Bacillus sp. MK3-1 MnxG 16S rDNA ,
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Fig. 3 Mn(II) oxidation and removal curve of Bacillus sp.
MK3-1 in K medium
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Note: —®— : Remained MnCl; in the K medium; —®—: Adsorp-
tion of MnCl, in the K medium; —#—: Manganese oxids of Mn(Il);
—0—: Blank (K medium containing 0.15 mmol/L MnCl, without
bacterial inoculation).
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Fig. 4 Oxidation and removal curve of the immobilized
solid-embeding Bacillus sp. MK3-1 in manganese containing
water

—&— MK3-1 ; —#—  0.15 mmol/L MnCl,
Mn(II) ; pH; —O— (
0.15 mmol/L  MnCl, ).

Note: —#&: Concentration of MK3-1; —®—: Remained MnCl, in

manganese containing water; —#—: pH; —B—: Blank (0.15 mmol/L
MnCl, solution without bacterial inoculation).

3

K
Bacillus sp. MK3-1,

20000 1 pm

Bs5 HEeiERA
Fig. 5 Scanning electron microscope images of cells of
Bacillus sp. MK3-1

a: Bacillus sp. MK3-1 ;3 be
MK3-1
Note: a: Cells of Bacillus sp. MK3-1; b: Cells of MK3-1 with the
surounded biogenic Mn oxides locating on the cell surfaces.
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495|7 Bacillus sp. SD-18 (AAL30449)
98 Bacillus sp. GB02-8B (AAZ317736)

81 Bacillus sp. PL-21 (AAL30445)

Bacillus sp. MB-11 (AAL30436)

Bacillus sp. PL-12 (AAL30443)

81 | Bacillus sp. MB-9 (AAL30442)

Bacillus sp. MB-3 (AAL30439)

97 | Bacillus sp. MK3-1 (FJ389508)

—_ 100 | Bacillus sp. GB02-16 (AAZ31739)
0.02

6 B #K Bacillus sp. MK3-1 MnxG R A B (HES A A F7 GenBank B R S)
Fig. 6 MnxG phylogenetic tree of Bacillus sp. MK3-1 (Numbers in parentheses represent
the sequences’accession number in GenBank)
bootstrap 1000 (%); 2% .
Note: Numbers near the branches are bootstrap probability values (%) with 1000 replicates; Scale bar represents 2% difference in nucleotide
sequence.
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