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Advances in physiological and ecological functions of manganese
oxidizing bacteria and the underlying molecular mechanisms
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College of Life Sciences, Shandong Normal University, Jinan, Shandong 250014, China

Abstract: Coupled with nutrient cycling, the biogeochemical cycling of manganese (Mn) has so far been
considered as one of the most important contributors to worldwide ecology balance and environmental
changes. In nature, the formation of manganese oxides is driven by bacterial oxidation. Manganese
oxidizing bacteria live in various ecosystems including marine and soil systems, and recently, they have
been discovered in plant micro-ecosystem with an unknown physiological and ecological function. The
bacterial-mediated oxidation of manganese is a complex process in which multicopper oxidase, peroxidase
and catalase are the main enzymes involved. However, the action mode of the enzymes are not fully
studied. Here, we review the achievements and unresolved problems on biological diversity, physiological
and ecological functions of manganese oxidizing bacteria, as well as action mode to in bacterial
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manganese oxidation. The development trend in this research field is also prospected.

Keywords: Manganese oxidizing bacteria, Diversity, Physiological and ecological function, Multicopper

oxidase (MCO), Peroxidase (POD)
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Table 1 Typical species of manganese oxidizing bacteria

4325 Class FJE Genus Sk Source 27 ik References
JEEERR ] AT R R HERZVIRY . BRSSP E#IAL) . MWRES RS [34]
Firmicutes Bacillus Ocean surface sediments, Fe-Mn nodules (Hubei Province, [35]
China), plant microecosystem, etc (23]
S 2 AT B )R LT R A 32 (b T A ) [36]
Brevibacillus Soil around manganese mine (Hunan Province, China) [37]
T AT 5 2 & Agromyces BREG S5 ) ] - B (TR AR B [X) [38]
Actinobacteria YT F & Microbacterium Soil around Fe-Mn nodules (East China)
GO POk
Cupriavidus
o. B. v KB Leptothrix ROKIREE (B 22 AR IE %) [20]
BN Freshwater (Bear Trap Creek in Syracuse) [39]
Proteobacteria RN )E Pseudomonas A . A S RS [40]
Mn nodules, plant microecosystem, etc [22]
2T Y 2R R BRER A2 F L3 (h [ AR AR HEL X)) [38]
Cellulomonas Soil around Fe-Mn nodules (East China) [41]
B ICH & Ralstonia [24]
T & Variovorax
KIGHFFE 8 Escherichia
T+ B Pedomicrobium 5K R4t [42]
Sewage system [43]
JRAN & Erythrobacter TR 2 DR O R 4R 8 PS5 H 3 B [44]
Ocean surface sediments (San Diego Bay, California)
Albidiferax J& 32 37 1Ak AT L (A ] L AR AR ) [45]
The former uranium-mining
(Thuringia, Germany)
FrERRFT )& Citrobacter HE WA T R A AT [46]
Biological activated carbon filter column
T 8 Flavobacterium BREGAT R (FH 4 V8 YT 3 3 057 A L)) [47]
Ferromanganese deposits (caves within the upper Tennessee
River Basin)
PN TE R Aurantimonas o3 AR S E =W v = ' [48]
The aerobic and anaerobic junction in the strait
WL JE Roseobacter TREJRC T X L & PR A 2 o LR 5 A L) [49]
(R AZ 25 B T i Basalt around active seabed volcanos (around Hawaii island)
Pseudoalteromonas
MRS U
Alteromonas
AT )8 Marinobacter
R 8 Halomonas
Methylarcula
Acinetobacter
1Z W& Pantoea T AT ) PN 2B IR [50]
Endogenous environment of wetland plants
TERZSJE Sulfurimonas g AR E X [31]

The suboxic zone of Black Sea
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41()()'jPantoea eucrina SS01 (MF086656.1) 7
99 Citrobacter freundii strain FM-2 (HQ418832.1)

71

99 Pseudoalteromonas sp. LOB-10 (DQ412060.1)
| 100[::;[keudoahennnonassp.SSVV22(JX524855J)
100 - Pseudomonas composti SS02 (MF086658.1)
Caldimonas manganoxidans (AB008801.2)
99 100 _ELeptothrix discophora strain SP-6 (L33974.1)
99 Leptothrix discophora strain SS-1 (NR025916.1)
Pedomicrobium manganicum strain ATCC 33121 (GU269549.1)
100 Aurantimonas manganoxydans SI185-9A1 (AJ786360.1)
m Methylarcula sp. KBB-3 (DQ412070.1)
100 | —— Roseobacter sp. AzwK-3b (DQ223017.1)
98 L Suifitobacter sp. SPB-3 (DQ412073.1) |
100 [—Arthrobacter crystallopoietes strain DSM 20117 (NR026189.1) T
L— Arthrobacter globiformis strain DSM 20124 (NR026187.1)
91 —————— Brevibacillus panacihumi strain MK-8 (KU921113.1) 7
100 Bacillus sp. PL-12 (AF326366.1)
100 EBacillus sp. MB-11 (AF326360.1)
Bacillus sp. SG-1 (AF326373.1) i
Sulfolobus acidocaldarius strain ATCC 33909 (NR043400.1)

S —
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Proteobacteria

Actinobacteria
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Bl 1 ETEARER Ma(IDE LAE R 16S rRNA 2 E F7 A958R
Figure 1 The neighbour-joining (NJ) tree based on 16S rRNA gene sequences of Mn(II) oxidizing bacteria previously

reported!!

TE: FERECN 1000 WEEFH AL, URRET 70%00 1 REMH; GenBank %R S7EFG S H 4 IR ML IR B

0.05 U

Note: Bootstrap values are expressed as percentages of 1 000 replications, and only bootstrap values above 70% are shown; GenBank
accession numbers are given in parentheses; Bar: 0.05 substitutions per nucleotide.
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Figure 2 Simplified polyhedral representation of layered and tunnel Mn oxide structures
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Note: A: Hexagonal birnessite; B: Triclinic birnessite; C: Todorokite; D: Pyrolusite. The dark shaded octahedra represent lattice positions
of Mn’* octahedra; Simplified illustration of the out-of-plane bending angle (B) is depicted for triclinic birnessite (inset).
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4.1 %iASELEE(multicopper oxidase, MCO)
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Mn(II) Mn(II)-PP
2q-PP2
K-ES | +Enz
Mn(II)=Enz
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Mn(Il)=Enz ————> Mn(lI)-PP+Enz
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l<I‘,T2
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3 FHMFE SG-1 EELEFFMA Mn(IIDAI K
g

Figure 3 The reaction process of the formation of Mn(I1I)
during the oxidation of Mn(II) by Bacillus sp. SG-1¢7
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\ Mn2+ 2Mn2*

H +
. &_} ;M
V II/lll an'%

M2+

H,0
\QE )| Pi/ i
HO H
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Figure 4 Proposed mechanism of the formation of Mnx-catalyzed MnO,"*!

TR DB SUAZ EAR IR Mn(IV)FE= 04 ROR AR, A 24 Y Mn(IV)(OH), Je 24k, FiEf 7454 ; B: Mn(III)(p-OH),Mn(III)
HOTHHAT A4S, JE k.

Note: Proposed proceeds to Mn(IV)(p-0),Mn(IV) via (A) disproportionation and condensation of successively produced Mn(IV)(OH),
units or (B) condensation of successively produced Mn(I1I)(u-OH),Mn(III) units followed by a double disproportionation.
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