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Fig.1 A diagrammatic representation of the operon structure for the manganese oxidation genes of P. putida GB-1 (cumA, B),L. discophora

(mofA, B, C) ,Bacillus sp. SG-1( mnxA-G) and Pedomicrobium sp. ACM 3067 (moxA, B, C)
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Table 1  Currently identified bacterial Mn( I ) -oxidizing proteins and their encoding genes
Bacteria Mn( II ) -oxidizing proteins ~ Mn( II ) -oxidizing genes ~ Gene function Gene (cluster) structure References
. L An operon with 7 genes
Bacillus MCO mnxA-mnxG Mn oxidation [3,9]
(mnxA,B,C,D ,E F,G)
Pseudomonas Prepilin pilD/xcp Protein secretion Single [18, 27]
Cytochrome ¢ maturation Protein secretion/Mn  An operon with 5 or more
; ccm Lo [6,19]
operon oxidation genes
MCO cumA-cumB Mn oxidation Single [20]
Two-c nt >gulat Response to envi >ntal M
worcomponent  XegWwaol xSl -mnaS2-mnaR esponse _0 en?lmnmen R operon with 3 genes [21]
pathway concentration signal
. Linked to the electron transfer .
TCA cycle enzymes sdhABC, aceA, icd . L An operon with SdhABCD [6]
. chain of Mn oxidation
X Linked to the electron transfer
Anthranilate synthetase irpE X L Single [6]
chain of Mn oxidation
L. discophora MCO mofA-mofC Mn oxidation An operon with 3 genes [25]
Aurantimonas MCO mox A Mn oxidation Single [28]
. . . ) Protein secretion/Mn .
Pedomicrobium  MCO moxCBA o An operon with 3 genes [29]
oxidation
Erythrobacter Heme peroxidase mopA Mn oxidation Single [30]
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Fig.2  Alignment of the amino acid sequences of the copper-binding sites in different bacterial mutilcopper oxidases. MofA , L. discophora SS-1 strain
( GenBank accession no. 725774 ); MnxG, Bacillus sp. SG-1 strain ( GenBank: U31081); MCO, A. hydrophila WIL-11 strain ( GenBank
FJ797682) ; MCOIl, E. coli DH1 Il type mutilcopper oxidases ( GenBank: c¢p001637); Hep, human ceruloplasmin ( GenBank: M13699 ) ;
CumA, P. putida GB-1 strain ( GenBank: AF086638); MoxA, Pedomicrobium sp. ACM 3067 strain ( GenBank: AMO049177); Lac, R. glutinis

laccase ( GenBank: AB434421)
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Molecular mechanism of bacterial manganese ( I )

oxidation-A review

Zhen Zhang’ ,Lin Li'* ,Fan Liu’

' State Key Laboratory of Agricultural Microbiology, ° Key Laboratory of Subtropical Agricultural Resource and
Environment, Ministry of Agriculture, Huazhong Agricultural University, Wuhan 430070, China

Abstract : Manganese oxides are a type of high-reactive minerals that play an important role in biogeochemical cycling of
many major and trace elements. Bacteria are crucial in bio-catalyzing the formation of most naturally occurring Mn
minerals. Currently, a variety of bacterial strains isolated from various habitats such as oceans, fresh waters, soils and
ores have exhibited the distinctive bio-oxidation activities to convert the soluble Mn( I ) oxides to the insoluble Mn( IV )
ones. Here we review the research advances regarding the structures and characterization of several classes of bacterial
manganese ( ]| ) -oxidizing genes, their expression regulations, the structures as well as functions of multicopper oxidases
they encoded. Some raised mechanistic questions and the future research prospects are also discussed.

Keywords: Manganese-oxidizing bacteria, Mn( Il ) oxidation,Gene,Molecule mechanism
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