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Mn(11), 2009 4, A5 ETEA BRI T 5 —F Mn(1l)
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EARGAT, WA SEHFIE R IEN | &y
XSGR R AT T 45k, 2 THARES S
AR Mn() R FEXT FIRA BT PR5E P
ALY R A R R X, R AT LR 2
P42 AL Mn(I) I FESRE)) 7 00 43 B B I B 248405 .

1 A A AHPs £ Mn(11) ¥ 28 &

WEHAT, FH AHPs & L Mn(I)H 415 3=
PP TRILETN o SR y WK, oA T
BN . SRA R . BORA R SR R
(& 1. MR AN R, FRFFE (Erythrobacter sp.)
SD-21 F1#% it i (Aurantimonas manganoxydans)
SI85-9AL F LIt AHPs 24 1F FH B A Ak
Mn(1)®°, T BB 7 (Roseobacter sp.) AzwK-3b I
RA AT RE RIS AHPs A S AL (Superxoide,

0;), HH Oy AL Mn(I)iEFT 41,
BARBORAT T AzwK-3b S Ak Mn(11) 95 R 2 ot
PR O SBR[ AR A PIRZ A O, 1R
H R # IR A B4R Mn(IDIRE ST, L UnBcsisT
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R A R, AT GB-1 (KN [R5 A 2
KRR, FOEmUTR R, REEEE GB-1
A LIFIA MCOs A4k Mn(INE, S imFge A B T
TZ T T JE ST R T FleQ (flagellar regulators Q)
IR PR SRR A B, AT GB-1 R & A
MopA MR . B, BRI ZE MR
MR GB-1 H, ¥ B %15 B F FleQ F1 FleN (flagellar
regulators N)ARAT AT fig18 1 3 A B AN BH B 1) fi A2
P Mn(I S AR AY 6 2 B8R H R 364
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L TASIER], (HWFEE RN A SR PRI AT LA
FIF MopA BCH R AR 148 AL Mn(IT) % 20 T8 HE 33
Az e

2 MW P AHPs

21 AHPs BEHZE

AHPs J&—ZR DL £L 3 A Jy 4l 51~ 1 2 11 i
&, ATLIRIH H.0 PE R 3244, fifb— R 511
AAER IR . TERGE R b, AHPs J&§ Tt Afk
Yy A5 K AR AL ) T - 3 AT R R

(cyclooxygenase-peroxidase superfamily)*”, 14

Fz 1. FA AHPs &4 Mn(1)HIHTE

Table 1.  Strains oxidize Mn(ll) by AHPs
Strains Taxonomic status Isolation References
Aurantimonas manganoxydans SI185-9A1 Alpha proteobacteria Water [10]
Erythrobacter sp. SD-21 Alpha proteobacteria Sediments [16]
Roseobacter sp. AzwK-3b Alpha proteobacteria Sediments and surface water [14]
Pseudomonas putida GB-1 Gamma proteobacteria Freshwater [11]
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Figure 1.

Protein diagram of AHPs in bacteria.

http://journals.im.ac.cn/actamicrocn



972

Jie Zheng et al. | Acta Microbiologica Sinica, 2017, 57(7)

HAT 98%I1 ST, JRFF SD-21. #8 HLjf
i S185-9A1 DI MR HLMI TR GB-1 #RHEA HLP5 DLy
mopA FERTOH o i Hifa T GB-1 Hh mopA 3t
DR f) 2308 AT RESZ 17 1R FleQ s ™,

3 2@ AHPs 3t Mn(11)# & 1t

s H AT TR 45 R, A AHPs X
Mn(I) Ak BT RE A3 BRI 2 =X, B
AALRD AHPs HHEEAMELEL Mn(IT), TJEEA ]
& AHPs Ed 77 E 0,7, R O Ak Mn(Il). A
R EEA R A X, #R T AR B
FHFER K Mn(I) 4L Mn(Il), FEifE—22TE
B Mn(1V).,

3.1 HE&H

KIGAF A S IRF K MopA FIAR S SEIIER T

HFFE SD-21 FF Ay MopA HA Mn(I)AALAE T,

AIH'
Wil | -

MAed DN

Leukoberbelin blue (LBB) . {25256 a] LIS i 3] 4
Z AL AL IE A0 FEAE BT SI85-9AL AN
IRANTA SD-21 (Tl iuE b, AN E] T AR
BI-Mn(LINZ84 97258 nm), #78 AHPs B 344k
Mn(I)3E R = A T il 224 M (] 2
sRaHi =k R) . TERSE5r 25, AHPs J& T 14l
ESUERIAY/] 29 M 0] ZE =R A e
it H 38 8 R FH Ho0, 1k B P 32 A0 9 A B LA
RIGAFESEIRFILR AHPs Sy seib bkl , @i i
J WA 7 S i e AU U B 4 HLO, B N UL
AR AL S T R N b BU R e
J& AR Z BRI, RS A
H H,0, )& Xt AHPs 848 Mn(1) AR M4 /)N,

A REFF A HIZERIEY S5 AHPs Xt Mn(I1) )4
RS FEE A AL Mn(INBIARE D, 5 A AL T
MopA (21532 Mn(I)E 00, RS
Mn(I) A REFRIE R, RS B A 2 A

Aldi's

0

disproportimnation

%inl IV

Y

AHPs Animal hacm porosidases

e [ Ripect o it b
——
===== = Failed nesciEmn

I ireck oy pdat jon

AbPs

2. AHPs &1k Mn(11) YR Z )

Figure 2.

Possible pathway of Mn(ll) oxidation by AHPs. During the direct oxidation process (green arrows),

AHPs are presumed to oxidize Mn(ll) to Mn(lll), which is further oxidized to Mn(IV) or disproportionated to
Mn(IV) and Mn(ll). In the indirect oxidation process (red arrows), it is presumed that AHPs produces O, through
an unknown mechanism, and then O, oxidizes Mn(lI1) to Mn(I11). Mn(l11) is further oxidized or disproportionated
to Mn(IV). In indirect oxidation, H,O, may be degraded by AHPs in order to prevent H,O, from reducing Mn(l1l)
to Mn(ll) (red dotted arrows) and to prevent further progress of the reaction (red dotted arrow).
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Advances in bacterial Mn(ll) oxidation by animal haem
peroxidases

Jie Zheng, Youting Meng’, Guijun Liu
Beijing Radiation Center, Beijing 100015, China

Abstract: Manganese oxides are highly reactive minerals and play an important role in elemental biogeochemical
cycles in the natural environment. Bacteria can oxidize Mn(Il) to Mn(l1l) and Mn(IV). More and more bacteria
have been isolated from different environments. Furthermore, bacteria are key drivers of the global Mn cycle.
Bacterial Mn(ll) oxidation is an enzymatic process. Enzymes responsible for bacterial Mn(ll) oxidation are
multicopper oxidases and animal haem peroxidases (AHPs), but the latter is different from the former. In this
mini-review, we focus on the advances in bacterial Mn(Il) oxidation by AHPs, manganese oxidizing bacteria,
structure and characterization of AHPs, the genes of AHPs, and the process of oxidation. Challenges and future
research needs are also discussed.

Keywords: manganese oxidizing bacteria, manganese oxides, manganese oxidizing enzymes, animal haem
peroxidases, superoxide
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