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Abstract: Five manganese-resistant and manganese-removing bacterial strains were isolated from soil
samples of a Zn-Mn mine in Hunan and manganese storage of Xi Qingma steel factory in Tianjin and
named as J2-3, J4-3, J12-1, IM3-2 and JD. Based on morphological, physiological/biochemical tests and
16S rRNA gene analysis, these strains were identified as Hydrogenophaga, Mycobacterium, Rhodococcus,
Acinetobacter and Bacillus respectively. The minimal inhibitory concentration (MIC) of JM3-2 and JD
were 2 mmol/L while MIC of J2-3, J4-3, and J12-1 reached 12 mmol/L. The X-ray diffraction analysis
showed that the precipitate formed by the Mn( Il )-removal bacteria was MnCOj3. All of the 5 strains could
remove manganese effectively ( > 85%). Strains JD and JM3-2 removed 94.28% + 0.1% and 93.10% +
3.1% Mn(1II') from the medium, respectively. During the removing process, the pH increased from 7.0 to
more than 8.5. This indicated the mechanism of manganese removing may caused by the metabolism of
the Mn( Il )-removing bacteria to transform of soluble Mn(II) into the insoluble MnCO; when pH in-
creased. Here we report a new-type of manganese-removing bacteria, which is different from the maga-
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nese-oxidizing bacteria reported before.
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Fig. 1

Aureovasidium pullulans sp. (M55639)

AR E AT 16S rRNA EE RFE A B
16S rRNA gene phylogenetic tree of the five Mn(Il )-removing bacteria

T 43353 ATl Bootstrap 1000 IR 1Y B A5 BE (%); PR RFIR S%INLITRRIT 51 2 55 55 Nl GenBank J¥ 415 565,
Note: Numbers near the branches are bootstrap probability values (%) with 1000 replicates. Scale bar represents 2% difference in nucleotide
sequences. Numbers in parentheses represent the sequences’ accession number in GenBank.
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Table 1 Morphological, physiological / biochemical characteristics of the five manganese-removing bacteria
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Fig. 2 Mn(Il) removal curve of five manganese-removing
bacteria in J medium (Triplicates)
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Notes: CK: Blank, 0.2 mmol/L MnCl, J medium without bacterial
inoculation.

3 IM3-2 & MnCl(%)F1& MnCLJ 3E5 & £ (h)
HEERS

Fig. 3 Morphological characteristics of JM3-2 in J me-
dium plate without (Left) and with MnCl, (Right)
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Fig. 4 Curves of bacterial growth, manganese removing
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Notes: —B—: The remined MnCl, concentration; —=—: pH;

—#—: Growth without MnCl, in medium; —#—: Growth with
MnCl, in medium.
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Fig. 5 XRD patterns of the precipitate formed by the Mn(Il )-removal bacteria
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Notes: A, B, C, D, E are the XRD patterns of the precipitate formed five bacteria of J4-3. J12-1, JM3-2, J2-3 and JD, respectively.

BB IR 1 AR FRAT T A HEBR T3 A A i
REFRTESE M 17 A T A Z2 R B 5 2R 5 W i A
(a3 O A

M RIEERE, ERBRIR A TUTE S, Wk
B AR T B IR B AR T AR 8, X a] R —Fh o
WA MW B o O ELE S R B AT UR 2,
AT TR KBRS B LR 2 AL, e b
LIRS H R R R T AT S AT, Sk SRR U B A

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

FRIRIR TR S L TE 150 J DO RRUFE T M JET 1B, E 8 A
WA G, IR AT R E iR AT S AR R
WAL, WRR A SR,

MR B BRI R A, DL ID Ml IM3-2 () 2Bk
RN e 21 R BR AR e g, S B g P I B AR
BEUN AR B2y, AHATS 2 — Bl AT 3 B 1 TS 7K b B 7
2, AU — T EE R EsE, B T KR
15 Y AL

© PEMFENEYTRITETIEES4REEER http://journals. im. ac. cn



JEIRRIEAE: TR MnCOs 4H I 1) bR AR AR 579

%} % i rﬁk 122-241.
[8] #aTy, XIRAL, #EEW]. L HEA% 0y K [l i 0 A 58
2000: 40—41. [9] Nealson KH. The isolation and characterization of marine

[2] Tebo BM, Bargar JR, Clement BG, ef al. Biogenic man-

ganese oxides: Properties and mechanisms of formation.

Annu Rev Earth Planet Sci, 2004(32): 287-328. biolog: Methods, metalsand assessment. Ann Arbor, Mich:
[3] Francis CA, Tebo BM. CumA multicopper oxidase genes Ann Arbor Science, 1978: 847-858.

[10] B8k, fTLRV0. BEY A sis. dat: BhoE i,
1999: 141-158.

bacteria which catalyze manganese oxidation//WE Krum-

bein (ed.). Environmental biogeochemistry and geomicro-

from diverse Mn( I )-oxidizing and non-Mn( I )-oxidizing
Pseudomonas strains. Appl Environ Microbiol, 2001,
67(9): 4272-4278.

[4] Wang W, Shao Z, Liu Y, et al. Removal of multi-heavy [11] Saratovsky I, Sarah J, Gurr, et al. The structure of man-
ganese oxide formed by the fungus Acremonium sp. strain

KR21-2. Geochim Cosmochim Acta, DOI: 10.1016/j. gca.

metals using biogenic manganese oxides generated by a
deep-sea sedimentary bacterium-Brachybacterium  sp.
Mn32. Microbiology, 2009(155): 1989-1996. 2009. 03. 005(enline).

(5] XUBI%, e, T80, 5840 Bacillus sp. MK3-1 [12] Francis CA, Casciotti KL, Tebo BM. Localization of

JE— . . U Mn( II)-oxidizing activity and the putative multicopper
; i A o b g A S ' . )
9 Mn( D) SUACAS PR B i B 1 BT 0 W 57 i oxidase, MnxG, to the exosporium of the marine Ba-

2009, 36(4): 473-478. cillus sp. strain SG-1. Arch Microbiol, 2002(178):
[6] Z=9, T2, WIRIE. 1SO10390: 2005 M pH 1) 450-456.

ME. BYLBHIEH A, 2006(1): 53-55. [13] b3, M2k, RIGBRED RIE s 72 iy £ 1
(7] #+EH. RS, dbat: R ER S REE, 2000: . WEPERE, 2001, 25(11): 13-15.

RY AR R RY R RY RY R RY oY RY Y RY) Y oY RY Y R Y 7Y RY) RY R RY R RY RY AR RY R RY) Y AR RY) RY R RY AR RY R RY Y 7R RY Y R RY 7R RY) RY R RY R RY) RY R RY) R
P
EIT /B &

2010 FPHRIKEY AT IATIBL S HRIBIBIRSIRIT TS50

CREpzEd Yy A PIER 4 H R, #5500 o6, 9 EM 660 J6. HIS: ISSN 0001-6209; CODEN
WSHPAS ., [ENIREMRE: 2-504; FEAMIEALLS: BM67,

CAE TR Y AR 25 HHBM), #A4 65.00 JC, 24 EH 780 JG. TS ISSN 1000-3061; CODEN
SGXUED. EWMHEEMNE: 82-13; EHAIMIEEILE: BM5608,

(e Yy AR 20 HHBER, S0 48.00 T, M 576 JG. T4 ISSN 0253-2654; CODEN
WSWPDI., EHNIEAMLE: 2-817; EAMELLS: BM413,

CEYIZER ) AFERA 15 HHE), ¥4 80 I, &4EEM 480 Ji., 5. ISSN 1672-6472; CODEN
JXUUAE., EHNIBEMRS: 2-499; EAMEALE: Q723

TR | Wi ki fd AR B AT0E T, TR THFH9301 50 28 o s ls 25

L. (10010 )AL R T8 B X JL R P % 1 S8 3 5 Rk 2k 9 fr B401

IS EUNKS ) GRERE; W% (010)64807521; E-mail: bjb@im.ac.cn

TETERM FALTER “ITRIZe” KTk, R & WFEdE

© PERFRHEDTRAATIESHEEIR http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



