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SRR BT E R R R A A B Ay
A FR(G+C) & & W EBE R [ ] (Firmicutes) .
(G+O)F =L H T 1 (Actinobacteria) LA L 28 E A
I"J(Proteobacteria)a-, B-Fly-ARIEHEA, BFFEHIEL
R A R T AT R SG (Bacillus)™,
LT T o2 I T A9 1 8% R A R I MnB 1/GB- 1
(Pseudomonas putida)” FIp-"E I H ML Kk F422 T
SS-1 (Leptothrix discophora)™%%

AW AR AE IR AL S G A v A B
SERRIE AT 4o AR AR 2 R AR TR IA A
HIAIANZ A s SR B A R MnB L2 AT
B SGUIT=A: A A A" . 5i4h, EwEk
SO RS E4-100 nm™", BARORHY ek B
R W s 2 A pet™, IR R A v .
Y E AL A 4R A Mn (1D AIMn (110D Az /\ ifi
VA2 18] HAT 0 i A ) Bk B, AT R 110 B F,
fif, T AR B I L R T

BEE NATTRE KA B A3 A= 55 vh 4 45 4% B U5 e
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HEVERIIR R T e, AT X A
W ¥ PR B AN T) A 358 25 T il B A TR 1 22 R A B
FER AR ST T — RFVM R, BIE .
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1.1 HREREE R M s

RS b BT IHAE0-20 em3R )2 1,
FAEG B THEN, 4 °ClRAFE, W E L AT
WARAENY/T1121.2-200630 % + 3/ pH {H, KR
YJ/TO15-199645 A H HLIEHE & 25 B IR I 1 &
BF61% 7 (Inductively coupled plasma atomic
emission spectrometry, ICP-AES)ilE 13 4 M
BRI,

1.2 BEEMTE

HE1 2 10LLABIFRRER) - HERE SR P T 10 mmol/L
Mn (IDFLBRBARRE SR 5L, 28 °CEAEREFS d.
FAEERRBEAREIR, P50 T34 10 mmol/L Mn (11)
FLB-H, 30 °CHi3%, FffLeucoberbelin Blue
(LBB) . 035K I 5B €2 3 B b SR A A 28 A
PHYETRLBBE ML (o ny e e i, FIPERILBBIG
IRTA SR A L R e T e S U P S eI L
7610 mmol/L Mn (11)AYLBIAAR; I3, 150 r/min,
30 °CHE %7 dJ5 FIFILBB . (o 646 1 & 1k 4 14 2
B, ARG L BBAG I 25 SR A7 A5 4 Wt A ke 4L F0 i 1)
RETI.

FH T 5 SE AT R LB R 300 07 M (g/L): B
BEE10, EAMS, Afbiho, AR RpHET.O,
1.0x10° Pafd JEZE VK 20 min, FF ik A 8% 77
FEhn AZHe 10 mmol/LAYMn (11)F120 mmol/L
4-$2 L LR B R (HEPES, pH 7.0) [Mn (I1)£
HEPESY FH0.22 pumE g K Af 1.

1.3 BEMESEAHAER X E

FI A 5 1 T =2 Qe 32 @ 0 TR AR A 7
LR, IR B R (Olympus, BXS53)M
RWBIL A, L EAM HIR A 7 AP R 4%
50 CHB. i 8 Ak in) & AV -Pisk 35 800 T bk
HEAT A BRRRAE B 3, HARERAE O ik DL
W5
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1.4 16S rRNARH . gyrBEHE B oyrAEH 75
w5 T

PRI LEAL I B TE Y, R A 2L i DN A
PRGN AN SN ZADNA . FFH E R IE 1
16S rRNAZE I FH5 1 #927F . 1492R™ kAT H Ay
PRI 3 . PCRIMW A5/ R: 98 °C 2 min; 98 °C
10s, 57°C30s, 72°C40s, 32MfE¥; 72 °C
10 min, PCR=#¥J4: Axygenfi% BN 5 A 4lifk o]
W5 EHEpEASY-T 1R, # AL KIGHF & Trans-
phagel&Z SN, PRECHE R BUTR, 7
5675 M A A SE R MR SClkARGE 5 1
WgyrdZEH, PCRIW 5544 : 98 °C 2 min, 98 °C
10s, 57°C40s, 72°C40s, 35/fE¥; 72 °C
10 min. A SCHR C 48 9 177 975 | #7UP-1S FTUP-
28 Y M gyrBREH, PCRILIV 1A : 98 °C
2min; 98°C 10s; 60°C30s; 72°C40s; 3571
PEFR, 72°C 10 min, gyrAFEK fgyrBREH Y 4 7=
Wi s R RN 75 17 16S TRNAZE

& EzTaxon & NCBIAYBLAS T 22 % I
gL PEAT X, R 16S rRNAJE KM R g ik
BEISE,  30 BORF B0 E R 1 97 %o Py o o TR Ak 1 A 17 7
NHAT RGN 30T, IR BRI E AR AT
W B MR (Lysinibacillus sp )WENANEE; FIH
gvrB . gyrASERNE RGBT, DIA 2R
FFE (Bacillus subtilis){E RN, R Clustral W K
HXF AN AT Z 8 AT A BEH16S IRNAKEA
J¥511436 bp, gyrBHEH)T41985 bp, gyrAFEH)F
51862 bpt E LM . HEALAHHYEFI FIMEGA 5.0
A AR 3% B2 s (Neighbour-Joining, NJI)H
Kimura’s 2-parametert &Y, H i (Bootstrap
test) X HEAUAR 43 S 1 ELAR BE R T VR, SR 4
BRACH1000,
1.5 WEHRSFRREENMERIIRR

HR A SCRK[21,26-2813K 15 T e il A9 28 F AT I

SG-1 (AF326373). #fIfFEMB-1 (AF326359).
FHFFEMB-3 (AF326362)%:16S rRNAJL: A JF
5, SRS EE TR RIRTSCATIA, &R CP133
16S rRNAZEK 5111098 bpH T #EALH 2087
1.6 HHAEKSEAMHRR

P Al 1 57 1) SR 7% 2 & A 08110 mmol/L
Mn (I LBB AR FERL, 30 °C. 200 r/mindfzi%
B %, g IR )0 52 600 nmAb W YG(E, (RIS
FIFHLBB it 275 A5 ) 0 v AU A i A i . 58
T3 R EH R WO
1.7 AEYWEERIES T

WL % vl (pH 7.2)T8 VERT IR 14 dIY 2R
B, 2.5% 8 T4 CCRE R B, #IE30%-50%—
70%—80%—90%—95%—100%[1 2, BE 1 B % P 47
WK, K15 min, EARHTEEB4, FIH
H 37.S-4800/EX-35047 4 F 5% (Scanning electron
microscope, SEM)FIfigi Y (Energy dispersive
spectrometer, EDX)i#E47 7041 . WA A= W) AL AR 1T
TE, TCRZKPERIGR R T8, FIFX-SF AT 5 (X-
ray diffraction, XRD)E AR BUE S KA Y

2 BRI

2.1 AR
ZME, R TIEFERIpHNT 36, HSE
N4.72x10° mg/kg, PErEN2.06x10° mg/kg.
22 FREEHESRR
il BRI o B A R TR RS LR
A DL R AEMn (ID I TERE, @744 HCP133; 1A
PRIELBR 77330 °CHi %24 him R ELFLH AR,
RIMHRE NG AR, ANEU IR, 52
PR 00 2 I R A A AR B R
2.3 TR A LRFIE
PRCP133 4 3 AR LR 1,
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®1. TEEKRREEREE WA

Table 1. Physiological and biological characteristics of

strain CP133
Characteristics Results Characteristics Results
Glucose + Glycerinum +
Maltose + Starch +
Trehalose + Lactose -
Dulcite - Xylose -
Sorbitol - Sucrose +
Inositol - Catalase +
Mannitol - V-P +

+: positive; —: negative.

2.4 16S rRNARK . gyrBRH KgyraZH 73]
W5

TR RRCP133/916S rRNAJEH | gyrBILHA
Migyrd3& M, R4 Eztaxon B4 B 1Y) Lk X 45
CP1331916S rRNAKEH 5 ZF fUFT i J& i) Bacillus
cereus ATCC 14579 (AE016877))F 5 A {1 fix
W, H99.80%, SHiZJEHYBacillus thuringiensis
ATCC 10792" (ACNF01000156). Bacillus mycoides

45

55

100

DSM 2048" (ACMUO01000002)F1Bacillus
weihenstephanensis NBRC 101238" (BAUY01000093)
I SRR 7E99% LA 1 (K 1),
AT E B A E 19 16S rIRNAKE R MRS,
AR MEFH T b 8] A9 %8 € . DN A JiE B B IV 3k 56 7]
(gvrB) FIDN A JiE i AV 33 K (gyrA)FE A R
8168 rRNAJEER, 0] 8 AP KE 14
KUE . H O MX R MgyrBE K Fgyrd H
TENCBIFYBLASTHME EHh #EAT LEXS, 24 Jk AR
5 Bacillus cereus ATCC14579" A5 3 R JF 51 AH L)
FEIREI99%, RGL T EFMWRAZERS Bacillus
cereus ATCC 14579 364 K Zfin (K2, KI3).
AR . ERE R 16S IRNAFER | gyrBEEA
Kegyrd N B4R, B ERCP133 45w N
WEREZEAT IR, 544 N Bacillus cereus CP133, %
HHY16S rIRNAKEH | gyrBREDH Fllgyrd LN AY & 5%
S AKU312197, KU523898, KU523899.

2.5 BHRSFHAIRESIER T
K457~ T CP133 5 2R 0 AL R R & C
A, CPI33 4B ASAH B EMn (1151544

98 Bacillus toyonensis BCT-7112T (CP006863)
Bacillus thuringiensis ATCC 107927 (ACNF01000156)
Bacillus mycoides DSM 2048" (ACMU01000002)
991 Bacillus weihenstephanensis NBRC 101238T (BAUY01000093)
90 ||; Bacillus cereus ATCC 14579 (AE016877)
770 ' CP 133
Bacillus anthracis Ames™ (AE016879)
Bacillus pseudomycoides DSM 124427 (ACMX01000133)
Bacillus bingmayongensis FIAT- 138317 (JIN885201)
Bacillus cytotoxicus NVH 391-98T (CP000764)

Bacillus wakoensis N-17 (AB043851)

Lysinibacillus manganicus Mn1-7" (JX993821)

100 — Lysinibacillus mangiferihumi M-GX18" (JF731238)
1001 Bacittus sphaericus DSM 28T (AJ310084)

0.01

B 1. ETHEHRCP1334916S rRNAEE (1436 bp) RN ARG L BN
Figure 1. Phylogenetic tree based on 16S rRNA gene sequence (1436 bp) of strain CP133 and reference strains. The
numbers at each branch points is the percentage supported by bootstrap.

actamicro@im.ac.cn
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1007 Bacillus cereus ATCC 145797 (AB190226)

74 lCP133

A
0.05

_!:Bacillus anthracis str. Ames' (NC003997.3)
100 Bacillus firmus NRS613 (JIN575344.1)
100 I: Bacillus toyonensis BCT-7112" (CP006863)
Bacillus thuringiensis ATCC 107927 (FR850503)
99 ( Bacillus mycoides ATCC 64627 (EF210263)
100t Bacillus weihenstephanensis KBAB4™ (NC-010184)
Bacillus subtilis subsp. spizizenii BCRC 17366 (DQ309299.1)

2. ETHEHRCP1338gyrBEE (985 bp) R R R L B
Figure 2. Phylogenetic tree based on gyrB gene sequence (985 bp) of strain CP133 and reference strains. The
numbers at each branch points is the percentage supported by bootstrap.

98 | Bacillus cereus ATCC 14579T (AE016877)

51
78
100

_—
0.2

CP133

Bacillus weihenstephanensis KBAB4T (CP000903)

Bacillus thuringiensis serovar konkukian str. 97-27T(NC005957.1)
92! Bacillus anthracis str. Ames' (NC003997.3)
Bacillus toyonensis BCT-71127 (CP006863)
Bacillus mycoides strain ATCC 64627 (CP009692)
Bacillus subtilis subsp. spizizenii NRRL B-23049" (EU138602)

3. ETHERCP13380gyraERF (862 bp) 2R G4 B H
Figure 3. Phylogenetic tree based on gyr4 gene sequence (862 bp) of strain CP133 and reference strains. The
numbers at each branch points is the percentage supported by bootstrap.

R IE A Bacillus sp. AP5s2-M5¢(KF561879) .
AT B bR HEE Bacillus cereus ATCC 145797
(AE016877)F Bacillus thuringiensis ATCC
10792 (ACNF01000156)% 50 h—#% , BA RGN
FY K F, CHBacillus cereus ATCC 14579"
(AE016877)53 B T4 W5, Bacillus mycoides DSM
2048" (ACMUO01000002)%> & T 3%, Bacillus
thuringiensis ATCC 10792" (ACNF01000156)7/
Bacillusanthracis Ames' (AE016879)7 5 T3 1Y
M,
2.6 SEEHRERSBREMHXR

B EMRCPI33 A A K i & dn & 5 P
CP13352 Rl ARG EW, I — AR N E
AYAEROIRZS . M (1D AT A 5 i T e 2 A4 A
K, FIHLBB W (A I A 1 | Ak il A )

SIAMZES), B ERCP133FE ARG T
DURS I 20 A= ) AR A A, EESRRG IR 12 dJR 8
FrHE AR AR MR B2 35 59)0.3 mmol/L

2.7 HEWEAERIRIE

2.7.1 FFEBEEMITRESN: A B M he
T BT 5 2 AR W A AR W R TR S KT R
fii, E6-ARKFRIAB MM (1D EHRIER,
W e Rl UE R IMn (1153714 e KiE
AN ) B 25 A AR A TR A e T (Bl 6-B) . A
RETE RN Z P & A e R (Kl6-C), HEMHZAR
Y1k CP 13304 B 2 AR I A P e A A

2.7.2  XHPERATE: XTEVECP133 BigIEH A
AER ST X R AT 434, A AS 2 B Sk iy
FRtRIE(E7), BEIABPRCP 1337 4 iy A My AL 4E
H TS BEREA YR
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Bacillus cereus ATCC 14579t (AE016877)
Mlcp133
64f Bacillus thuringiensis ATCC 10792 (ACNF01000156)
100| || Bacillus mycoides DSM 2048™ (ACMU01000002)
73 Bacillus sp. AP5s2-M5c¢ (KF561879)
27 Bacillus anthracis Ames™ (AE016879)
68 | Bacillus sp. PL-21 (AF326368)
Bacillus sp. PL-30 (AF326370)
34 100 | Bacillus sp. MB-12 (AF326361)
Bacillus sp. SD-18 (AF326372)
Bacillus sp. SG-1 (AF326373)
27 Bacillus sp. MB-11 (AF326360)
100~ Bacillus sp. GB02-16/18/20 (DQ079006)
18 “— Bacillus sp. GB02-30 (DQO79007)
Bacillus sp. PN13 (DQ523735)
Bacillus sp. PL-26 (AF326369)
83 Bacillus sp. GB02-25 (DQ079010)
3 &_Eacmus sp. GB02-27 (DQ078997)
Bacillus sp. GB02-2A (DQ079008)
Bacillus sp. GB02-31 (DQ079000)
Bacillus sp. PL-12 (AF326366)
Bacillus sp. MB-5 (AF326363)
86 || Bacillus sp. PL-16 (AF326367)
76 Bacillus sp. PL-7 (AF326371)
Bacillus sp. C13 (HQ877784.1)
Ornithinibacillus californiensis MB-9 (AF326365)
100 Bacillus sp. MB-3 (AF326362)
100 | [Bacillus sp. MB-1 (AF326359)
0.005 77=Bacillus Sp. MB-7 (AF326364)

4. ETHEFRCP1334916S rRNAE [F(1098 bp)iE ARG L BN

Figure 4. Phylogenetic tree based on 16S rRNA gene sequence (1098 bp) of strain CP133 and reference strains. The
numbers at each branch points is the percentage supported by bootstrap.

94

89
83

2.0 , -0.4
1.8 f/“\gb—u—¢—z\¢/¢—z—+—+—¢ g 3 iﬂ.%
. . =
5 = . lo3 E o N . L ol
; j A E RS R AL 5 R TEL R 3 39 bR
210) Va LD AR R ORI
< 0.8 g MBacillus cereus CP133, ZEIFTF I 2 H AR AL s
0.5 0D (Wil M 1) L 0.1 % FE LB R, ENERZER, BAER
Ol | W on
0.3 ——ODgy [Without Mn( I1)] 2 EOEZN5 i VA N R = = Ve Y i R = o 5
0.0 ——Biogenic Mn oxider 0.0 N . . .
O 0. o AEBFICRBINE:, BRICH NG AR 5

i H T 2R A, b it B A IR
5. CPI337ERMEANRMMn (IDIEFEPIHEK DU 2R AT IR SG 1Y . 4088 1 1 VS 1 2R AT g
% FEE RETSE - - ar
. LML) o MB-1., ZEAUFFEPL- 12 RI5M 8 451 ST
Figure 5. Growth curve of CP133 in medium with or . o6 i s .
without Mn (1), kinetics of biogenic Mn oxide HGB02-57" I MBI 2B P ARAS Y LRAR

formation. EALE Bacillus rigiliprofundi sp. nov., #{%E N7
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keV
6. EYERIAMEBIRAEEILE
Figure 6. SEM-EDX analysis of biogenic Mn oxide by strain CP133.
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& 7. 2BEEHCPI33ERIENE L EAIXRDE L

Figure 7. XRD patterns of biogenic Mn oxides formed
by strain CP133.

FUFF R AN R, R L S WL
HBPFER L, BEFEN G T IR S R A A
L Jlih b A AR I R R R, B

Element | Mass percent JAtomic percent]

CK 43.12 59.75

OK 16.82 17.50

AlK 32.50 20.05
SiK 0.61 0.36
PK 0.89 0.48
CakK 0.20 0.08
- - Mn K 5.65 1.71
350 4 Fe K 0.22 0.06

0-20 eI HE + 2 P 2EAUFF BN RSB R, X
CPI334r B 45 AW A o i911620-40 emiR B REFR
e b 2 AT R A B AR AR s b
m AL ERDCEE ALk AT R A R 71030
cm A BEAELLEN LIS B E R, 2R AT R
FREEARRT, WL, AR W 39 AT Ak
G5B Z R R AR E — B 225

G HTRAR Y SR 2% OC 2 Bl T 0000 B R T AE 1Y
IR A7 BRI AR IR P PE T . I THRIE AT B
BIPECP133 5 O il 2Rl A A R R GO R 1Y
G, ASSCHIFIMEGA 50885 A T4 1 dih
I3, SERFBICP133 H 5508 [ 15 /K it 3 1) 25
FIAFEAP5s2-M5c (HQ877784. 1) H K —F%, 445
H AR RS 1% 0 ZF AT IR C13 (HQ877784.1)
MZEFAF I PN13 (DQ523735) 5 1 VE4h E AL H 5%
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GORFRE R B, IR B T AR R & R
BABREm, BCA THIFAEE & T i E ik
Kb IR HUN, i A A B i AR
L RERT S S G-1#% . “halo™ & FI“PL-127#£%",
B, 432 AARR] A 40 B B 2R AT IR CL3
(HQ877784. )M ZE AT PN13 (DQ523735) 51 HA
AR AR RS . o T SOmERR R 0 fr, A
WL A AL TR 2 Rk oF, (B EETHES
FRHRNEEERZ REE 2| —H, Wik
JIT Ja8 B 2 AR SR X AR 45 SR ) S BT A AE — R 152
me, PR, ZEASRER AR AR A A T T
ENA T T — D IR B PR A S e R FE

Z 1 F AL (Multicopper oxidase, MCO) /2 %
R AL E R P BN —2REH, maxGEEA
RS 12 A LR, FE A B S 5Mn (1)
IR T LEAE mnx GRE IR S 37 R S AL T ok
PEA B B <o FhR RO O AT ST 4 B TR
BRCP 133145k AL LA, FRUVEL A AL A DG F
LA, A DG ESAT T FEA MM, TFRIA
DIRERE H A BEXTCP133 5 Ay 2R 2 S AL T
TS L HE T A T Yl B . A E
DN 45 % b A SR A TR T 1Y) 2 i 2 T PR B o
BEPEANFEI SR, AfF A E AL . FEk AL
Yy i) S AR R SR B R T 4
PRACHE BT IR A S ATT R A Bl A W V5 22 RE 1
A BE 0 o AT e PR B b T M R A A~ 70
IR, A R AR S T B RE B NG T 2
YR 2EE IR, R A AP L B R4
B AR I T, AT VR SR 9 K 4 1) A= e B )
TET5 7K A PRATI BLAT — 5 (9 W TR o AR H ip
CAEME, AR ETWNZRESEITR
(As, Cd. Co. Hg. Ni, Pb, Pu, URIZn)"", %}
RREE. S/ G IR L A N WAL N = S =
PR (B LA A R MnB 1 A Y A A R A
ExiPb (1), Cd (ID)F1zn (1B 224
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AR A T B A 78455 Y ES R FRCP 133 BT
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Isolation and characterization of a manganese-oxidizing
bacterium from soils

. 1 . 1* 2 . 1 . 1
Jie Zheng ', Youting Meng , Yaoyao Fang’, Suling Yang , Ping Wang
' Beijing Radiation Center, Beijing 100875, China

? Beijing Municipal Research Institute of Environmental Protection, Beijing 100037, China

Abstract: [Objective] The aim of this study was to isolate and characterize manganese ( Il )-oxidizing bacteria from
surrounding area of manganese mine. [Methods] Mn (Il )-oxidizing strains were isolated based on the ability to
produce brown Mn oxides on agar plates. The presence of Mn oxides was confirmed by using the leucoberbelin blue
(LBB) assay. The isolate was identified by morphological and physiological characterization and sequence analyses of
16S rRNA gene, gyrB gene and gyrA gene. The phylogenetic relationship between the isolated strain and reported Mn
(II) oxidizers was also analyzed. LBB assay was used to indicate the kinetics of Mn (1) oxides formation. The Mn
oxides morphology and chemical contents were determined by scanning electron microscope with energy dispersive
spectrometer and X-ray diffraction. [Results] An isolate, named strain CP133, with high manganese oxidizing activity
was obtained and identified as Bacillus cereus. There were some phylogenetic differences between strain CP133 and
other Mn (I )-oxidizing Bacillus species isolated from deep sea and soils. Strain CP133 produced amorphous
manganese oxides that adhered to spore surface after the stationary phase of the cell culture. About 0.3 mmol/L
manganese oxides was obtained after 12 days. [Conclusion] A Mn (Il )-oxidizing Bacillus cereus was successfully
isolated. Our results suggest the diversity of Mn (Il )-oxidizing Bacillus species, and help understanding

biogeochemical cycles in manganese mine and surrounding soils.

Keywords: manganese oxidizing bacteria, biogenic manganese oxides, Bacillus cereus, soil, LBB assay
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