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Abstract: A bacilli-shaped isolate with a unique dual manganese (II)-resistant and manganese
(I)-oxidizing activities was screened from the yellow brown soil samples that collected in Queyu,
Shandong Province, China. It exhibited a maximum manganese-resistant activity by 130 mmol/L of
Mn (II), and a maximum manganese-oxidizing activity by 3.3 umol/(L-d). This isolated was identified
as a Bacillus megaterium strain (named as MB283) according to the morphological, physiological and
biochemical characteristics, G + C content as well as the 16S rDNA sequence alignment analyses. In-
terestingly, the cell growth of MB283 was favored by the low concentration Mn (II) (10 mmol/L). A
plasmid-cured mutant strain named as MB287 was obtained by perseveringly incubation of the strain at
43°C and supplementing additionally with 0.01% SDS. It was found that this mutant strain exhibited the
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proximate Mn (II)-resistant and Mn (II)-oxidizing activities compared to its wild-type strain. Thus, the

results indicated that the corresponding genes of manganese resistance/oxidation in MB283 could locate

in its chromosomal DNA.

Keywords: Manganese resistance, Bacillus megaterium, Manganese oxidation, Identification, Plasmid

curing

4 2 e TP AR TR A T ORG E 4
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BIFRIE A J2(0-20 cm) B fif 1- 458 . SRAE 5 8 % E O
RS, T 4°C 747 .

1.2 $EZHE

ARBEEABRR R FRE 50 ¢ EAK
10.0 g, NaCl 5.0 g, Z1{# /K 1000 mL, pH 7.2,
1 x 10° Pa KB 30 min, [EA&RK RN 1.5% 1 B,
LB Rk BREAN 100 g BERHEERWY 5.0 g,
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NaCl 10.0 g, 7&4#7K 1000 mL, pH 7.2, 1 x 10° Pa K
P 30 min. [EMAREFRELNN 1.5%00 Bk o
1.3 AR KA 5 B iHIE

i = S R T e S = e L O
10 mmol/L Mn*") I, 30°C 5377 B AW V& )5 4T
R 5 B alifl o B Sl Ak TR o4 b 31 B A R ok BE
Mn (IDAY LB -4 |, 30°C 535 4 d J5 WL HAE KA
B, e HESCHR 817 78 1) 7 2 AT 40 85 DR R W A e K
i 52 1 ¥ (Maximal tolerant concentration, MTC)
W
14 HBEEKRBEE
14.1 HEESHFERNESERENFENE: @
PRI AT BRLYL 0, % [RYL 0 5 1 2 i B AR AT
L (JSM-6390/LV A, HAS NTC)MEE, LKA B
AEARRFE A0 5 $49 e BROSCRR (917 1 vk 0E 4 7 -
142 G + C mol%M7E: & FF B 5 DNA,
TR B A /5 DB TR A B A T 4t e, i
ODs30 : ODygo : ODago LT 0.454 01 : 0.515, X5
Feps e F Beckman DUSO0 43566 #E 1
TE 7% DNA BIIE IR (T H), PLRIFF B Koo R
FARUES H R, A G + C mol% = 51.2 +
2.08 % (s — Tmxi2)(0.1 x SSC VAW &
¥R G + C mol % & & .
1.4.3 16S rDNA FFI5#f: LIl &40 5 DNA
JFEHR, G 27F (5-AGAGTTTGATCCTGGCTC
AG-3)F1 1492R (5'-GGYTACCTTGTTACGACTT-3")
#17 16S tDNA ) PCR ¥ 44 Jif. PCR ¥ 444504 h:
94°C 5 min; 94°C 45 s, 55°C 45's, 72°C 90 s, 25 M,
72°C 10 min, P =2 aibmlfUs, thdbst =i
BAYRHA BRA /TN R, P45 5 BLAST
A5 GenBank R EE 4 HHAH SC A1 E 1Y 16S rDNA
JP O AT IR IR PE LU, SR FH# I Phylogeny #E4T
RGERK BRI, KA HEMFEE Bootstrap test) X 43
I EAE BT, EEAMEECH 1000 K, LA
Neighbor-joining #1718t & #E B -2 18]
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1.5 AN E

W 55 ek 2l B SR TR AR A R T A 0
10 mmol/L Mn (I1)f#% 100 mL LB #& A& K5 55 5, 30°C
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Mgk, ScldEE 3 W LIBCFHME,
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PG R BRI F 256 10 mg/L SDS /) LB )
IRKE TR, 43°C YR 15 9% 24 h, FBIRA T LB
PR BT 28°C RSB % o R HRE /) i i 4% Bk
DNA I HL kR FL TR iy, 4% SCHR[ 14100 5 12 3F
1To AL IS0 B 2 AT Hk B 43 25 B R 1 9 A
1.7 S EBEREKERLIE RN E

Y ESTEMREE RS Mn (I B9 IR B 35 58
BT 28°C BIRIGSR, Y¥hm A b IiAEAs A hinE
BF, B 1 mL WL, KBTS, RIEAETIE PGS
) HEPES (10 mmol/L)&E F B4, 1 : 5 AW
B h 0.04% 1) LBB (N, N'-dimethylamino-p, p'-
triphenyhnethane-o"’-sulphonicacid)it ], 25°C K5Ab )%
N7 30 min, HA AR S M 4 B/ B 1 4 SR A ) R
BB SCHR (1513647, I KMnO, 5 v i 28 p U505 1l
S PEE TR AR 1 SR A T 1

2 GRE58

21 MEEEZIHERSBERGEFEENAR
INETE BB S AR 45 A% 1 R R R T R 12 B
X EE A 10 mmol/L A9 Mn (IDEAB itk E#E, 4
Y H O R B FR JE P B Min (T B I E— 240 B
glifh, KB A—REPRXT Mn (IDAHPERSGR,
HXF Mn (1D F K 32 e FE A 2] 130 mmol/L o A5
FZ WA T — 2P e MRe i, sk
MB283,
22 HEEK MB283 LT
2.2.1 MB283 E#FSHFHEMIEFREIK: MB283 #
PRTE LB Kige st LB A N ETE, LA aAE],
Kitd, hgor, ARKEEE6A, 52 RRa 2
PE. WHREFPR, RombliBl, AR maEHRy), R
A(1.2-1.5) um x (2.0-4.0) um. ZEHIK(1.0-1.2) pm x
(1.5-2.0) um, #EE, A skmEE 1), LR
WIS FEAEAT G SCHR 917 H8 1 <7 25 M 240 g 2 Al
YA I RFTIE

1 ZFE=RIECHNIHNBHEEEHESHEBREN
B B E K MB283 BT

Fig. 1 Microscopic photograph of MB283 strain by Gram
stain, contrast phase microscope and SEM observation

Hr Ar EXRBEEER(x 1000); B: 12 BAETWEE (< 2500);
C: FRBBEMEZ (x 5000).

Note: A: Gram stain (x 1000); B: Contrast phase (x 2500); C: SEM
(% 5000).

222 AEIEAWAFMENE: X MB283 BERkH 4> B
HEACRRIE I E S5 SR WL 1, A, MB283 TR k4
[ R R R L SR B PP RS2 37 72 h, HEEFR IR
S 1) 0 4 B B oA DL A K W, AN B 7 K T
FAEAK, HAFREMIRL 2 mm-3 mm GRZIRY"
R, USRS IR A, T A s

T 1 EHHk MB283 HIER 4 4 3B A (L 4F1E

Table 1 Determined physiological and biochemical
characteristics of MB283 strain

I H Test items
VER K #5255 Starch hydrolysis test +
fi% 2 R K i 48 Tyrosine hydrolysis test e
S Z k85 Casein decomposition test +
RN PR &R % Phenylalanine deamination test +
TR ER AR Nitrate reduction -
TR R A J5 Sulfate reduction _
A B AL IR Gelatin liquefaction test A
2% NaCl 4 K4

Growth on culture medium with 2% NaCl

Ml Catalase test +

V-P M7 V-P test _

iR R M Citrate utilization test

N LAl Malonate utilization test

M5 [ i Indole test _

WA BEF=ER Acid production from glucose s

% BEr=<. Gas production from glucose -

D-H #®F|FH D-mannitol utilization test +
T+ I, ATAEREG I - WKERBITE, ANERER R,
Note: +: The tested item is positive in cell growth or is acidogenic;
—: The tested item is negative in cell growth or is non-acidogenic.

223 G+Cmol%MELER: /7 H Ik MB283 1y
G + C mol%{H N 37.5%. WIECHR[OK R, 15
PR MB283 W25 %55 B 28 M AT B & (Bacillus)
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2.2.4 16S rDNA ¥1&. FHINESHLRK 24 LU

MB283 14,5 DNA KAk, LI4HE 16S rDNA i i3] b
YyiEAT PCR Y1, 155124 1514 bp M3 B9 (K 2).
Kb 1= W) TN AE ()P I7E. GenBank %54 g ik 7
BLAST 73#r /5 &8, 5HFIAIMIRE] 99% Y T#
PR ZEMAT B AP . %) BLAST 25 B AT
T e MR ARUE B9 3T 5 R B AT R G S AT (8 3),
gEILFENE, MB283 B AT I JE B K 2E AT B (B. 5000
megaterium). FR4E UL FIEARZHRE | A BAEARFRAE | L
G + C mol% =il E & 16S rDNA JF 41734 i il & 2000
SER WGSBS TE bR MB283 %k E AR EEMIFE T . 1.5 kb 1500
2.3 D EE MB283 BYAE K%k

XT3 25 B bk MB283 43l 76 2 47 0 Fil 10 mmol/L 1000

Mn (IDAY 2 FiEEFRAM T AR I e AT 70 o

el 4 P, S MB283AEAE Mn ADMETTRIT  ma 4 mmisk MB283 #9 PCR 3748 7= M BB B SRR 5k

T g P b A RIE i 30T R A B X A K, (R R AR AE &g

S A R BE Mn (1) B 26 FE 90 H I SR s e i He Ak Fig. 2 Electrophoresis profile of PCR-amplified product
(16S rDNA) from strain MB283

KR, PR R IEABIRRE, AR Mn 3. 1. @6k MB283 (9 16S rDNA: M: DNA 4l ki 441,

(H)ﬁ'éﬂglz%‘ﬁé AR R AL A0 AT F1) B B 3 Note: 1: 16S rDNA of strain MB283; M: DNA marker.

Bacillus sp. (AB066347)

Bacillus sp. (AY764133)
Bacillus megaterium (DQ789400)

Bacillus subtilis (EU257452)

65 Bacillus sp. (AB066345)

Uncultured Bacillus sp. (FJ158036)
Bacillus megaterium (GQ866974)

37 Bacillus sp. (AY764132)

Bacillus sp. (AY822760)

S Bacillus megaterium (EU880510

i 05310)

Bacillus sp. (EF426445)

[*))

Bacillus megaterium (EU221349)
Bacillus megaterium (EU221343)

Ilaie mrooatorizme (RTEQRETAAN
v/

RAanillaie
Bacillus megaterium (F168576
65 | Bacillus megaterium (EU221339)

Bacillus megaterium (EU109501)
MB283

Bacillus sp. (AY965250)
-\ 7

Bacillus megaterium (GQ304786)

|
80 | Bacillus megaterium (FJ685762)

0.0002

3 E-T MB283 E#kHY 16S rRNA F 5 R G L
Fig. 3 A phylogenetic tree based on 16S rRNA gene sequences of strain MB283
TE: ATEFN A 5455 N AEUT R GenBank FEF SR 55 43 355 BT 0y SR T B A AT B X0 43 S 9 s S ATBCEC ) 1000 YR 9 A5 2 (%)
7 EIIAR RZE R AR HTRIF S0 0.02% 12 5.
Note: The numbers followed the species names denote the sequences accession numbers in GenBank. Numbers near the branches are boot-
strap probability values (%) with 1000 replicates. Scale bar represents 0.02% differences in nucleotide sequences.
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---o--- 0 mmol/L Mn (II)

6 o010 mmol/L Mn (II) -
3 "

5 F ::;
4t P :
s -
% 3 F .,-"i"'

27 o F

l | ’E), ’

0 L‘*’#‘.‘?;‘l R N ) N B N | R
0 4 8 12 16 20 24 28 32
Incubation time (h)

4 HEE MB283 ERRGRKERHETHEKL
Fig. 4 Growth curves of MB283 in different Mn (II) con-
centrations

2.4 MB283 N4 A AIER S RTHBIMEFE N

X} MB283 TR B 1) R R AT T AR, & B
R B RN S A TR (B 5) . % 4%
MB283 B PR [ BT I T2 75 5 H AR RORLAR DG, X
AR A BRI T T B . Sk 2R miR R
FRFIUSIN SDS AbF, F k] 1 MRIEAR MR, HE
JoRE il £ 7 P A H U PR T A LA B 1 PN A R
T (Bl 5), fv44 o MB287,

bp M 1 2

23130 ch-DNA

9416
6557

4361

2322
2027

5 FFAEE B MB283 FNH SRR MB287 Y Bk B ik
Bl &

Fig. 5 Electrophoresis analysis of the resident plasmids
prepared from wild-type strain MB283 and its mutant strain
MB287

I: M: DNA 4 F &bl 10 BEW bk MB283; 2: 5748 kk
MB287; ch-DNA: YL {k DNA.

Note: M: DNA marker; 1: MB283; 2: MB287; ch-DNA: Chromo-
somal DNA.

$ MB283 S H 25 Rk MB287 43 WIHEF T &4
20-130 mmol/L /R[a] Mn (I Bf i35 b, Rt
WO AR TE SC B0 70 PR N 3 AR K G, R LI B AR K 2

o L S e B A T AR MB283 A BT AT TG AR ]
B Y R e ], O G I B AR L R AT R
ek ivas a2 SRR NTITE [ SYpie Al S
2.5 MB283 RERTH MB287 HIsEE L E M
i 3d LBB W (A S R Kl MB283 i b H e 1%
Bk MB287 5t B 5 1% B e S R, B T R A
Y B A A, B BORLIE BROJF R 30 MB287
DA R B T M 1 U (1B 6) it — 2P 3l i KMnOy
B 2R 0, MB283 B bR 04 E AL TR L R
3.3 umol/(L-d), i MB287 W kA EALTE LK
3.1 pmol/(L-d), WA R EMER ., XL Rl
F i MB283 TR A A EU A M AT AR S AR
LI, HAR AL T B v Ty O dAk I

=1
IT
P
He
5]
FE

1 2 3

-

0"

6 MB283 E#k K R Ik MB287 B94E & 1LIE A9 LBB
M R 25 R

Fig. 6 LBB analysis of manganese-oxidizing activities of
strain MB283 and its mutant strain MB287

T 1 BT R 20 BPASTA Bk MB283; 3: 848 Rk MB287.
Note: 1: The negative control; 2: MB283; 3: MB287.

3 g

4 B AR T & BRS04 ORI
G 3Z BN G, 1R F AR W2 O ok AT 4 T
YRR TAR KW IR . AT 5% 1 U 45 4% 1
- HEAE R A3 S O R PR T I O A TR AR, 45 RS
B —BRPUER ZF AT I 20 Bk, HX Mo (IDAY &bt
(130 mmol/L), H Fii7E FE N A SCHRHE o 5= 0 5T
R AIE S i 43 1 bR B B I A A TR I, RERE
AAMER Mn (IDE TR AL A AR DTE, X —H
JoT BT RE S A0 A B 2 TR R DU T MR BLA . A
)5, 5 HATRTHE 0 T 4 R bt 3k R 208 6 78
i U BRI A, 3 B R A B S X
() B AL AE AT RE S5 AR Bk TG o6, T th Hj
A1 S PR GRR )R 45 1 o 12 A1 R 1)L 6 4% A R A ALk
WY T RE EDIE T X —2518 . Aid, BT

o
>

O
0]
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RO AR RS2 AR TR bR, AT T4 ol 20 1 2 T s R
G ok BEAT R T 7R 4 R B AR IS AY 4 i R R
H, BT 5 Qs ol I B0 R R 15 Y i H
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