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AT+ (Calci-Aquic Vertisols). 2»HIRER T2 (A
JZ:0~20cm), LR (B)/Z:20~40cm) , K12
(CJZ: >75em) MFHE L3, LERafk. MYskik

Ji o B SR RE SRS 3 R TR R, T 4°C
A7, HT BRI AA B B e 1 4 1A
T -20°CIRAF, FHT 1% DNA 21,
1.2 EHFHE

AR B R R AN 5.0 g, BEE AR 10.0 g,
NaCl5.0 g, BifiF 15g GRRRSFRIEAMIRIE), Z&1H
7K 1000 ml, pH 7.2, AT HIErhnl 55240 g i 7 25 s
K #geil. RE A 2 g BERFERIUW 05 g,
FeSO,-7H,0 0.001 g, 1 mol/L MnCl, 1 ml, HEPES %%
MW (pH 7.5) 10 mmol/L, [E4AE:FRFEIN 15 ¢ T,
757K 1000 ml (CILHIEHLE:R FeSO4.MnCl, Al HEPES
SO ARG TR K B R il O RIS A,
R AR T TR (1 23 B AR AR AT P R
1.3 TEABEMS S

W1 g FAEHKTE ddH,0 FEE L 1% (WA BRI,
FIIL 107 BB 100 wl R0 T-2F B & A IER %
W 100 ml HHEAERT IR 24 h, ARJF L 107 BB 100
ul AT TR R AP, 30 CHIFR I B K S
AT RIZ s alifh, WS e LR =R
1.4 $ESENEMERNE

H4 03 BT B0 P VA P A A R B R R
W12~ 18 h Ji, % 1% MR b i i e 1
WA K 35, 30°C, 200 r/min $53%. 5 RJGEUA
AW 1 ml &0, % B3, H HEPES 2 (10
mmol/L) HFEWAAPINE, JFi% 1:5 MBI 0.04%
LBB (Leukoberbelin blue) 357712131, 5 & 5 N i
7E 620 nm NI A WOEWOGEEAE, BL KMnO4 A brdE ith
2k (40 pmol/L KMnO, #H%T* 100 pmol/L MnO,) , it
HAA B BRERAE 5 RIBEFRIN ] A AT g AR ) MnO,
ff (umol/L), FF4I b Hefif & N bk 1 R S A TE 1
KN, FEF AR BIE MnO, (B BT “ 7 R
A6 Mn(1T) A= B MnO, W - 50 pmol/L) | “H 7 (48
b Mn(11) 21 MnO, ¥ % & T 10 pmol/L {HAK T 50
umol/L). “f&” G4k Mn(Il) A=K [¥ MnO, W & T 1
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BIMIE
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TACGACTT-3)#ET 16S rRNA FE A [ PCR 71 [ . .
PCR V444 94°C 5 min A8 PERIH DNA; 94°C 45
s, 53°C 455, 72°C 90s; 30 MEH; 72°C fxmiEfh
10 min. 338774 H g o G 30T A R R AT R 2 w1
J¥o FT3R131) 16S tRNA FE[H 7415 ik DNAMAN %%
PEEAT Z ELUXT, R AR =97% Rk [al—Sie g 7Y
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FHFHULE GenBank Hdi A BARLUT 5. RGeHEHL
B R H MEGA 4.0 %, LA Neighbor-Joining ¥
MRS K G W, Bootstrap K RGH, HIEECA
1000,

1.6 +IES DNA BYREURZE 16S rRNA £[F V3

F E&RY PCR 4 1%

T A B RS DNA S HCKR B BB AT SDS 24
(R EY, RS2 5 DNA T 5 16S rRNA-V3
Jr BT 18 AR o [ B 3 398 B S A7 11 1 LT
TEPER ZZ BRI 5 Bk il e AV M B AR 48 168
rRNA-V3, ¥4 =4, 60 14 16S rRNA-V3
FEMAS PERG FE BB Bk (DGGE) AT Ladder. ¥~
B 514k GC-338F (5-CGCCCGCCGCGCGCGGC-
GGGCGGGGCGGGGGCACGGGGGGCCTACGAGCA
GCAG-3") F1518R (5'-ATTACCGCGGCTGCTGG-3")
el g1 fi ey 4. 94°C 5min; 94°C 305, 53°C 30
s, 72°C 45s; 30 MVAEH; fJ5 72°CLEf 10 min.
1.7 TRHBERRHBEX (DGGE)

FH 25 ul 1 16S rRNA-V3 ¥ 34741317 DGGE,
Bt A%l Bio-Rad 2 ] [¥] Deode™ 3 K 5 A5 K il
4t DGGE 240 : ARVERIBHIE (A FAVERR 100%
JR# 7mol/L Fl 40% (viv) [H2:3F B 4 50%
~ T70%, ZE MR B B 8%, IRIESEA 1
mmol/L, HLIKZEMHIE A 0. 5X TAE buffer, 60°C . 200 V
WU YK 5 h, #M, JF KM Quantity One K {H

(Bio-Rad) %} DGGE KT 87 b Ak 2 o
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2.1 TIEMES B REEWEERNE
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Table 1 Mn(II)-oxidizing activities of determined high active isolates

AJZ 8 BJZ (22 CZ Qo)
R Mn(Il) %Ak i Mn(Il) AL Gy Mn(Il) %Ak
Aoy 240.2 B 187.7 Cso 178.9
Ay 119.9 B3 1715 Cs 168.3
Asg 71.0 By 163.6 Cso 167.4
Ajor 67.0 Biso 151.4 Coo 165.8
Aso 61.1 Bss 144.4 Cos 156.1
Ag 53.3 Bos 1442 Ceo 150.5
As 52.1 Bss 1433 Cos 1413
Asg 51.3 Biso 106.3 Css 140.7
Biso 105.0 Ca3 134.8
Bz 98.1 Co 128.2
B 87.3 Co1 121.0
Biis 85.6 Csg 120.1
Bio7 83.2 Coy 116.5
Bss 78.3 Cos 71.5
By, 77.9 Cso 66.8
B 66.7 Cos 66.6
Biz 66.0 Cyy 62.6
Bss 65.4 Ci3 59.8
Bus 62.3 Cas 56.2
Bioo 61.5 Css 524
Bso 59.8
Bss 53.9
S 89.5 T 102.9 SEH 116.3

2.2 HEUMHAEMNLIESH

FER AN I R A 1 . #AK R,
(S TR AT G/ e A A PN/ ST NE 2
(R, EATT 530 BTN S B R ST 42.9%
31.6%: HUGEPERAATEYERAR, &7 15.5%: mfi%
TR VERRR I H D1, A 9.9%. MBS TEK
F, A ZRARZNEAEE R (s, K
FRAAATE IR, BTN BT A AT 2 2w kR T 95.3%,
SR BAT Bl A TS PE B R 20 A/ B JIE A C
HRR AT TR B R 2 A fE A JZEH C ), AIRER AL
PRI B R A H B 2 R D, o A A
BRRENEGF AR . IeAh, &)= TR E Y & R s
W5k 2.01 gkg (A 2), 2.25 g/kg (B J2), 0.94
g/kg (C 25 MEAEMIIT R0 56.34 glkg (A
2), 64.89 glkg (B 2), 63.91 glkg (CJZ2). XL 1
FE 1 SR, B 2R C J2 L3 & B,

MK 2 2 -3 (1 i S A Al v K 20 A LU
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Fig. 1 Distribution of Mn(II)-oxidizing bacteria in different-depth soils
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SEENIEEERAEY 16S IRNA EEFIINES
RGEHUFEERRDN
XoF T A3 s (R e AT M BRI 16S TRNA SE[RIHE
AT T FRIFHIRT,  RIIX LS SR A A v = 250 AT
7E 13 Mg, il AR E (Arthrobacter) (18 #£) .
HUFTEE (8 MO . MR R (Sinorhizo-bium)
(6 #) « BRMEE (5 PR T EE (Microbac-
terium) (3 #%) . KR KEJE (Escherichia) (2
PR | Cupriavidus B (2 ¥ « Dilkp )& (Variovorax)
(R | £T4E s (Cellulomonas) (1 k) . Al
BRI & (Paracoccus) (1 F) %/ /R 171 K 141 J& (Ralstonia)
(1 # « 2Lk 8 (Rhodococcus) (1 #£) FT Agromyces
wWE (1 H o K WHwER S w2, Hooe
MR, B TR R R PR R . 2
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99

Biso) « NFIEAKEE (A A1 Ay) - Cupriavidus
J& (C30f1By3) « TR E (Aso) « AFHERIIEE (Bygy)
Agromyces (Byo) MEZU/REIBKEE (Cyp) 4L 7 MNE
ST A R R A T
W LAE 7 ASHR e AR AT PRI Bsss Agas

Ci0~ Asos Big7s Bioo Fil Cop 3 7 FRAT B BRIFE ) 16S TRNA
ST %1 (GenBank & %5 4 il 4 : HQ877780 .

HQ877773. HQ877774. JF432095. HQ&877780.

HQ877781. HQ877789) 5 NCBI I Ebtf H k(A
U 21 e 2 T8 14 Bl S AL 41 R —— 2F AL AT 1R 8
SG-1.AEBH4T AW SS-1 B SRR 57 GB-1 A1 MnB1.
AR E D21 LB R ACM 3067 %51) 16S rRNA
LA — i H] Neighbor-Joining 1EMJ 5 R4 K &

(B 2> WEFATLLE H Asgn Cao FIARLLT R I SS-1
BRI, HENVEAMMHRELTTH LI
99 | A59 (JF432095)
[‘ Variovorax sp. A7 (FM986389)

Leptothrix discophora SS-1 (218533)

91

85

100

99

99

97

100

—
0.05

Ralstonia sp. SK1 (DQ026295)

100 | €30 (HQ877774)

91  Cupriavidus sp. 2CSa-12 (GU167923)

100

Pseudomonas putida GB-1 (CP000926)
Pseudomonas putida MnB1 (U70977)

Escherichia coli strain 1-15 (GU586141)

99 Escherichia sp. B4 (EU722735)

Erythrobacter sp. SD-21 (AF325445)
Pedomicrobium manganicum ACM3038 (X97691)
Pedomicrobium sp. ACM 3067 (X97695)
Bacillus sp. PL-12 (AF326366)

100 Bacillus sp. SG-1 (AF326373)
B107 (HQ877780)
Cellulomonas cellulans DSM 43879 (X79455)
B36 (HQ877776)
Microbacterium sp. 798 (EU714379))
B109 (HQ877781)
Agromyces sp. [Y07-34 (AB546309)
[ A94 (HQ877773)

€92 (HQ877789)

CEIAARC T ROR ARSI T BT, HLR R DR RV AAL M A, W T AR A7) B A 1 B AU NCBI 41, 455 A A GenBank %3k
T OSSN R AR R 3 s M R IO 1000 RISIESEIE (%); 78 N ITAR RAERTFAZITIRIF I 5% 225

2 TS BMSERELAER 16S rRNA EE ARG KR

Fig. 2 Phylogenetic relationships of 16S rRNA gene sequences from seven newly-identified isolates with high Mn(II)-oxidizing activity
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B To Bsgn Bioy Ml Bigo EAKEI—i2, I NER AN
ARG E P IREBT], T Agsn Cop A BT 3
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WHAE A DGGE A T Ladder 1) 5 #k i A 4L 16 1
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sERaE 3 Brios (B 3A 4 DGGE HLik &%, 1 3B &
FETRIEE M Quantity One #AT 20 H1 5 H B 7 &
B .
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9 g ARUES T UC I A 451 LLB (0K, ARITACIY
e E3B L, JKIE 5 ~ 9 R 4RAlrRELL
AP S ARAEAC AT N B TS, BERAPKE 1 AT
Ladder &AM . A 2T kil 2) 1 4 Ml
AT Ladder ULHC, {HEH TR ZEffrfe, 400 4
S 7N VT, R TIK3E 7 10 B AL AN Aol
AP REFFESN. FEB)Z T (kiE3) $
AN 3 VTR, BIYKIE 5 148 b4l 4 Bey /£ B
JEhAEE FE . i C 2 AT v LLCREC (455, Ui
W BTIERE CionCas 7 C ZH A, 1T DGGE
B REATI ] o

BT L, X 5 2 R A AN B AR AR AR
oA, ARFFEARER S S A . X BR T S 40
SR OGO, 5NN RS . BT
H AR ECAR A TS PRGN R A S ST AL 2 1
F AN A 5 T2 .

w
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Fig. 3 DGGE profiles of PCR-amplified 16S rRNA gene V3 segments of five isolates with high Mn( II )-oxidizing activities and original soils
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SE — AR A R A A AR, SR TR TT
R A AN B AR DG T A . A0 TR IR B )
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WP AR AN B 1 = KRR AR T T 1 R 2k
B TTPY, IX—J7 I T - 3 PRI AN /KO A 55 ) Al 4
A AN RGeS AR, 53 4T T )48 e ke 1
XSG B AT 3R A R O R R R e Sk,
AT ST B v il S A B ) B T o B A L s
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P W) KL R A TE ORN] 70 38 M BRAL 22 I 34 1)
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EAETAFFNEA LA FHNEK.B 2 &S EML
By AR SRS L A R SR R B A5 ) o 2R
MIER )z, i C EREEFE, MRS Y
W 2, 45 LU A0 & 4 s i 52 P 0 4l 1 2E A o e Ak
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Bk AR GF M AR K, % Min IR G I AR IR B
e 6 I R AR AR R S, B T
WA AR R A2 4010 . B 2R C 21l A Ak 4
LR E A PO RN IS RN T T S SRR IS D
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PERRR A, CF¥IEE T 20.58 pmol/(L-d), HHLLH
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Identification of Mn(l1)-oxidizing Bacteria and Novel Genera
from Stratified Fe-Mn Nodule Forming Soils

YANG Wei-hong !, ZHANG Zhen?, LILin', ZHANG Zhong-ming', LIU Fan’
(1 State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China;

2 Key Laboratory of Subtropical Agricultural Resource and Environment, Ministry of Agriculture, Huazhong Agricultural University, Wuhan 430070, China)

Abstract:  Although Mn(Il)-oxidizing bacteria are generally regarded as the major contributors of naturally occurred manganese oxides, only
little effort has been devoted to investigate the community composition and diversity of Mn(II)-oxidizing bacteria in the terrestrial soil environment
so far. In the current study, the stratified soils with iron-manganese nodules were sampled to isolate the culturable Mn(II)-oxidizing bacteria and to
determine their Mn(II)-oxidizing activities as well as to identify their community diversity. The results showed that most culturable Mn(II)-oxidizing
bacteria occurred in the A-horizon (0-20 cm) soil, whereas most Mn(II)-oxidizing bacteria with high activities occurred in B- (20-40 cm) and
C-horizon (>75 cm) soils. 7 novel Mn(Il)-oxidizing bacterial genera were found in this study from the isolates with high Mn(I)-oxidizing
activity through 16S rRNA gene sequencing and related phylogenetical affiliation analysis. Moreover, PCR-DGGE profiles revealed that five
randomly selected high Mn(II)-oxidizing bacteria were not abundant in the corresponding soil, which provided an insight of possible relationship
between Mn(II)-oxidizing bacteria and their survival soil environment.

Key words: Mn(II)-oxidizing bacteriap, Novel bacterial genera, Diversity, Fe-Mn nodule forming soil, 16S rRNA gene



