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Abstract; The biogeochemical cycling of manganese is recognized as an important environmental process because manganese
is not only an essential nutrient for all organisms but also its oxidation and reduction are intimately coupled with the cycling
of other essential elements. Studies have demonstrated that Mn®* -oxidizing bacteria are abundant and distributed widely. A
diverse array of bacteria, fungi, and microalgae have been shown to have the ability to catalyze oxidation or reduction of
manganese. The oxidation of soluble Mn** to insoluble Mn’*/Mn** oxides and oxy-hydroxides is an environmentally
important process because the solid-phase products oxidize a variety of organic and inorganic compounds, scavenge many
metals, and serve as electron acceptors for anaerobic respiration. In most environments, Mn’* oxidation is believed to be
bacterially mediated. Over the years, Mn®" -oxidizing bacteria have been isolated from wide variety of environments , including
marine and freshwaters, soils, sediments, water pipes, Mn nodules, and hydrothermal vents. Phylogenetically, Mn’"-
oxidizing bacteria appear to be quite diverse, with all isolates analyzed to date falling within either the low G + C gram-positive

bacteria, the Actinobacteria, or the a, B, and +y subgroups of the Proteobacteria branch of the domain Bacteria.
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In order to investigate the biodiversity of manganese bacteria in polar region, isolation, molecular identification and
phylogenetic analysis of manganese bacteria were carried out in the sediments which were collected from Arctic ocean during
2™ Chinese Arctic Scientific Expedition. Twenty one and nineteen species of cultivable strain were isolated from the
sediments of both station P11 and S11 respectively according to their distinct morphology on screening plate of manganese
medium. Molecular identification and phylogenetic analysis showed that the cultivable manganese bacteria from station P11
were basically composed of y subgroup of the Proteobacteria branch of the domain Bacteria ( y-Proteobacteria) and
Actinobacteria, which accounted for 86% and 14% respectively. The vy-Proteobacteria mainly included Psychrobacter,
Shewanella , Acinetobacter and Marinobacter, of which Psychrobacter was the major genus, it accounted for 67% of ~y-
Proteobacteria in sediments of station P11. The cultivable manganese bacteria from station S11 included a-proteobacteria,
~v-Proteobacteria and Flavobacteria of Bacteroides. +y-Proteobacteria included Shewanella, Marinomonas and Alteromonas.
The majority of a-Proteobacteria was Sphingomonas. The phylogenetic analysis indicated that bacteria from the sediments of
station P11 and S11 had different cultivable manganese bacteria flora. All tested strains had higher resistance to Mn®* | of

which Marinomonas sp. S11-S-4 had highest resistance.

Key Words: arctic;ocean sediments ; manganese bacteria ; microflora ; phylogenetic analysis

W T HERNIAERE, FAE - MEN R E. SRR MKEENMEYES RS, Fit, ERE
PR RNV R AE YRR IR, BOR B2 TR R B, 7R o MU BR R T 50% B TR X I8, i 70 & SR B T 4k
FERAE W ERAL 22 AR, T A ) R i e AR P B SR Y

IR AEGFE RENEEY, TRAREDPFESMEEUSBAER . BBETESNSESHN
BHNEHRE , POBFEYEA AN, B G YA RE T U WX TR ENE)R, St A A D)
BB BRI B P LVE , &3 E 3+ Eh,pH Mn®*/Mn** fl Fe**/Fe’* S Wik 2 H b, RE
Mn** ZE¥E K P& BE D, B REREE R RIS N IR EH P R E L EEA. BRI g
HUTRY P SRR S BIY B AR TR R T — SR T, EXREREZEENARE —FHE
X4 BB THHALER"Y . ZELRIMAFTET , Mo’ BEALBIA N R A /N5 (bacterial mediation) i, 4
SAHMEMHRBEES , MASHTZ, SNSRI, %K RK, T EIRY B D555
I THEMLMHAE, NRGKTHEER, A ARMLEEEREET Z, HEFEHALXAIMBGCG+CFE G
B R EIEAT ] (Proteobacteria) B o B 1 v ZBEATH A, HEIIANKZHNGELARHENENE
(Bacillus sp. ) SG-1 4= 3541 K W ( Leptothrix discophora) SS-1 | 3% R AR HJ 7 ( Pseudomonas putida) MnB1 F1 GB-
18- PO RS SRE AR X MEY N EE R EANREZEMTRE T T e Btk
MR EAE N BN RERT PR LIRE , EAMBRA I,

AT RESE S T E S wALRRIER 8 P11 f1 S1 AR S NS E AN ARER T
BB T, T IR 40T B e, AR S A e AR I e TR W T 2 AR WAL =B 3 VR R 4T T 255 5 R
AR AR R R R BN R AR AN, LIRS TR R YBE .

1 #R5HZE
1.1 HmERE

JEAR G FETTAR Y ok B B SE RAbAR R 222 2, 7 . P11:169°59/37"W, 75°00'24"N; /K B§ 263 m; 5k
FERHE] ,2003-8-10; F IR A EKYE, S11:159°00700"W,72°29'24"N; /K B8, 50m ; SR AE B 8] ,2003-8-17 ; KA RE IR,
Bk LT RBEBEE KRB (S)0 ~ 10cm, #% 1em [AFRHUEE; TR (B) 11 ~ JRJR, #% 2cm [BIFRHUEE, T 4C
THERF -

1.2 R4 5508
RFiEE: MnSO,4H,00.2 g,FeS0,7H,00.001 g, BHMR2 g, BERFE 0.5 g, T8 15 g, TUBRRME K
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1 000 ml,

BUE 2ITRYETE K RIIRBE B HIRA Tk w2 PR b, T 4CHEIE 5% 30d, R Kl
%, E PR EEREER SR BUR QR E e — AL R AR 4 5 5%

1.3 GHENDTEESRERE N

MR RAE N ST EESRERKT 20+ DNA W H 4,168 rDNA f) PCR 34 5 FF 51 5E DL K &
G R BT IR A SCHR™ 7% o
1.4 ‘EHirEeeeiE

BRI E B S A E Mo’ YRR Zobell 2216E 1755t B E K 1% ,F 5C,150r-min "' $%55 3d 5
F43 66 B THEE 550nm A0 8 KOG 8 B
2 BRE5Hm
2.1 RHERE S

R 0 A R O AR R S IR B ) L DR/ JE R4, 73 A stz PLL 71 S11 R EA T R PR
ke EBAE R 8,13 Ml 11.8 #R4E , 4 31485 4 P11-S-1 ~ P11-S-8 . P11-B-1 ~P11-B-13 #f1 S11-S-1 ~
S11-S-11 1 S11-B-1 ~S11-B-8,

2.2 WK TEE

PRI ) 16S rDNA HY FH 4 o fe 7 BEAT I P, SRAGHC B4 5 1. 5kb 9 16S DNA FF 31, s H 232
GenBank %48 B2 , 3R1§ /¥ 5| -5 20 524 EU016143 ~EU016182(F& 1) , ¥iX /¥ 515 GenBank 48 PR HEAT
WXttt , 5 B B R A R IR s s AR IR 1 TR,

MFE 1A, AR B R B R 2 5 PE R H) GenBank 048 R E A B MR 16S 1DNA 73| F1EE
BRI, KEBHIETE 99% LA b, Hid P11-B-2 P11-B-8 P11-B-11 . P11-B-12 4} 5l|5 Psychrobacter sp.
BJ-3 ( DQ298407 ) , Rhodococus sp. SGB1168- 118 ( AB010908 ) . Shewanella sp. BSw20461 ( EF639386) .
Pseudoalteromonas sp. BSw20513 (EF551376) BAE{Ll 53] 100% , S11-S-2 5 Genbank %45 FEH BF B 16S
rDNA FHIFIERAL, R & 96.88% . HIKZ P11-B-6, 52 F 1 16S tDNA 5| N 98.40% , HARH
ZHTF 99.26% ~100% 2 4],

2.3 REREH

B sz P11 #1 S11 P iAR b 4 B B AR 40 A 19 16S rDNA 73150 3 A BioEdit KM BEATF 51 HuX,
R FH Mega3. 0 k{4145 3 (neighbor-joining method) HEE R4 A B, A 1 I 2 Fii7,

Mz P11 3 BB SR 40 v AT HE 40 B 3 ( Bacteria ) AR JEAT B 7] ( Proteobacteria ) F) y-ZBFEFF B8 40 (y-
Proteobacteria) Fll 5 £% B ¥ ( Actinobacteria) , & 7 5| 5 86% 1 14% , v ERITEH N LIERB L ITE B
( Psychrobacter) \ANBFT B & (Acinetobacter ) \YGAT 5 J& ( Marinobacter) \fB 32 % ¥ MU B J& ( Pseudoalteromonas ) Fl
7 BLIR BB (Shewanella) , K BT HE BAE & L, H LG T X BA v EIRTFE AN 67% . MAHENEHE
S5 B ( Brevibacterium ) FZLIR B J& ( Rhodococcus )

Ml Sl A EIWENE FECHFAREREERFE TN vEERFERNN o ZEEFEN (a-
Proteobacteria) DA &5 7] ( Bacteroides ) F 25 #1749 ( Flavobacteria) , Hoip v-ZE TR AR B 90 - T AT B8 9900
ki 63% F1 31% o v-ZETE AT B 45 & T IR B JB ( Shewanella ) | ¥ ¥F & J& ( Marinobacter ) | ¥ 5. Jfi 5 J&
( Marinomonas) \382 B U5 |8 (Alteromonas) (B /R /R KB B ( Colwellia ) T M58 J& ( Alcanivora ) ;- ZF o AF
W AELE Sulfitobacter FIEH T BEH & ( Sphingomonas) , FHh 325 B iR & ¥ I v JB A BL IR TR R B A
Bz,

2.4 GRS

W SRR U BRI FR A& R IF] Mn® ¥R B BY Zobell 2216E 33526 ,5C (150 -min ™' 5% 3d J5 , WS A9 5%

¥ OD (N7 3 fimno. WLIE M, SCREMKIXT Mn® " BB BIRAPLEE, H LA Marinomonas sp. S11-S-4 Hii
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F1 JREBERRYEHE 16S rDNA FHIRFEIELBRER

Table1 Homology comparison of 16S rDNA sequences of the manganese bacteria isolated from sediment the Arctic ocean

Hitk TS FEIEB R B BR (% ) TS |

Strain Accession number  Closest match( % similarity) Accession number Phylum
S11-S-1 EU016172 Sphingomonas sp. GC14 AY690679 a-Proteobacteria
S11-S-2 EU016173 Marinobacter sp. BSs20186(96.88) DQ514302 ~v-Proteobacteria
S11-S-3 EU016174 Marinomonas sp. BSi 20591 (99.80) EF382678 ~v-Proteobacteria
S11-S-4 EU016175 Marinomonas sp. BSi 20591 (99.86) EF382678 ~v-Proteobacteria
S11-S-5 EU016176 Marinomonas sp. BSi 20591 (99.20) VEF382678 ~v-Proteobacteria
S11-S-6 EU016177 uncultured bacterium clone WLB13-118 (99.52) DQO015843 a-Proteobacteria
S11-S-7 EU016178 Arctic seawater bacterium Bsw20352(99.93) DQ064636 ~v-Proteobacteria
S11-S-8 EU016179 uncultured bacterium clone WLB13-118 (99.45) DQO015843 a-Proteobacteria
S11-S-9 EU016180 uncultured bacterium clone WLB13-118 (99.45) DQO015843 a-Proteobacteria
S11-S-10 EU016181 Shewanella sp. BSw20461 (99.73) EF639386 ~v-Proteobacteria
S11-8-11 EU016182 uncultured bacterium clone WLB13-118 (99.45) DQO015843 a-Proteobacteria
S11-B-1 EU016164 Alcanivorax sp. BSs20190(99.93) DQ514306 ~v-Proteobacteria
S11-B-2 EU016165 Shewanella sp. BSw20461 (99.88) EF639386 ~v-Proteobacteria
S11-B-3 EU016166 Flavobacterium sp. BSs20191 (99.26) DQ514307 Flavobacteria
S11-B-4 EU016167 Sulfitobacter sp. ARCTIC-P49(99.86) AY573043 a-Proteobacteria
S11-B-5 EU016168 Colwellia sp. P28(99.80) EF628008 ~v-Proteobacteria
S11-B-6 EU016169 Alteromonas sp. KC98716-13(99.26) AB072388 ~v-Proteobacteria
S11-B-7 EU016170 Alteromonas sp. KC98716-13(99.26) AB072388 ~v-Proteobacteria
S11-B-8 EU016171 Alteromonas sp. KC98716-13(99.53) AB072388 ~v-Proteobacteria
P11-S-1 EU016156 Psychrobacter sp. EP06(99.60) AM398215 ~v-Proteobacteria
P11-S-2 EU016157 Shewanella sp. BSw20461 (99.53) EF639386 ~v-Proteobacteria
P11-S-3 EU016158 Psychrobacter sp. BBTR1010 (99.80) EF471232 ~v-Proteobacteria
P11-S-4 EU016159 Psychrobacter sp. BJ-3(99.3) DQ298407 ~v-Proteobacteria
P11-S-5 EU016160 Psychrobacter sp. BBTR1010 (99.60) EF471232 ~v-Proteobacteria
P11-S-6 EU016161 Rhodococus sp. SGB1168-118(99.93) AB010908 Actinobacteria
P11-S-7 EU016162 Psychrobacter sp. EP06(99.66) AM398215 ~v-Proteobacteria
P11-S-8 EU016163 Arctic seawater bacterium BSW20352(99. 80) DQ064612 ~v-Proteobacteria
P11-B-1 EU016143 Psychrobacter sp. BJ-3(99.80) DQ298407 ~v-Proteobacteria
P11-B-2 EUO016144 Psychrobacter sp. BJ-3(100) DQ298407 ~v-Proteobacteria
P11-B-3 EU016145 Psychrobacter sp. BBTR1010 (99.73) EF471232 ~v-Proteobacteria
P11-B-4 EU016146 uncultured Acinetobacter sp. Clone MRT87 (99.87) EF371492 ~v-Proteobacteria
P11-B-5 EU016147 Brevibacterium casei strain 3Tg (99.33) AY468375 Actinobacteria
P11-B-6 EU016148 Psychrobacter sp. BBTR1010 (98.40) EF471232 ~v-Proteobacteria
P11-B-7 EU016149 Psychrobacter sp. BBTR1010 (99.67) EF471232 ~v-Proteobacteria
P11-B-8 EU016150 Rhodococus sp. SGB1168-118 (100) AB010908 Actinobacteria
P11-B-9 EU016151 Psychrobacter sp. BBTR1010 (99.73) EF471232 ~v-Proteobacteria
P11-B-10 EU016152 Marinobacter sp. BSs20186 (99.93) DQ514302 ~v-Proteobacteria
P11-B-11 EU016153 Shewanella sp. BSw20461 (100) EF639386 ~v-Proteobacteria
P11-B-12 EU016154 Pseudoalteromonas sp. BSw20513 (100) EF551376 ~v-Proteobacteria
P11-B-13 EU016155 Shewanella sp. BSw20461 (99.73) EF639386 ~v-Proteobacteria

ZHERE, Mn ¥E Y 10 mmol - L™ i, 5%+ (Mn™* JRBE y 0) AR LSS B MR A2 K MR 2D, 24 Mo YR B
2 50 mmol -L™" it , T4 @ £ MR BEARAY 4 4, Ho 3 P11-B-4 [ SEMEK; 24 Mn”* ¥ 100 mmol - L™ i,
B S11-S-4 f1 P11-S-1 A KB, HAR R BASHAE R,
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Psychrobacter sp. P11-S-1 (EU16156)
Psychrobacter sp. P11-S-7 (EU16162)
Psychrobacter sp. P11-B-3 (EU016145)
99 t Psychrobacter sp. P11-B-9 (EU016151)
Psychrobacter sp. P11-S-3 (EU016158)
Psychrobacter sp. P11-B-7 (EU016149)
Psychrobacter sp. P11-S-5 (EU016160)
Psychrobacter sp. P11-B-6 (EU016148)
Psychrobacter sp. P11-S-8 (EU016163)  y-proteobacteria
Psychrobacter sp. P11-B-2 (EU016144)
72 Psychrobacter sp. P11-B-1 (EU016143)
100 L psychrobacter sp. P11-S-4 (EU016159)
Acinetobacter sp. P11-B-4 (EU016146)
Marinobacter sp. P11-B-10 (EU016152)
) -Pseudoaiteromonas sp. P11-B-12 (EU016154
rShewanella sp. P11-S-2 (EU016157)
Shewanella sp. P11-B-11 (EU016153)
100 L Shewanelta sp. P11-B-13 (EUD16155——
| Brevibacterium sp. P11-B-5 (EU016145—

100 | | Rhodococcus sp. P11-B-8 (EU016150)
100 L Rhodococeus sp. P11-S-6 (EU0O16161)

100

0.02

100

Actinobacteria

B1 whfr P11 AEFEAERRAERE M

Fig 1 Phylogenetic analysis of cultivable manganese bacteria isolated from station P11

88

Shewanella sp. s11-B-2 (EU016165)
100 L

Shewanella sp. s11-B-10 (EU016181)

Shewanella sp. S11-S-7 (EU016178)
[Alteromonas sp. S11-B-8 (EU016171)

. 9 lEAlteromonas sp. S11-B-6 (EU016169)

58

100

74 = Alteromonas sp. S11-B-7 (EU016170)

38 Colwellia sp. S11-B-5 (EU016168) y-proteobacteria

Marinobacter sp. S11-S-2 (EU016173)

Marinobacter sp. S11-58-5 (EU016176)
100 64 |_

100 Marinobacter sp. S11-S8-5 (EU016174)

100 & Marinobacter sp. S11-S-4 (EU016175)

Alcanivorax sp. S11-B-1 (EU016164)

Sulfitobacter sp. S11-B-4 (EU16167) —

Sphingomonas sp. S11-S-1 (EU016172)

100 Sphingomonas sp. S11-S-11 (EU016182)

100 o-proteobacteria
Sphingomonas sp. S11-S-6 (EU016177)

Sphingomonas sp. S11-S-8 (EU016179)
66
56 Sphingomonas sp. $11-S-9 (EU016180)——

Flavobacterium sp. S11-B-3 (EU016166) — Flavobacteria

B2 uhfusll RFRARKRRERE N
Fig2 Phylogenetic analysis of cultivable manganese bacteria isolated from station S11
3 g
A Y A 20 TR KRR R BB R A BT 70 32, BT STH B 3095 o B ol 2 )8 shad 72
HIE U & T SR BRI ZIC R o BEEY ST YIRAE EAE A AR 3R 5E T BT W AR 2R LA B oy SR A
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Y R Y BRSO BB 1 . Mn B9 BRI AN BB B R —, XA
{URE Y Mn B YR LR TR —, T B Mn®* (AL SRR 5 B 0% TR mEsR s,
#£3 12 HAKEEEN Mo’ * T4

Table 3 Tolerant ability of Mn?* of 12 species of manganese bacteria tested
Mn?* ¥ B Concentration of Mn?* ( mmol-L~1)

Btk Strain

0 10 50 100
Alteromonas sp. S11-B-8 5.658 +£0.965 5.493 +£0.965 1.116 +0.724 0.081 +0.017
Cowellia sp. S11-B-5 4.890 +1.520 6.061 +0.069 1.317 £0.581 0.174 £0.018
Shewanella sp. P11-B-13 6.425 +£0.629 4.943 £1.601 1.412 +£0.260 0.097 £0.016
Shewanella sp. S11-B-2 5.750 £0.181 5.770 £0.297 1.731 £0.131 0.242 +0.072
Silfitobacter sp. S11-B-4 5.465 +£0.491 4.105 +£0.308 1.492 +£0.292 0.244 +0.068
Pseudoalteromonas sp. P11-B-12 4.580 +0.481 5.593 £0.441 1.473 £0.022 0.121 +0.024
Rhodococcus sp. P11-S-6 6.250 +£0.849 5.925 +0.728 1.173 £0.968 0. 159 +£0.097
Psychrobacter sp. P11-S-1 4.868 +0.067 5.703 £1.128 1.381 +£0.343 0.330 +£0.025
Sphingomonas sp. S11-S-1 6.260 +£0.276 5.520 +£0.148 1.078 £0.981 0. 191 +0.006
Marinobacter sp. P11-B-10 5.893 +0.647 5.368 +1.241 1.317 £0.116 0. 155 +0.090
Marinomonas sp. S11-5-4 5.840 +£0.573 5.775 £0.523 2.188 +£0.024 0.759 +0.014
Acinetobacter sp. P11-B-4 5.450 +£1.400 5.190 +1.167 0.904 +£0.023 0.161 +0.124

xn=3

Mn S AL 41 A B BRI IR AL AN A A 3 o ARSI Uk, BRI B A B P
B KA TR EZOUR , T B i T HARR RN R S A S RE YR AN, SRE_H =0
8] R —Hr FIPUA Z IR AR S BB B IR R TR A, IS B R TR R B A & BRI HERAA
BREEA T 3B R R (PR 5RO B ER TR ) S T BRI R A AR,
BRAYUR AR BRMERME , —AEM B AL 2 e S UURE RIXELUR R , A U R s AT, 4
B BLT B E A E N BEATEA, Francis 2 YOy TR MR Mn® EALBARY M Mo’/ Mn** EALY R
— M ERERRINSELRE, b T HEWM SRR, 2 WIRE Mn SAPRE|IF Z BT SY),
INMFEIR \Co** \Fe™* &, W £ & MBEF U Cu,Co,Cd Zn Ni \Pb 45 BA BER AWM AE S , i LT LI IR R
PRI R TR RS BN, X B W B R, A IR M
ik, I B R RUEYE RN AU E RSB TEE TREER , ERRIERAH . — 5 E Y A
E AT B, IR BRIRER T R 0 EALRD s 55 — T T A 4 SURT LA SRR B pH (H, SR BEAR IR b2
£k,

EA MBI, SR AR AR MR AL Mn™ " I AL, ARSI — R0, A AL
R)TEFER, T HA R SR A W R B A R AR EPA AR EAE T G & I &
90% LA b, I TEAFRT 18 v B ENRL . —HRNEARMEY X RUFEEBRRNESR, Mz P11
B RERAE AR v R IATE W R E N, —F 5255 86% Al 14% ;35 S11 43 BB i T 7 4m 40
HRT vEEATENN o BRTHNUREFEY, B v BEATENMN o-ZIPATE N0 5 & 63%
31% o PIUEAZEY v TR MBI H R A—FE, 357 P11 B v AT E WEEE R E R A st R %
FERE BB ARERANA LKRER, KPR T HRARRS, LB RBA v AEATENE 67% .
TNz S11 1 v AT AF B A0 E 1675 BL R AR AT iR S M R S A RUR PHR F /R R B AR Se
BB T A% 5 2003 4 RPE— 5 REM KTLE 4 AU R UTE RS Y 50 MR B I T4 A
RERT R ,50 B G 8 i 90% ; FF FUFF B ( Bacillus ) 5 2 (40 #R) , 7 i 80% , KR /> BHYJEHT
B (3 #R) JBIBRT (4 %) &, T HL2F AT R 7E 4 ol B P20 3 o 70% (93.34% (68.42% 100% & o T 5%
Kil, BBEFEESMRRFHRE SRR BEY FERBIF R, E N 735 3929 CFU- g™ YL,

hitp : //www. ecologica. cn



6370 £ K5 % K 28 %

Johnston 5" %t JLAR AL B FRWAN ( Toolik Lake) 4 41 A5 M4 BALE RBIA R, SH A MM L, RE
HAREMEFBAR, BHAELE 3 A AT EMBI T Mn™ 7K 4 4B Wk B B W 35 9 x 10°CFU -ml
Mn®* BN REZRBMEN S, B ABRANTIHIH AL, BEANE SPIERIFTE K M
SMHEERNBEYR KN U EREERESHAR ARG R Z A2, X 2] aRARZ # TH A W A4
FHIFSRM

ARG , G A0 T S AR B AR AN BB X Mn® R B RSR AT, X 5 E A I8, B
%" IR AN M’ B RGBT, TIARHL M Mo BRI B R RE ) , ML T =2 o
FIHFEFRIGEIUR, IR TR T KA B, WA W2 /s U, R EAL A N A R E
th(J[M'lﬂ o
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