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Yutaka Kanai, Naoki Mita, Rie Takeuchi, Shin-ichiro Yoshida and Nobuaki Kuchitsu (2006) Study on
characterization of manganese-oxidizing bacteria in the natural environment and estimation of its
effect. Bull. Geol. Surv. Japan, vol. 57(1/2), p.1 - 15, 9 figs, 5 tables.

Abstract: Microorganisms were collected from the deposits in a cave and a stream bottom in Japan
and their activities for manganese oxidation were studied. The microorganisms were isolated and
identified by observation and DNA analysis. Furthermore, a preliminary research for manganese-
oxidizing bacteria in core samples of borehole was conducted.

The gram-positive rod bacteria such as Zaci//us and Curtobacterium and gram-negative rod
bacteria such as Burkholderia were found from the deposits. The manganese-oxidizing bacteria were
also found from the bore-hole sediments of more than 20 m depth, which indicates the importance of
biological survey for deep geological environments. Besides, the bio-ecological optimum conditions
were studied experimentally.

As microorganisms give direct and indirect effects on the chemical environments concerning
radionuclide transportation, their biomass, composition, characteristics, optimum conditions and ac-
tivities are important subjects. They may be different among the microorganisms, so it is necessary to
collect their data systematically and make a good database system.

Keywords: manganese oxidizing bacteria, Bacillus, Curtobacterium, Burfholderia, estimation of effect
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Effects of subsurface bacteria on radionuclides and chemical environments.
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Table 1 Characterization of manganese oxidizing bacteria found in the environment.
T-1 T-2 M-1 M=2 7-1 €01
item\bacteria (location 3) (location 5) (location 4) (location 4) (location 4) (location 6)
Fukushima/cave Hyogo/mine Shizuoka/river Shizuoka/river Shizuoka/river Fukuoka/volcanic ash
Morphology rod rod rod pleomorphic rod pleomorphic rod rod
Gram's stain + + + + + +
Spore + + - — - +
Shape ellipsoidal
position central ~subterminal
sporangium not swollen
Motility + + + + +
Oxygen requirement faacggéﬁgé‘{gly microaerobic fa;g;etﬁgé‘{sly aerobic aerobic
Oxidase NT NT* + — -
Catalase + + + + + +
Colony pigment NP** NP*? orange orange vellow
rod-coccus cycle NT* NT NT + +
G+C%_of DNA 38
identification Bacillus Bacillus sp. Curtobf'actenum Bacillus megaterium
cereus pusillum

*1 NT:Not tested
%2 NP:non-pigmented

THA L, 50HHT10%, 141 HH T1%LL T £ THA
U, RIBESBML 7. Zhicidl, dBETH 5 A
DY HVRER, RO REE TELET, AL
Al CHRICEEASEE L 2B~y MoEbh A %
WML 722 (B) Tid, 100 HiZ~ v 7 VRE B Y1
WED80%E THILZEDD, ZOHKITKE LD
Fhahod, ZOMBEDOERE & FRMERHRERL T
B0, BOREMK FIIAE PRI 2 (L~ v
VIZKBWFFIZEIKNL, ZhiSHLTB & Co% (I
WOHM) 13, KLHOFRHZfIE LT 2 A
KB2 UV HAXVORE KR L~ v ANDW
b GRBAER) ICEFALZREI T ThEEL LN
5. ZORPR, oL ZATERRTE D, Mk
MO~ v 7 VEALER O AL 6, AWK L
LCOWERHE2EZEST 208 EOH BT & E2REL
TW3,

XN~ A VAR OMER A £ O THL
RIR L7, &~ v VEBACME, i ET-1, T-2
DEIRELFTTRHRLTH S, KNSl DS 5,
2o "t~ v A VIEEME Y v b AR
T, v VRGN & S s o 72 IR
ISR A C 72, 72355 L EMEm A RO
JERRIZEE X TR D DIETSERL Chwzd e H 2

BB, ZhicH L THiEL, 3~6DKRARKEID Rl
VA VIBINE, Wih g v v Y RBRALATGE O A
AT AWM ESRL .

FRCH S 3 DA 2 & i L 72~ v o v RALATE T-1
RIS DFRIL 2 5 DY EEMIAT-213, & 1~ v
H VBTN AR L 72729, JEREEE:, AR IR
BREAT - 72, F ORGSR 2 S ¥l LT 2 h 5 Idmi#
YENE %4 § % Bacillus sp. T& - 7=. Bacillus® B3

FE, BRFIZIAL A4 LT Bt o e+ 2 &
T2 7 LBMRETHD, KK TEHR L Lk
BOZ ICZOWMRFHEE TS, Higidom)ll 2
5O 5 B M-1, M-2, Z-1, RO g6 D KILKRE D
SYEEMTR COLIE, WS EmOIBILIGEE AR T &
BRI T - 7=, ST EEMIEE COLIZ, TEReRlgs, A2t
B PEIR B M ORI DNA D GC HRDOME R 5 |
Bacillus megaterium & [f]%€ X 1172 (Gordon et al.,
1973; Sneath et al., 1986). Z D IEFIZHEEN 5 5
HExnsZ e < KILKEIETH 2 a2 &y,
M T-1, T-2, M-1DBAMEBI G H 2 B 5NN, b
MR M-2 & Z-113 Z TR T R & & & IDTERED 4
{EABEmEI TS (EeXIEH).

WHEM-2 KO T-1IZ 20T IS LW EE 2179
728 16S rDNA DR 2 471 ALY 2 & SRS A ¥k
(NJ &) Ik b Rt CGE7TXSM) 2R T % 16S
rDNAD RN AT > 72, T OFER, MR M-2 13 iR 5
IN = CTOMEIERF 1451 bp % F W 72 R T3
Curtobacterium pusillum i 3T TH 0, FHIEM-2
& OMFEMEIZ99.3% Th - 7z, —AIZ, 97% LI E DA
PECHEBEBEGR, 99% L L CHMEZE LA LN TV 5,
Curtobacterium 13 Z A% &R 3 MEFfUD 7 T 4 AR
WT, WY»o0nlRsmohTsd, ZOHD
Curtobacterium pusillumid « -cyclohexylundecanoic
acid# Fm & ¢ 2R RN LB+ &HT 5. £/,
AR T-1IS D W TR HE & /=4 TOIEREECH 1476 bp
EHOWTRRBIN 21T -2 24, ARBIZIAL 50
LTV AINEMED T 2TEK T % 7 7 L5 R T H
% Bacillus DB IHIZIAZTH 5 2 L BB S iz,
WAk T-1 &bkl & OMEEL, (1) Bacillus
thuringiensis 7399.6%, (2) Bacillus cereus 7399.6%,
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%5 SR D IERED —14l.
Fig. 5 Photos of isolated bacteria T-1, T-2 and M-1.
(a) bacteria T-1 (isolated from loc.3 (cave), Fukushima).

(b) bacteria T-2 (isolated from loc.5 (mine), Hyogo).
(c) bacteria M-1 (isolated from loc.4 (river), Shizuoka).

E6X SR M2 & Z-1 OFREZE LD,
Fig. 6 Photos of isolated bacteria of M-2 and Z-1.

(a) M-2(isolated from loc. 4, the river in Shizuoka Pref.). (al) after cultivation for 8 hrs, (a2) after cultivation for 48 hrs.
(b) Z-1(isolated from loc. 4, the river in Shizuoka Pref.). (bl) after cultivation for 8 hrs, (b2) after cultivation for 24 hrs.
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(a) M-2

N join: 2.892 %
Micrococcus lylae
Curtobacterium flaccumfaciens

Curtobacterium citreum
Curtobacterium aibidum
Curtobacterium luteum

urtobacterium pusillum

Rathayibacter tritici
Terrabacter tumescens

Cellulomonas hominis

Promicromonospora enterophila
Cellulomonas turbata
Cellulomonas gelida
Cellulomonas uda
Cellulomonas cellasea
Cellulomonas fimi

Arthrobacter crystallopoietes
_:Kocuria rosea
Kocuria varians
Arthrobacter woluwensis
_EArthrobacter globiformis
Arthrobacter pascens

Arthrobacter oxydans

Rathayibacter rathayi
Arthrobacter ramosus
Arthrobacter histidinolovorans
Arthrobacter aurescens
Arthrobacter ilicis

_|7C1avibacter michiganense michiganense

(b) T-1

N join: 2.961 %
Bacillus azotoformans

Bacillus flexus
Bacillus megaterium
Bacillus psychrosaccharolyticus
[Bacillus simplex
Brevibacterium frigoritolerans

Bacillus circulans

Bacillus niacini

Bacillus firmus

Bacillus lentus
Bacillus oleronius

Bacillus sporothermodurans

Bacillus badius

Bacillus coagulans

Bacillus smithii

|‘[Bacillus anthracis

Bacillus cereus

Bacillus thuringiensis
—T-1

Bacillus mycoides
Bacillus licheniformis

Bacillus fastidiosus

Bacillus cohnii

_|:Bacillus halmapalus
Bacillus horikoshii

WX FHEM-2, T-1 & ZOUnEEE ORI .

Fig. 7

(3) Bacillus mycoides?:99.5%, (4) Bacillus anthracis
M99.5% & e -7z, Z ZIZ/n L 72 (1) B.thuringiensis 1
e & > 8 GO EER O, ZD & VIS8T
SRR B 5 Z & S EMRIEICRIH T
W5 . (2)B.cereus \3BHTHOFEKEE LTI 5N T
3. (3) B.mycoides % (2) B.cereus & i DFE T H 5
2%, rhizoid B (HUEIR) EE DK A A S 31 5 D H Y
TdH 5. (4) B.anthracisia THELXZEITHMLTED , &
FRRHEIZEG LU RIER AR T HTHS N 2R
Thd. WHRT-11E, B1RISR U EEFEIR RO
W, MlaN & V3OS DIER A RD Sk nwZ
& rhizoid AR ZR) BE DK ED s &
SEEHPENDH B Z EHEDFEIEN S | (2) Bacillus cereusiZ
kb ELONS.

2O KSR, ARG K OHKRNA
DNA® GC & & #ll5E , 16S rDNA D RIMIEHT % 1T - 7245
ROSFELUIBREFIRISORLTH S, 72,770
FCOLIZH T 2 ZTh 6 LSO % b BEEREE IS D
WG L2/ %E, 4RO ISR L2, MEO
b4 & T CORIBRIEROE R D5,

A phylogenetic tree of bacteria M-2, T-1 and adjacent species.

3.2 K=V a7 OBEYDFENEE ERTE

HUFESICHCH 9 2 EM O FERE & R & SRS B
729, K= Y7 a7 5 ERIL 72508 b O fEM I
DNWT, PEMGEEE 0= — 2T 5 MEmIC
DWTORE#RITH72. MIKZT LD~ v VLD
FEH R 8 1 & i 1 D R A 58 2 RIT/R L 7z,

72, HEEEO~ Y U BRILEETI OF & S XK
L7z, Tabbs, vy (Mn¥) & &80 58
WEEEL, ZORBRIZOWTRIBIIZRE~ Y H
VIREERET S Z L ICX 0 RO~ v i v gLEg
ERMIZEAN U 72, ARSI S e L2 EER IS, BOL,
B02, D01, D02 T& %. BO1OfEHIZH EH kx< &
WA, FEFEEEME 2 T ARRERR R D BO2, DO1, D02 T
2V VBRLEAREWZ b2 s, BEEIhEv
VHUAXTUBED KD BIFRETHIKIZH % D » % i
PR B 72T BEMBEIC X AR AT 5 7200, Wk
MO~ v 7 e R T2 2 e N TELRL o7,
I8, EEBEFHEMEIC X S WARRNOBE %
1T 72, WIRDO2 % B Tk [RIRICH A o P <
VHYOREIZRDENT, vV H Y OREKANDEE
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B2k K—=0rraT7r oS N MEY & Mn BRILREDBREE.

Table 2 Outline of the manganese oxidizing bacteria and their abilities found in the boring core samples.

manganese
oxidizing ability of
sample on medium
(mixed
microorganisms)

Kanakmaru No.1

sampling depth / m

Isolates

manganese oxidizing
ability of isolates

No. of
isolates

1 0.20~0.25 ++

Gram-negative rod
Gram-positive rod

T
++

A01
A02

2 6.20~6.25

Gram-positive
pleomorphic rod

Gram-positive
pleomorphic rod

yeast
Gram-negative rod

+

Bo1

3 10.30~10.35

Gram-negative rod
unknown

Gram-negative rod

Gram-negative rod

B02

4 15.30~15.35

Gram-negative rod
Gram-negative rod
Gram-negative rod
Gram-negative rod

D01

5 21.60~21.65

Gram-negative rod
Gram-negative rod
Gram-negative rod
Gram-negative rod
Gram-negative rod

6 23.60~23.65

Gram-negative rod
Gram-negative rod
Gram-negative rod

t+H+rE 4+ HI T+ =2+ =

D02

W:weak —V

WHER T &E & p o 72, WIADO2 TR R R I 134G
RED [ E 0 ARD SN0, HENTRE WD~
VHVERBELTHRBELZEONEr 2ET 5
BES G572,

EKRTE~ v VEALMEORBILEE A IIZE <,
WES TR BRI > TB Z ENHIL 72, &
EWAERBIZZINEDHPFIEL TS Z L ERLT
BO, RESHE LG DORIBBHMNTH 5.
F72,20mERBAS L) BRBICEVTEWMERA L
25 MR LAIE S EHT LT E 2 EAHHIL 7=, 5525
IR ENB K52, LT s 7 oBURER S
MRS RoNhnn, [FLAENS T LEMERET
b5, ZOMKRIE, WMECHIIITRS h7zMED % <
BT LB TH 72T 3E (Bl1EE S
HE)  BLIRZE WS E o TW0W5b, Z0a7 ToORsh
B ZGOZ o n, MPEEPBERL TS0
PRPTHBD, SHhT— 228D THhatT 5 08D
H239.

Sl e E - Mo LRE 2 H 3 3 EM O 4 5 |
FIZHLIR 2O 6 BR (A0, A02, BO1, B02, D01, D02)

: very weak

ra (%8} -

dissolved Mn?* ( ppm )

-

58X

P S—

—0— blank
—0— B01
—0— B02
—— D01
—— D02

7 14

period of cultivation (day)

ZAL.

Fig. 8

bacteria from core sample.
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Variation of manganese concentration by the isolated
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Table 3 Characterization of manganese oxidizing bacteria found in the boring core samples.

isolate A01 A02 BO1 B02 Do1 Do2
Morphology rod rod pleomorphic short rod rod short rod
Gram staining - + + - - -
Spore - + - - -
spherical
subterminal
swollen
Motility + + + + -
Flagella polar
Oxigen requirement aerobic aerobic aerobic aerobic aerobic
Oxidase + + + +
Catalase + + + + + +
O-F O - NG” - - -
Colony pigment NP" - NP NP yellow yellow
rod-coccus cycle + NT™
G+C% of DNA 66 38
aerobic, b b b

i aerobic aerobic aerobic

identification Bur/e/lo/dm’ Bacz'[{us Ir)ll(?f:rslgzgihnl; Gram- Gram- Gram-
a cepacia  sphaericus

rod

Gram-positive negative rod negative rod negative rod

*1 NP:non-pigmented
*2 NG : No growth
*3 NT : Not tested

IZDWT, BICFHI A FE 21T\, T OREREHIKIC
RLU 72, BERE, ARG, ¥/ Y REUH
RKNDNAD GCEHEREDMEEH» 5, HrHEE A0 IESTHR
(Krieg et al., 1984; Zhao et al., 1995) #&ZI12L C
Burkholderia cepacia k [F|7€ & 17z, Burkholderiald
R EI & 0BT 2IERMENED 7 7 ABRMERET,
19924F-1Z YabuuchilE 2> (1992) 12 & - T Pseudomonas
@ S LT b, A BlEE A0213 Bacillus sphaericus
T» % (Gorden et al., 1973; Sneath et al., 1986).
BacillusiZ BB RT3 LS ICHRRIZIAL i L
TV BB T 2T % 7 7 L 5 HAR R T, Bacillus
sphaericus\Z FIERLKE 2 & D HEFI A 5N T\ 5,
SEEE BO1, B02, D01, D02 oW Tid, JERERIZ &
O PR PEIRGRER RS S 2 & BOLIZ IR &t - 20 - |
s 7 LB ERE, 2 OMIZIERERE S 7 4B
ElRE S 7z,
IhETCIZHohTWE~ Y H VBILMEmE LT
I3, Metallogenium”2ZHM 6N THED, 7 F7Z AWK
MEZ W (—HIEA,2003). F 72, SRERCMEO I
By A VBRCERAA TR S & 5. WIEHRIZE,
Letothrix discophora SS-1(Adams and Ghiorse, 1987) ,
X° Pseudomonas sp., Vibrio sp., Flavobacterium sp.

(FEREIZ 2, 2000; 2001) & ENWME ST 5. Kif
RIZBWCHE S h7=~ v VY RILEMED & 5 bW
13, 77 AR E O Bacillus = Curtobacterium , 2
F LR O Burkholderia® T& v, A O 2k
e~ VA VLR L OBREIET 5 L CTHM A
R CEoR (A

SrEEIC B0 AT 4 OIS EREREIZ D W TR L
TR A RO BEERERCOLE HbYE THEAIKIIRL 7=,
ME ORFAIZ K > TRISRMEH, =2 ¥ -t LT
FIFCcZ 2k, FETCZI»HORMNENEL ST NS
Zehbnrd. Fhlhko zMEOHIZIE, D-F 20—
ZRD-V AR —=2ZFAL =D, Mgl TRARILY Ok
i s na—2) #EFE L TPHB (poly- 3 -
hydroxybutylate) &4 5E - HT 2L DN N5 Z &»
HEHL (K=Y v 7a7r»b0H L 2A0LEK), vV
HYZF e T 2 F-RETIMEMTIENT &R

IRENTz, ZOXD B ZFET AR L T,
EVOEH LB EEET 5 ETRRFFICHERLPBET

H55.

3. 3. DEEE DRI M ICHAERE
WAEYNE Z ORI & > THREA/E2 LIRS, FH
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Table 4 Results of several tests for the isolated bacteria.

Co1

A01

A02 BO1 B02 Do1 Do2

volcanic ash

boring core (sediment)

isolate
Bacillus
megaterium

Burkholderia
cepacia

aerobic aerobic aerobic aerobic

Bactllus Gram- Gram- Gram- Gram-

sphaericus positive negative negative negative
rod rod rod rod

Accumulation of PHB

+

Anaerobic growth

V-P reaction

pH in V-P broth

7.7

Arginine dihydrolase

Acid from glucose

Gas from glucose

Cleavage of protocatechuate

ortho

Gelatin liquefaction

Starch hydrolysis

Utilization of

D-Xylose

D-Ribose

L-Rhamnose

Levulinate

Mesaconate

Vl+] 1]+ |+

D(-)-Tartrate

2,3-Butylene glycol

+ 1

Tryptamine

Utilization of citrate

Utilization of propionate

+

Lecithinase (egg yolk)

Denitrification

Nitrate reduction

Quinone system

Q-8

Growth at pH 6.8 (Nutrient broth)

Growth at pH 5.7

Growth in 5% NaCl

4|+ ]+

Growth in 7% NaCl

Growth at 5°C

+

Growth at 10C

Growth at 30°C

I+ 4]

Growth at 40°C

Growth at 50°C

Vitamin requirement

+
+
+

cultivation in 0 % YE medium *

cultivation in 0.02 % YE medium

cultivation in 0.1 % YE medium

Oxygen requirement

| ]
+ 4]+
]+
]+

* YE: Yeast Extract[Difco]

2 9

PHOEBREE 2 & OB CHMAEMA S OEMEA RS 5.
gemit, BokoBE A, BpHM T AKOFHA , FADRA
L O RABARNYV IBEZILNSE, 2T, AWET
3~ v i VBRI A BN U Tk & e BB R & 25 1L
XH, v v VBLEEOZE{LEREL 2. MEHO
WIS ET 2L EZ 260 ABREERNOME LT, &
WOPH, IESREZ NS, 22T, MK, 5 4
ENIAFRMEZTEARR R O WRM-2, RN S 55 S
NZ2WRT-1, 85U 4 5 O T-20 382 H T I h
5DHEFIZDONTOEREITV, ZOMREFESRITN

L 7.

ZOMER, ZhoDHIZB L TEpHIZBL TR bk
LARFBEE - T H VIR TOEF S RIF T, EHFRYE
A2 OV TIX10~30 CRIENRIFTH - /2. Wi
e Rm 7 L) N TEWEEE AT 2 ME TiEk
Moz pHITEMMEERL TWB Z EAHAL 72,

SR O 4 O IRE & 2L & ¥ T OB % J X
3729, k& HMENHEREE A7+ PLa—
& — TN-2621 (7 FNY T v 7 B (BR) ) 2L
TR E 5 REETV, WIEPE R 660 nm TOWOLJE % i
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Table 5 Tests of growth of manganese oxidizing bacteria under
various conditions (1/2 TZ-Mn-20 liquid medium).

M-2 T-1 T-2
isolate river cave mine
Bacillus Bacillus Curtobacterium
cereus sp. pustllum
4 weak - -
0+ - +
temperature 20 + + +
(c) 30 + + +
40 + + +
50 - - -
3.0 - - -
4.0 + - -
5.0 + + -
pH 6.0 + + +
7.0 + + +
8.0 + + +
9.0 - + +
10.0 — — —

AN E =2 — L CERIRE 572, BWHRM-212o01 T
DB ZEFEIRNR L TH B, ZOHEBMRH, 613, Hik
M-212 DWW TSmO~V # VRIS A5 ppm Tl B 7%
HHAEAML, 100 ppm TRIFEAEAFTIED SNk
o2 h, WART-19 I ERET-2 Tid 100 ppm THY bl
DENDPBD SNz, MOZMFTIERE LAETED S
Nkn o7z,

—0, WK - SEAKL R E A B RE L TR o AT
KU 2 2L & 2 7254 R M-212 D0 T 50% Tl
LRIFLEEFEEZTRL, 150% CITEBTEE N EVEL S

IRAIIZIE B B FEE D RYGE A58 6 1, 200% Tl
EAEREDRD BN h o7z, WHRT-19 ISR T-2

TIRHOBWIDOENPRD 5 (T-1 Tid, 100% TH
FE24 Wi B #% . 150% TH 28 45 W62 12 B9 23 B AG , T-2
TIZ150% T ER ITHERIBE, 0% TIIHEE 20 HEM#%) |
200% CIXE MR M-2 AR 12 EF %wah&#ot.ﬁ
Hir DGR I LT3, BREMOEIAICIEIEL
MLTHEFLRLS BB L VIHENES N,

Db ksic~ v n vgbMEos i, RFEA 4+
VOREELELTELOROENITDH S E DD 100
ppm DV v H VA F VR D 150% 1 A LA L
RO REAWIEYN 5 5 2 & 2L 72,
D&, HEFEA A VRRBERRES 22 DE{LT
LAEBTIARM A HZ 2L, £72, TR CHE
RETEEULS EZRIMAFRODHEME T, RE,E
ZXHEERILTAZEIIEBDT, 25 LT 5

—-
—

BT - ER(EIHES)
15
—1: 0 ppm < 2:5 ppm
-~ 3:10 ppm --4: 25 ppm
——5: 50 ppm  ----6:75 ppm
1 —-~-7:100 ppm

absorbance ( at 660 nm )

0 20 30 40
cultivation ( hr)
1.5
—1: 0% 2: 25%
----- 3: 50% =i e 76%
—5: 100% == 6: 150%
—-=7:200%

(b)

absorbance ( at 660 nm )

20 30
cultivation ( hr)

15
—1: 0%
- 3: 50%
—5: 100%
—--17:200%

- 2: 25%
- 4: 75%
-~ 6:150%

0.5

absorbance ( at 660 nm )

10 20 30

cultivation ( hr)

WO~ i VERILHIE M) DA F R E2{b x5 Z &
[ 352 AT e - R (e

@) ¥ A
(b) eI (AL AURIE 10§ % )
(©) AFYIEE (1/2 TZ-Mn-200% (A B335 % 1b)

Tests of environmental adaptation for manganese oxidizing
bacteria (M-2).

Fig. 9

(a) manganese concentration

(b) salt concentration (ratio to artificial seawater)

(¢) organic nutrient concentration (ratio to 1/2 TZ-Mn-20
liquid medium)

LMEMDEFNMALIZCB W TEET AL ERD 3 .

4. MEYOREZEFMICEAT 2—ZE

FUDIZ BNz H, BAEM PRI BRENIZ XX $ 5
BOH THRELEIZEHT 24HE LT, MEMD
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R FE TR & PR IZELD A A CREE L 72 0 fl e B
12 <2 51EH (Bencheikh-Latmani and Leckie,
2003; Loppi et al., 2003; Boyanov et al., 2003; Ohnuki
et al., 2004; Wightman and Fein, 2005) , #4405t
BICHBME UM AR - [EE T2 1EH, ED
I K o TRl D OBRIE & 2 2 TREALEREE % T K
T3, %08 E16N0%. »3HOMEYL, Te, U, Np
R Pu DRV TG A t%fi 2 BER RIS K DRI L
TIANF—%BTED, BTSN A EED
S EAED R, o, RIS IS 2 H 5 pH Ik
(K5 ~8DH) Tix, WA OMALEER O OMFKIC
HhOEMERYV - FHFEREA L NTDH D
(Beveridge,1989) OT, &FA 4 v & KIS &E /T
5. 7F= FTIEAEANOE R ISR T L
BOEPINE X ->TRZIZEEZ6NTED, FHE
TATZNA X7 ZANDOPEFRITEET TS MIRED
¢ K %> (Konhauser et al.,2002) . £ Z T3l
F7 0 b U RERA A Y ORAMEIIE L THRAT S
2, MOk > THRALLELS 5D, BIZEEAS
ADTRELBERENDIEZ 2725 TH 5. WMAEMIKE
ENEDT, MREDOERBIZXS LU TEEK &K i %
HI 5., BICWEWIH S5WBRBEHISHFMLEL TS
EITHELSZOKREEKRTH 5. WEJR, £ Tid108
cell/gll b, wJIlAHhTIZ105cell/ml, 754 4 7 1 )L 4
Tix108cell/cm2E Wb Tl D, ZOEMIEKEWE
HEioNb. N4 AV 22K B UONFEE, FMIZ K
NN AF 21 kg7 23~9000 gU &
(Konhauser et al.,2002). 7=, o a o= -5
LOOHNHRKOWDEESSSZLEELZLOND,
—F, BT ERETAIEHEEAON LD,
WMAEMORE RSB EE» LT 28 & Ol 1
Hofhiz, MAEMPAREHCX > TRIY OBRKEEZE LT
AHELLTOB DA AFEN L 720 T 3MBIRSE
AbNd. HIZE WEMAK a4 FREEAD
TAPOBMBITZRET S I BESNS. A%
KRB Y Ve L TERLTY 7 F = FOBE)E %
B9 2 & L T, siderophore® & 5 k5l 2§k
V=& —#dh, ZHREERRTIZ0.01~3 xmol/kg
THRBBERL 7 I VIHE LIRS L3 ~4Hi/hE 0,
vavikg, 7TV EDTALH U2 ZhD EoF L —
L AlTTH % (Konhauser et al.,2002). L » L, AR
WP OBEZ T ICHHEIATLESIZ L E H
D, T0F = FAOEHICBILTIE—KHT, &#L A
BRALETCEN #Z 2 2EHO A REVE VbR TY
5. F 2 EWIC & o TRIBAKICRM < h - ERE,
U VERKE, TAfigk, WL ARR B EOmBENREmE, 7
I F = FORERCHRIMEISHET L. RO GRT
Bt & 7z ZIRALIRR DK KIZ & 5 T, pH>6 DIFIE T
M (VD) 02(CO3) s & M(V)02(CO3) D & 5 Pl g L <

WAL v o7 o F = F—REBEHEEKEMED aTE T
228, vrvoflE¥FrETE AL KL<Mbh
TW3,

F 7o, TS O YA R I (e (L SR AH D AR &
TRREMRIS IR S, FlAE, SBREMIEIC L > T
IR KRR ER S B &, 72 F = FILRDOEIRIE
AL KT O K 5 75 [EAH R 1 O IZ K > THIFR
Ehd. AfETo~Y I VBILMEICEK 2~y F v
Wft® & [EkkTdH 5. il Z21F, Davranche et al. (2005)
WA THEICE - 7 I VEMAD ZiR{b~ v Y ANDULE
ZDWTHREI LT 5, wicKER(LEEPEMRST 5 &,
g LTI EZn i EhsZeehks. 705=
F#4Hf 12 Fe/Mn K& L4 D 32 5C THEREP 2 & JBid5 L,
72, BLMBBEICX LSS 2L TT7 7 F = P
METLEN, BIEREH LI EmMIZWET S
(Barnes and Cochran, 1993). B & AIZ, $A0ETT
ENh7A FeldUNVD OEITTOB#E %> Z &1
®5.

WFhIZkEWTE, Zhoor—24EFM{LL,
INEFhORID S 3Rt BEMELM®KL T, &
DI LR T WER LT T ILEEZILERS S, 20D
WA, TFNMCRBE LSS 4 — 2 & L TLERIE
DERIGIZRABTEEIBA DX LTEDINT A —
BEREL, TTLERE, YI2v—-v a3 VvEiT757C
FHili T A Z b,

PEMIEHEL T TE ZOFEERTAE»ILZ
ZTCOBBIZIRGF LTS, 72, ZOBREIZIAL L
TWMAEMOREDTHER I TS, MR ABIEFTY
RETA2MEME B, -10 C~113 ‘C DUREFEH
1,0005F & OEE, pH 1~pH 11, 25%&IEL Eo
TREORBEEE VI B LOWELE T T AT 2 MEM
NS Tnd (5H,2002). KFETIE, v~V H
VEBILDWEES B BN E S pERABT LS, BN
THEMEMRGEIEL ANV EWS Z & Tidan., Mt
WNIEAEL 225 WA S AW ET2E LAk,
Lo T, EHERTRBESMEERANS Z LI3EH
THb. TO&D BRHEBEEMT — 2 3MEHOE
T EIHBEL TWB 2N EZ N5 20, Rl
27— 2 B YUE - BELCTF— 24 N— 2t 5T 5 0%
b5,

WMAEMOEBEZRT DGE, MEMOKRE,
EXDORE, T UTERREEHLS2LICT 20 ELH
A5, Z LT, AEMOIERN, BREIZOWTEHHIEL
THELZENRETH S, dHWMEMN, BREIZXIE
L THBOEREZRIETS2Z2L3Z26050DT, —
FEOMAEDIZ N T 2MHE 4 D & RpElb 23 IsRimkn
WIS AENEINVEHZEZ TS,
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5. &8

e D 7 T B RO PR R R A AR K B kS
MR T 2 WA A & & HARKS A2 SHEILL , ZDHhD
WA O ML G YEZ2 72, FISWEHED S 20
DA T, 7 D5 BERR 12 D W THEE R DNARHTIC
KA R Bk a7z, £z, HTFHEHBIZOVWTO
TR EWMEMER AR S -0, #E - IEREIZT
WERMXIZBEW TR E 72K - vy 7 a7 ho~v
VH VIRACHIE O E AT - 7.

Z ORGSR GRS OB A» 51327 T L
PR O Bacillus %2 Curtobacterium, 77 A FEMERLH
® Burkholderia% Ryt =, A=V v a7k
20 mPIVEIZ B W C A O FAEPER X, HERE
DO MBI TS MAEMMRESER TH S Z LR Eh
7o WA, BZEWEREREIC E D &S m&M Tt
MOMEHEE RN S 2 IO W TRE &7, b
BEAMEEMHAL .

TREEI O (EAE DRI 53 12 Bl o B L3 R U2 %
WEEGZ DLW ZETIRAVS, HEBITIZED
BALEBURIC I BN A CHEE 5 1 5729 )
EMORRE, MRS 2 ORE, AR L WSO H K
EHREETHE., ZOLI BT — 23 MAEMOME T
CICHEL TR ZEREZONS 7280, RIS
T2 B NELIRRILT 20 H A5,

L PBRBIC B A 5 2 5 WAEMI IR TGS L
e v i VERALHE OIENIC Y, SRR, A
WAl - SO, SREACME, £ & v - BRI
WhERHHDT, ThHIlODNTERHEMRG 2D
L ICHEEEMRIIODVTOT -4 x—- 21L&
HRTHDBERDAS . 72, WorrEETIIH TR
ML A 5 DMAEMN G 7256 S B AREME & .
T DY TIRBRILN BRI EZ 5h B0, %
DOBEITTHNZE D120 T, WMAEMHROARE S 2L
Ty Llhin, ZoMTFE2ETLILL TANX
Fal =Y aVTE20ICE, WAWARMAEDIZO
WTONRET -4 RX=2{LT 5 RBEBDH A 5. HIC
I, Mmoo Rz RITE o T, LR O T
EAMDEREREF U TH - aBE4E L 2 RN
HAS., EOLIITEREZREARZI LT DO2IZD
WTOMHIMERE S h 323 YeEN 5.

MAEDIZET 52 RA DHGEKITIZAD —FIZT ES,
Wk Bz 22 RMOMEM DB 25 DTS L
WHhNTWE, ZRHIZDOVWTTRCEIETEZ &
WWHEEECDH A 52, RSP - 52 LT, %
D7D DOERGY A UEE BT ORI - E M TIEIE T REIC
5B EHEFL TS,

R AR AT SN 220, GURHRIUCRI L THE

A

BRI 5 55R (BIHED)

TR 7R s AR, AR A TR TR Ear (4
) FZIACAT IR 2 1d C O BIfRak R IZ K I o fHas s

ofz, 7z, AARHRIZFFT L TP & 5 22 3fbfT %
FC BRI ICTR S BIALE L B 5. WIS, Aha

WICEELEIA Y VAL FESHELOBEGHEIZHESL
&S 5.
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