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NEIZ, BZONEZZ D6 THOHEM TR L TEREZMmD, HERDEE LD AAUTIE
ADOBEEXFREOHMICARRROERICE T LEVFED N, 20 “—B” OFELE, NER
AR AERER O B A L Lt CE B & b2 5, HERBI CoLRMBER O LI,
NEPR ST LIZHIERIBELO O E D Th Y | IF TITRR B R OELIVIC K 5 HERIE R LB
DNEA 2B E L CTEREZH N TN D, NEIEBENEIRE & kR, B RBREE IR
TILL 434 LT A i e (trace element)iZf LCH ., TOERICE KRB Z KT LT
W5, < DESRE - BESREASOMETEIT, EELERE UTHH SR O
FBICEBRL CE 720, TOMXE., BBRECHETIHAICITERNEREL RIFT 2 L
12 < NFHEBIORIEY & U TERE P~ S v, RFTR RG34 Ul a3 425k
FROMIER . N O E 7 SRA 2GR g5 & 27,

b RR7F 5 33, Fl&7492)1F, FIFRSB K, FH4EMCE L, &L ESmorE
IR ZDHEBB ROV EOTHY | METLHEDO DL LTMEMITOND, H< D
LEMORLTE LTHATHY . MmOAELROERFEEEZ AL TV I EAMbATY
%, b NOBE. ) 0.5~1mg/day O HER b E(LEM A REIMER: L TR 2 &8s
JERDFIET D & SN TVDEHR, & OITIERDPHEITT D & YR B0 VST bR
% EEZ 5 TW5D (Morton and Dunnette, 1994; Z2i%, EAH, 1997; AJK, f178,1985), —J7
T, HifE, KB, KRB, OFBRBRET CIMERNOLEDL L ZAICHEEL, 204
Wikich RS, EETIEESAEMICE > TRELATETHDL Z EBHLMNE 2>
Ty % (Nielsen, 1991; AifH, 1999; [Lili, 1988),

HARRICBIT 2 e FoIfix, #HARICHR L, IS b EEe, Hidn7e & ofifbint
IAFET D, 2O E 2V EESCEE, KIUPED T ZARLIREAKZ &0 B RIERIC X
S TEREFICHE SN DA, T ZAUCHEILERIEC & B R H E O NBERICL D
et IMb 5, £72. RFTIIZZN O OEMNRLEITFIEL TV DHE, AARZRHITK
DRI EFEPRHMBAR~OE ZOMGORK E 2D &b HDH, ITFE, A RV
HBGTNONC T TT 42 28T T KRB e FRENAEITLTWDA, Ziuk, BFH
TR ST HE ) D O T KOBUKDFRIN TH 5 L HEZZ STV % (Bagla and Kaiser,
1996; Karim, 2000; ZZ##, EA%, 1997; Hilfi, 2001; A%MH 5, 2003) , /-t FEiL, ARAELED
fEABREFICLEENTND 2D, ZOBBEIZENKRET~b S b, ARITET 2
~82mg /kg FREED B RE2EZ A TNDN, £ ORI S /o ko U IZkF L, BT
= I ABRARET TIEAKPIC 1500mglkg b OEIEREO E FZN/RE SN L OREND D
(Smith et al., 1998), Nriagu (1990) D #+HIZ LiuiE, KRF~D e FOFEMHE3 T 1T b
YD HBANLBIERICL 2O KI1 T 9T R 2860%% 58 (Table 1), & HIZ, AW
B ~DWRAED 2 B 54% B NEOEEEMZL LD THL Z ENRINTND, ZD
ZEnb, Bxr NEOIEEN BRFICE T 2 b7 e FOFBRZ LD, AL OER
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EA~DERDOWMAZMRL, RELE~DY X7 2@ TSI EIEFHATHL EWVRD,

Table 1 Worldwide atmospheric emissions of arsenic. (Nriagu, 1990)

Anthropogenic sources (kt/y) Natural sources (kt/y)

Energy production 2.2 Wind-borne soil particles 2.6
Mining 0.1 Sea salt spray 1.7
Smelting and refining 12.3 \olcanoes 3.8
Manufacturing processes 2.0 Forest fires 0.2
Commercial uses 2.0 Biogenic sources 3.9
Waste incineration 0.3

Total 18.9 Total 12.2

THEECRE L TR, ZAvE THIBVS EATOHL L D BE K 2@ U 7o B Fk I 075 Y2 (Hiroki,

1993), b HEAWEDOREE R IS L AIREE, (baRE oW, Ak
A, AMBERE Wolc e BEAEMOBA R CIC L DGR ENMEL STEN
(Bhumbla and Keefer, 1994) . T4 TlL, #BHEOFHFRENEL R, UK LI TS
MOEREO BRI SETT- el E 2> T D, KETIE, 2003 FEEMAEYLE
JeV A MIZBWTE LAICHEESNTEY (ATSDR, 2003), HAEICEWTHEREA MMT
ST A2EPFAEIC L D L. B33 2001 4 F CTIOHIA L2 BEREAERIR A5 5 O 5 E|
BT DONT 2L & @V LEZ DTS (Fig.l, BREEE R PLR/KEREE, 2003), F
7=, HHEEf A~ v FED AN ABPEHTED 5 B 40% 7% a5 o FE#EN 5 (Nriag and Pacyna
1988) . FLTld, FIH A A — R, FEEKRL —V— PG T AR E LW\l FE T
B OFEMEE LTH L EHENTWAS Z 5 (BT, 1999 ;  AH, M, 1999), 4
% b PR THHN BI85 % C H A b & LGl Es & LTn Z
ERBEEREIN TS, I, BFEVHIE B, AW X D15 13870 5 ffic &
HIEIIMFGF CE RN, RALPOXMREI S /2WR O FRBGICERL, €DV
A &L HIERANERGFET D 2 L1272 D,

ORETIE, T3 - FEGSICET 5 H ENRIBYRFAEOFRCHBR - FEHIREO 5 Y
TREOFSE, AKEHELLILEIZE ST KRE=X Y 7 OYEFE 7 ERET I 3L CTHEE
b9 % LB YO BN 5 72012, 2003 4F 2 H L 0 B85 Y RiES i TS,
BEG G L0 REFREEN AT HRNDH D L RO LN DA TG RR R 25 ObRES
DREPREDND Z & Llpode (HHEEBYRE F48), BE, 2O X5 iGYs i
Wk LTIk, EICE LA, AEEBGIE, Bt - Rk, b L <3 ELSG~DINL 72 &
E Vo EBIGAMLERR THOIL TV D (FRIE, 2000 ; BRBTEERBIEHR/KEREENS, 2003), L
ML, ZOX D MBI RIIEE A N THDH B, BREEN D ERZOL O ERE
THHEMTII AN L n, LEBEOREMEIZOWTHRIRT2F N5, 200,
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Ko A FTHEITTE, DORHBOREMEDHERSN D EERET OB R 2L T 5 L
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Fig.1 Number of cases exceeding the environmental quality standard for soil in Japan.
The values represent accumulated data in 2001.

ERITHRRETIZRB W TRIERLER, midie & kR, BT, A TFbic ks
AHERE~ DR EOEMRNERN 22 T EER L T\ 5, HEREF T, 138 A E R
HETh DML O e BRIEOR CHEET 200, e BEIXeBE X EErm<, 1
MR FEDOIERFT TOBEEN SN2 LB H 5TV % (Cullen and Reimer, 1989; Huang
1994; Bhumbla and Keefer 1994) , —#i%IZ, 4RSI N CTIIRENR L RO THIE L, 859
T =0 LR & Lo T R RIS - B E(L STV D T2 D OERRME
RV BRSSRAE T TIRE OB MEREE L, RN X0 WAEMEORWE e BIEDOFIZ -
TR~ EAEET 2 b D& VWb TW S (Mok and Wai 1994), = d K 5 2B S F T
O e FEoFEMEIE, P TO EBEOWIFICIKE S FES L T SEREEINIEY DO TIC
L AAEAERL, EEEOH E BE~OBETCIC L > TIREND L ENTHY . MAEMIEN
GRS LTS, T, BRI TICB W T e Bl 4 MR DO Rk B2 AR LT
HRILT DM 3% L S Au(Ahmann, et al., 1994), 2L S OFME D KABICAFET D E FED r 7
59, MBI BRI R EEET O OE bIEL L THEMBIEARE LSS 2 L)
BnEipoloZ b, 1 - BT TO e ZOAELI T OEIICHE S KT ~D b
FOWA & OB SN D X 51272 > T & 7=(Ahmann, et al., 1997; Zobrist, et al., 2000),

— T, ZOXDRWEMERE e FHERTEOLICFHAT 2 Z L biRESN>0dh
% (Dowdle et al., 1996; Lovley and Coates, 1997), Fig.2 (23 L 912, ZDFfbo a7
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X, BEEE A L0 WAEMEOR TR B BRI~ SR D 2 LT K o CIE YIRS - [ E
fbEnTW5 b FE2RIRITIEHE S BRI~ BB S W72tk BEER & DOHFIETKRMEND
BRETHHEDOTHD, o T, WHHRENZRRKRIIEHR TS Z LICko T, KX N TiF
PLtENSDOEEREZAREE T AN A VAT 42— a T ARBRTEIH0

EEZLND, LOLABRLIIRTIE, 20X ) RAEWHN v BREE T 05 Y b i
i~DIEAE, BERNRREICE EE o TRY . FEAMLIZHT TERNZRRF 21T 7261
IR STV, Eo T, ZOEBUIMIT T, b OAEMIER A 1HY: 51
WAL D22 EaFZRET 5 & L bic, RMEHAEHWIZHERE 7T a2 L L TRz
AF VT I 2 —ORPEIEFFIZONTHERFT L TN 2 ERRETHD, 2 TR
ZE T, A e BEE TER 2R L2 e BIEREEONRA AL AT  =—
var7at AREET DO AZERT 52 L2 RN E LI ERNRE 1T
ST, Fex OWIZE T NV —7TIXT TIT, B4t b UoBREE M A & L CoiE L7z Bacillus sp
SF-1 BES B BRI 3 L CHIBILREZ /R T & WV ) PIRINIISET — X 2/ T\ D Z &b, K
FEO L BRIELE TR A MR T2 & L bIT, "M F L AT s =—va O E WO
RO EDORMEZIE L, SOICRBEMNRNAA T L AT == a7 ak A%EET S
TeDICERBREEER OB ON TG LR E 5 F 2, B MICAREKEZ V-
FEMH 72 LG YL T v A DREEIT 5 B TLL T OMF5E 4 Fhi L7z,

AL, B 1 I, b RGYEHROMR K O FIEOBUR 2 & QN BRI 2
BL., ZOMEREZIIRT D & L bIT, R L BED & 584070 e BREEE TIZ O
TOBEIEA £ L iz, 52 W TIL, BREECME & L CT%EE L7z Bacillus sp. SF-1 #£
Db BRMEITTREDO RN 21T 9 & & bITIEARNZ2E TR 2~ 7, % 3 ETIL, SF-1 %0
EIEIT T DB D A N = AL &L, LY @SBRI &7 9 72 O BAER 5 A
ERHZEHAME LT, e, L U R OEREHR ST SR O AR 22 FEEIZ D0
TH~T7z, 8 4 ETIE, SF-1 Bka W CHEM T O b ROl ki B L TRiix o 328k
BIRRET 21TV, B BIER LA AV T 7 X — T 5D E R R EER L
779 2 CEAS o ADRERIT-T1-,

< Agueous phase>

< Soil particle>

Dissolution .+ Arsenite

*

Arsenate l

AEEEEEEEEEEEEEEEEEES 4 o
T4

Microbial reduction

Fig.2 Concept of microbial arsenic removal from contaminated soil.



B 1 ESRTG Y IR ORI BT &AW R e R R ST BE 3 D REAEATSE

HIE e RERIBOFREMN & AEYWEN e REETICETS
BEAEMTE

B8 b RERTEREMROTIR

FICBWTHRR7Z L 912, eFE2@oeRBAGRIRICH L TIRETITOTE
E?ﬁﬁxﬁ%& LCiE, MERE CIAD, [k - Nkl & OB LRI R 2T b D,
—, B EERIZB W T RITEE ppm LAV TRIBEEND Z ERZ 0, HEICK
S TEET ppm IZEET D Z & b & 5 (Wenzel et al., 2001; Gaucia-Manyes et al., 2002; Belluck et
al., 2003; KL, /vl 2001), ED72H, ZiAVH OUEX L OMWE AT, E R EE &,
RO B DB & 2 IR L TEWVWSIT B, AL iofiﬁ%éhk@bf
W5, Fio, BUETIEL, FAIZ AW T e R 4G BN O3 2 HEiEe, 4wy
LB IZ DWW T OIFEN WL O E SN TV D, AETIE, THOBEFO e KRG H1E
DRERFIE 2 B P B | AL PR LEE . A PR BRI B LT L. I O BLR &
OREEZ B 5z LTz,

1. WER AL IR

BAETHON TSR TR & U CiE, A4 —RERET L W 55 LAY
VGG 1% N T A S D H T AECAEE, mIRIC & VR S8 mRIG S LB ER
PkEh 7 EOBVEBS AT L BrE SR B3 55 (Mulligan et al., 2001; A,
2000; HWREBRBEELINIISUZ, 2003), LA R, ZNENOFEICOWTOMKKEEZ £ &5,

O # LiA® (Containment)

1GGE D R[S DIREOH TR A~DFATR E | LR~ DGO 2B < 7o)
1G9 2 — R B GRREET 2 B 2 5 LA L RS, B LA TIE, EIC ﬁ/ﬂoﬁff
ﬁ*ttiﬁ&lﬁ‘]ﬁﬁb\ﬁ/\ i%i Rl T &V o 7oA« W OPIERIR N 2 &, HRRED

ZITHEOKR T, MWGAIZITER L W7 TESHW LS (ORE, 2000)

%i - MECRR T, i@ﬂxﬁ&%%ﬁ{mﬁj#%f%iﬁ‘é 7o, MBI U T REOMEA% T
1G9 TR A WA T DU TETH S5, B RITE IS, RS TH2R0n 4 50em
L ERW, AT O EAIT 15~2mOESTHWS Z L b H 5, MR TITITEA
EBIARIZEDZ D0 H D0, REARKEIR RO SN DGEITITEREN O, ik
ToORENZRTIEL LTE, flF - BB 77 A NXN—%2KTAZ U —RICLEEbDEE L
R T DREFH8M L, 7L ERELZEE Lo~y by LTS TR 24T
DA~y P - RELRENRFTHND ORE, 2000), 72, FAEC- FHBIIEXR L L
TIE, TAZ 7V MEICEDEE M TONLDZ L b H D,
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WK T, Y2 K EN~E CIAD D Z &2k | (G E R H T K7 & %@
U CHRREREE~EMET 205 IET 2B TIETH D, HREEAZMHIRE LR, &
FUZIS U CHEIL® 2 WIE AR EAL 2T W BN 3R T 72K T~ UiA o 5 F ik T

(Horizontal barriers) & . {54 3O FERRICAREKIED & 58612, 15U 2 T
To X 9 ICHEKBEZFR T D 2 &1 Ko THRALE CTH CUiA® 280 EHE/K T (Vertical barriers) &
W%, REEAKTIX, (G HEOMAH & JEmICEM T LARLGHBE, 727 7V MNMEx
AW REKRY— R E%T T, SHEFA~OKOFENE LD D Z & THEEWE O %5
THOTHD, SpEMEKRTIX, =7 U — Mot Ay hodfgEd U < IO 415 5%
TEOFEFICEEICIT HIAA T HEEEZ LTEBY . KM ORI R I,

HEWT T, (5% LA RHI %, JE S 35em UL EOBUE O = > 7 U — N ERLERTE NS
HUIAD, JFIOREDS XV BEICREET 2L TIETH D, miREOHEHHEICHEH S
Al EEITEREEAFEED L UIRE B L 7-%1IciThbivd, RAKDA - i %84
SREREREZ T 20E A L, REIROE CIADICIHAG2BETH H72D, HK
L&V bE CLERUBTIETEH 528, RIS, RESGFTOMEENNETHY, 2R
FREWIRE LN ST REDNH D (K, 2000,

ZOEDIT, B UADITHYIREIS U T L2 — RO REE L. AI0BRE ~
DILBERTEH 2 BB T2 &) HICBWTHENTH 570, BIE, HAETENM
ENTVD EEEYRICB N T HSRG RO FEIN 2\ \(Table 1-1.; BRETE BRELE
PRKBRBEES, 2003), L2~U. #RH. Sk OVEILBREA~ DR & % G O T2 KA 72
F= Y TR OMEFFE RN ETH LD a X MR E L, £, A% O L HFH
DHEIREND Z LR ENZOMBERE LTETLND,
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Table 1-1. Implementation of permanent measures for soil contamination in Japan.

Number of cases

Metals et al. VOCs Complex pollution

Insitu degradation 6 12 7
| Bioremediaton | A A 2

| Chemical degradation 3 5 5

1 Others 2 1 0

In situ extraction 14 168 33
| Aspiration of soil gas | N m | 7

: Pumping of groundwater 13 126 29

| Others 1 1 2

Drilling removal 221 82 43

Treatment 19 41 19
SSeparaion S R
| | Thermal desorption/volatilization| 3 | T 9

' Soil washing 8 3 1

______ Others 3 5 3
Degiragjp}tiiiqr)”””””77777777””””””""""""é ______________________ 23 | 6
: Bioremediaion | A T 1

\ | Chemical degradation 2 8 2

i Thermal decomposition 2 9 3

' Others 2 3 0

Containment 45 5 11
Blocking metfod T gy S
| Sealingmethod [ 24 | 20 | 9
Impermeable sheet - T A T 2

i Steel sheet pile 8 2 6

5 Underground continuous wall 8 1 2

' Clay layer 5 0 1

Solidification-stabilization 109 3 17
' Solidification | 39 |2 4

Chemical stabilization 69 1 13

Other stabilization treatments 8 0 2

Scattering prevention 55 4 5
' Soil covering | ¢ |2 4

 Planting method 4 0 1

! Pavior 30 3 3

Others 198 28 29
Landfill disposal | 4 R 15 | 2

1 Others 36 13 3

Total cases 362 247 65

* The values represent accumulated data in 2001.
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O BALEH 7 ABE{LAE (In-situ Vitrification)

JRALE AT 7 A BRI, V5 LB A A L, BET 5 2 LTk 0 EVERAE S,
ZOBIZELY LEER L2 RICHA L THRONDZERT T AEEE W TELT 2 F
ETH % (Mulligan et al., 2001; A%, 2000), & DFF#EE L Tid, JFRALE TOMLELH AIHET
HY . WL O T DAY FIZ L DBEATERIC B RIGTE D, H T ZFELER® T
ETHD, FEFFTLHENTED, LrL, TOMEARE LT, HAICLo TUIRET
HHEMEN AOMERBENMTE L 720 | o, (FREWE ZRET D HIETIERN 20,
EUEAT T AN O EWEEOENEE=2 ) I TMERL LR ERETOND, &
RGREG L TERER ETREMABAH L 00, MAETIRZE A LR ONLRVO
NBURTH D (Mulligan et al., 2001; A%, 2000),

O #X (FiR) HE&HE (Pyrometallurgical separation)

REEIA AL ERIE, VHY HEE A VRPN L, SR OBMLEE 21T - TSR X 2
L TCEBEAGR TN ST 5 FEH D, KIS, mEILEREN-TE (5-20%)
WXL CHEANFRETH Y . DBEL7-&BBEIT AT 7 & LTl Eisd (Mulligan et al.,
2001), E£7z, b#FE, . A RI VL, zuiail, KRUANOERISHENTHERICIE, &
JEAIOTIN 72 EDORPAEN LI L &b, Frost & (2003) 13, = v 7 easL b #igh
RV TR LEL B E BREA LT KFI e L (vivianite arsenates) (ZHNELEL 21T >
fob A, 750~800°CIZBWTHMH D Kb = B mHET 2 2 LB BMNnE o7
728, ERLEN HEHE R O —FIEE L THEMITO D EHE L TWD, LAl &l
TORILE 725728, TEOMRIT) R OFEEZ KIF L, LEEO HEOFFFICE L
TERINIE D,

O EEZFAIME (Electrokinetic process)

BhEFALE T, G ISR A L2 - RRARICER A IS5 Z LI X0 %4
TLEERGE (B : electrolysis, 5= : electro-osmosis, 5K ®) : electrophoresis)
AMMALT, @A A 2BRs LIRBEZICEPTSETRETLIFETDHD

(Mulligan et al., 2001 ; Virkutyte et al., 2002) , J{\Z{& TG G LN O EBEEZRETE D Z
LD, OB E LTHETObND, MELERN LICEA A& L THFET 2 EEEO L R
L. BBAREDIC IR S AL, A A R X D EMADHERCHR TN L DA LTI L
VEREEND, EHREDOGE, THEOMWRICE S TERLZbOD, BLE 5~T7 HIREDORE
MAMRETH DD, T OISR NS, LIRICEHIRZ TS5 & S T2 (Virkutyte
etal., 2002),

2. bR ALEREL
{LFHIALBE A L L CiE, BRB o +ENL O AT 2 E 2B E L72E
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b« RIBALBERC, JEAIFIC L 0 {54 E # i 2 VLl 72 E3 %17 6405 (Mulligan
etal., 2001; A%, 2000 ; HUAERBRBEHfTAFZE<S, 2003)

O k- R¥E{k(Solidification /Stabilization)

TR NRT AT 70 bR T U EOEICAIZ GG AL T, ZE S 2 5l
2E(LTH 5 (Mulligan et al., 2001; Zarlinski et al., 1997; A%, 2000) , #/ESHi1 T8 LA
HThsZ e, FMEIZBWTHIHIRERICB N THEMATRETH D Z LENT DR
FLLTETLND, Dutré 5 (1998) (%, ~LF— - Limburg /N D48 T O & 5
TrEizE Ay FOAK, b LITZEDRGMZ IR L CEILZITV, BERABR% O T3
AR ZIMZ T 24 K% DO e ROWHELZI~To, TORME, HRHEEEFED LT
ZHU EDOEAEATZ AW ZRICBWT, b RZORH N EEREIEYIENI A B ICRBT 5
HKDIEREELLT & 2potzizth, & AV RIS K D EULALBE S EY: HROMBEFIE L LT
AHhThHDHELTWD, —FH T, Akhter & (1997) 1%, bE2d KO b BRHE 4 F % OE( L
Al EREG L CHEL L, Z0ZE % X MREPHE (XRD) %2 AW T 34EME=4% 1Y /LT,
ZOFERE, TR EN TV D EILWE ORGSR ORE L & bIcZkL, Thctk-TE
FOBWHENEINT 22 LR ERHALNE ol Ko T, BBV T, HEHY
BREFZOBEHIIMHI SN bO0, BERTEOREBIZLY b LEOMENE{LL, &
FOBEHNB D2 ENBEINDTD, FITHRARIE Uian i & LR, Rt
=X )7 LR E A LETH D L\ 2D, IBHIT, AV MREEEIE WD
ERENR L, ERAB A L TEOBRARNECTH S Z L b2 oMERE LTH
Foind (ORE, 2000),

R L, 5 BB O KA Z RN - IBA LT, 15RWE Z LRI EERE O
RIS ETRENT DD TH D, e ROLE, EiT, Hkgk (1) Crmesk (1)
BIRATDHZLICE 0 HAMEO e iE8k (FeAsO,) #BH SH D FEMHVLATWS

(Mulligan et al., 2001; A%, 2000 ;  HUREREEELINBFSEZS, 2003), £7-. & () HFZEHW
DA, KEREEE () HAET D720, b FEOKBILEE~DOWHE T & 5 REbh 5 b #17%
T& 2% (Mulliganetal., 2001; HREREEHAAIFE2s, 2003), LA NICH LS (1) Z&EnL 72
GaIllBI 2k RO E R LT,

AsO,> + FeCl; — FeAsO, + 3CI

UL, RS efig#kix, TR CEMAME T T 2LEbITE eS0T <720, i
EERLL TR D REME DN D DT | TP E (2L > TEICREBIZZRDOT WIS AT
W TERW ORE, 2000) , BIELISAN O AR EEAILL TX, o200 A08H T B

(Tokunaga, and Hakuta, 2002; KL, 2001) | EHIZHT T, FL—MIZRIL TR 505
ELRESI TS (OKRE, 2000) , ZORBEALAERIT LA LD, TERA VB TEI-FEKMLER
Bl LR USRI L S<7ed | BAEDR IR 5 ThH LW R R AH > TH A, [ERILEED
N, BN OB Ic Lo FEE A EE 725,

B DEAL « RELAABET IR R E UiAw & RfRIC, s E oA FERA LN
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(Table 1-1.; BRI BREEE BHJR/KBREEES, 2003), LA L, HHUFIHICHIBR D & 2 23 [EH Tl
15 YR DARAR A 22 R 1372 &7 HEEG Y RIEOREATIC K 0 BREEIEME L LTz
GHEBRENRENTEZZ LD, SRIZTOBEMAHHEIEKE > TV ZENTREND,
ZOTD, BRIENS O ROREEATREL T2 RBFIEOMEN, RAalTRkO LT
W5 EWZ D,

O TEEPEE¥E (Soil washing)

FHPEE I, Ve, 0. VAT b S ORI A A A b AR FETH D

(Mulligan et al., 2001; HAREREZHANAFZES, 2003), Z DO FIETIE, HHIRZE L7- B AR
RIZE 0k U CEIRE DG E 7= 5t TR 2 0BE L. P s VTR
WHEE5, £70, FAE TERZ S0 RAIEAL T, HRE L THRET 5 T
77 w7k (Soil frushing) & BEWHRGFO—FE U CMEMIT LD, R E LT,
TS OE R EORENTTRETH V) | A ORI RME BT 5 = & THATHRIC
LRGT B ENTES, Lo ANET BN, LA LZOKE. LENERHHO
PERFICRELSELASIND, RTOHEEYMEZRVRS Z L IZRETH S, P KED
KRRPHEAN AT 5D, e EMRHERE LTHET O, TETO®MHEFNIT R0 R
KT % (Table 1-1.; BRBEE BRBEA HUR /K BR B, 2003),

—RIT, SRIBEROMBIC BRI L UTIE, R /R & OB, FiRO s
VERTE EOAERE, EDTA 72 EO% L— MM BTV 2 (Mulligan et al., 2001), & &
DA VERICHWDEA L LTE, MY VB, o UVBRERANTHD Z L1
HENTWS (K, /b, 2001; Tokunaga, and Hakuta, 2002), LU, 245 D% =
Vet Cld, mWHHENE LN D OO, [FIFRFZ Al Fe, Mg 72 & O HHEO B 5
DEMT D720, TEEERICEARBEREZ 52BN H L, 0D, FHEZ v
PRt b2 SNTWS, Alam & (2000) 13, Fix QWS (FigD U v A, AL Y &
Ly VRV UL E) VT, BixZe pHIRICEBWTET WEYR LB L O B E DO
HEBRAZITo 72, TORE. U UBEA U U LAEKZ AW RIZEWNT 30~50%0D b FEDOE
HIATRD BIEA, fOWIETIHIEE A LI SR hote, £, UL U AT
HHZEH L B3Ry (Al Feo Mg, Ca) ZHIIEEL7-& 2 A, Mg LSO 3 MBI HMELSS
it (pHE6~8) IZR W TIRWAHEZ/R LT, EFEORHEIZE L T, pH6.0 LI T TEv vE
BRLTEZ e, HEAOX A=V om0 EROE O 55 pH % 6.0
ELTW5A,

3. MR

bRz @O L DGR TR, AMWE &R0 BUEY SRR X D BB I
TERV, ZO7, MEMLFRNBL L V(K= X F TOEMATRETH Y . HHIEREIC S
A DL DI LB Z BN DR 2 TGRS R IT I N ETIZ E A SAT

10
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b ThWiginotz, L, BREBERICL, AEREBLLAYWEZRNICERT 26N %
BT DML, L0 EEDMED, & DHVIERE LT WIEREA & BT X 2B FE
THZEDRHLNERSTWD, EDD, EFETIE, ZU6D0EMERHO GBI -
BT v 2A~O#AICHIENEE > THEY, ERICEAL TN 20O EN 2RI
W5,

O 774 U AT 4 x—3 3 (phytoremediation)

T DS BRI E % &8 - R T DHE 0. BREE O LRE I 2 RET 2 R 2RI L
Tl BEIEE 7 7 A ML AT 42— a v EES, 77 A ML AT =gV
X OHALICED DM DOREREIZ L > THEHEIN LD, @REZNE LT 556, FIT,
Y E W B %ﬂ%LTX¢%’**éﬁé LTCRERNODOBEZIT S, R ThH, @
T ORI & bl U TR TEVVE B EFERE S 2 A T D HEIE Hyperaccumulator (FZMHE & T
1000ppm LA L& B A2 EFET D 2 LN TE %) EIMEEN., FRCEHEZHED TV D

THET, Hx 2EWR e RTHTDHMMEEZA L THD I EBRHLMNLERSTNDHR
(Fitz and Wenzl, 2002) . & DRSO EMEDE S 96 @ik E T OFMPEMIRIZ B %2 &
EF 720, ERAMIZIIEL o7, L, T, FEFICEREO L ZEEMTHZ L
DTE 5 2FHFHD > X HEY), Pteris vittata (Ma et al., 2001; Lombi et al, 2002; Zhang et al., 2002;
Tuetal., 2003) 35 L T* Pityrogramma calomelanos (Visoottiviseth et al., 2002; Francesconi et al.,
2002) . 23 FE R &4 Nature 55 ETHREEK I D (Maetal, 2001) 72 ERUHICIER 2R U5 &
91272 -7z (Fitz, and Wenzl, 2002) , — X7 B 5388 ppm~#+ ppm FREE T L2k H 4%
FETEXR0olzxt L, 20 2 FEOMEY T 6000~8000ppm D b # & ZfET 5 2 L N ATRE
» Y (Maetal., 2001; Visoottiviseth et al., 2002) , Hyperaccumulator & L T4 OF|H B HIFF S
NTW5, BIfE, KEZFLICE RO - HFEA I =X L OFIHRLIEHYY A~ O+
xR E LTl S TS E R S TR Y, BAEICB N TS, I%E')Tfﬂ@ﬁ?ﬁ%i
B2lZ%F LT Pteris vittata Z W 7o EaBR2M T TV D (MURBRBEE IR BFSE 2, 2003)
2> L. Pteris vittata 2 H W 72 2B TlE, b Bk EOEERMEOBEIZIZIH E Y fb%?ﬁ%‘ﬂéiﬁé
N7enWZ EREN TS (Maetal., 2001),

Fo, BB EREZHWT, koS REFEELZ R LS5 A bR TH
%, Nie 5 (2002) (F, BREEA b L A~DMMEZ ED L7201, ¥ A 30777 FDO—2%FE
ToH DA /—7 (Canola) I Enterobactor cloacae UW4 #kHi 3k @ 1-aminocyclopropane-
1-carboxylate deaminase # = — N4 5B 4B AL, TORRE, WHEHRAKIZIHW T,
WHEOH ) —F LHR L TAEDO e HLERSELZ LIRS LTS

T7A MV AT 4= g VIR, JALETOREA R TH Y . £z, o
EFIEIZHRTa X FMELS | MFFEDR S TH D Z EREE LTHET LD, iz,
R ZE T 5720, HEERMBERT VI E LT O 1 2L nx b, Lil, A

HICEWIMAET 5, MHTEREEDREDOR SICH SN D, [UBESFMFICEEE ST
D, REOENS, ZOmMFHENHIR S, RRISHROLEDH L @R EHY R L1

11
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(T S 720, Fio, eE e R LIAEIROLE R SO IRER L LTET BN D,

O #WAEDE R T-fEt

HARBRBETH O v BOMEERITIZZ  OBAEMD D> TWAH A, —HOBEREILE FE A
FfbEd, JUBRRKROT VY VEEART 2 ANZA LTS 2 ENMHBNTND (AR,
1996), Edvantoro & (2003) (X, 2D X 5 RHEEZHWT, e BET LV N E BB,
R ST & THELLET N ORET 2RAZITo72, #i51%, B FE LU DDT THLS
e BEICERF S 2 N2 CEEMAEY 2T LS, ER LT VY U E R T ¢
WA —TEUL Lz, ZOR%R, B FOMBRIIFEFE L2 b — X TEVWEEZ R
L7z (54 HTHIB. 3%), £7=. EIHEY )L B L - B@EEA RN L2 RICB 0T,
TN DR A~8 RS E LTV D,

TEEFIZEB T 5 e FOWEITITMBILEENED D RKELS FELTNWDLZ ERMLNTE
. ZORTICE > TEROBEHMESND Z LR BTV 5, £ Z T Papassiopi ©(2003)
I%. SRE T, Desulfuromonas palmitatis % F\VNC e BRSNS L ONERHEHEN SO e RO
PrERBRZIT o7z, TORE, BBREkZ H W2 RICEWTIE 16 B THI 80% D Fe(ll)A3:E
TLINTEN B LV EH LI Fe(I) EBR SR LUFILET 2 2 E AL E 2o T,
Z 2T, YA AW R TR, Z2OMLEAN <o, FL— MEITH S EDTA 00
2T KRBT T2, TORER, EDTA FEIIHR Tid b FORHFIT 3% FEE L KVVEEZ /R L
7273, EDTA BIISRICE VT 60%FRE D Fe 23 vl fE b S4v, ZAULZTEW 75% D b £ D3 KA
P~EREINTL, ZOZ &6, BECME & F L— MO, HREENLDOE
FBREHIM & LTHEDITH D AHEEZ IR T\ D,

ZOX ST, WAEYIERN O e R I E~OBEMICE L TiX, ZZ2THR L
TRV ORFILIMITIZ E A EHENELS . £, ZhblizonThENEh, %
L= T Ly VHA~DRFER, Fe IO L— MEIRINO RIE 3 HHEEEE ~ D 2 0 FHf
e FERARIZRIT T E N SN TV D ORI TH 5,

28 AMFHCERERETIC K SEMEND O ROFEL

ATET T, b3R5 T OB R 2 8L L . R O BLROBTA B O B s Em . 72,
ZOREZWO L Lz, £ 2 TAEITIE, MAEMIC LD e BEOETZMH L2 9 2T,
AWFFEICIBNTHE BT 5 AW e IR T X 5 e ForEkICBET 2 BHEONE %
L, B CTFIE~OBEMICEE L TER SN DN EHEICHOWTin Ui,

FEICBW TR L 91, HESCEREREETICBW TR RIX, KRG T TIERERN
b ERtE & U CTAE LBk 755 I » B SN TV D0, BRSM FIZ 5 & e gt

12
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DIFETCIE LI Lo TR~ EAEL S D Z ERMb TV 5, BREPICEWLCEEED
BT A O ML, b FBMEERE  (Arsenic resistance system) O —H & LT b BREEER TALT
b DL e B AE BRI OE TR E T D R R %R SC A A (Dissimilatory
arsenate-reducing bacteria; DARB) & @ 2 BEMFE L TV 5D,

b RIS ICB L Qid, RS 0L 77 A FEo ars At vica— REnkz—
HOBERRENE D> T D Z &AM BTV 5 (Cervantes et al., 1994; Silver, 1998; Xu et al.,
1998; Mukhopadhyay et al. 2002), t E&HIIZ U EAHL & AL2RIRENEEI L T D 720, il
BED U VU RlE R A L CTito TN~ EIRVIAEND Z 03D D, b RiTEEELH
TOHMEIL, BYVAEFNZEEES ars A Xn U la— RSN TW5D ArsC BERIC K v iffie
Feti~& i8I0 L7ct., ArsA X ArsB BER Of) & |2 Lo THenIfifast~E e 75, =
2T, ATP ORGSR T % ArsA 1T, Mifasb~o i b EHH OO D=L —%
ArsB ~ L ftiad 5, £Od, ZORE, B BREE TS TIEMIE A RIS B e = oL
—DEEFITONT, LA, —EDOMMHEEIC T2V —DHEENE 2L D, F
72 ArsC 12 & % b BRHE eI I ASEHIIIN TORIGTH 5728, MRS & 78 5 1855 [
IO b BEERETTITIERE 5 L T e W RTEEME MR S 71T 5 (Zobrist et al., 2000) , Langner
& Inskeep(2000)1 4, MtPEHEA%IZ L 0 b BRE 235 03 2 Ml CN8 #(Jones, et al., 2000) & FHV Y,
FRALBRIE IS STV D BRI DR ITL 2R A T2 A, Wi O b IR TTO B 3780 &
. BEFEFOEBEIXIZEA LB ILINEN-oTZ E2WMELTEY., 2 OHERIZHf T
HHDEIRSTND,

ZHUZKF LT DARB IZ K 2 EBRIEOE CTIE, BE SHPORIENRIB I 0, b BRI
KM DOEMREFZREE LTHWOND 2O, EICSSITEO IR GE I L 2 = kL
F—NEEIND, o, ZOX I REFZAEROBEILIONZH O BERR CRERIL, &
TAREH O RIGIIAE LR RE AT 5720, e BEEZMENICEY AT Z L7238
LT DHIEMARETHL Z D, EHHETOERBIEL CIBITTIRNEETH I ENMG
TN 5b,

Ahmann ©(1997)i%, EMEEREIEY., KOVE RIZK W HEYRENZEREZ O TRAEMIC L S
LR OE T E B EBDORIH E OOV ITON TR, FE S13F 9, Fe(ll) b, L < i Fe(ll)
DIIFIZ L VR S D B BB & BT bs S . B SBIC L VBT Sz Ik & EREL
LI ZMAEMREE L TIRINL TERZIT72L 2A, WTNDORTHREBRED b H#EN
WP ~BE T 5 2 L2, 202 b, EFRRNTO RO EIKIZ, Fe(lll)DiE
TICEDbDOTIERL, EBEORETIZEIZ2bDTHD EHE LT, £Z T, EHENGD
EROAEMLICED > TWDRMEMZRET H720, Fe(l)ETHE ., ftfRE THERRE &
(%, DARB Zftifll L CRABEDEFREZTT o772 L Z 5, DARB ZAHE L7= R0 b\ b R
MaRL7, 51, DARB % b RIGYOFED AV EIRICHEE L b ROWH TR A 1T -
7ol A, W BEOBWHPHER S L, HRHESERET 26 O v FEoRTEMKIZIX, A
M XD eBREORTPRESHEELTEY, 20T b BEZHKFERIZKVIETT S
DARB MR & 2 E| 2> TS Z L &2mRB LTz,

13
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S BT Zobrist & (2000) 1%, [FA4£RIZ DARB & L CTH15 415 Sulfurospirillum barnesii SES-3
BRI K D e ROFTEYLEEAZ T D720, Btk OUKER LT L X =7 M b [t 2 W s
SE. e FOBWHREBREIT o 7o, ZORR., RFRYREE O b BRI O RV & ONRAE
OHfi b EOHMAHR I, 2k, BREETICET 2 e ZorEfkizix
DARB N KELBIH LTS Z E&fEEL T 5,

U ED X 512, DARB (2 X% b B TAUG I, BREFICHIT 2 e R0 rEfkic K& <
THELTWDLZENERSNTWD, 22T HREERPICBWTERITEL LTeRE
ELTHFET MRS D & OWRENRIIN TS Z &6 (Bissen and Frimmet, 2000;
Garcia-Manyes et al., 2002), Z O FUSIIHRAEA~DOBEMIC TS RART v L&A LT
HHDENVZ D, FFRELTE, GRTENOOERORENWRTHY . MEDE H
TR Toh 5 7= OWBYLFERI LB LR Ta XA PR ERE T N5, S HIZ, bBig
M2 BRRICER T LTI S o720, HEER D OB HIC & b 7 O RER R & fe/MRIZ &
EDDLTENARETH Y, T =0 LR EGRBEW LIS O TEEIMICEE SN TnDH
FEbRMEED N TE D, —H T, BIRMUSITHEWE b BRI S~ S EH T2 2
EDNDIFMEN TCOUER LT HVLER DD ETHEINDTZD, 774 ML AT 4
— a VREFEBEICI DR LR Ea R ERELRLIENDBHDHH DD, DARB IHHHE
WA TOEESNEETH D & I D e fdkR CHEEDOIFREO b O EE LT DI %A L
TEY, EFEAOMERENS DMRL WD, JRALE TOMEIZ T S 720 - SR O
BYRA~OIEREZOBAFHANILNE NI A Y v hEFFOLOE VR 5D,

14
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I3 BB e@ESCHE (DARB) DRt

T CILIR 72X 512, DARB 2L % e FOAEMLIXER LN D O v FOREHT~D
EHRDBEIF STV D 0, & LT RO FIERICER LN L, BIfEET
DL Z ABREEAL~OE 2 R A T A X eV, 2 TLLUR T, B BICER L C Ok
PAHURT 5725, DARBIZOWTOMTEDORELE LD 5,

Table 1-2 |2 Z4LE TICHA STV 5 DARB Z7Rd, ZDOFEAN D, DARB XL A/l
BRI, EBELSMC bRk A e E BT R LTHHT 22 &R bns, £
o, FEOLDONREFENTNLZLBREL LTHITHZLATE, BL-ULTOR
EIWLELEES>TVLHDIZEH L THFEDO RN RESINTNDLI DR H D, B TOH
PR3 3 LH DARB & L CHEfS N/ b DO TidZe <, & L U EEE G E (Laverman et al.,
1995), L5 W I 7 venr 7 /) — VHORERILMEE L THEBEc AT DL H D
(Niggemyer et al., 2001), Z AL HMIEEHOMIZ, THTIE, FERICE R L2 E AR E LT
FRT D2 & OTE D MBS HEE X Cu % (Huber et al., 2000), =@ X 9 72 DARB (2B
LCiE, BIfEE CICBEBROMBAEEINTEY, T TRLESLDLUIMI S RBEER DMK
RN O EINTND H DL & % (Newman et al., 1998; Stolz and Oremland, 1999; Stolz et
al., 2002; Oremland and Stolz, 2003), LA F TIZZENENDOREZ £ & O TRLT,
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Table 1-2 Dissimilatory arsenate-reducing bacteria (DARB).

Species

Phylogeny

Electron acceptors

References

Thermus sp. HR13

Deferribacter desulfuricans SSM1"

Chrysiogenes arsenatis BAL-1"

Bacillus arsenicoselenatis E1HT
Bacillus selenitireducens MLS10"
Bacillus sp. IMM-4

Bacillus sp. HT-1

Desulfitobacterium sp. GBFH

Desulfitobacterium frappieri PCP-1"

Desulfitobacterium hafniense DCB-2"

Desulfosporosinus
auripigmenti OREX-4"

Strain Y5

Citrobacter sp. TSA-1

Shewanella sp. ANA-3

Strain MLMS-1

Desulfomicrobium sp. BEN-RB

Wolinella succinogenes BSA-1

Sulfrospirillum arsenophilum MIT-13"

Sulfrospirillum barnesii SES-3"

Thermus

Deferribacter

Chrysiogenes

Low G+C
Gram-positive
Low G+C
Gram-positive
Low G+C
Gram-positive
Low G+C
Gram-positive

Low G+C
Gram-positive

Low G+C
Gram-positive

Low G+C
Gram-positive

Low G+C
Gram-positive
Low G+C
Gram-positive
Gamma
Proteobacteria

Gamma
Proteobacteria

Delta
Proteobacteria

Delta
Proteobacteria
Epsilon
Proteobacteria

Epsilon
Proteobacteria

Epsilon
Proteobacteria

Arsenate, O,

Arsenate, Nitrate, S(0)

Arsenate, Nitrate, Nitrite

Arsenate, Nitrate, Selenate

Arsenate, Nitrate, Nitrite, Selenite,
Trimethylamine oxide, low-O,

Arsenate, Nitrate

Arsenate
Arsenate, Selenate, Thiosulfate,
Sulfite, S(0), Fe(lll), Mn(lV),
Fumarate
Arsenate, Nitrate, Selenate,

Thiosulfate, Sulfite, S(0), Fe(lll),
Mn(1V), Fumarate

Arsenate, Nitrate, Selenate,
Thiosulfate, Sulfite, S(0), Fe(lll),
Mn(1V), Fumarate

Arsenate,  Sulfate,  Thiosulfate,
Sulfite, Fumarate

Arsenate, Nitrate, Sulfate,
Thiosulfate, Fe(I11)

Arsenate

Arsenate, Nitrate, Thiosulfate,
Fumarate, O,, MnO,, Fe(OH)s,
AQDS

Arsenate

Arsenate, Sulfate

Aresnate

Avrsenate, Nitrate, Fumarate

Arsenate, Nitrate, Nitrite, Selenate,
Thiosulfate, S(0), Fe(lll), Mn(IV),
Fumarate, aspartate, Trimethylamine
oxide

Gihring et al. 2001

Takai et al. 2003

Macy et al. 1996; Krafft and Macy
1998

Blum et al. 1998

Blum et al. 1998; Afkar et al. 2003

Santini et al. 2002

Herbel et al. 2002

Niggemyer et al. 2001

Bouchard et al. 1996; Niggemyer
et al. 2001

Christiansen and Ahring 1996; Ni
ggemyer et al. 2001

Newman et al. 1997a, 1997b;

Stackebrandt et al. 2003

Liu et al. 2004

Herbel et al. 2002

Saltikov et al. 2003, Saltikov and
Newman 2003

Hoeft et al. 2004

Macy et al. 2000

Herbel et al. 2002

Ahmann et al. 1994, 1997; Stolz et
al. 1999

Oremland et al. 1994, 1999;
Laverman et al. 1995; Stolz et al.
1997,1999; Zobrist et al. 2000

T Type strain.
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O Sulfurospirillum arsenophilum MI1T-137

R THID T e IR A2 MR OEFZA/RLE LTELT D2 ENRBOLNTEET, ¥
PF 2—k v Y OWEIINLET 5 Aberjona Fikd b RITHR S L ETRN S, ERE oBES
N7z (Ahmannetal. 1994), 7 a7 47T U T ¢ 3T T N—TI1ZET 5 7 T LFEMEE T (Stolz
etal. 1999), EEMEAAH L. B A1 O BEERICHE VT 10mM £ TO L B4 4 A LINICH
ERREICEICT 2 2 LM TE LN, BEOHFIEIC LY b R E T & O AR L5242 FH.
EFErzT D, £, eBBEOEOLBELE T AN ZALTEY, e RITLVHEE
N ERE AW FEER Tl ZOEITCIC L D EEBEPICH e BIEAZ AN S5 2 LR
STV 5 (Ahmann et al. 1997: % 2 fiZ M), b EEHEOMIZ, IR, 7~V BEE 2R
ELTHHAT LI ENARETH Y, MHEBEIXT v E=TICETELIND, £/, &
fibGR & UCITREE, B e, 7~ amae v, 7 Ve E & LT %
Z & HA[RETTH B (Stolz et al. 1999),

O Sulfurospirillum barnesii SES-3"

FNFINOPEIALE T D, & L2 TIEY S 7= /K15 Massie slough O JECE 2 IR & 3 % 5
PR R L0 & L MR A & L C ol S V72 C(Oremland et al. 1994), %4 #]i%
Geospirillum J& 25358 STV 23  MIT-13 8k & & 4 12 Sulfurospirillum J& 1 Z{& 1E X 317z (Stolz
etal. 1999), 7T AN T U T ¢ YT I N—FIRET D 7 T LatiE ©, EEEEET D,
L U L R B BRME A BRI K D IRST T AREN AR L TR Y A O B AR
RIZEBWT MM O b etz 4 AR TR BRIEIE TS 5, £72. 10mM O b EREE ISV T
I 120 B[ THI 80%FEE 2 32507 5 2, IR OHEAEIIFS TIHE X5 (Laverman et al. 1995),
BOWETIE, BB VI = MR E SN TV D EMIEAZRITTE2 2 & b
Bk g5 T % (Zobrist et al. 2000: 2 2 HiZ ), b B OMIC, & L Bl T A hileE
THEEFRE, FUAFALT I AR R, TARTE U, Fe(lll), RSBAHE., AR, ~
~ VR, Mn(IV)EZE B/ RE LTHHT 22 08 FETHY, B Lo miEiETHE e L
B2 U CnRhRE L i, MBI 7 =T IR r s N5, £72, YT R
PRI Ch D & SN TV, BRICBHREIET TOETRARETH L Z LA LNLE R
- 7z(Laverman et al. 1995), E G54 LTk, s, EA v, KFELHLZFIHTES
W, KFBEHOCDLGAITIIIRFRE U CHRALE L 725, B LU 2 WO IXEERE %
AR E L THEE LTz resting cell 1 b FEHES ST HE 2 7 (Laverman et al. 1995), it
Wiz B2 /IR E L CTH#E L7 resting cell 3B L U MEE2ETTHIENTE LN
(Oremland et al. 1999), bt EetfiiEcA2 L Rk & L <IZAHEE T & A CEER R TIT b
TWLDNIENTIERY, —J7, MlaEE S 2 W e O RN D F AR, Wik
W, BV VB, 7 VBBRICKT DB IR SR ICHW B T A BRI L TREL
L L, 2V OB AESCY F 7 v AOMENEIT D Z ENRERTW5D
(Stolz et al. 1997), F£7-. TOHOMFHT LY . MBI W TRERM et L BB
FOMHBEELE TR SN TR Y, ZHUCiA T, & L U BEIC S 3 WIEME 2 R 378k
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D RHIEE TTRESR DAFTEN TR 41TV % (Oremland et al. 1999),

O Chrysiogenes arsenatis BAL-1" (Macy et al., 1996; Krafft and Macy 1998)

A —2 K Z U 7 Ballarat Goldfield(&#: )11 < O T VRO E IR & 3 DB ER- RN D
Sy B S AT BRI D 7T AR T, EEMEA A T OB OME Ch D, BifE
FTICHBES N7 DARB O T, Filk % AWM OE G4k & L TRIHTE 25007
WHEIKTH D Z EDNFEO 1 2L LTHIFH N TES, BIZRKE LT, BEEE,
TEERE . WAHME AR T2 2 LR CTh D | IHREEIHERRE K OV =T I8
IND, £lo, LSk LG LIoREBO e B2 W TH A AR TH D & SN TV D,
B G AR ROURFEIRE L CiE, FigofMic e/ e E, L-D-ALER(¢EhE L-<D-), 7~
MR, AN D AZREFNT S, ZOREIZOWTIEITHEERIZ OV TOHTE)
ATEY R 7T 2 NKEEMED b i TEE SR (arsenate reductase) A5 Z E N S L
2o TWD, 41123 kDa D Z OEEFEIL, a7 2= MAITA; 87 kDa) kB 7 ==
v NAB; 29 KDa)) B/ b ~T XA ~v—% R LTy, figh, TV 7T, 8k BE
PERT 25 (acid-labile sulfur) 2 & e Z E MBS E RS> TS, TOZ LD, MET& LTl
th, BV 7T U MRS TIEE LTE-RETH O EE L Z LARIBI LTV D, S HIZ, ATA
KOV AreB OWHIZOWT N RGO T X/ BRIT M TN TV %, 2O b ki ol 13555
PEDOLDTHY , b BREICRRNTIEME 2R 925, iR, g, &L o, KO~
VVBIITTEE A RS RN E PR ST 5,

O Desulfosporosinus auripigmnti OREX-4" (Newman et al., 1997a, 1997h)

~H%F 22—V, Woburn (27 & 3% Upper Mystic Lake 7> HEREL L7- B FTIHY S
TCIEJRN DA, MBS, 77 LAGMEOERIHRMERIE C, EEMEZ Rz v, HEIH
OO FERRIZBWT, 5SmM O eI A %) 6 A TEIC L, 10mM O EERE A/ 7 AT
70%IEICT DAY, WRBIT b BRI 10mM CESE LA O B3 T WERE T, il
FICHERZFRO N oTe, £, EBBIEMZHWTZGEICH e BEETICL D
HIEMNARETH D, T O S.arsenophilum, S.barnesii, <> C.arsenatis & %720 | fififeth %2
BFZARBRELTERLTORNEZAL TS, HHEEIIMBE L E /K e Liche
L0 eBEERMWIZGEOT RN E S L ERIE & iR A 5 DR TR L7256 1T,
EREEOETCAEELTEZ S, 61T, TAUC MEBE ORI {Thiu, ZHUlfEo
TAS; DB A AL D, £, EER LOMBEOE CIX, Y 77 VBEOFEIC X
DWIHEZZT D2 ZENMBENLR->TVD, ERFREMWZERTIZ, 1mM O b BRIE)S 12
H [T AspSs (28 H S 41 40~50% 03Bk S ATz, BT AR & L Cid b BB iREH O iz
F ARG, iR, 7~ ABERAHT 2N TED, £, BHEAKE LTIH
e, YArEVER, =& —, ZUke—, e U TR BEE. KFEAFIHL, E
NEVIBRABRFEEICHWD 2 b TED, KFELEGHERE LTHWDSGE, RER
L LT CO, BLUWEFmEZNH W HE L 725, B 4% Desulfotomaculum J& (27340 S 4
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Desulforomaculum auripigmentum & S 41U T W72 23, 1% 1T Stackebrandt & (2003) (2 L ©
Desulfosporosinus J& IZFF3FH S 4, A IZHE TOEER N -T2,

O Bacillus arsenicoselenatis EIH" (Blum et al., 1998)

71U 7 4 /L=7 ¢ Mono Lake(pH9.8, ¥ 90g/l. 200-300 1 M D As % &) DIEIED D5y
Bl S VoM NE D 7 T AGPER T, EEMWE A b 70T, WARFEZIERT 2, AR
& 60g/l, it pH8.5-10 &\ 5 477 /LA U AFHEANE C, HEBE A O 5 R SRIZHB VT 9ImM D
LA 2 A TR 90%R L TE 5, EMEOMICE FZHIERE LTE VBRI, Fe(lll),
fHEaE, 7~V BaRHT 52 L FEET, HAEHE T e BEA WG E L L g
HWoIZ > Rmmv, EFEARE LTI, 3. Voramg 77 b= FrFr s
VBEEFIHTCE BN, I h—RAEHAVWTESA, BTZAERBFELRLS CTHLREED
HIEA R SN TV D, B L U A E T RIRE LT b resting cell 1&& L o el i
U U, v, Fe(I)ZiE c L7223, MHERME., 7~/ BBITE CTER)o7,

O Bacillus selenitireducens MLS10" (Blum et al., 1998; Afkar et al., 2003)

B.arsenicoselenatis & [AI&kD kA & Di#EENEZ R 727207 T AGER T, IR SHET
THAEBENARETH D, MM 609/l Fii pH10 &\ D 4F 7 /L7 U AFHEHIE C©, H5H
RO B RIZBV T IMM O b EA 2 HHTK) 80% AR L TE 5, EEEOMIZ, ik L
VR, THEE. HEREEE. MU AFATIUAFUR, IvABEETZAKRE L TCHATE
Do o, BPHEEARL LT, A, UL EVBELMMAL, Jva—X T F—X,
TUT RIS b TE D, ik LR TREEE LT resting cell (& L g,
Al LU, ERE. Fe(I)Z3EIE LA, k., 7~ ABILELTEARdol, ZOHICH
Wb B ERE TR ORFRLL ORI S 03 7 SIL TV A A%, C. arsenatis & (X572 0 i &
O E TR ZA L TWDZENHLNER>TWS, — T, C. arsenatis Dt D &
Sy FEIE R 5 H O O(150 kDa), FHEIC o %7 2= v b (ArA; 110 kDa) B U} B H 7 2= |
(ArrB; 34 kDa)/ b7 o ~T n XA ~v—% L T, T 7T ROEEHRE & LT
G ENIRENTWD, £72. N RO T X VBT LT TEY ., ArtAIZEY 75
VETEMERDIZEATND Z LRI TN D,

O Desulfomicrobium sp. BEN-RB (Macy et al., 2000)

F—A N7 U7, Bendigo IZALET A ERICEVBERINET VENLERRLTZENS,
Wil 2 B BRIV D BB RE CE & L Chft sz, a7 40707 8%
TIN—TIB/T D77 LAEMET, EEEE AT 5, £, EBEICKT 2 EWlEE
ALTEY, 30mM &0 ) EEE T CHLEARIEE TS 5, D.auripigmenti & [FIAE, AL
EEBIZHEKRELTHWD ZENARETH D, B E KO 5 &R E X
D.auripigmenti XV & EWVE STV S, —J5, D.auripigmenti D855 & IZRR 0 | bR L
MR 2 B0 CRE B 21T o 70 & 2 A, BILIFFEIRICED Z LRI NT-Z &b,
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b BRHE L RIBIE N 2 OISR RICE VBTSN TVD Z LR EN TV D, BEHREL L
DRFTBATONTEY | b BRE R OWEEE 4 & o O LZ MO BRI RIX, w2
WOARTREELEZLO XD 106504 L&V Arsenate reductase 151 2 7k 353, 2 DN D 98.4%
DSHIBAR T 3\ CAFAET D 2 E PR STV D, 2D &, Carsenatis & (X572 5 NA
PO e BERE TR MEEICAE T A2 Z ENRBIR TS, 72, PFF VBT RN D
DZE VBTSN Y b7 7 A (FEIZ Cos) S, E BB ORI & 0 i b2 5 2 &b,
bt BRI ~DE A EROBEENPAL NS TS, LrL, ZOY hZ B A Ceg 2
B HZ Arsenate redactase & L CTEIVTW AN E D DNLEN TRV, —JF, FRIRHZSEES
7= Desulfovibrio sp. Ben-RA & iiligthi & b feti 232 0T 2R 14 A L CWH 2, e O B %
BZREE LIZGBAHMCES, 72, ¥ b7 8 A(FEI Ca)lX B BBEOUINT X Y Hig
bEZ TN &b b BRI 2 BRPER Tl7e THPERREIC KV IRIC LTV D 2 L3R
ENTW5,

O Desulfitobacterium sp. GBFH (Niggemyer et al., 2001)

7 A Z 7, Coeur d’Alene Lake 7> HERH L7- b B TIHERESNERAZEIF L T 2R &
OB S T, BEWEZ AT DA UMERIE C . AR FIERGBE A FEo, KT O KRR
AT I8 2%FEEE TR O EBBIEAZ B TR ERE L THET 52 Z LN AIRE CTH D, A D
B RIZH VT, 10mM O b [l 2 90 IF[HTHI 0% FREEE T TE 5, £72, DOEDO LD
TR AR RBRB L OE GRS LTHMATETH D, EEEOMIZ,
BrZRRE U ConR IR, AR, TR, —7~ /LR, Mn(IV), Fe(lll), Se(VI)
ERIRAT N T, BrtEkE Lide v e i, wEE, R, T~ BEA RIS
HTENTED, £, EAEVBEzRBEBEICHWTHEET S Z b WRETH D,
16SIDNA Mg JEE0HI A fffr, i L7k, 7 men 7 =/ — VEBERLE S LCTbnbd
Desulfitobacterium hfniense 35 & UF Desulfitobacterium frappieri OiT#xfE ToH 5 Z L B L0 E
o TWNA,

O Desulfitobacterium hafniense DCB-2", Desulfitobacterium frappieri PCP-1"
(Niggemyer et al., 2001)

mEkE b7 an 7 ) — VEBEEE & L TH STV %23 (Bouchard et al., 1996;
Christiansen and Ahring, 1996). Niggemyer 52X Y. GBFH FkL & Hi2, b EEIECM OB~
ARV T =F U, GREAEETZARE LT TH DL Z LR LNE SN,
MR & b2 OFFMEIT GBFH #£ L IZIZFEERTH 225, FIH AR E 72 IR E N TR
% (Table 3-1 &), £7-. DNA-DNA A 7 U X A4 B — 3 » OfERE L OAEBFHED
#2725 GBFH # %4 & 7= 3 H kK4 T % Desulfitobacterium hfniense & L CH¥H9 2 Z & 342
EIhTnd,
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O Thermus sp. HR13 (Gihring et al., 2001)

H Y 7 F =T MOANLE T 2 Growler Hot Spring 7> SEREL L7234 47 4 L A X0 4y
M S 7z, HIEORBEIRAE D 75°C LW ) I B T, RS FIZk W TR 2 B it 5
K, BRI ZE ZRIRE L CHIIET 22 ERNARETH D, —FH., BBEEETZRIKRLE L
TR TS 2 Z b A[EETH Y, e BEEAmRILT 2N EZ LA LTS, L
L. EREEITTOLE &ITRR 0 M BEORRLIZITEMII D3, Se i 4 E it 5
RELTHIMAT L Z & TE Ry, £, FHERMAF T TIE, e BRERKIZI D AR L
bR e B~ LB T L, - B0k WO RERENEZALTND,

O Bacillus sp. HT-1, Citrobacter sp. TSA-1, Wolinella succinogenes BRA-1
(Herbel et al., 2002)

ENEIN, NLAZ—DOFME, FORBEIR, > r T VOB LD FERIRBRE ) b 4B
SNTHRE T, KFLEFUGER, e BELEFZARE L TEET 22 LB TH D,
o, TOBRIIRERE UTHIIRDALE L 2%, SRR EIIARTH 525, 16S rRNA &
R OMHEEF) O FRROBREICHHEIN TN D,

O Bacillus sp. IMM-4 (Santini et al., 2002)

A —A K7 U7, Bendigo (ZNLE T DAL HERIS L7 B FRIZ XL D IBY S e 2 iR
L%, 7T LGHEOHERHRKPERRE T, EEME R NIRRT D, b EEEA
BEPZRRE LIS, B, Bilg, UL UVEE, ansfe, VoA, Iy I vomk
OKRFZEFHGARE LTHRAETH 528, KFEZ2HWDGEITIRFED L U THIEED X
L b, £lo, EBEOMICHBEZEFZARE LTHHT 52 ENAETH D, 16S
rRNA Bz F O AR 2~ 5 Bacillus J&1Z53¥8 41, B.arsenicoselenatis Ditixfl T 5 Z &
MHALMNE RS> TNDENZEOMEMEI 973%I1I2E EF 0, B S5 EROFHESCEHE
pH(IMM4: pH 7.8)72 & DA BRRYFFIEDIEV V) | Bacillus J& O C & 5 rIREMEA T S 41
TW5,

O Deferribacter desulfuricans SSM1T (Takai et al., 2003)

GHEL/INE RSN _E O KRRV LN AFAE T 2 G HE O Z K HIH D> © 43 BlE S AL 72 i o B SUME oD 4 24
I L b BRR O ML IR & O JC FE RBHL 3 & B P OB AR & L TR 268
ZFFO, MEXHERRFEIED 7T LR T, 40-70°COFH THIA AIEETH Y . =& /
—b, TR AR, T~vlg, U aBR, anslg, Ta et Uik, g, vy
fe, B e m, MOMEmMELEFEGARE LTHRT 22 LR TE S,

O Shewanella sp. ANA-3 (Saltikov et al., 2003; Saltikov and Newman, 2003)

b SR K DM 2 52 1 Te REAAG 2~ b 4 Bt S 7ol MM 0 77 T LBV T
BRSSAT T TR BRSPS R O~ o T A2 E B2/ E LTRIAT 2 Z &80
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RETH D, FIMWREREFIEGARL LTI, ARADEALEVERH T ObND, ZOREK
XEAET e FRIR IR O THIRF O 2 B & L CHBES 22 &0 h| RICEEBE TV
~ULTOMZEMTOITEY . arrA KON arrB i\ 1+ OEHINFFE ST\ 5, £z, il
SN D OBEBFESZEDD, b ERER TR O S 7 & (ArA, 95.2kDa; ArrB
25.7kDa )Xot 72 EAHERI STV D, S HIC ANA-3 BRITMM OBk & Bp v | B v g
BILREO A BT, b BMHEEEZ 2 — RS ars A Xn 25 H5 L T0DHZ NP LN E
IpoTUNAD,

O Strain Y5 (Liu, et al., 2004)

Za—I =7, T F 2 — AL ET % Onondaga Lake 7> & 73 & v 7= fae Bl O AR
BT, EEMEE AT S, HBEE T 5 Onondaga Lake 1%, 1800 £E{A14 7 & 0D PE X ETEY)
FOHRFET Lo TR, Al AEERIEAEWETH RSN TEBY, BUETIEA—/"—7
7Y RV A MIRESNTWD, £DH, MOEKE 1T#RRY 7=/ —0, ZEBERE,
fvxy, 72V TBREOFFFRIEWEZE TGRS LTRHIHTE 2 Z L3R E LT
HIFoind, filh, AR Oan7BzFHETHY . EHIC, KFxE LA L
L7258 CO A RAWRE LTI T 22 L b TE 5, BF2AMARE LTI, EBEOMIZ,
THEEHR ., PiBEMR. FAREEHE. Fe(NZFIMT 2, AP - AL FRVRBR TIX 7 7 A& E R
L. 77 LEMMEREOMEE R T 5 2 E MBI TV D, 16S IRNA SBIS FIZ 5D
< RN TIX T T LEHPEIC /0¥ S D Desulfosporosisus meridiei J2 U8 D. auripigmenti
& OFREIMEN e b w72 9(97% 8 1) 96%), Peptococaceae FHIET 2 Z L2V REN TV D,

O Strain MLMS-1 (Hoeft, et al., 2004)
J1 U 7 =TI Mono Lake & Y BRI L 72 @K & 3Bl S Uiz 77T KRR E T
EEWEAH T 5, 16SIRNA BIG T OMITING T 0T AN T VT § T 7V —TIC 8T
LHZEMNRENTWEN, BHMOMER L OMFEMEMEN D, FEFEOME TH D
AREMER R S LTV D, MOEKE TRV | e BIEE COE /IR E L TH{ED
ERAT DMK EBME THL EWVIHIRHEER LTV D,

P b X HIic, ZivE THl <7z DARB I35 mM L~ 30mM &\ ) & O
EREAE T COHHMEMNAEETH D Z EDRINTWND, T HIHEET TORERIZ X
DHBFOLNTELDOTHATD, TOFETETORE L KT HZ LITTERVA, #L
THEED 2250ppm FREEO b AR T CHABENAEETH V| WELRNO G KEELE
fbEEDH L TERDEHRBEF RO TEDLLDOEEZXLND, — T, 2< Db
DOPHIEIRICREE AT D200 b b TMFESOMEMENE ONREL L, 1ZEAEDE
DBRE OREEITHERRRL IR D L 0 Rk R RS2 T 5 2 &35, DARB
b RIBYRBREOECHEN~#EA T2 2 L 28E L2GE, MLERI A F YT o4
—OHNZ DD % 2 A N E KRG LR VRT 20BN D 5720, BFERS~OBRZHENE
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SEOFANAES 72 DARB 25 L, TORMEZWHLMNC L TEBS ZLPEETHD &
WR D,

FAE BN

ARETIE, b RIGYTHO M REN OBUR L OVEY) 1) b BRHR T 2 BEFE ORF TR0 5
BL., UTOmMmAEST,

—IZ, B EERIZB W T e BT E ppm LoV TRIBEESND 2 ERZ 0, A
FoTEHET ppm IZE#ET 2 Z & b b 5, BUEFRAE T O HEFFIA 2 E Tidd K OVEL -
REACAER L, HHFIHICHIR D & 2 2 E CrIiE BB O MR LRIz T2 63, 4
BIXEOEHFMPHAI R E > T 2R TRINDTD, HRTEENS DO ROREL
REL T ANBFEORENRAITRO LN TS L2 5, HEEEEIT, e HkEkz
FELTRDRTITADTHDL LOD, WM KEOKSLEAZEHA L, HBHICL > T
BRI Z 52 5801 b D7, WLPR%E O THEOFFI L 2 2 M L TRk
D, WEALFINLE L VK2 2 N TOEMMN AR TH 2 AEWFNBEIZE L Tix,
Hyperaccumulator # 27 7 A4 R L AT 4 =—2a UBNERZED TE Y | F5%H A |k
OB E G L Ul 72 EARE I FER S LTV A A, MBI REIM 235 2
Linb . 0w MFHITRIRE TOHRR SR 6N D,

FLAL b FRHR U (DARB)IC L 5 B FEoa@ifkid, TSR O b FE 4 SR IN 1258
TLLEH ST ZENARETH D720, TR E~DEMICTR G RART v v EH LT
WHHLDEWZD, T2, 774 ML AT 42— g bbb aX W RELRDHEN
MHDHHOO, JFNLE TOLIIZIXHE S 720 - @R OB Y b 3G TE 5 AlREMEN H 5
ZEnb, BUROBYEMBICK T 2RKOOESLE LTHETHD VWX D, BIEET
I BES LTV 5 DARB I mM L ~UL7» 5 30mM D b FRHEfEAE T CHIEA TTRECTH 5 =
EMD ML THEEND 2250ppm FREEDRE F THRAHNFEETH D | LR OE KR
EEASEDZETHERDEREBRICLIMETEL LD LEEXOND, —F, ZEkH
HBIC S L, BRSNS bRk 2 e E A B TR E LTRIRT 2 2 &8RN TE 508,
BRI RS2 BT 2 b 0N E < LB b~OBERIZT Tix, B RORE
G b DG LEORMEZH LN L TEBSLERH D,
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% 2% Bacillus sp. SF-1 #RIC & % E BBE DB THE

F1E WS

FATH AT LD, AT e BEECENMA LM AV AT 2= a7k R
DEBUNT, FEA~DESZMEMES B DS 72 DARB DHUGNEETHD LWV R D,
%’ﬂﬂ?juéf WPEEERE D' L R ST Bacillus sp. SF-1ERZRA L CWD28, 20
El ey« V/E&Lﬁ%iﬁ%ﬂ@%ﬁéa SARRE LCEILT 20 LFRERIC, EBIEZETT 5
REJ1Z & A LTV D ATREME DS T AU B D5 R bR 41T 5 (Fujita et al., 1997;
Kashiwa et al., 2000; #1, 2000), F£7-=. & L et OB ICHEIT b BB TREA OFE > = &
P ZEDOF R CTHE SN TNDL Z Enb, ZOTPHMBIEITIRLYR b D EE I BILD,
% ZCARFE T, Bacillus sp. SF-1£80D b BeSR TREZ R T D & & bic, HEEH kI T
T 25 &0 D BLRD B BRI 7238 SERREIZ DWW TRl T,

B2H EBRMEIROTE

Table 2-1 Basal salt medium containing

1. fEatit 0.1% yeast extract.

AWFFETIE, Table 2-1 (2~ U7z MERgHE RS Ingredients Concentration
HICRFEPRE LC20mM EEE T U o7 A(FL (NH4)2S04 0.3 g/l
FRUEREIE ), H LT 2 gL Zva—2A MgSO,-7H,0 0.14 g/l
(ﬁ‘zv:—x,ﬂmﬁégﬁ%t@)%%bu LebD% CaCl,-2H,0 0.29/l
IR E U CHWE, 22T, FRICii#k NaCl 0.1g/l
DIRWRY | FEHL DO FHELIZ 1% 50mM Tris-HCI KH,PO, 0.05 g/l
buffer Z H\ , pH # 8.0 & L T\5%, £7=, K,HPO, 0.05 g/l
FR O BRI D BT AR S H & Yeast extract 1.0 g/l
LT, BLUBgET R A LE L T5mM HsBO3 0.6 mg/l
& 1e CGY HiHhi(Casitone 5 g/L, Glycerol 5 g/L, CoCl,+6H,0 0.169 mg/I
Yeast extract 1.0 g/L, Agar 18 g/L)% . NaOH (Z CuCl,+2H,0 0.085 mg/l
£V pHB.0 ITFHHEE L THWE, MnCl,+4H,0 0.099 mg/I

ZnCl, 0.22 mg/l

2. WHERLE D HERR

50mL /34 TV E U NIZATE LT 7V 20— ARG RS 20mL (2, & L U ERME 5mM &
“ie CGY WthksHh LoD SF-1 k% 1 AGHEH#M L, M TSt r LIEFREME Tz T
[l HA PR 2% (120 rpm, 30°C)% 12 BRAT - 7= (B~ B§548), & B, B8 1mL % [RIFA R D
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FEHUCAE A MR X, [RERO S T T 8 WFMRER (ARG E) R, W2 i 059 BiE TR L (6000 X
g, 10 min.), 3.0mL @ Tris-HCI buffer(pH 8)IZ & L 7= & D Zffiffiji & L T b Fatai oalhriz
MWz, KRB TIZINEZ, FTERE O b B (NayHASO,) % & T FLEE ISR BE . 20mL 12
0.2mL T OBERE L (M1 AL EE - 59 3-5X 107 cells/mL), B&4ME F (7 F I 2B L 0T
NIFY vy T TAAL TN ER, S ZERER)ICE W TEERZE#E L 72(120
rpm, 30°C), EICIZ KT TEEE OB LZFARDLLA L, HREMF TR THI % L TRl
PR 120 rpm, 30°C), M O E SR FHEIFE TSI E2 LT 30CA v F 2 _X— % —|TEE)ICE
WTHRIBRDFER AT o7z, /o, IFME OB LT~ D5E1T. ImM b BRHE, fHFRf.
T LU A TN VA S D TEIN L 7 AL R RS 2 V| BRI T ICB N T
EBREITo T2, e, KRBRADEERNA TAE T 7Y v 7 OIS THEL,
KTV v TR AR A B L CToadTic ik Lz,

3. Resting cell &

RREHEAE A O B R & [RIRRICHT 2 B5 A8 & 12 BERFT o 72 %%, BEERIK 1mL % 10mM b fig
% S oL R RS 20mL IR X X, BRKSRE F (T T VT ARB I T LI v v
TTHRA TN EER, [T A EREHR) I T 8 R [EHRIR % 5748 (120rpm, 30°C) &
1ToT-, B T#., Bk ZE 046000 X g, 10min) TEIYL L, 5mL kU A-HClI Xy 7 7
—(pH 8Tk L7z, T Dk, FIBRICIER L7 smL B REREK 5 A% 1 DIZE L HRALT
v 7 ZATHHE L DB 21T 5 2 &2 Ko TEIRDOYES - B AZITV, 3mL kU A-HCI /3
v 77 —TCIREB L7 b O 2R & L C e BERE CRBRICH W, AR g, it
TEREFE D e s & 5mM FLEE ) b U 7 A& 5 e Tris-HCI buffer(pH 8)(Z 0.2mL 9" >#%FE L | #if
KA TIC B W TRIEIR % (120rpm, 30C) 21T o 7, b MHLETTREBRICI WV T, pH 241k S
WD EAIT I, ARBRIC 3 2 A % Tris-HCI buffer(pH 7.2-9.0), & % M glycine-NaOH buffer
(pH 9.4-10.0)% H\CRRBL L 7= (BTrd &, 1976), 7=, pH 6.5 DI 5728, Phosphate
buffer, } X Citrate Na-NaOH buffer |2 & 0 3Bk 2347228, mIREO Y Vi, KOV =
23 b BRIE I E 2 1558 L= 7=, buffer 20023712 pH 2 F0%E U 7= (FE5RBA4GRT pH:6.51— & T
I5:6.61), RFIRDOHELZPFRLGEITIE, AT MY 7 200V ICEFERFEIR SmM(E
BT KR Z RFEPRE L7cSHEIETOC 1.0g/L: A=F2049/L, ~7 ~06g/L, JRKFE 0.1g/L,
Yeast extract Z X FER & L728E13 1.0 g/L) % & e Tris-HCI buffer(pH 8)% v 7z, 7¢ds, fE
FEJR O G FTE pH @ buffer 2 L7z, o7V U 73R A2 LS RE kS LT,

4. 38T

B D4 b BRI O EE R (Seiko SAS 7500A, 7 L— A53HT) &2 FIVCTHIE L7z,
bR, MHEEYE. HEASERHE. L UEBE. KOHER L UBEO SN A A s~ T T
7 4 —(FA A7 At DX-300, Sr#r4cf: Table 2-2) & W CiT o7, F72, IWRTOHE
FRYEIREE I, Yo 7 9.ImMM H0, #1RINL TeEE e Il Iciib L, kL= 7
ERBILT TN O BBIREOENOEE L, YTV A 70T 4 F —
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(DISMIC-25cs Disposable syringe filter unit :Cellulose acetate 0.45 . m, ADVANTEC) T A& L.
TREELUVOEROROND B DIZHONTILS LI LIHEZITV., REMEEREL
THHricf L7,

5. B DR

MEBIID T T 4 7 F v 23— 60~100 X[ N O ¥ & A FH 2 98 1 8
AFX-DX(NiKon)iZ & 0 E#HGHHI L, £ DOFEIEIC L > TR LT, £72. FEIRBEIEOEE &
LTI FHUV-1200 SHIMADZU)Z & Y JI%E L 7= ODgsp & FH V=,

Table 2-2 Analysis condition of ion chromatography.

Arsenate, selenate, selenite Nitrate, nitrite
Guard column AG4S-SC AG4S-SC
Column AS4A-SC AS4A-SC
Suppresser ASRI-ULTRA
Detector Conductivity UV/VIS (215nm)
Eluent 17mM NaHCO;3; + 18mM Na,COs5 17mM NaHCO3; + 18mM Na,CO3
or 30mM Na,CO;
Flow rate 1.0ml/min 1.0ml/min

FIH RBRERROBR

1. SF-1 #RIZ & 5 b BRHEE T D F AR RFE

O EbBHEETREDHER

SF-1 B b HEEITTREDMER AT O 129, iﬁéﬁﬁ%ﬁﬁbi%%%&:isu\ftﬁ%ﬁ@%ﬂﬁ;ﬁﬁ%fi
1ImM & L CERTERZIT 72, #E% Fig. 2-1 127”7, FEBRBIAE 6 FFRLINICIEIE TR T
D e BENET SN, THIUHE> TEREOIR b BRI O AR HER ST, ;@%ﬁﬂ;ﬁfﬁqﬂ\ 2
S 7o b R K OV e BIRE ORI R G, BRI 4 24 R £ CTIER L72BRIC
HEOR IR SN2 0T, ZOZ LD, SF-L BRIE, bEEA T EEISE LT 56
FIAELTVDER, BefEIbIR T T2 EIXTERVWI ERHLNE T, Hik%E
MAZTWZpnar ba—/LR T, RO e oD KO BROINTEE D &7 h
> 72(T — X REHK).
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Concentration (mM)

@
0 2 4 6 8 10 12 14
Time (h)

Fig. 2-1 The time course of arsenate reduction and arsenite accumulation by strain
SF-1. Cultures were incubated with 20 mM lactate and 1 mM arsenate. Symbols:
diamonds, total arsenic; solid circles, arsenate; open circles, arsenite.

O b BRIk UHETRRHE

SF-1 ¥R b BRMEIE CRE. MOV b BRMEIETICHE D A EO A 2 fR8 L. o b5 Wi
PR Z R T 272010, FIEAE D BB RICB N TS HICHmIRER TORITEREIT -
k#%%szZC?ﬁ PIH e BRIEIRE 5. KON 10mM THEBREIT - 72 R T, FEBREIMS
16 B ICIXITIT 2 ToO v BRIE 2SR T S T2 (Fig.2-2A), 7o, =HEITOHEITIZE - THERD
HATEAGRD AL, BEIoiE T & & LITHEMEIE L= Z 05, SF-1 HE itﬁf{’ﬁ%ﬁﬁ%ﬂ?%ﬁ
DERAEEFZREERELTHHAL, BTLTWD L0 LS, . P b ERtE R
Em\&UKMMT%%%ﬁOkﬁu%%f%bMﬁ@ﬁﬁ#ﬁméhﬁGQZEL;ﬂ
E T, 50mM &) EREE T CTOBETCRBROBEFNI RN &vD, SF-1 B3NS b R
BITREZ A L CND Z EDVRBE N, Lo Lan s, BIROBFEIT 5~10mM D54 X
%ﬁ<\%@Mmm%%E@t%%mn%ﬁéiﬁﬁ@**%%ﬁ%%ﬁFiéﬁﬁﬁﬁ%ﬁm F2BR
B CIIYIMIE RREANTICE TR Lz, E£72, PRV ETTHE DR TR0 5
77

b B A T2 AR L LTRSS T T SP-1 BRODBAFERRE 2 & S ICEEIC R T % 7=
D, b BEAAE T R OEELE TSI T D WA 2 b~ 7o b DO % Fig. 2-3 12737, bERE A
WML ay br—/ LR THETOREBEENRD B2 b OO0, £ OHEEIT b BRI
BRI U 72 RBCRIZHARB DMK, IR SF-1 RO B EHIHZRE L T\ b 2 &0
R SNT-, Fo, BMIEORETE L FHRAREE ORICITMmD TEWWAHEIBIGRA RO 5
NI (Fig. 2-4), - T, ZHODFERENS SF-1 kT, b MEABTFZAKETH2 L TH
JAYEFED =D DT F V¥ — %8153 2% DARB THDH Z L1 /RrS 7z, £7-, 10mM t g
ICERE O e iR 2 F S B2 R T, BEROMIEPHER S NPT 2 b, @ik
JE O b BAIX R IRIIE 2 [HE T2 2 L AR S HL, SO IR (20~50m M) T OiE ik
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BT OHEEREOK T, FMINcfeBEICLHMELECER LTV D LEE
z b,

LLEDORER KV b BRHEIREE 5~50mM (236517 % SF-1 ¥k b R R el E 2B Lz & =
%.1.1~2.3x10"(mol/cells/d) & 72V .DARB & L T%1 54TV 5 Sulfrospirillum arsenophilum
J Y S, barnesii O b et g TH B 2~5 X 10 (mol/cells/d) J 0 & FAEY Vi & 72 > 7= (Newman
etal, 1998), L72>L727235, S.arsenophilum 2 O} S. barnesii &%, BifEE TIZRFES T2
RSN TW5H% < O DARB [HiEC & Bilda+ 25 £ TIT 12 R 2L EoOFFEH 24 L. 10mM @
EBEEZT R TERLOLEADETICHAMAEZET 2 0I12x L T(Ahmann et al.,, 1994;
Laverman et al., 1995; Newman et al., 1997a; Blum et al., 1998; Macy et al, 2000; Niggemyer et al.,
2001; Hoefr et al., 2004; Liu et al., 2004), EBRGFIFDEWNLH 5 H O D, SF-1 #RIT DT 70> 2~4
R O FFEHI O %IECH T b R T 2B L, 10mM o b el 4 FEERBA LG 16 REHI# 1213
FTRTETCLEZD LWV ®UWEMEZR LT, 22T, 10mM B BBEFE TIZHT 5 SF-1
RO MEERE] (doubling time) 2 B H L= & Z A, 44 Kl L 720, ZhETIZHEINTWD
HO XY HEVMEZ R LT2(6.7-14 B5[#: Ahmann et al., 1994; Laverman et al., 1995; Macy et al.,
1996; Macy et al., 2000; Santini et al., 2002), LA EO#EFRA 5, SF-1 #£i%L DARB OH TH &
EMEETREEZAL TN D I EBERINTZbD LN, "M ALV AT 4 o—v a7
TANBATLIFEKE LTHAETHDL EEZ LN,
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Optical density (650nm)
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Fig. 2-2 Growth of and arsenate reduction by strain SF-1. Cultures were incubated with
20 mM lactate and 5, 10, 20, 50 mM arsenate. Solid symbols represent values for arsenate
concentrations; open symbols represent cell numbers. (A) Squares, 5 mM arsenate;
triangles, 10 mM arsenate. (B) Circles, 20 mM arsenate; diamonds, 50 mM arsenate.
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Fig. 2-3 Cell growth of strain SF-1 in the Fig. 2-4 Relationship between the quantity of
absence and presence of arsenic. Cultures arsenate reduced and cells formed. Plotted

were grown on 20 mM lactate and 0, 5, 10 data were obtained from cultures incubated
mM arsenate and 10 mM arsenite as with 20 mM lactate and 1 mM or 5 mM
indicated. Diamonds, 0 mM arsenate arsenate to minimize the inhibitory effect of
(control); squares, 5 mM arsenate; triangles, accumulated arsenite on cell growth.

10 mM arsenate; circles, 10 mM arsenate
plus 10 mM arsenite.
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2. SF-1 ¥R D b MR TTIC B % RITTRER OB

O BEROE

LR TTICKIETMEOREBERIT 5700, IR, BiE., KOS T CHiEE
PEOREERIZLY ImM b BEE ORITTHBR AT o 7o, £ ORER. 45K T CIIE KR OIERE
TRHENFRD LT OO, B BEEIRTIXIFE E A EEE )5 72 (Fig.2-5), ZHTEEEN
Fatli L i L BEMICE FZARRE LRI SN Th D EE X bz, 22T,
b RS L2 AT 5B ClE, EBEIEE TSR ERE RO RV DBRE L OBANE D
59, BICIIFRSME T CHIARRIZITDILD 2 & A6 (Macur et al., 2001), SF-1EEIC L% E
PR OB T THERIEIC L2 b O Tid e HXKMRICE 2D THD Z LBREFMFIT LN
TcEnzx b, —FH, FEEETT iﬁ%ﬁ%@ﬁ?kﬂ:«ﬁ?@77# WO HNTEbDOD, E
BRPHAA 8 FEM% £ CITIX ImM O b BEIE N IZIET 2R b BIEISE TSN, 202 EnD,
SF-1 BRIZ & 5 e BB IR ICIE, E&$@ﬁf CXVMAEEZZT LD, HREHTERSZ
ENMETHDENZ DD, FEBICRKEE 2R OUEITRNZ ERH LN E T, 2
IWE TS LTS DARB IEER ~OIEHIENRN S O3 % < | MaxHFR S TICE
WTCHIFE ATBEZ2 & O & LTS STV 5 O Shewanella sp. ANA-3 #: M OV CTd %
Thermus sp. HRI3 #ED 2 FHE DA TH Y (5 1 S M), £7-. DARB IZ X VU 4F<SM: Tz
BWTEBIER T EZRATZHEIILI N E TIZhR STy, - T, SF-1 FRIZEESHEIC
KT DG E WD H TR FEEZ AT 5 DARB ThHhDH &V Z, RS T CRERENA
BETHD9 2, MOEOWRESTHDL LV EH EERZFEEZHELTND ENZD,

12 10
(B)
1 95
s =
e 08 E 9
~ N
o =2
§ 0.6 © 85
0] ol
EOA 9 8 r
0.2 75
0 i L B 7 L L L L L L L
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Fig. 2-5 Effect of oxygen on arsenate reduction (A) and cell growth (B). Cultures were
incubated with 20 mM lactate and 1 mM arsenate under aerobic (diamonds), static (squares),
and anaerobic (triangles) conditions.
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% 2 % Bacillus sp. SF-1 #RIC X AR OIE TLEE

O MDEFZEEDE

JeDWFFRIZE D | SF-1 BRIZE BB O A Tl < | & L Ul K ORISR % Bt SR O
TR E LTRIAT 2 Z &R STV 5 (1, 2000; Kahiwa et al., 2000), =2 T, Z#auH D
BZRROIAEN  BRIEE T~ RIETREEZMAD720, WiEAE L) BERICEY —f
DEBREIT-T-,

bR L RIS R TERR AT o TR BB OR T VU BIEOFEIC K D
WHEAIEL A EZIT RN ERHA S L A5 72(Fig.2-6A), —H T, L UEBEEO®ETIIE
PR DOFEIC L VAL RELZT e, 202 b, SFL KRBV UEBELIY b el
AR OB/ E U CTEEMICRIET S Z L RB S, HoOWIE, e BES
ZDOBRITICE > TAL D EBIEIC L AENZENTBO LN LD L LR TXS, 2
T, EERMEMNRICICEVIZERSCRESNIZZTH, B L UBER TGS D E
TIZIE T 7 XA AR RBO N2 Enn, B U UBETOREZEERICEIZ DT
Tle Bz b, o T, BEEL B L UBEOBRTIX R DR RICL VITONT
WD BB R S LTc, B L UBBIE DB DOFR, kU b CEEE- b AR O WA 2k
WT, B UBBROBETCIZEVE Y L BB OB, KO L BRI O B 218 0 H i
B EAVUFig.2-TA). EBREH Tl EK P IC o R et L o DA E R T IRADNHER S L,

b - R R TR, EBEOBRTIIMBEOFEICL WV ETOMREEZZ T 72
(Fig.2-6B), L 2>L7eA 6, b EEHEE CITMAEEIE T &R, & L < IXAHBRIEE ok TIE#%
B STV D Z LD BEIBIE I TICB W THIECNIZ e BBEE L3 T Z & 23
Linkieol, —F, HBEETD EBEOCHFEICLIVETORELZT, EHIffEoT
AR OZFE, L ONE L bILE A %) 72 2 & 5 (Fig.2-7B). SF-1 ¥k A7 % et - M iy
FAYEE TR & B BELE T RITIXM S LOBERHH Z L b E X LT,

b BRI U B O 3 T DR TIE, b MR K OMHRAIE DO o id b k-
ﬁ&ﬁif+@%ﬁk ERER D A 7R L72(Fig.2-8), ZDZ &b, BBRIEORICITE

I//E&i’a@ff WRBEEZT RV ENHER S, SOICHBEE TS L U BIED
FAEIS %@%%T&% ERRABNE Tz, —0 B U UREETIE, B REROD

Eéﬁ&i’ﬁwff CEVHEICHEFEELZT, BV UBERCOHG SN ETOT VT Bkt
VVBBEITFR IV LR R TV, 202 En, B L UBBHR TR OAFEIL, il
R B EOBEFZERNETHH ESNICRITHEEINTND Z ERRBI LT,
72, ERANOB(LBETENMIT, FF YT =4 HOBTIHENMVET T 2B 3580 5
Nz OO, BEEEIEICIT 0~0.15V BRE TG INIZZ &b, MEREE M EIZ L D
BRI TT(-0.22V) R0 A # AR & B A Z VAR (-0.24V) D X 9 7 A i R S A L
ELWZ ERER I NI (T v H— Y 2, 1997),
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Fig. 2-6 Effect of selenate (A) and nitrate (B) on arsenate reduction. (A) Cultures were
incubated with 20 mM lactate and 1 mM arsenate and/or 1 mM selenate as indicated. (B)
Cultures were incubated with 20 mM lactate and 1 mM arsenate and/or 1 mM nitrate as
indicated. Solid squares, Arsenate reduction in the presence of selenate (A) or nitrate (B);
open squares, arsenate reduction in the absence of other electron acceptors; solid
diamonds, selenate reduction in the presence of arsenate; open diamonds, selenate
reduction in the absence of other electron acceptors; solid circles, nitrate reduction in the
presence of arsenate; open circles, nitrate reduction in the absence of other electron
acceptors.

1.2
L (A) 14 (B)

0.8
0.6
04
0.2

0

—y
N
T

Concentration(mM)
Concentration(mM)

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12

Fig. 2-7 Selenite (A) and nitrite (B) accumulation and reduction following selenate and
nitrate reduction respectively. (A) Cultures were incubated with 20 mM lactate and 1
mM arsenate and/or 1 mM selenate as indicated. (B) Cultures were incubated with 20
mM lactate and 1 mM arsenate and/or 1 mM nitrate as indicated. Solid symbols represent
values for selenite (A) or nitrite (B) concentrations in the presence of arsenate; open
symbols represent selenite (A) or nitrite (B) concentrations in the absence of arsenate.
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Fig. 2-8 Arsenate reduction in the presence of both selenate and nitrate. Cultures were
incubated with 20 mM lactate, 1 mM arsenate, 1 mM selenate, and 1 mM nitrate.
Squares, arsenate concentration; diamonds, selenate concentration; triangles, nitrate
concentration; circles, Eh.

O RIBHEDE

JEDWFFEIT LV | SF-1 BRI Yeast extract ZHFED RFPR & L THWTW D FIEEMED VR S 4L

TUWN 5 (FA, 2000), = D7=, ErHiF o> Yeast extract £ % 0.1g/L (23 & %, BEFHZ fF 9 K5a&

RICEBNT e BREE T T TRBR OB LTI LI 2A, REFWAMA TV =

R LRIZBW T b R B4R 8 FERET 4 12 60%FEE OO b BRIE 238 T ST (T — 2 N B,
Z T, KRAWDOZBEHEFRIFHE T 572012, Ny 77 —ITRAR L L BIEEO A ZINZ

7= resting cell & W TIRITEBR AT o 72, T OREER, LBEOHEEESS 7L 23— R EORE
AWML R TR EBEOE AR OO0, REFREZRML TR0 ay ha—

NWHRRT = ) =)L, TH =) AH ) —)VERIM LT Tl b BRI E O HER S 72 )
S7z(Table 2-3), ZDZ &b, SF-1RRITAEIEECHE AR < b BEE OB it bk &
LTHIHT 22 EMTEDN, 7=/ —VEFEBFILEMSST S ) —, A ¥ 7 —NVE X
FIHTERWZ ERHA LN olz, Flo, ZRIILT LR o To M, FEED fs
REPEY TH Y BEFEY OWKHEHEIC LV BLSIHEONIEMBEZFATE o 2. AT
KEFMUTZRICBW T HHCNRETR RSN e nd, REOFEREEICEMAT 5
BRIZIL, ARG IIRFBR AR T LN TE LD EEZ LI,
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Table 2-3. Arsenate reduction by arsenate-grown washed cell suspensions of strain
SF-1 provided with various electron donors®,

Arsenate reduced (%) after

Electron donor

4h 8h
Control° 2.7 0
Acetate 8.3 15.4
Lactate 62.3 98.2
Pyruvate 36.8 39.5
Fuructose 23.0 54.0
Glucose 51.9 82.0
Sucrose 25.1 494
Glycerol 13.3 31.1
Synthetic sewage® 75.1 97.1
Yeast extract? 97.4 98.1
Phenol 0 0
Ethanol 0 0
Methanol 0 0

% Arsenate concentration was 1 mM, electron donors were supplemented to suspensions
at5 mM.

® Control experiment without electron donor.

¢ Synthetic sewage without inorganic compounds (TOC=1000 mg/L).

9 Yeast extract 1000 mg/L.

Cell density = 3.25x10’ cells/ml.

O bBEEEDCE

SF-1 #RIC K 2 B BRRIR TS 50mM & W\ ) SREE FIZB W T hitETR Z B NnE o T
2. ZO XD REEEEIZE W CIIEMEAENTED b v, ZIUTHE- T BEETHET
?L%)ftﬁﬁﬂ#méﬂf:o ZO7H, BRI KIET & BRIEIRE OB A RIS 720
resting cell SRIZ KV EBRAITV, BIREIZHIT 5 b BEERCHE % Fig.2-9 (2~ L2 ElE
ﬁ&o-{m&#a%m L7z, ZOfER, c B 13mM AT £ TIRRE O ERICPE S
JCIE OFEINERR S AL 3, K9 20mM 2 BITR TR R S, ZO®RIFTFE—E L7
5 72(Fig2-10), ZDZ &b, miREEICB W T e IEE LT Do, 20mM LU ET
EZZTHZENHEMNE T, ZTIT, Fugzsa_rw_ﬁu EARO RAEIZIFE AL
209 L EOEVMEZ R LT Z & n EBRIIENICIX WZPREWAR LB B BRIEIZ K 5
FLERET o bDEEZX LN, > T, ZIT &bam_mo;%r“ﬂz BT 2iET
HEOKTITE BAKOSRERFICLIbDEEX L,
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Fig. 2-9 The time course of arsenate reduction by resting cell suspensions of strain SF-1.
Cell density: 2.5-2.7 x107 (cells/ml)
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Fig. 2-10 Effect of arsenate concentration on arsenate reduction.

O pH D

SEDBFFRIZ X 0 . SF-1 #RI% pH7.5~9.0 D7 /L U Il THFEA ATRETH ¥ . itk pH 1% 8.0
ThHhdZENHLNEZRS>TWA(H, 2000), & 2T, SF-1 D b EEEICIZKIZT pH O
WL 57, resting cell 2z HWTEREIT, Fig.2-11 1278 L 7= S BB K& O
RIS e IR TR E 2B L7, £ ORER. SF-1 #ki3 pH7.2~9.4 DO#HilH T b DR
TLAARETH Y | SF-1HRIC & % b BRHEIE ST RIS DO fli pH 12 9.0 TH D Z E BN E >
72(Fig.2-12), F7=. pHES IZB N THE T OB LR I I, pH7.2 K94 2B\ Th
DR SCHER SN2 Z e FHEERE T A VB W CH BRI E % & < fRD
ZEIZEoT, EORVIBEBTLNARETH D EE 2 b,
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Arsenate (mM)
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pH 7.2 pH 9.4
1 y = -00168x + 09155 1 12 1 y =-00217x + 0.9769
’=00985 pH 8.0 : R% = 0.9769
08 & _. 08 y = -0058x + 08245 —=
L\'-\‘ s 2 2 08 p- ¢
06 b v=-00103x +07501  E gg | R™=0.986 E vy = —0004x + 0.8409
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Fig. 2-11 The time course of arsenate reduction by resting cell suspensions of strain SF-1 at

different pH. Cell density: 3.48(pH 6.5), 1.94(pH 7.2), 2.50(pH 8.0-10.0), 1.54(pH 9.4) x10’
(cells/ml)

x 107"*(mol/cells/d)
O = N W Hh O O

Arsenate reducion rate

6 1 8 9 10 11

Fig. 2-12 Effect of pH on arsenate reduction.

FAgE ER

ARETIEL, YHFFEERA O L iR il Bacillus sp. SF-1 Bk b FeHE T e 2 fEad
L. bEEBYRHERE~OHEM & WO BENS, 0 b BRI O FEARRERIEZ B 5 )\
L7, ZOFER, SF-1 A BEE TREZ A L TH Y, EBIELZ IRE IR OB 251k &
LTELT 2 DARB TH D Z LR SNz, F7o, bEERE 50mM &9 &iRE R T
HIRILEEA N L, BEED DARB IZH A R CHIA E COFBEHMNE NS 2, e
B ZREE LEBROBEEENEHNZ END, "M AL AT ==Y arTukwA~E
AT HERE L THEREKR TH D Z RSN,

SF-1 B b HEE TR A S OICFHEMICIH BT 5B SAFM T2 2 &2 HY
E LT, BITICEEE RIETEEK T O 21T o o R, RS FIok W\ T e BEE T
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MIEZZITHZ 0D, SF-1 HRIC K 5 e BBEE TP EMRICE SO THD Z LN
fHF oD ERRHZ, ARG T THO EBEECDFRETH D Z EDN RSN, £,
ZARTR A RRIE-ORE 2 E IRIEE C OB LGRS LCRIHT 2 2 EBARETH Y . AT
KERNTERICEBNTHELOLREBERICEZIT) 2L E o7, - T, FE
OEGEEICHEA T 2 BIC1E, MR SICIRFBIRZ AT 2 ZENARETH Y | Bk
RS T 2ROV ERENE D L2 5, £, SF-1HRIC K D e R TIIE L U BRE
DFEIITEEZZ T, —FH, HBEOIF T CEETORELZZ T 2000, ML T
HONRIBILNFRE TH D Z ER N E R o7, Fz, BRI CHEE X BIERED
ST 223, 20mM BL EOERER TR T T2 2 0B bn ol S HIT,
PH7.2~9.4 DHiPHT b IR ICFREToH 0 | PIEMHECm 7 4 0 U T b BRI L 2 & <
RO & T, DEORVEEETNARETH D Z LR I,
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# 3E Bacillus sp. SF-1 £k b BRI R T4 D AR ST

F1E WS

52 BBV T, SF-1BED b IR 2 R KR OB 5k & LT 7 % DARB Th D
ZENREMIT NN, ZOETCKISIZED AR RICE L TIMEF L Tuniewy, BlfEE
TIZHEZN TS DARB 1%, EEBELSMNI IR REBRCA X Y T =4 Hie 8 2%
FZBERE L CGREILTAZENARETH D Z L1, T TITHE 1 ZEITBW TR, SF-1
BRIZOW TS B BIELSMNCE L VBRI E 2 BT/ R e LTEILT 5 2 LA L
& 725 T % (Kashiwa et al., 2000), Z 41 & &l o ESR R O BHEOFFE 72 EI2 OV TRET L
BT DR, AR TIHREL TV D LIS, EBERTEHEZANTAI AL AT 4=
—a TR AERHBEL LD ETIHEAICE., B BEE TR OFECMOE R R
DETEEZER L OBE A HSICHIE L, 7ot X0 SBI R ikEF L EiR- S AIT 5 720D
g 272 CHZ ENEEND, HlxIX, b EBEIEICO YRR TSR D IR A R TEMEIC
L VITONBHAITIE, M TRICH T D IEHIR R ILE 28T 5 72010, YRR ofF %
Bk 2 AT E D R D HAL D, & 2 TARE TIX, SF-1 BRD b BRHE TRESR O A L7 RRME,
AN T L Bt K O FR R TTRE SRR & OB 2 fi#il 9 % = L 2 B & L T, resting cell
R OB IR & T fi 2 ORiet 24T - 72,

B2H EBRMEIROTE

1. HEEREEH

AREECHAH LR AR SE 2 |ICHE L, SRS TIcBiT & Ik, &
FZAMRE LT 10mM EFERt, B L omeiE, b U < IRRNEEE 20 % 7o FLIR SRR HE B b 2 ]
VY, 50mL BEAAL TAE L EHWSGEICIE, TFATLMBIORT VI Xy v TS TERER,
500mL A=A 7 7 AT, WHEKEINRT7 7 4 2@EBLTCT7F LI TEHEE L, K4
MAERER LT, SF-1 BROEEE, B L Ui, MOWBEE I RIET Y I RAT
R OB EFTIRDERCIE, 1mM ¥ > 7 2T VIR 2 N 2, BT ZRIRORE
X 1mM & L7z,

2. resting cell & fV 7= Z8

O Oxygen-grown resting cell &
5 2 FEHGE A 1 O K5 R L RIERIC Al 2 K58 & 12 RefHAT - 7o 1%, B58 IR 1mL % [RIARAR O 1%
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A 2 A X [AERO S T C 8 IpfHl [BIAHRZE5 48 (120rpm, 30°C) A 1T 70, BEE#E T4,
A % 35 0y BiE(6000 X g, 10min.) CEIUX L, 5mL Tris-HCI buffer(pH 8)IZ 5k L 7=, Z D1k,
RNVT v 7 ATHRILEODBEEZIT S 2 12 K> THEIKOBEE - BILZFTV, 3mL Tris-HCI
buffer TIEE L7- b O &M & L C e EsE, & L o & OWEERHEE oilBR I W e, 32
JLARBR TIX 2% 50mL 31 7B NCaELT ImM e g, LU B, & L < I3
Fet & 5mM FLEE T~ kU 7 A & & e Tris-HCI buffer 20mL (2 0.2mL ¢ o#FE L, Btk S T
IZB W CHIERIRZ(120rpm, 30°C) & 1To 70, 7ok, Vo7V U 7 HIKITE 2 mICHELD, eig
W, v o, KOWERRIEIZ T Y v AL LR T,

O Arsenate-, Selenate-, K& O* Nitrate-grown resting cell %

5 2 BHAGE 2 P O BEER R L FERICAT ~ B5 8 4 12 el T o 7otk H548IK 1mL % 10mM t
Fesf, B Lo, b U < ITAHBRHE 4 3 T LR EERR IR IS Hl 20mL (ZHE 2 A . BRSSRIFE T I
BT 8 IKffiF (Arsenate- & OF Nitrate-grown cell 2 DH4) % L < 1X 20 5[ (Selenate-grown cell
ROGE)V AR IR R 21T o 7o, WEK TR, FRZ = OB CTENX L, 5mL Tris-HCI
buffer(pH 8)IZiki L 7=, £ D%, [FARICIER L7z 5mL &K 5 A (Arsenate- & Y
Selenate-grown cell A OHA)H L < 1% 3 A(Nitrate-grown cell SADEE) % 1 DIZE & OARNLT
v 7 AT LiE ODBEZAT O 2 L I8 X o CHIROWER - B Z1TV . 3mL Tris-HCI buffer
THEL-LOEMEIRE L Ce i, &L oG R OB E BRI H W =, #ooik
Br o> J5i1%. Oxygen-grown resting cell RICHEL 7=, £7-, B LU MEABEFZRFIAL LTH
& LCEIRICR LT, ' U B (AmM) M QR (ImM) % 15 5 & T R 12 BV T h iE ek
BRAEAT o7,

O MEME DR

BILHRBRIZBWT, /77 A7 2=a— LOEBEPFRLBTIE. AX ) —/VITHEML
THMATHRLEZLOZ AW, KEBEN 20ug/mL &722 X2 ICRBRARICINZ 7=
02mL/IL DA% ) —)VE&ET), £, 7 eiE, HKIRE 05mM &7 5 K5I U
LM & U CRBRIAIRIZIN Z 72,

3. HEERE & AT SRR

O HEERIE DT & UHERE AR O 43 H

5 mM & L g% Gt CGY EHEM o> SF-1 #k %, BBREMNICHE L/ L o — A%
BEIEIEH 5 mL IZ e H 2 VTR L, ARSI TICi W CRIERIR %154 (120 rpm, 28°C)
T 14 FERAT o o (A2 1H538), 61T, HRKR 10 mL 2> ) afe THEA L2 LEEKRKO 7
7 A a i OFRFE OREHE 500 mL ITHE X MK, [FERO G T T 9.5 IR (AHEE) %, &
{4 % 13003 Bl C a0 (8000 X g, 10 min, 20°C) L 7=, [BIX L 7= B 1A % FLER MEREHE S 1 120 mL 12
ML, RS Lz, RSB CIIINEZS00mML ARE=A7 T AahO e, L@
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%5 3 % Bacillus sp. SF-1 ¥ROEREHE R o2 RISt

. b U< IXRERE 2 5 o fLE MEARHE B H 500 mL (2 10 mL PO L, BRRSM Tick W
T20 B S LI 10 REI(E et b L <IX e L U 2B 12 /IR & L2354, 8 Rt (Rl
MG 2 E 2 RRE LI28A), BIEEIREESEE(90 rpm, 30C) 21T 7, Z OREEKR 215 057
HE(8000x g, 10 min, 4°C)T 5 Z LIC L VAR L, ki L7z 1 mM DTT(dithiothreitol) & 7 ¢ »
Tris-HCI buffer(pH 8.0) (BufferA)50 mL Tl L7-t%. BN LDEEEZIT 72, Z OEEAE 2
[ 0 K3 Z LI L0 EIROVES « B EIT > 72, WK & RIRER Chllmm L T, —
REfRAE L 72,

RO X DB U AR (FLER SRR RS 1 L B8R0 &, KPP O LT, ki LTz
BufferA 10 mL TH&#E L, 717 7 —EHEAITH % PMSF(phenylmethane sulfonyl fluoride,
A TanN ) = VKV EERE 1L mM L7225 X527k, 7L F 7L A
(SLM AMINCO Instruments Inc. JE7J 1000 kg/em?) % N THRERE L 7= & 0 & HIafE#viE & L7z,
10 mg/mL DNase &% U* 10 mg/mL RNase % 100 u L #2845 Z L2 X 0 g4 R L,
2600 X g T L4y BES min, 4°C) U7z BBk 2 MEERIR & LTz,

% SE DAIIEN T O JBEL 2 [ E T 2 BRI, Kaback(1971) D 5 iEI2hE -~ T, MIRARE %
fECiH Cint L7 BE(900 X g, 15 min, 4°C) 35 Z LI K 0 | MR BE A 0 Al (R A 7% J ) % B
Wtk R T O LS EE45000 X g, 1 h, 4C) 24TV, MR AL 43 (D) & MR B i 4y (b 1
BN 57 LT,

O bR, & VRt R OB E uBE R TG D RIE S i

bR, B U R K O RIEE S RIS EORIE 1L, Stolz & D J5%4(Stolz et al., 1997)
EEEEL TiTo7e, ZOHEE, EYVF AT M) U ATEL LZE DL
vt u s E NTIRETEGRE L THWD R, Ry eda sy o dze2xh camic
BibEN5720, NEROFHEIIAE T, BKT v N—HNTITo 72,

HETHD2 mM EigE, LU, b L IR %2 & A7 Tris-HCI buffer(pH 7.4)
AL Ny EHLL OV He BHUC LY | WIROM R AT 72, £D%, T ORKEIRIZ, &
HEARTHD 040 MM XU VAt u 7y OB O T A4 — VLD R#A]ITH 2 0.10 mM
DTIT 2L, SHICETAHITHD 023 mM LT AU U v AZMZ T, WERFP O
MEEREL, UL R R L b 0% RISEIKR L L= (Table 3-1), S
ik A . ABRE (13X 100 m/m)IZ 34 mL 253 E L, 7 F N TLTEHELE LIk, 5L
(Ocean Optics Inc. USB2000)(Z 7% (& L 72, £ D%, 30°CT 60 7y LA LJkiE L T, 546 nm (Zd5 1)
DRNEDN—=ZATA U P—ETHDLI L AR L TNH,100 uL~A 27 P ThE
RV (HEE R R, AR oy, M 5255) 50 wL 2335 2 LIS k0 RISZEBLE L
7oo BRI OKIEE IR 28 eRTE T, Bl v ed a0 o 546 nm 28
T B WG DR AL Z I E L (Fig. 3-1), 30°CIZRB W T, 140047720121 pmol DIE %
BILT HEEFREL Lunit(U) & EFE LT, BRERTIZE 2 RTEMEORRIEMEM 2, kX
Lo TRD,
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Fig. 3-1 Oxidation of benzyl viologen coupled

- to arsenate, selenate or nitrate reduction.

A As:546 nm (231D — ORI DY DZE (b (sec™)

Rv: BUSE E(mL)

Ev: B IAIR O 4 (mL)

e WEAR%;19.5(cm™ - mM ™

| R 1(cm)

Iv: IINU 7= B R AR 0D & (mL)
Thb,

KEEFIRIE D X2 R ERIT, DC 7 us A 7 vk A F v MBIO-RAD)Z AWV T,
Lowry i%(Lowry et al., 1951)ICHE U CTHT o 7o HEX XV & L THRIMIET V7 X v &l

L7,
Table 3-1 Reaction mixture of enzyme assay.

Ingredients Concentration (mM)
Selenate/Arsenate/Nitrate 2.0
Benzyl viologen 0.40
Sodium dithionite 0.23
Dithiothreitol (DTT) 0.10
Tris-HCI buffer (pH 7.4) 50

4. i R OEAEE O FHH]
F2EICUEL I,
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%5 3 % Bacillus sp. SF-1 ¥ROEREHE R o2 RISt

EIH RBERROELE

1. b REETREOFHEMEICE T SRS

SF-1 BkDH T 5 b IR CEER OFF SR E L RFTT 570, BERIE, & U BB, Mg
., ROBEBEERSEM T)2E 25K L TH;# L7z resting cell(Arsenate-, Selenate-,
Nitrate-, } T} Oxygen-grown cell YO b R TTRE 2 7=, O HR. b e o0& TIx
Arsenate-grown cell TOAfER I 7= (Table 3-2), ZDZ &6, SF-1ROHT 5 b fistiE
TREZENEREDO LD TEARALSFEMEOLOTHLZ ERTBINTE, &bIT,
Arsenate-grown cell (X, EEHERICEZ AT 200, L UE, KOMBEEE TEL =~
7o do 2 LB (Table 3-3), SF-1 #RIZ K 2 B BRHEE TIZIE, b BRI RF AR E 2R
TIEICHERERDRED S TWDL Z LR INT, —FH, FURVEGREREST 52 & TH
bILo /v T A7 2=a— LOERFETIZENTS, EBEETIAELZ T 52 L
1T L7-(Table 3-4), #t~- T, EBRANICKIT 2 EBEIECIX, AEEICBWTHFE IR
THERIZED DO THDLEEX BN, o, BRI, MR O E7 D Kikigb
METHLY hrrh ¢ IFXFVHX—EOHEAE LTHODT P (NaNg)Ic L 0 R
T\ To T L b (Table 3-4), SF-1ERIC X 5 B BBHE LR 2 B /I & LT af
KRR TR DFERICEIVITOILTWD Z RIS NT,

L EORREZREGT D&, SF-1 #RIC K 2 e B TICIX, EBRIERE FOATHELZ
F. o B BB R RAICTE A R T DR LR b o T A b D LB X b LT,
BAEBES LTV 5 DARB D720 C R ORI A vz 77 LfaPEE O Chrysiogenes
arsenatis (%, VU 7T X LTKEMEDO L FRIETCHEFE L AT H 2 &R I TE Y (Krafft
and Macy 1998), — 5 C, 7 7 LBEIMEE T 5 Bacillus selenitireducens (Ff#E &7 o b R
WITHERE AT D EAREIN TV S (Afkar et al, 2003: % 1 EEM), 72, b0t
PR TR ITFHFEMEDO LD THL Z EBALNE RS TVD FH2ETRINTZ LD IT,
SF-1 #RIC & D e IR U BRSIFRIC R Db D THDH T L aB R D & SF-1 KRB RIRRIZ,
AR EICHEEO e MEETCHEREA L TOWAREEREH WV EWVWZ D, —&IZ, 7T A
BETPER 1L 7 T SPEVER & MRS OMEIEN B 0 AMEEZ R o e Wiz XU 7T XLE(IC
LT D KENE DO MRASMNER I IE G \ZEIRNAA M S D Z LB TND, £DT2),
7T LGPEE TH D SF-1 RS EITRG R IR WO CHIKR R B IS KIS ORESE & £ 0E L 723555,
DIF & A ERERDOVEABRE TIY BR2 TV D ATREMED BV, E BRI A BRIk e L
TR LUEEAERD e BEETEEZ R L, &5, RN TO EBEE TSRS RICB O TH
HINTEBIHMREIZLDBDTHTZ EEBEICAND &, SF-1 HROAT 5 b IBIE T
BESRIE, BRI ImESE &9 XD i B, selenitireducens & [AlBRIC, & L CREMEOHG
BAE SRR CTH D b O LR S 7z,
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%5 3 & Bacillus sp. SF-1 ¥k gt s ot 2B Ak,

Table 3-2 Arsenate-reducing activity in arsenate-, selenate-, nitrate-, and oxygen-grown
resting cell suspensions of strain SF-1 with lactate as a electron donor ?,

Reduced arsenate (%) ° after

] Cell density °
Resting cell .

4n 8h (X10° cells/mL)
Arsenate-grown 62.4 98.2 3.3
Selenate-grown 0 8.1 3.0
Nitrate-grown 0 0 1.6
Oxygen-grown 5.2 0 2.8

2 Initial lactate concentration was 5 mM, arsenate concentration was 1 mM.

® Results were expressed as the percentage of reduced arsenate after 4 h or 8 h incubation. Initial
percentage before incubation was considered as 0%.

¢ Cell density indicates cell number per ml of the suspension. Cell growth was not observed during
incubation.

Table 3-3 Arsenate-, selenate-, and nitrate-reducing activity in arsenate-grown resting
cell suspensions of strain SF-1 with lactate as a electron donor 2,

Reduced arsenate (%) ° after

Cell density °
Electron acceptors ;
4h 8h (X10° cells/mL)
Arsenate 62.4 98.2 3.3
Selenate 0.5 0.4 1.3
Nitrate 3.2 0.9 1.3

2 Initial lactate concentration was 5 mM, arsenate concentration was 1 mM.

b Results were expressed as the percentage of reduced arsenate after 4 h or 8 h incubation. Initial
percentage before incubation was considered as 0%.

¢ Cell density indicates cell number per ml of the suspension. Cell growth was not observed during
incubation.

43



%5 3 & Bacillus sp. SF-1 ¥k gt s ot 2B Ak,

Table 3-4 Arsenate-reducing activity in arsenate-grown resting cell suspensions of strain
SF-1 in the presence of inhibitors with lactate as a electron donor °.

Reduced arsenate (%) ° after Cell density °©
Electron acceptors .

4h 8h (10" cells/mL)
No addition 94.7 100 7.22
Sodium azide 93.9 99.7 7.22
Chloramphenicol 96.2 99.8 7.22

% Initial lactate concentration was 5 mM, arsenate concentration was 1 mM.

® Results were expressed as the percentage of reduced arsenate after 4 h or 8 h incubation. Initial
percentage before incubation was considered as 0%.

¢ Cell density indicates cell number per ml of the suspension. Cell growth was not observed during

incubation.

2. b RHE TR DO RTELDRIE

FRETHEE S L7z SF-L RO AT 5 e IBRIR TR O R LA RET 572012, bl %
BRI E LT Lo iR 2w BT 2 Z I X Dyl L, 2 RE O sy
D & FREIZ 33 2 iR e R TE A & G~ 7= (Fig. 3-2),

ZOFER, IR 53 (2B: 48U) DFATEMEAE (Total activity) s Ml (1 96U)IT Xt L T
50% & mVMEZ R Lo, Eo, MIEMHEMEAZ R T O X 37 B ETH L TR 72 G HE
(Specific activity) & HIRIEE 4> (2B: 12U/mg-protein) 23t DO /312 bR Tl b iV Ml &2 78 L 7=
T EMB, SF-1 BRO b BRHE TR I THINAICAFE T D Z LVREaNT, TDI Enb,
SF-1 ¥kDA 9 % b BetiiE cHE35 1. B. selenitireducens o FALTH b Beti R THESR & [FIERIC,
AR FE S L COW A RS A TIOEER CTh 5 Z L DR I LT,

44



%5 3 & Bacillus sp. SF-1 ¥k gt s ot 2B Ak,

(1) Cell extract
96 U (2.0 U/mg)

(2) Crude extract (3) Cell debris
67 U (1.4 U/mg) 14 U (2.6 U/mg)
(2A) Cytoplasmic fraction (2B) Membrane fraction
21 U (0.4 U/mg) 48 U (12 U/mg)

Fig. 3-2 Localization of the arsenate reductase in strain SF-1. The data represents total
activity (specific activity) of each fraction with arsenate. The enzyme activity was
measured as benzyl viologen (artificial electron donor) oxidized per min.

3. BERIE, & LRI R OHEREEE TTEE SR O B DR e

SF-1 fROAT D BRI, &L UEBE, R OWSEERE 2380 D RERREOBENE 2 G 2
7=, Arsenate-, Selenate-, Nitrate-, % OF Oxygen-grown cell (Z DWW TH& %~ & L gt &K
THIEIEE ST & i~ T,

ZTORER, L U ORI, Selenate-grown cell T A fifsd X 417-(Table 3-5), Z D =
LD, SF-1 BRICE B L UBBIR TSI, B BIEETTOERA L RIS, & L U BRIEFLE
T TORFELZT DFEMDOE UV BEE TR N D> TN D ZENRB I, o
AU LT, BB ORI, Nitrate-grown cell DA T7 < | Selenate- X Y Oxygen-grown cell
IZBWT sl S 4v7-(Table 3-6), L72>L. [ resting cell (IZ# /"7 EEREZHETLZ &
THOLND BT L7 ==a— La Nz TREROERZIT > 72 & & AHEERERIE T RE %
ZFTZ e, HEETHEELFEEOLOTH DL I ENRBR I, £, BELUEE
HE R ORI O T 5% L CB CHEZ 7k L 7= Selenate-grown cell %z, & L U BRHE L ikt 45
LRICMA EREZAToTo & 2 A, B U UVBEE & EBE ORITITRIFHCET L, B it
RIFLE TR b 722> 72 (Fig.3-3), MA T, [FRDORIZI/ v T LT z=a—LERMLT-
LA, BLUBEOETTITIZEAEREEZ TR0 OITK L, B ORIT T
7ePREAEZ T 72(Fig.3-3), 2D Z &b, SF-1EDE L VIR L iEIRIE DR T B 72 58T
BERIC L VAT TWD Z LR S L7c, —J57, Arsenate-grown cell [3RSFEER CREZ A
7N E N ) FERNE S AL(Table 3-6), ZHUIC R Y, bR CEEZEOFYEIC L - CTHYERE
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BICHROFENHELZIT L 2 LRI,

U EOFRERNS, SF-1 BRITD < &b, e, B LU U, R OREREZ 2 hicxt
LT, MY L CHRESNLNMEOECHELZAT 5 Z LRI, SF-1 HREFERICE
L FRtEE T & L CHLEE S U7z Sulfurospirillum barnesii SES-3 ¥k resting cell % J 7258
JCHERRBR CIE, SF-1 £k & 1T %72 v | Selenate-grown cell & %\ X Nitrate-grown cell 2348 A1)
72 YRR JTTRE A A L. 11 Arsenate-grown cell 23 L VR 2445 Z & VIR ST
% (Laverman et al., 1995; Oremland et al., 1999: % 1 =& M), < 512, SF-1 £ & A& @ Bacillus
arsenicoselenatis E1H #k(1Z3 U CH . Selenate-grown cell 23 HEEHEE SCRE A FF7- 37, B EEHEE
TLREE AT D &V ) BT ERNHE SN TS (Blumetal., 1998: 45 1 F=5 ), £ D7=
D, TAHOEKTIIE L UBER S U < IXHEREIE TR DY b BRHRIR JURE 2 £ D v BEME DS
% &V, DARB O % b BRET-OM DO FE 72 A IRE TR ORPEIT R Z L I2R -
TWD Z &R E T,

Z ZC LR resting cell Wit L VG DL LA REE L~V TEIET 57
WIZ, MEEREE W oE iR 21T o7, EBuix, b, v Lo miE, ROk
WEEFZARMRE UTHRE LCEEROHBERIKENZIT LT, e, &L oM,
K OHRRHR TR ORI 2 HET 5 Z LIC K ViTo 72, TORE, b B, &1 VBRI,
KO 2B TR R e U TR LEEEROHBRIRE TIZB W T, BEFICHWEE
TR ZE FE & U2 BRO#IE A (Total activity) 23 & @7 7= (Table 3-7), Z D Z Lk,
SF-1 ¥R e R, &L et ROMERRMEIE CIE. B2 D558 DETHERIC LV Al S
NTNDHZEPHRTELBDENVWR D, Wo T, SF1 #kZ TEF(L AL AL AT 4 =—
Va CHEAT OB BOSOTE A O b R TR ITH Y A PO ERIEIC L - T
FHEINDTD, CBEETE AR T 2720128 U U BRROMBRRE 215 %Y1 F i
BWNT 20TV EBZ DN, 72, b 2 OB 2RI R E %221
DIl EBIEEBILCTED ZENAMRL L TEIES NI E0 D, IR
A4 MZHFTHHEICH, TNOOBREDTZO DRI TR ZRE T HLENRNT &N
ANV W

bR, MO 2 B AR L U TR LC RO BRI L Tk, o RE
WX DIEMEME A, E e e BRtE, HIRHE 2 SPE & L2 BRORIEME O 10 700 1 UL
CIRWMEE R LT, 2O &, SFL BOAT D B ERE, K OHEEHR TR 13
BRREZA LTS ZENRBINTZ, X LT, B L v@EsE R ke LT
B UTo IR OB R IR Tl B BRI )3 DTS & U BRI a3 2 IS M D 27%
I EVMEZ 7R L2 2 &0 6 (Table 3-7), & U AR JTRESE O B R M X LAY A
<. TOFRENRMLO 2 FEE B0 D Z L WRB ST,
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Table 3-5 Selenate-reducing activity in arsenate-, selenate-, nitrate-, and oxygen-grown
resting cell suspensions of strain SF-1 with lactate as a electron donor ®.

Reduced selenate (%) " after Cell density ©
Resting cell ;

4h 8h (<10° cells/mL)
Arsenate-grown 0.5 0.4 1.3
Selenate-grown 51 13.7 1.5
Nitrate-grown 2.2 0 1.2
Oxygen-grown 0.5 0 2.8

2 Initial lactate concentration was 5 mM, selenate concentration was 1 mM.

® Results were expressed as the percentage of reduced selenate after 4 h or 8 h incubation. Initial
percentage before incubation was considered as 0%.

¢ Cell density indicates cell number per ml of the suspension. Cell growth was not observed during

incubation.

Table 3-6 Nitrate-reducing activity in arsenate-, selenate-, nitrate-, and oxygen-grown
resting cell suspensions of strain SF-1 with lactate as a electron donor 2,

Resting cel Reduced nitrate (%) ° after Cell density ¢
4n 8h (< 10" cells/mL)
Arsenate-grown 3.2 0.9 1.3
Selenate-grown 16.6 43.6 3.7
Selenate-grown with Cm * 11.7 30.2 3.7
Nitrate-grown 35.8 49.1 3.9
Oxygen-grown 8.3 19.7 2.8
Oxygen-grown with Cm ° 6.2 2.1 3.9

% Initial lactate concentration was 5 mM, nitrate concentration was 1 mM.

® Results were expressed as the percentage of reduced nitrate after 4 h or 8 h incubation. Initial
percentage before incubation was considered as 0%.

¢ Cell density indicates cell number per ml of the suspension. Cell growth was not observed during
incubation.

¢ Cell suspensions were incubated with 20 mg/l chloramphenicol (Cm).
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Fig. 3-3 Effect of chloramphenicol (Cm) on the selenate (A) and nitrate (B) reduction
by selenate-grown resting cell suspensions in the co-presence of both oxyanions. Cell
suspensions containing 5 mM lactate, 1 mM selenate and 1 mM nitrate were incubated
with 20 mg/l Cm (solid symbols) or without (open symbols). Symbols: squares,
selenate concentration; circles, nitrate concentration.

Table 3-7 Comparison of the reductase activity in the different crude cell extracts with
each of terminal electron acceptors 2,

Crude extracts from Enzyme activity (%) ” for each electron acceptors
cells grown on: Arsenate Selenate Nitrate
Arsenate 100° 7 2
Selenate 27 100° 3
Nitrate 2 1 100°

% The enzyme activity was measured as benzyl viologen (artificial electron donor) oxidized per min.

® The percent enzyme activity was calculated by giving a value of 100% to the enzyme activity of
each crude cell extracts on its specific substrate. Each value represents an average of two analyses.

¢ The activity of arsenate-grown cell extracts with arsenate was 47.3 U.

9 The activity of selenate-grown cell extracts with selenate was 17.6 U.

¢ The activity of nitrate-grown cell extracts with nitrate was 48.4U.
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4. e, BV UBRER OHBEE T RIETZ T AT VBRI DR

BEF CICHE-IN TV B LAl e R, & L VR N O ERHE TR R IX T D Z < M
BV T TUEMRTE LTHEREFRLNCAHT2E 7T VBRETHDL ZENRBINTVND
(van 't Riet et al., 1979; Prins et al.,1980; Chilkwem and Downey, 1982; Schroder et al., 1997; Kraft
and Macy, 1998; Afkar etal., 2003), ¥ > 7 AT 3TV 7T LRI TETHDHIZH, T
TTUBRDEGROBIC S o T AT VRN EIRE CTHET D L, iR TIEMEH O
D ZFEN, HEICKHT2ETEBOE TEZH< Z E03H 6TV 5 (Prins et al.,, 1980; Chauret
and Knowles, 1991; Dowdle et al., 1996; Gates et al., 2003; Watts et al., 2003), % Z C, SF-1 #k%
B E T OBRICE AR TOL MR, B L UME, ROMWBBEIZINZ TE o T AT
VA IINL T, TN ENOERICIC KT TREL T (Fig. 3-4), X% 8 WefH] (b EA,
KO L Uomi), b L<IX 4%%@%&)%w?%%ﬁot%@ﬁﬁmﬁm%h%ﬂmﬁ
FZBRDEITLETRL TN D,

BT AT B ERIML TOWRWRICHRTHE U T AT VBRIEZ IR LR T, &
@ﬁ\tVV@ﬁ\%@ﬁﬁ&fﬁﬁwf®§ﬁ®kmﬁﬁT#ﬁ%htoLk#of
SF-1 OfF T 5 e, BLUomE, KOWHBEE R I TINETITHESNA TS
bOEFRIC, BV 7T U EBEERLET DR 7T UBERTHDL Z LRI NT,

100
90 -
80 -
70
60
50 -
40 -
30 -
20 -
10

No adittion
O With tangstate

Reducing activity (%)

Arsenate Selenate Nitrate

Fig. 3-4 Effect of tungstate on the arsenate, selenate and nitrate reduction in anaerobic
growth experiments. Cultures were incubated with 20 mM lactate and 1 mM arsenate,
1 mM selenate or 1 mM nitrate in the presence or absence of 1 mM tungstate.
Reducing activity was expressed as the percentage of initial arsenate, selenate or
nitrate reduced after 4 h (nitrate) or 8 h (arsenate, selenate) incubation.
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FAE ERN

ARETIX, SF-1 BROF T 5 b FBRIER ISR O FARBVRFECE L o BB M OV e HR I o
R OB AR5 Z L &2 HIGE LT, resting cell X OSHIRESRIR & WG 21T o 72,
SF-1 BRIC X 2 b BRRIR T, EBBRAFAE O THE LT, 70 b BRI IR RAYICTE
PEART E BRERCER N D> TWA Z LRSSz, 72, SF-1 BROAFT 5 b BEEIE
JCEESZ 13 Bacillus selenitireducens @ B b BarEis CEESE L FIEEIC. MIPEICHRES LTS
REEMEOBFEARELE TH D Z ENHL N E o7, B L U BRNEE T OEBRHLE CIC b
FERIC, ENENOEREFIET CHEELZT HFEMORITHERENED > T\D Z L DVR
Sh. SF-1 BRI b b, BERE, B L UERE. REERE T AU LN L CREE
ENDHHUEDOBE TR EFT D2 EPRENT, > T, SF-1 Bz BB b A AL AT
A== a AT AR, e BEE LA O R OFECE L U RIESCHBRERR S
D= DO TR Z BT 20BN Wb O LB b, £7o, SF-1 BROFT 5 e gl
SO FRHR TU ISR O SR R AR TV & L R HIR TSR O JLE R B VX R IS
. ZORMENRAR L Z LRI, TAHDRIIERIL, Y 7T U AEETLE
THEV T T VR THDLZ ENREBINT,
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% 4 7 Bacillus sp. SF-1 £k& H W= EAHLOESE AIE L

% 4 FE Bacillus sp. SF-1 & W= BN S O & RRIEBEL

F1E WS

%5 2 FIZH T, Bacillus sp. SF-1 #RIXBEE D DARB 2kt~ b RS TR tA £ COFEE L]
MR, HREE T CHOHIENAIRETH D70 Y, A EERI-FIREA LTS Z LA
Linkrole, ¥70, MIREOEBIEFET CHLEDREILVAETHLZ & Enn, §F
B RREORWERE COISHANMEESN D, LLARRLZNLOMIZT T, #HiK
FCOEBRTHEONMERTH D720, EBEO BRI LT a2 ~0H 2Bt 5
7o IZIE, SF-1 BAEMF O EEE GET LED 2 L2 FET D 2 ENMEARAIRXTH
Lo Flo, RK7atvAx e BHERTES LA ALV AT g 2—va & LTEMMET D2
DITIE, SF-1 Bk b F A LREICH B A KT T HE T A8 L7 5 2 C, /e A AU 7
2= T YA T DNEND D, Lo T, RETIX, SF-1 #izx b RIGHR ML vk
ANEBATHZENARETHLZ L EMHR L, N AV TV X —5BET LT DICUE
RIMRZEGTHZ LA E LT, R L2 Gl OFEMEZ W TR BIZ OV THERR
HI7eREEZEAT 9 & & HIZ, SF-1 BRIC X 5 b RALIC B L KT TN 1« REREREE,
HlE, Wed. HERERE. X7V —RE. BHEDEE. oW TR EITo 7,

B2H EBRMEIROTE

1. fEEREEHh
AR Tl L 72 B Hb o0 JEARBOR AR T 2 B ICHE U7,

2. LB & F\ - B RO RIELERER

50mL 25/3A TV B AZAE LT 2mM & R A5 e Tris-HCI buffer(pH8)IZ, HE b EE — 8k
(FeCla)10mM % L < 1EHiEE T /L X =7 A (Aly(SOy)s- 16H,0)5mM % il x 2% 10mL & L7z
% A9 1 IR ARE L (120 rpm, 30°C) ML EAEIC K 0 ik h O b i 2 R REH BT ST,
D%, 2 EREOHLBEEIER A 10mL Nz, 7F VT LRKEOT VI ¥ % v 7 THR
L CRIHER A SR E Lo, £ 12 RefEE L7, BRI, 56 2 IR AL S s R L A
BEICHE L= REREJR 0.2mL % R0 A 7B S L, BV SEE T\ TGRS
B AT 72 (120rpm, 30°C), 723, A TILECHNOEEE, Fe L ONAl OFIREIL,. Th
FhimM, KOV5mM & L7z, Ho 7Y o Z iR 2 mICHE L T,
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3. EET NI ;&AW e R LR

50mL DA T AIEET VI K 039 2Nz A— F 7 L— T B E T o TR
L7=o ZOIEMET V2 RIC Tris-HCI buffer 542 C pH % 8.0 [ZFR#E L 72 4mM O b g
Z 10mL ¥R L., [EHRHEE 2 24 BREEITT > C(120rpm, 30°CWATR 1 O b FRt & FEFH~ & % &
Wiz, TO%, 2 [FIREOWRH LB 2 10mL Iz, 7F AT 2R LPT VI Fy
v T TCER L, [ AEEREWR LT, ZOL T, BRLE FEEORFER % 0.2mL
TR L, RS T IR W ClRERIRE RS & 217 - 72(120rpm, 30°C), Yo7 U v 75k
L5 2 FEIZHE L 7=,

4. BT NMAGGLHIBDIERL

ET GG ORI RICRFIRE % v X AN ORI I OKBROF E i i N D 7K
HCEEL L 7= B3 % - (Table4-1), £ L7- B3, 70°C TR S 721, 2mm D5
HWVINT e, 2T O HEITK LT, B BRI 2 1124mg/lkg DW. & 72 5 K 5 IZiRINL .
IR N CHEERER 2 AV TR 12 R GRAREEE) & L <X 70 IRefi] OKH H38) iR L
7=t (340min™) . BN 70C TR S H, WEICTRA L Th 28 - ICE A2 b D%
T RGYEAELE UTERICH U, b, (ERRLICET MGG HIET OB & 25 L .
HNO;-HCI {#1k#E (Marin, 2001) (2L B FOREMHEZKREIT- 728 2 A, 99%FLE DO
WHHERRD b2, IRINL7Z e BT EEP THCBML TN D 2 EREREN
e Table 4-1 Characteristics of soils used preparation of

model-contaminated soils.

Forest soil Paddy field soil
pH 5.29 5.59
Water content (%) 12.7 21.7
Ignition loss (%) 3.05 5.48

5. BT NIER I8 E e b RRIE(ERER

50mL BEDONRA TNENZET MEYR T 1g 2%, 4 — b7 L— T WL Z 1T > T
L7z, D%, FLBBEMIERH 20mL Z237E L, 7 F LT LR KOT AV IF vy v 7 THEEL
Tote, [AESZ EREH L7, FRICEREORWRY . Zos 7 e s, kit & Rk
FEREJR & 0.2mL 9 28R L, AR FioB W ClRIERIEZ RS 3 217 - 72 (120rpm, 30°C), #J
A RE TR OB N2 581213, MR TS a2 LT 30CA »Fa—F —|TF
B LESETICBWTCHORROERZIT o7, Eo, MEBEOREL L5613 mE T
NV O LAZ, BHEYWEORBEZRAAL256FT7I BT P voas LI
anthraquinone-2,6-disulfonate (AQDS) % FT i E & 72 5 K 5 (ZUHN U 7= LR SR 15 i 2 H]
W, BERGEE TICBWTCERZTo7c, ATV —IREORELZML55E51X, 7 MGG
TEORMEZ 2L ZE TR0, 20, 40, & L<I1L10.09)FEHRE1T>7,
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6. HT

TR 04 v 38 M ORI B V3R - WO BERT(Seiko SAS 7500A, 7 L— A 454) A AV Tl
E LT, BEEEOREFIEILE 2 BICHET T, Fe(ll), BELV Fe(INDREIZIFA A 7 1
~ ~ 22 7 +— (DIONEX Corp. DX-300, Detector; UV/VIS (520nm) , Column; CS5A, Guard
column; CG5A, Eluent; 6mM Pyridinedicarboxylic acid (PDCA)+50mM CH;COOH +50mM
CH3COONa, Post column reagent; 0.2mM PAR-+0.3mM NHy(OH)+ 1M CH3;COOH, Flow rate;
1.0mL/min. (Post column 0.7ml/min.)) % v 7=,

I EREREROBLE
1. fEx DEMERZ AW BB D EFEER

O HULBMH L O b FOBITH AL

TlEfRE & L CHAT VR =0 AR JOMEER(IN) & b BRE OB ~ D i & BRI O
WA & Tz, AN 3 2 8 2. & RBRICIER L 72 3L B 2 B e T | i b IRHE % 0.5,
1.5mM &7 2 L9512 R U DAL LTOMA, [ERRE(120rpm, 30°C) & 4T > TR
MEMEORMDZET=4Y 7 Lz, 7o, AEREITRLRY ., SATIVEVNO LR
DOFLPLIT 05mMM & L7, TORER, WTNRORITENT S H DIRE DT b Ft O K 23
R S iz (Table 4-2), 16> T, RNIC SF-LBRENZ 7256 b BRI CROS ISR
~HEBESEH LGSR, 2O HRHOEMA~RAET 2 TRER D Y | RO
EIRE RPN OO EROMHRITLT L B L RN LAVRRENT,

Table 4-2 Arsenite adsorption onto coprecipitates.

Arsenite concentration Adsorbed arsenite after 12 h (%) *
(mM) Al-arsenate Fe(lll)-arsenate
0.5 414 62.8
1 19.0 51.4
5 16.4 34.2

% Results were expressed as the percentage of adsorbed arsenite after 12 h
incubation. Initial percentage before incubation was considered as 0%.

MEE T LS =0 AL e ERE O IR & V- b B EBR OfE B2 Fig.4-1 127, B
ORI, TR O & RRE OGRS b2y, WAFICAE e b BE Ow
TRD NNl b, WHLEERORETH e BIEOR TIHEH LTV D b
ELZbNT, £, HEEZMAZTWARWa Ly o — LR TIHIRE T~ b FEDOREHIZRD
BN oT=Z Einh, ZOEFEOEHIE, SF-1 FRIC X D EHO b RO #i b B~
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T LS TRELELDTHLZ LN o7, —KIZ, TAI=UAEIZLDE
R ORI OSIX, 1 FEAEREBRIEOKBILT VI = A7y 7 ~OWREILLD L
DThHDHEZEZHILTEY (Gregor, 2001) , KF D FBEDORERIZILZT v v 7 DA RN
BIfR L TWVD EINTWDH(JEK, 1997), 2O Z Enb, SF-1LERIE T v v 7RO ERmIT
BHINTCeBELZEL LR T2BIEZA L TWAZERRINTZbD LN D,

F 7o, HALERIN) & v BB OILTRE 2 AV RICEB T D e BIEHRBROME R A Fig.4-2
WRT, ZORIZEBNWTHET VI =0 MEOEE LR, FHORE S & HICEET O
FIREOHMAFEO A, b BEOWHITRO 6T, £, HEEZINZ TR a
v b= VR TIEE BORHNBD bR hoT-Z b, EZEDOREHIT SF-1ERIC L B E
HAOEEEORTIZE D LD TH D LB 2 HiviZ(Fig. 4-2A), £7-. fieBEOEHIZEE
WEKDIEHERRD BT, ZDIFEAEN Fe(ll)TH Y | Fe()iZBmE S no Tz
(Fig.4-2B), #k(IN)HE & F\ 7o b Bt O SIS IZ I, EHAMED b Rk (FeAsOL) D UL A ik
Bt & A% KR EERI) (Fe(INXOY(OH)Z2) 2 e A RA~DEBEOWAE L VD @Y DA S
ZALNEZ LN TV D (EKE=, 1997), DL EORRZHRERICHRT 2 &, SF-1 #Kix
Fe(ll)% Fe(I)~E LT 2HE/NIA L THE LT, B EEk(FeASO) T D b [l & EHE LT 2
ZETHEMELZHEHL TS D EWVWZ D,

INHDORERNG ., SF-1 BRI, 7 v v ZROBEIIRAE SHVIREED b [l D 7 T2
<. EBEEDO LI RMEEMERKR L TS b0EbLE T L, BHTSENEZFE LTS Z
EBRABNEIRoTz, L LR b, EHND O ROWEHFILLRD 25~32%FF (05
L7-BeBECHMEICE L, 2L EOWHITET Lo, Zo—KE LTIE, LK
#f b B O — AT EE B~ &R - BAT LI AREMERE X Db, S 512, FEBRBHIAE
BT DY VA AU B SN T 2 LS (F—Z R B, o U sy
MEF~EBIT L QO ATREE b R S22, 2 2 TO SF-1 4RI L 5 b R TIX, &
TLHURESRMET It TWihosleb Dt B2 b,

0.4
—&— Total As with SF-1
g —&— As(V) with SF-1
E 03 1 —O— Total As without SF-1
<
- 0.2
)
=
o
2 0.1
[a]
< —
0 =Sl S —— -
0 30 60 90 120 150 180
Time (h)

Fig. 4-1 Extraction of arsenic from Al-arsenate coprecipitates. Cultures were incubated
with 20 mM lactate. Symbols represent values for arsenic concentrations dissolved into
solution. Data represent the averages of two separate experiments, and bars indicate
ranges of values.
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0.7
_.06 | (A) —&— Total As with SF-1
05 | —&— As(V) with SF-1
~ —O— Total As without SF-1

0 30 60 90 120 150 180

Time (h)
> @)

—~ 06 B

E05

L 04 | ,

'8 —— Total Fe with SF-1

> 03 —@— Fe(lll) with SF-1

% 02 —%— Fe(ll) with SF-1

201 —O— Total Fe without SF—1

0 & X mu
0 30 60 90 120 150 180

Time (h)

Fig. 4-2 Extraction of arsenic (A) and dissolution of iron (B) from Fe(lll)-arsenate
coprecipitates. Cultures were incubated with 20 mM lactate. Symbols represent values
for concentrations of arsenic (A) and iron (B) dissolved into solution. Data represent
the averages of two separate experiments, and bars indicate ranges of values.

O BEWET LI FTH5DEBEOBITHAEL

FlTIR T2 L 9T, HEEREEICRT 5 e BIEOWAE ITITEESLT L I =0 AR K
ELEFEELTWDZERMON TS, T2 T, TOET/NE LTHICEZ A~DOE VLA
PEZFFOIEMET VI T2 RE L, EBEEZRAE ST bOZ AW T e FEaE Bz 1T-
7= (Fig.4-3),

ZDORER, eI 2 T2 FEBR & Rk, IR TP ICRRRERY 722 B R O & O e BRt
OWYRFRDHIL, £z, BEEREZIMZ Tz y he— LR TiE, ERABEZND B
FIREICHE RN BD N h-oToZ b, SF-1 MO e EEITTERHIC LD e HED
AEEAE L TV WnWR D, ZOREENG, SF-1 FRITHILEAE NI X 0 Ak L 72 By
Nz, Sk~ LW L7 B BBHRIC KT L CH B IiE 2 R T 2 E B Lt a1
BRETIZBW T R CHRF SN TV D e EEMHTE 5 Z ERB I Lz,
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o
($)]
T

—&o— Total As with SF-1
—— As(V) with SF-1
—— Total As without SF—1
—1— As(V) without SF-1

Dissolved As (mM)
o
D

0 20 40 60 80 100 120 140
Time (h)
Fig. 4-3 Extraction of arsenic from activated alumina. Cultures were incubated with 20
mM lactate. Symbols represent values for arsenic concentrations dissolved into
solution. Data represent the averages of two separate experiments, and bars indicate
ranges of values.

2. BT NEG A VT2 FIERR

SF-1 BRIC & 2 e BBtRIR T - AIBLEOR A ERRD HEIZB W T HEMATRETH H 2 & &R
T, RARLOUKENSERIRLUT. 2 FEO B2 W TET L e RIGR A ER L.
b ROALRBR AT - 72, fER % Fig.4-4 |27,

BT E W TIT o 2 EBROER . FEBRBIER RIS W Th DR O b RMBER )
LR SNTEY, —HOL RIS EHEICID AN TN o122 ERRI NN,
IR FE] ORI LSO B e 72 R HH B SRR FE O BN ASTRD D, 120 R IIZE T G T8I
EEN TNV EFRED 60%IT< ZIRH S D Z LN TE(Figs-4A), 7=, WiRT O b g
TS X EBRBIAAELL 2> Dl L, TORIZEA ERBEN 2> b, SF-1
BRIZX O A b SN e BFORERHEBIE L LA LTS Z Mt sz, —F
T, SF-1 BREAEFEL T2 b — L RIZBW T HEESCH R E RRED EANED 5
NIz, ZOMEIFHFERICERXTENWL DO TH o7, 2> ha— LR TIRREEIC, WIRT
D b B IEFE OMAFRD L2, Z Dt FBIREDO EFITIEY D S O 72 il
EILELHALDOTHLEZEZONT, ZTOZEEFEIETHZD, A— 7 L—T7ITMA T,
HALAKERAMM)ZIRINT 5 Z L I2 &k » T, KV MERICHE AT 72 > e — il a2 17 -
HAEICBNTH, FAREOREFER VL BREO EHRRO L (T —F R E#H). 2o
HER S R & 7z,

Fo, KETEEZHNTE RO AL AT o 7o R, R TEE AW T256 & Ak
12, 22 hE—/LRICBWTH B BEOBAENTED bz, SF-1 FEO b FRIERITICE D
b B HEtE D LV B RS RTRD b ivie (Fig.4-4B).,
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Dissolved As (mM)
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I TCEBRICHWEE T UEREEIT, (ERERZIC
B CTH L Z Enn, BEMICO D150 % 52T 72759 3Tk U CIEMEIZ KT &

HH0LIIE VNNV,

RS IZ P L COEITRER A T H 2 &R I &

05
(A)

04 <

E

03 2

o)

02 3

(@]

8

0.1 1 a
0

0 20 40 60 80 100 120 140

Time (h)

FBRICHE L. b BREE & ORI 2

FREO BB WTH SF-LEEDRE «- BEE/LSNTWnb e

WA D

0.5

04

03

0.2

0.1

(B) —&— Total As with SF-1
—— As(V) with SF-1

—O— Total As without SF-1
—1— As(V) without SF-1

0O 20 40 60 80 100 120 140
Time (h)

Fig. 4-4 Extraction of arsenic from forest (A) and paddy field (B) soils artificially
contaminated with arsenate. Cultures were incubated with 20 mM lactate. Symbols
represent values of arsenic concentrations dissolved into solution. Data represent the
averages of two separate experiments, and bars indicate ranges of values.

PLEDOFER S SF-1 BRIXEFF O b BRHE 250
mENnE, £7-.
FIZIEITET D Z & N ATEE

nH e

L. i 2802 HF L TWDH 2 LR

RO & O RMEEME B L TV D b DORWAERRED & D72 & & 2k
Thv., B, EET VI KO EOkkx Z2EFE%

FEeMHT 22 ENARETH o= LD, SF-1 MkAE VW iz b #5170
T ADKEENARETHDH Z ENFEIFINT-HDEWVZ D,

3. ERVELITHEL RIETRFOBRE
A TOREAEBRITIE, FRICFER DO R WIR Y FjAk T8 2 BLITHER L 72 B 7 A5 G 38

W,

O WRREDE
SF-1 kA AW TG5O b B sl - IRET DR OMMRE OB L HET 5720

SF-1 Bk O WA IR FE 2 280 S8 T b R

RLUT-IE

Bz

R AT 12, ZTORERE%E Fig4-5 1~7, X

V. SF-1 BROFMIEREE DI L 2HE R BIRHEOEITRD SR o
e DT EMD . REBROSKMET T, B EOETH RIS RIE TR E O 22811
ERRIBENT, Lo T, A F YT 7 X —EEOBIZILFA %A 5.8X 107 cells/mL LL
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FOERE CHERT A MEIX /WD, MAEFROFRN RN ES IITADbDEEZE D
i,

—4—538
—a—73
—A—13
—x—20
—%—100 x 10’ cells/mL

Dissolved As (mM)
o
w

0 20 40 60 80 100 120 140
Time (h)
Fig. 4-5 Effect of initial cell density on arsenic extraction. Cultures were incubated with

20 mM lactate. Symbols represent values of arsenic concentrations dissolved into
solution. Data represent the averages of two separate experiments, and bars indicate
ranges of values.

O MHEERE DK

# 3 EICBWTC, SF-1 AT b AAA AL AT o—v g VICHEATAERICE, 'L
VB SOMHRAE IR B O 7o O ORI TR AR E T HMEN RN E N RB I N, F 2
EORER 2 W8 TR BR CTlk, BRRE A HR7E T 28581 e BRIEE TN b9 BLE
SNic, 2T, EMHNS O RORITHRIEICKIETTMBEOEELHE LI, £0D
f R, HBEER IR K OFEIRINRICIR W T, BRRTICFREO £ ROWEHRFEO b,
ZDOME HIZIEFR U TH -7 (Fig.d-6), E-> T, SF-1 ¥RIC & 5 b FED@Echalimfbicix,
B ORI B LY RE S RN EAREN, WIREOHEREZ ST R0 & 5 2 H
M OVEY B AT DB, EERERE O T ORI 217 5 BN 20T & 3k
mInlboE Nz 5,
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05
S 04
E
203
3 —&— 5mM nitrate
% 0.2 —— 1mM nitrate
8 —&— No addition
o 01

0

0 20 40 60 80 100 120 140
Time (h)

Fig. 4-6 Effect of nitrate on arsenic extraction. Cultures were incubated with 20 mM
lactate. Symbols represent values of arsenic concentrations dissolved into solution.
Data represent the averages of two separate experiments, and bars indicate ranges of
values.

O BROEE

52 WICBWORLIE XL 91T, SF-1 RITEAMEESMEME Th 572D, aFSEHE TIZET
HEHRIRGEET R IC X U IERICHEIET 2 Z E N A[BBTH O, KRS T TORINERD E
R ORI EZZ T 5 Z ERHAL N T0 D, L, IREEITORVEER
T, KAHERZ B HE B L RS TS5 LB THBE TICETO T 7 RRD b
HHDD, FDOBBERHRBILNPHR SN TVND, 2T, KT A EHBEHRETICHE
L7 AFR AR FIC B W TR LB 21TV, B RO I RIT TR OB LA L
Too Fio, HgE LT, KAHHOZBREREZITOEHE LR THRBKOERZITo 72,
ZORER., MEBRTO L ROEHEITFERIIMZE C CRRE TH -7 (Figd-7), 1
ST, SF-1 BRIFMAFRSMHTIZB W TS, HRROGE LRk EZE T L, e RKa
L LD Z e N ERoTz, 2O END, SFL EEHWE AL AL AT 42—
a7 atATIE, FNOEEEZTRIIRE LS R S 2 R T 2 0BT VN2 &
DRI NT,
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o
3]

©
~

o
()

—— Air

Dissolved As (mM)
o
w

©
T

—i— Nitrogen atmosphere

0
0 20 40 60 80 100 120 140
Time (h)
Fig. 4-7 Effect of oxygen on arsenic extraction. Cultures were incubated with 20 mM
lactate statically. Symbols represent values of arsenic concentrations dissolved into
solution. Data represent the averages of two separate experiments, and bars indicate
ranges of values.

O ‘O

bR ELE KIETRFO—D2 & LT, THER1(BEAH)IZ X 2 B R OBtk g8 53 %8
Foid, 2T, ERROREEE 2 (LS TRA LB ATV, e RO REIC K
ET RO AR LT,

ZORER, FERICHA_NTEERIEZZ1T o712 RICBWT, EROBEHEN DT MHITEHW
fifi % 7~ U 72 (Fig.4-8A), HFIZ 180rpm THRELICHEFRAAT o 7R Tl FEERBALED O 72 IRffH] 1%
IZBWT, #ERE DL REHEOENRKNELZ R LTz, £, FAROERZ | SF-1 %%
B LW ay o — LR TITo72h, WTFNDORIZBWTHRBEDEEZ R LI Z &)
5 (Fig.4-8B), SF-1 #RHFERIZHSIT 5 b BRI (bOfREIT, HEERI 11253 5 E R O HE il
DO E DD THD EFZZ BN,

L L—F5 T, IREZITORP>HERICB N TH H HRE £ ZORHOMEHENRZRD
DAL, FRIZEBRBZYI(1200)I2 W TR, SR 21T R0 o 7o FfE R & [BlRHRZ % (180rpm) D
EREHBOZEZT2T%ICEEEY AERETBO NPT, 2O b, SF-1IK
IZE DRI TR, @Rt 2179 2 & TRNZZR/IZEAGT 5 2 L3
TLHMETII W ERB I, > T, SF-1 ZHWEARA AU 77 Z—Tlx, #&
NOBHEEZ BT 5 L TEOMNICET 5 RV F—OHEERIZ Hiv, LI 5
I A FOERENFAIRE TH D LB X b,
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o
o
o
o

(A) | @®)

o
~
T
o
~
T

Dissolved As (mM)
o o
N w
Dissolved As (mM)
o o
o

—&— 180rpm

—— 120rpm

0.1 —&o— No shaking 0.1 r
0 0
0O 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (h) Time (h)

Fig. 4-8 Effect of rotary shaking rate on arsenic extraction. Cultures were incubated
with 20 mM lactate in the presence (A) or absence (B) of strain SF-1. Symbols
represent values of arsenic concentrations dissolved into solution. Data represent the
averages of two separate experiments, and bars indicate ranges of values.

O RZ IV —REDE

A LA AV T 7 X — RS 59 XA THELRDLNFD 1 HE LT, UHEANT
DAZ Y —RERDHFTHND, £ T, ERANITIRNT 2ET /WG RTHEO & % 21 S
. ATV —REZZNZEI5, 10, 20, 50% & LT, EFZORELREBREZTT 72,
ZDORER, SF-1 BRA MR L7 RV T, EBRBAL 120 FFH%ICKIT 5 b ROBEHENR
UV —IREOHEINE & I R HHANRD b (Figd-9), ZTNDOART Y —REENE
B e, THEEWIEE DIRBDAREE L 2> THIK L e BRIE OB RAFITiThN 72 <
RBAREMER B D, L LN D, a2 br—/LRIZBW T ABRICIE RO F 255
S, FEBRBAA 120 BEMZICKRIT MR E 22 b e — L ROBEHEOEIT, AT U —jE
b b PIRERBRE ThHoTo, 2O END, ATV —RBED LFITHE S b HIRH
KO TFIE, SF-1 #RIC K D e EIRCAME SNz 2 SICERT 2 o Tidia <, ki~
D FDOFEEIC K > CRAE & TIRMOWAE DS TFHICE L, # e BRIE O A mfl s h -7z
HTHDHEEZ LN, -5 TSF-1HRIE, 50% E VI EmNAT U —BEICBONTHLEIERE
ez RIT L, AIET A ENARRTHD ZENRHLNERD | FNEEERER
RHEL T HMENRRNZ ENRINT, £7-, IBH L e BENZNICERT 5B
XTIE A<, #ERIARD Y 7 7 —%2KEtd 2 2 & T WHEOm EAKND Z & AR
e X,
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~
o

[1 control
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N W b OO O
o O O o o
T T T T T

Ratio of dissolved As (%)

o O
T

5% 10% 20% 50%
Slurry concentration

Fig. 4-9 Effect of soil concentration on arsenic extraction. Cultures were incubated with
20 mM lactate. Columns represent values for ratio of arsenic concentration dissolved
into solution after 120 h incubation. Data represent the averages of two separate
experiments, and bars indicate ranges of values.

O BHmwE DR

AR L, RSP E N BAR DS T TS K o THMR S L. £ D fRPEY)
DHEEREAZZIT CTAER LIEEAaDO s FAREEY T Y . THEREY O FE MR
ELTHOLNTWS, MO TRV TEOGMERTHREEMWE TCHY . MEMZ L 55
2 2 FIC < Wis, BREPICE T 2WMAEMORBICEZBEDL V ITFHER2VHEEEZ L
LT3, Lovley 5 (1996)IZ & » THER IR O T2 BRI E L CTHRE LTG5 Z E B3 L
&I, BT, Fe(l)ETHIE DS REEMEDO SN L I % e T DD AT 4 =— &
— LB 2 EAREN TV A= (Nevin and Lovley, 2000), JT4ETld, BEKBIBREL TOMAE
W) DA RFIUME D WE OB RE REF A R-T b0 L LTHERIRTWD,
ZTIT, ZOXEHI AT 4 ==X —DOHIFEN SF-1KRIC L D b BRI KT R Z R~
B2, JEEWE O SD 1 > Thb 7 I Uik, ROBHWE DX ) 55 DET L
Wg & LTab D AQDS & W CHA LR &2 1T - 72,

ZOREFE, 7IVBERNLEZRZTIE, ZOWMEICED S PIERNR L IZIEFBRED
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Fig. 4-10 Effect of humic substances on arsenic extraction. Cultures were incubated
with 20 mM lactate and humic acid (A) or AQDS (B). Columns represent values for
ratio of arsenic concentration dissolved into solution after 120 h incubation. Data
represent the averages of two separate experiments, and bars indicate ranges of values.
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SF-1. (A), column reactor; (B), slurry reactor. 1, culture storage; 2, reductive extraction
of arsenic from contaminated soil; 3, wastewater treatment; —», water flow.
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fE Bacillus sp. SF-1 ¥k D R FH Rt

E1E S

FZ BT Bacillus sp. SF-1 #£1% DARB & L TN b IEE TREZ A L TRV, v
B HHEEA LA, F L AT 4o —2 a0 T aE A~DEANIH L-EHETHDL Z L E2RL
7oy, FEBROHEY A MOBEATL72DI2IE, 2O RICET 280 A e 677 Rtk
D e EERE B S OFRFIEE PIREICHE L, BRE~OEEELHE L T LERH D,
ZOEDITIE, TP FNC L > THRAEMAFEL L THIEL TBL ZEDREETH D
23, SF-1RRIZ DWW TIE, A - AP BROFE RS Bacillus J& & S dicE EE-T0D
(Fujitaetal., 1997; #A, 2000), ¥4 TIdBn T & HW T BETEAIN O HEA N B | R FHIBEATIZ
BEL CiEZ < o5%A . 1EROREEIZE S SHITMZ THFAEMFRIFIENIRY At
LNTEY., ZOXLEMEROFENENIEL GBS TN DD, SF-1 BRORIEFE D
FHIIZ S 2D DA EBEICANDIMERND D, £12Z D L9 7 SF-1 RO RHEFHIRYT
X, B ROEYHERILFHTEERICE D 2 R e AR L LT, BFEEHEZEDTND
DARB DOHIRLAZEST 2 & W) FNBLRNO b EETH L L2 D, £ I TRETIE,
SF-1 BROBREFIN BT 2R T2 Z &2 HINE LT, o AEWFENTIEZ AWV Rk
ZHISHICB WO TR S — KA T D 16S rRNA B G- IS HES\W\ - Rs 2048 - b %
1717,

#2811 16S rRNA BT I12E3< SF-1 Bk RBEFHISHE

Kashiwa % (2001)(Z & 0 PRE S 4172 SF-1 £ 16S rDNA Hi FeAd 51 (Fig.5-1) % BLAST I L %
AEuY—H—FIft L, mUVMEMNEZR UZHERE LD SF-1 R IEE S % 3,
CLASTAL X # MW CRF 2 1Ek L=, ZOfES, SF-1#kid, AR - AL 2rlE el &
[Afk. Bacillus JBIZFE I D 2 & D3R S 7= (Fig.5-2), ZiLE THBES 7= DARB (213
16S rDNA Ofigtr 72 & [AEEIC Bacillus JBIZ S LD & OEFERE STV DA, 2 b
DOERIZT XTIV Bacillus JBOAEBAVEEME & U TR SV TV D IFR S T Tl
JEREZ A S 77 (BF 1 7 Table 1-1 2 /), FUTITEBMESCHN AR FERREZ R 220 b D05
(1% FI3HBM), 207D, BHEMKIEME Ch 5 SF-1#k1X. DARB OHI THE—0 i
Ty 7 Bacillus B OFHEZH T 2HEK TH D & 2 b, F£72. SF-1 £ Bacillus jeotgali @
UL B AT B AU(Fig.5-2), FYEKKTH D YKI-10 4k & O EES O FFENEDS 99.6% & i
D TEVMEZ 7R LT, 16S rRNA BEE - IXBEAFE & OFEFEIMED 97%LL T CTHIIZRIETH 5
& BRI TIREN 2 STV D Z & ) B (Stackebrandt and Goebel, 1994), SF-1 A% 1% [ # R (2
BT A AREMENE WL D &2 D, B. jeotgali 13X, #EE O IEEEEPE AN T D Jeotgal 7255y
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Bt S 7 72 09 JRMESE 13 & 97 (Yoon et al., 2001), SF-1 ¥k & [RARIC A MIRSCER BT 1O B 2 %
FAF T ARetE 3D TRV E W2 D, 16> T, SF-1 BRIMERICER L ToZeHENH H, A
AF VAT 4 —var7aeA~O8ANZ#ELEEK THDLEEZBND, 2721, 16S
IRNA &1 O AL R CBAN OO RHEER 2 5 B THEATE 5 b 00, ffl L
L TOREFHR E LTI EMEN 2D, SF-1 RO A IR ET 21213, 2%
K L~L T DNA OFFEMEZ EARIZ LS5 DNA-DNA A 7V Z A B =g g L
ELRHRHDBETHD,

ZZ T, SF-1EREEDIEE TICHBES TV % DARB @ 16S rRNA Ein & f&ic LT
R AMERR L, Fig.5-3 IZ/x L7z, ZOXM»S, DARB IIFEAEMDH DEED 7 N—T
WZIRHNTW D DT TiEAR < MEEBEEIZOM L TWD 2 ERbnd, FIZbif~
X, ZTNOLOMEITHFEO D6 AFRRE S ZIKIZHhe s 2 ERmbiT
W5, SF-LERIZZ D OMIEEEOHFIZEBW TS, Bacillus JED 7 7 A X —IIii@EfHT Hivd
HOD, FEL L TEERO S OIER <, MOEK & ITAMICERR 50 EFIMEICH D Z
ERDOND,
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AGCTCAGACGAACGCTGCGGCGTGCCTAATACATGCAAGTCGAGCGGATCTTCATTAGCTTGC
TTTTGAAGATCAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGAT
AACTTCGGGAAACCGGAGCTAATACCGGATAATCCTTTCCCTCACATGAGGGAAAGCTGAAA
GACGGTTTCGGCTGTCACTTACAGATGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGG
CTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGA
CGGAGCAACGCCGCGTGAACGATGAAGGCTTTCGGGTCGTAAAGTTCTGTTGTCAGGGAAGA
ACAAGTACCGGAGTAACTGCCGGTACCTTGACGGTACCTGACCAGAAAGCCACGGCTAACTA
CGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAG
CGCGCGCAGGCGGTTCCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATT
GGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGCGGAATTCCACGTGTAGCGGTGAAATG
CGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAG
GCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGA
GTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCAAACGCATTAAGCACTCCGCCT
GGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAAC
CCTAGAGATAGGGCGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAG
CATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGT
CAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGAACAAAGGGTC
GCGAAGCCGCGAGGTCGAGCCAATCCCATAAATCCATTCTCAGTTCGGATTGCAGGCTGCAAC
TCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCC
CGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGT
AACCTTTATGGAGCCGAGCCGCCTCA

Fig. 5-1 Nucleotide sequence of nearly full-length 16S rDNA of strain SF-1.
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_| Bacillus selenitireducens MLS10 T
Bacillus horikoshii DSM 8719 T

Bacillus arsenicoselenatis E1IHT

Bacillus fumarioli LMG 17489 T
Bacillus niacini IFO 15566 T
Bacillus jeotgali YKJ-10T
SF-1

Bacillus lentus 1AM 12466 T

Bacillus firmus IAM 12464 T
Bacillus benzoevorans DSM 5391 T
Bacillus circulans IAM 12462 7
Bacillus psychrosaccharolyticus ATCC 23296 T

Bacillus megaterium IAM 13418 T
_|_— Bacillus halmapalus DSM 8723 T
Bacillus cohnii DSM 63077
Bacillus subtilis 1AM 12118 T
Escherichia coli ATCC 11775 T

Fig. 5-2 Phylogenetic tree based on 16S rDNA sequences showing the positions of strain SF-1.
The scale bar represents 0.02 substitutions per nucleotide position.
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Wolinella succinogenes BSA-1

Escherichia coli

Citrobactor sp. TSA-1
Y

Shewanella sp. ANA-3

Burkholderia cepacia

(07

Rhodobacter capsulatus

Deferribacter desulfuricans SSM1

Strain Y5

/

Desulfosporosinus

auripigmenti OREX-4

Thermus sp. HR13
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Bacillus sp. SF-18k D R H ) Rt

Sulfrospirillum barnesii SES-3

Sulfrospirillum arsenophilum MIT-13

Desulfomicrobium sp. BEN-RB

0

Geobacter metallireducens

Strain MLMS-1

Chrysiogenes aresnatis BAL-1

B. Selenitireducens MLS10

Bacillus sp.
JMM-4

Bacillus sp. HT-1

Bacillus sp. SF-1
B. subtilis

B. arsenicoselenatis E1H

Desulfitobacterium hafniense DCB-2
Desulfitobacterium sp. GBFH

Desulfitobacterium frappieri PCP-1

Low G+C Gram*

Fig. 5-3 Phylogenetic diversity of representative dissimilatory arsenate-reducing bacteria

(DARB). DARB are indicated by circles. The scale bar represents 0.1 substitutions per
nucleotide position.
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Bacillus sp. SF-1 kO R FHIFFEAE L, "A AL AT 4 =—a 7R THA
THBEOZEMEZTMT 5 Z & &2 HAE LT, 16S IRNA #5125 < SF-1 Bk DR #E 1Y
Sy FEE R AT, SF-1 BRIFAERE - A LR ERER & [FER. 16S rRNA R 11255 < BB
FENTIZ IV TS Bacillus JBIZ S D 2 &R S vz, £7o, MEOFREREE LN
53 B 7= Bacillus jeotgali & @ 16S rRNA &= 7B S O FHFIPEDS 99.6% & v MEZ 7R L
72 &b, SF-1 BRIZFEIMIEREIC R T 5 ATREMERS MmN 2 &R S LTz, o T, RIS
NAF T ZATOMMPIZEL T, BEREKTHD LB b, SF-1 HkaEd
TIZBE ST % DARB O Rtk & 1ERL L & DR FH 340 & fi -~ 7= 4% % DARB 11,
B E O BFEIZER & 9" SRR 22 M B 1204 L. SF-1 BRI 2 B O E#ED H ¢ & Bacillus &0
I TAE—ICHEEND OO, FL LTtk DO b O < O FEE & 13I8
Sz,
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