BipkEE s 0625
INAF VAT g —Ta ~OFHZ BRE UMM, & OVE 4 8 it
A T2 L A=A B e A O Sy BEE
HE R BV B A~ OIS T 05

M 3T
VAST IR B R A BB i B B B

B B LAV T L AU TS E O A IERSHY | Tt L COMERFI A ML EEESN TS, 20D
728 FTR OB HEM LU CREE ISR LI BL A =40 O F L AT g U RRE RSB D
FIHZET28EDEATHD, HOEOMAEDITFEMED R\ L VEE (Se0,”) LMt L Uk (Se0y™) 72 8 & Fi i B 15
KL T ANF =2 MG TED, 22T, AT, ARRESIRIV LR E DEEIEAA L DFEE FIZB N TH,
TL AR oA L AR T LI CEA DA D REBIZ DWW TS, A T, B0 EWES B ThAIHIRIT A
KBV UEEAT % CdSe 72 EDE LT /fEERE L TR, B CED ATREMEIC DUV TRRETL . FEaUBHI IR TE DX
LM, EARBMM L A=A B e WL U BRE SDIZE LU R B O B X
LEGICEAR OB T A HiE LT,

H A HLOD KR % 20U TR B P AR 72 E D> DU BR BEOIEIR L 3% NaCl ROFEHEERFEOEIRE 5%, 10%230)
THEB AR EL A = AR ST E IR O S BEDS W RE Thho 7o, — MR IBEEBR BEOIEIRE 3%0> NaCl D
BT, BV UmBAEBEREL U ETIRILTED NZ3-1 £k, fikL o f@aiEcl, Bkl o &2k T&% NZ3-2, NZ3-3
BR72E D oyBfESL, (HE) LU RO BRRAHHIC LD T/ B L v BARRE b ~ DA B CE T2, IREOfIichm
X ADKRER DD, 5%D NaCl ([ZB W TH LU EREETT LR LAEE T&D SK4-1 ML A5F 4 ey, /-,
AT OHRGIR (T 1) 15 10%D NaCl ThFfiEL A & B 7S AL LT, AEF TED HU-1 el D7ad &b 3 Bk
DOFRAERE TEFFTET,

fiid7, NaCl 2z 3" 1 mM Ot Uik Cd* Z3FSETEONERE R IRON, SIS OJeE %28
FEL TELNIZERERR ATV T, 10~50 nm ORiIFEEEF Se & Cd TSN AR SE AL > TER S
TV, IS, BLUo S =40 DR OVICHET A VERE 1 mM O Cd ZEINUIZ 556 Tl Frik R B oo 5 s
HIHISDER IR U723 2 Bl - SE AR RS AR 2 38\ VT 5~25 nm DRI EFF CdTe DF /fE i asGHeaB STz, £z, &£

ERFEE A D SM-9 B A 1T U O BAFEDAEMIR D BRI P LTe, ZIHDMUEIRD & [FIERD SR TEE R LTZ L2 A
SRR IR FERIC Cﬂbfﬂ%ﬂ%@AWﬁﬁﬁéﬂiw%_f'@k%%7w%/&ﬁWTlmﬂmkad@Wm
OB T 7 2 — BRI T, ZOFE R, stk 3512 100 Bl CIEERIK H O iA A% CdTe 7 /f& Sk -£ L C
N CEAHZERHABLNTIR T,

1. BIREN.FR LA =AU Adm O EEER A L, ERICRIL 2L 0%k
HIARFE BRI ORIEIITEL L7 EDLT AN FEaLILT AR HH, SHITITFTIL, BREICHEH
ZHOVBIL, R OEOEBL LT EBE AL ShicstbeL oA =AU AKE, B AGYL | R
A TR EL TR IASRIH S LTS (g 1995) B2 8 2 T BREEIG Y L7 5 F A LIZLIE A DAL
FAMPARREDCAREHIL LT EENTE T0d, WDWLEOIRRERE LM 7T 74— LR
0 BRBEICAE - TEREE H I HE I &40 T4 (Schroeder RIEZ RS TEY, AR7REE T, FM OB
1978) , ZOLHR TR ORIEWEL THHENT LEN TV, 2. ZhHAEMLFERIC, BLliTy
VL ALEY), 22 IXEOT =AU MERIEE ThHDHE T AN TS O 7D A YERSHD,
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ELTOMEEFIH ., B A LELES N TS, ZD7
B AL, PERRALERE D 272 5 FL O BT o b4
LT, REEICHHLIZBL AT =40 DS F L R
T AT ar RE R B AE D OF A %E T 28 &)
A THD,

HOBOWAEMIIHE S T T mhEom L
(Se0,”) UL U (Se0s™) 7L H Il FE T2 R EL
T, AREE O =RV —2 G HENI LB
TW5, ZbiT () EL UERE LR EFFIT A, BEL A1k
BWE IV FEEOR A EL L (Se?) it L /e L
DOBEALE DR NAF U FRICETIRITTHIENTED
(Stolz & Oremland 1999), ZIVHDEITCRESINL, 1HYLER
BEOBE (O AL AT f—ay) kL oA F =%
v OIRFEAL - B, EIRENE WS T2 SO EiFH T
ISP TNVD, AEMOIERIZE>TIhHD
LA XY = NIBEGICAREEO HkEL L E TR
VA X =4 OEBRFRETHY AT L UL
Wz DR T A N H — AT IRV G IR EN
FRECTH D, SOITMAEM Z W 5B AL LY
PR AL L EE R L T b 2T 2D HIETH D
EHIFRSI QD BIE CIIBk 4 R P OMAEm 3 &
LU FRRTCRE A RO EMNADIV TSN, FEAIZRAFZE A
FEM S AEWFEIZRON - O THY, () &L
BT BAL TR O R AT & DFEL WV R
ICBW TR GANREL AT VAT == a0
BHE EA~OF A% B ELTZEIRNS~D 'L RO
BHIRFER T Dy AN =R N REED -0
IZh, B RE OBENEENHEZATHD, A

T, FERB O ORI IZIT E R B m M E
EJRAT L DIFENBEE 2> TRY, NA AL AT 4=
— LAy R DBROREE LI > TS, £ZT,
AWFFETIX, EERESCARIV A, $iE I LT HE
EBRAT Y DFETICBNTH, LA =4 %18
TELIRIE CEDDMAEMFEDEF IOV THRETT 2, I
2T, FEOBOWELE THHIRIT LR L VA A
CEVLVALIRIT LR EDE L T kR E L TR,
ZHTEDATREMEIZ DUV TRRGETL . FERlBHIIE S TED
IO, BB L A Y =48 Tk
EEHWBLUBRE SHIZE BV TR EIO
BRI LD AR CEAT OB A BN LT,

2. IRAEEE

AAFFE T, R EC TSN D L VB E D& )R
BRA S =AUk L GEICRETE 2T T 28 0
it - TR I T AE ARk & 2RO BEL . mif
REIZBTHELV VB E OB HEAF T =F L DR,
B FIHTEIDEMFEM EL TOFRIH ATREMEIZ DV
TOMGEE LL T OFBRFEE VT TLI,
2.1 BLUAF YA VETREEZR T HIEMMEMEY

DEIEEE, RV —=2

VLRI E DL REA Y =AU B REE TR
LT, AL LUIFE A B L 5 E L L TE A
ZDOMBERRRE O TR /2 E DD S LD E IS 3%
LI (3%, 5%, 10%, 15%, 20%) Ot F 7 LR %
R FRET A R 72 (Table 1),

Table I Medium composition for enrichment ) )

* Mineral solution

Sodium nitrilotriacetate 1.8¢g
Reagent MgCl,*6H,0 25¢g
Sodium acetate,or Lactate 06g MnCl,*4H,0 06¢g
KH,PO, 05g NaCl 10g
NH,Cl1 02¢g FeCl;+6H,0 0.136 g
Cysteine*HCl 0.05¢g CoCl,*6H,0 0.lg
Yeast extract (Difco) 0.05¢g CaCl,*2H,0 0.13¢g
Distilled water 1.01 CuS0,*5H,0 0.0146 g
Mineral solution* 4.0 ml ZnCl, 00lg
NaCl 0~20% wt/vol. H;BO; 00l g

* Selenium oxyanion such as sodium selenate solution NiCl,6H,0 0.01g

was added at the final concentration of 1 mM. Na;MoO,+2H,0 0.0lg

Distilled water 1.01
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Flo, ZOEEHUIHIRID L7 E O ERBERAA
(ETHEALIE) 7 1 mM O @i CIRINL 7= 55 Hid [R1RF
WAERIL 72, A EHR AT AL DER ., TV 7k
of!@&m’k BLUTof% ., orBE- SEFEIE i LTIV, 7
B, INHLOEFHIZOWTIE, ¥ LN o A& @SN
LTWRWSDOBAERIL | A ORI Z i LT,
WIZ, HAREHOWEEBR 2 & D DURE A W% R T8
R PRI L7, F7o, Y, BRI S5 (LB, JRHE
M7 EDHIRE . KEFIEL , BRI LT, £
D% | BEREABHIRENEY O D Al KDt
AR ELBER HONTb D& LIS R L, 227
—= TR IRo T, A DO BEZIL, By 7 A
pE VDA, BT v —ik, an=—{EREE W T
B SIER O 5B, #i{b 24T o7 (Figure 1),
2.2 BLUAFHZAUOEBRME, TREAELUA
DEH
BONMAEMRICHL T A4 ra~hrT7 1 —F
WL HWC IRINL-EBES BBV A =4
DEREFR, BEIERNINOE RSV ORI DA &7
ZIRAL. AERICE 2 NOERIEORR K, [BIhE%
ZRDT, Flo, —EH D3 BERRIZ OV TIE 16SIDNA D3
FESNZH E DR AR E Z BT, ZOMEY)
HIE RAIZ O W Th A LT,

o ———

Inoculatlon = —
H
Sample /

Streaking

2. 3 EFMAFOBERIT-RE. L2 (TILIL)EYRY
THOR—V AT LDEE

A DOREE I D FIRPNAMIA R LT T /b kL
FHEE RO LAX, VY F—L4, P77 — Bl
AR X > T LT (Figure 2), 2D, 788K THE
G AT T TN — T2 VTR Sy B ST
FRAMCREL 712 DWW TR T B T BB B O, X #iot
FOoHT L R AT IR ERRIT AT o T, AT, TAARTY
PORARIRE =R T IR E R L7 a— RS A AT
I B =V AT D EL . B AR A T TR A
BEE FIcB s (B LLULRE THLT IV
L) DENUZ DWW THRETLT,

3. HER.RUER
3.1 BEREILDELUAFY AU ETHEMEY
DR BEIEE

A AR B D 2 7R ER SOV AR 72 E D DR
BRBEEDHIEE CTHD 3% NaCl RLEHEREOEEE TH
% 5%, 10%IZB W CTAFRIRER L A =4 i85
PEREMIR D Sy BEIS FTRE Ch o 7o, 3. —fRAV7ZIETE
BREIDIREE CTHD 3%0D NaCl & ekt bid, L
VRN AE AL U ECIEILTED NZ3-1 KK, il
LU NY LEEILL, BUREL AR TED

Enrichment was inoculated and
transferred to the fresh medium (2 or 3
times).

Enrichment [Anaerobic]

Colony formation (1st)

(==

Streaking (2nd)

/Iony formation (2nd)
g Streaking (3rd) —

Colony formation (3rd)

Streaking (4th)

Colony formation (4th)

= Inoculation
H Liquid culture (pure strain)
Figure 1

Screening procedure for the isolation of pure strain.
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v

Enrichment 1.0 ml culture

Centrifugation
(7,000rpm, 4°C, 6 min)

Immobilization toCu mesh
grid for

TEM observation

EDX analysis

etc.

<

Rince  with distilled
water (precipitates)

Cells were observed to

contrast microscope.

check
the disruption with a phase

Ultra sonic disruption of cells with
sonicator (BIORUPTOR UCD-200TM
Cosmo Bio Ltd. ) for 45 minutes.

Figure 2 Extraction procedure for bacterial nano-particle precipitates.

NZ3-2, NZ3-3 BN RIR IR S ORI E ) O S
7z (Figure 3) . ZNHITWTFIH REEH32~3 pm D7 T 4
FRMERE CThoTo, ZOMISHA INE, A A, WP
WNE, TR DRSS NIZTRE S FRERIZ 2L D

BRI 20 HR) 7T Lt ERE O L A=A R
TEHEM A O Sy Bk 5 CTE T, SRR e LT,
TNBDIBERD 23, BL BRI B I L O RRITKL
THVETTREZ A L TRV R EICB W TiTiitL
VERE R EL U ETEIL TELMAED AL TN
HEZZ BN, IHIZ, ZNWODERE R T 47 Yeth ik
(ko Tyl | FRME T BMEE CBE A To7, &
DFER . FEIRICIZE T HABI7220 v 300 nm EL > D2
THERLS D BRIRBRL - 23S S T, () 'L
i OB RN LT, F /AR DL BRHE L
FOEDITOILTNDZENRH BN A>T (Figure 3),
SHIZZNE DR NO R EBELNIZZ LD, #E
R OIRL - ChHERBI N |, Fiz, BL AT =
DR T/ BT Y TR EL DD RS
. ZHBDOREEIE T DO BEEL ORI ATRET
Y EmODDEEREICE S TR STV U EBRETEDHZE

DCFERRS VT,

REOMIH ., WEAYDOERNIE LCERENSD
5%H L<IE 10%D NaCl JRECRIFIAER LML, LV
UHFRY =AU AR T CEOMAEMRE RIS LR T
7=, B CH, BARWENHAEL N 72X X (Sillago
japonica) DR DD, 5%D NaCl 1£7E FIZH
WCHLEL VAR T LR DA B T&D SK4-1 7R 8 &
R4 BROHiEL U EEE T DB FTRE CTh o7z,
Fo, ZOIETH B O #~FE (Littorina (Littorina)
brevicula ) DA ig. 7547 (Patinopecten yessoensis) ™ H
IR (77 1) (Figure 4) 735 10%00 NaCl 72(E F THEEEE
RFVREL RN DHEL VB E BB TR REL TR
B C&D HU-1 e & A7a &b 3 BROBEMR O IERHIC
EILTZ, 2RI T B HBERE T RES 2~3 um D
77 Mt b ORI E T 7z (Figure 5) .

INHOFBERROMIZE | EN O R G ik
W, B AERIEH) 228 OFENS, 5~15%D
NaCl JREOHTEL U AFh=A L0bITfitL
IR U NOAET T HE O NAMAEM BN DI D
BERIROTE A HERRE AL, B MO L g
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Figure 3 TEM observation of selenate-reducing pure isolate (strain NZ3-1) from marine sediment in Nagasaki
(A: Cell, B: Bacterial Se precipitate).
(Bars indicate A: 500 nm and B: 100 nm respectively)

Mid-gut grand of scallop
(An organ which accumulated heavy
metals and toxin)

Figure 4 A mid-gut grand of scallop (Patinopecten yessoensis).

Figure 5 Senite-reducing pure isolates (strains HU-1 and SK4-1) from marine organisms.
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TERAED DIFEN TREEI N0, 7V —NEILX D57 B
RO ETITIZEDR T, 201 mM OHRIT A
IREDEEBAA L ETINUIZRE ST TG, Z2E
LT ERERE RIS LT, A EIOFETIE 5%2L 1
@ NaCl, ImM OHEEBRBFE F Lo AF =4 %
BN OAE CELWFED LI m MR B 52 i ok
DISED R T HZ LT TER) ST,
3.2 ELUVEE. RUARESILAALDELAEARED
LIS~ DMEYE

ATERZ LT, NaCl 20023 2L (1 mM) L O
{EARIVLREDEEE (1 mM) & LA FS 71
B TR R RR A B L 72 b O TlE, 2L OEERERIR
IS, AEERBHI B W TH & E LT A <o Tk 8%
WM R e S ALT= (Figure 6) , ZALHDWN | HLESIZEE
U CHEREEE BAR DR I BE T2 fe il I 7 = 7 5 1]
DIEE AL TIROAIVCEEIE R RIS DI
W OWTE A BEMEEBLEE, uR T T o728l A,
10~50 nm DORIEEFEOEL L EHRIT A THERSILS
R THLZEnbEL) o7z (Figure 7)., ZHHD
FERDS, BUNOPRE R 2 B L T S - A RT
BIRIZIT RV VBRAA Y DRI BAF U RL LSRN
IV LB TELMEDRENFEL TWDHEE BT,
SHIZZ OB LAY D53 B AR D EAFIZ DU

THRLIZEZ A, Acetonema longum (25T 92%DFH
R A+ DM ERK (CdSeSR-1) 2MFH T2, BAEDED
A AR D B ERE R T H LIk o TRV U, BLD
HIRIY DELEIZELVALIRIT MIEHTE T, CdSe
PRL - D& BT FEO A DA W7 B 53 B
TIERVNEE Z BT,

3. 3 MEMIZLD CdTe BRENAF)TIF—IZ&D

TIVIL, AREY L0 EEFEUR

LA F =AM PVICFERETTEOmAY T =
A THLET VIVERE | mM OARIT LA A UL
TR LT TR R SR T AR D S 988 HH i) B ER L 7= Rk
R R R A DIX L E IR A A K T 5
HOPHBLL , CdTe DIEW G LD ATREMEAVRIBS LT,
ZI T, ZOERBER IR RSB a2, &
FRAMEIBIES, TR EITST2EZA, 5~25 nm DFL
PAFE OB 1 CHRER S DB EIR D TEED BLEE S I,
TN ETRIY LTHERRS AL TONDZE D TLFR T H)
BIL7= (Figure 8) ,

F7-. BN ELNIZZ e DG Ok THh D
ZENRHBIEIR ST, SOITEEEME OT NV AALAIRIY
DFESORI - (S 2R) LRI E IR L, AT H K
RERPRIEL, K17 — I T DA% 1 MR A i L
72eZA EREETR AR DS T /R OF& -

Control Acidic Waterway | Waterway Haruki river| Apond in | spuegawa  [Shuku-gawa Shuku-gawa
(Medium) | waterway | drain in| drain in| (Kishiwada, | Hiwaki e e v Inoculum
No inoculatipin  Tizuka| JAIST JAIST Osaka) (Kagoshima)
(Nishinomiya, |(Nishinomiya, (Nishi
Namazuda | campus campus
(Fukuoka) | (Ishikawa) [ (Ishikawa) Hyogo) Hyogo) Hyogo)

First
enrichment
(after two
months)

Second
(transferred)

enrichment
(after two months)

Figure 6 Appearance change in enrichments contained 1 mM selenate and 1mM Cd*".
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Figure 7 TEM and EDX analyses of biogenic precipitates in the enrichment (Shukugawa).
(A: HRTEM observation, B: EDX elemental analysis, Hitachi H-900ONAR)

Cu signals are from the mesh grid.

ert=

rsor=13. 840 keY 2 ont ID =
127 Window 0. 000 ~

10 20
e 18050 23784 cnt

No-8.1PG

Figure 8 TEM and EDX analyses of biogenic precipitates in the enrichment (Kurokawa).
(A: HRTEM observation, B: EDX elemental analysis, Hitachi H-900ONAR)

Cu signals are from the mesh grid.

[l BRI AR EYEL (CdTe) O P SAFIAR IS DOFE - [HIFE D
TR —H LT, ZOMEND, SR 71
CdTe O} /i ChHHZENMERI I, BT, CdTe D
B HER SN EREE R ARG | MR OISO
TIREILT2EZA, SM-9 #RA XU D EFEOMAEMED 57
BELZ RN LT, 2D DRUEAR D 2% [FIER D S TH &
L., ARSIV ohi 72 fih 1% . BT BRMEEEIZE . ok
T, BTG DT AT 722 25, SRR IR RIS

CdTe 7T~ /PRI T- DA RERS VI, 2T, 2ok
RET NI T ND L7V TREELL, TRERT T 74
—HER BT, TV BRIV LD RIFEEIRY T2
K —aAEEE LTz (Figure 9), ZOUT VX —%EHEL , Zi
A1 mM OHLT WVEE TIRID LAT L DA E] T
72EZA VT o4 —iEiEtk K14 B (852 100 FfH) T
BRI OWMAA % CdTe T /fG s b 7-£ L ClEIN T
HZEBRHLMNI 5T,
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Immobilized cells: 30 mg
Reactor vol.: 50 ml

Flow rate: 468 ml/h Output

Ail’ ﬁ\
A D

N>

Reactor

I

@: control (cell free)
@: enrichment cells from the sediment Tanai river (Niigata).

Figure 9  Flow type bioreactor system for simultaneous removal of Te and Cd.

4. SEDORE(FLD)

AIFIETIL, NAF VAT 4= a ~OF| Az E
Z, BHEHEORL L (T VL) OADRIE BIEL T,
B2 PRI EEBRBE  METEAEW DD NaCl ittEZA L, 'L
T XY =F iR CELMAEMROER | b NTE
DOBITHELFIALI-EL Y (FAN) T =F L L
BIBAA L OEEFEL Y (TR OO FIEEMIC
DWTHIEZZAT LT, SRR B ET D020
STEERRDEONTED, Bk BB TH D 5%LL Ed NaCl i
PEIEONT 1 mM FREDOFERE (IRIY L AA V) it
AL, BB LA G CEOMAEMROERFIZIT
BN ST, S BITEBICAI ) — = TRk S A
ETHMIMROES A B LT-\V, £, Sbhesibkic
KT DRMOIWTINHBAELZAD R4y THY , F O
B THHZEN TRRSNDZENLRZIZ 16SIDNA 12
O FATLIENEB 2 TS, SHIT, M4

BRI R O — I TICE DA AL AT g m— g,

FTRERBEINEY T I H =128 DT IV AT b AW T
M, FATTDMENHDHEE X TND,

SE Xk

1) g F. (1995) fiil AFEBGIEOHEMEER 3
K BIRRA W E LB pp.281~282, NFE
IEOBAfEERmEZ RS W, LERISE, B0

2) H. J. Schrocder (1978) BREEHYM T L th ~D BB
4 LY <4 PEER” ppdd, RUF 1BE, TR =
B3R, RRE RN, O

3) J. F Stolz and R. S. Oremland (1999) Bacterial
respiration of arsenic and selenium. FEMS Microbial
Rev. 23, 615-627.

il

AWFIEDBATIZ DT | 5153 fRE 25 Y e 1 BRI R
Mok 78122, EDX, #fuEHTIC LT ICIEEL T A
RESEin B A HAT R B (BRI R ) R — 8%,
NS O o AV Asa al D R eV B 1 = S = A e |
W IEGVELTZ, ZOREEDELTEEHBL B ET,
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Isolation and Characterization of Salt-Tolerant Selenium-Oxyanion-Reducing
Microorganisms for Microbial Formation of Selenium Containing Heavy Metal
Salts and the Application to Bioremediation Fields

Toshifumi SAKAGUCHI

Department of Environmental Sciences, Prefectural University of Hiroshima

Summary

Selenium is one of metalloid element widely distributing in terrestrial ores and aquatic zones on the earth. It
is found in a variety of chemical forms in soil, sediment, ground water, and biological components. Its soluble
oxyanions as selenate and selenite are lethal toxicants to animals, and cause the serious toxication and carcinoma.
Although metalloid elements such as selenium can be essential to industrial material production as rare earth
element, the effective recovery method of these released or contaminated elements have not been required.
Further research should explore the biological function which can apply to develop the recovery and recycling
technology. In this study, we have isolated and characterized newly isolated selenium-oxyanion-reducing bacteria
from various marine organisms and environments. Furthermore, microbial formation of CdSe and CdTe has been
carried out and we have attempted and performed the simultaneous removal of potassium tellurite and cadmium
chloride due to conversion to CdTe crystal with anaerobic reactions of microbial consortia and its isolates.

Many short rod-shaped, selenate or selenite-reducing bacteria were isolated from marine sediments which
were not contaminated with selenium or from marine organisms such as whiting fish and scallop. The one of
isolate, strain NZ3-1 was able to reduce selenate (SeO4>) to elemental selenium (Se”) under anaerobic conditions.
TEM observation of the red cells grown under anaerobic conditions showed that nano-sized crystalline elemental
selenium was deposited in their cells. Many soil and sediment samples were collected from terrestrial, freshwater
and marine environments. These samples were inoculated to the anaerobic isolation medium contained at 1 mM
of SeO4” (or TeO;”) and CdCl, respectively. EDX analysis and HRTEM observation showed the microbial
depositions in the enrichments were nano-sized particles that were composed of Cd and Se (or Te) with 5 to 25 nm
in diameter. Furthermore, we have obtained pure isolates from enrichments, which can sustain in the presence of 1
mM of TeO,” and CdCl, respectively. HRTEM, EDX and electron diffraction analyses on the produced particles

indicated that microbial formation of CdTe with sphalerite (zicblende) structure has been achieved.
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