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RTEXIZ Upflow anaerobic sludge blanket (UASB) , BERICHUK AR Z 8% T HH T ARLE L X7 AR K
EREAQMEICHEA L, UASB WCEBROEICH 5T S MAEM S ERMER L 7 o — VT2 EAEbET
O L. EFESEREIFREERL U HREE 1I0CL 30COREBCITok. SRERSEED
YoM LTy a— BT EITo e & 25, 10COERBEEEY > T VB Citrobacter freundii &
Desulfomicrobium baculatum W EB2EHBEIABRHEI N, R 30CHOY > P b X Clostridium
celerecrescens & Desulfovibrio sp AT/ RS 7=, Fluorescence in-situ hybridization (FISH)
EERVWT UASB IBRM OB L7z & 25, DAPL a2 5® 584G 1T Citrobacter freundii 5% 2%,
Clostridium celerecrescens 3% 3%, ﬁ(ﬁgftﬁﬁ@ﬁﬁﬁmﬁliff@ 6% TH-oTx.
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1. ZLoIc

B, BHTAZE LD & LI ERERAD LR
IIEMETBIRIE /2 & ORI A ML 2 E < B &
RTWB. L L, BHRBRIEREEARA AT R LE
—EBEL L, SLHIRRKEORKFIERDER LV
SEREAPEBHEINTVS. ZThbDOMER RS
519z, %3 513 Upflow Anaerobic Sludge Blanket
(UASB) & FRHMEAKRERHIE DR HREOR
{GBTEY A 7 A ETEEL LEFR T AREDS X7 A
ZRFE LD 20U RT AXETE O UASB CHiER
YR TAIEASRRRE AT 5 L & b ICE R S
FEL, #%BOIFRME SR CRERLME RIS E
BB E TEML L, T OREAD— A ABEOHER
MCIRET 5 2 & CHMEE TR O 2 25T
BHDTHB. 2DV AT AOKEIL, BEOHEHE
MIBDEREMEIE Y 2 & L EREMEERETA

BMIZEMZET S 501cxt U, HEBERETHEIT
KRS G T THLEOERERIFETIZ L0 b,
EARBHICBWTH —EDOMLIEN ZHERFT 5 A1
H5.

INETICEE LI MRAOBIBRITHA I NVER
AL U7 803 3 2 7 b2 & B BB HIFE A ORIR A
D MAEYEEEEY, 16S IRNA B FEIENE
Lic/mn— V@i THLMILE 2. ZO/RE,
UASB P13 Acetobacterium |& L Desulfobulbus &7
EOEEORBREE FTTHE S RH S 41, UASB 3.
L LTHATBDORS FEB - TS Z & A3
Bdkipofz. LML, UASB THHI 20%D COD M
BRESATHWZIZHEDL LT, UASB RIZTFET S
FiR oy RMEE L I ET D Z L3 TERo

— AR E A OB RS AR RS O R R ES T
¥ B EEERIX Methanosaeta X2 Methanosarcina &\ > 7=
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HEBR G btE A & o A8 5 . 7=, RERE S +4
WHTET 2 &M T Z2B A O EE ST E
HERR 3R EH 5 L WO ME L H B Y. —77, Schniirer
b ¢ MIFEEHF BN TARE A Z o HlE
LDORERICKVEEBR S M E1T 5 Clostridium
ultunense % BEBEREFE U, Hattori & VIR IBSEICBW
T Thermacetogenium phaeum % [&] U < BLEERE% LT,

LA L, RIEALE S R 7 ACB b B R PEERRR 70 R
MBI OV TOHAITHRIICHIZE A ERENS
NTORVDOPERTHY, FOLEL AT LOLE
BEOME L2 S 7 DITIT UASB NICTFET 5 Bk
RIEREEZRETHLERD D, AL THERED
BB A 7 VB L S R T ARAE S X
7 L0 UASB W TOEERS 248 5 B L, B
L AERBERL I/ u—VEBIFICL > THEL,
Fluorescence in-situ hybridization (FISH) &z Xk - T
UASB /582> O # R AT,

2. EBAE

2.1 BREBRUYVITYLY ,
ERIEBOEMINR Y0 LB ThD. Ry

FEMIE OB EIZIL, EE2 1032 B B ® UASB 2> HiRE

L7=iEleE A=,

2.2 FRAECONRSRATORMIER

BB L ERD OEB S 2 R T 5 7291,
FEBR & H—RBR L L ERBEREL2To 2. HHho
#LAk I NH,C1 (10mM) , KH,PO, (1mM) , MgCl,. 6H,0

(ImM) , CaCl,. 2H;0 (ImM) , NaHCO, (30mM) ,
N2,80, (10mM) , CH,COONa (10mM) & L, pH iX
7.0 ([CFREE U, B 50ml N T AR AN
N, CRIBEZEH#R L, BH L. EBEILHEKNIC
10°CL 30CTIT-7z. M4, HEFRIT 1 BRRBE
IHEZRENTEDS, P EER AR CHRRTERL R
ol led, MAMKE 3 EANOEAME £ TORE
%1 7 BICER Lz, 70— fBIc il 2
E5EE,EEOFDLDEHFER L.

23 J0—CEBAICLITRSREFEORRE

EREERY A0 50 DNAHIZPHR Y50k
I U 7. MEAREE S EIB, 5% 90 BOY v
Vi DNA €N ENEIL, 165 (RNA BEF%
Z—75y MCPCRIBIBEITo /. R LT T4~
—%& > b % Table 112773, PCR EE#IZ Gene Clean
Kit (Q-BIO gene) # AW THM L7-%, TOPO TA
Cloning Kit (Invitrogen) |2k ->T2Z r—qk L7,
F D%, HIFREESR Haelll, Tag 1 (TaKaRa) % AWT
RFLP T2 ITWI A —F b LT, ZA—TF{ L
16S rRRNA BEFWAIZA— b —r v h—<LF
¥ ¥ 5 U —DNA fE#F ¥ X7 - CEQS000

(BECKMAN COULTER) # fl\\CHEEEF| 2 RE
L, NCBI (http://www.ncbi.nlm.nih.gov/) ¢ BLAST'®
WX DBEAENCHEEOBVEZRE L. K
fRHTIZ L The ARB project (http://www.arb-home.de/)
DIEEEFT —F _N— 2V —/L ARB 2 1EV, I
A WNTE) PERAVWTY o— L ORKHRLES
HERE L7z, E7z, & ORBMATORED 1% 1000 E 0
T=hFRNZ I EYREEL T2,

2AFISHZICL S ERIBEELBREExM
HoRt
AR CHA L7 0 —7 L ENMAEY, Rk
NMETIF (FA (%) BE (N TV FALE—
a3 R 46°C) &K D NaCl % Table 112
Y. FISH #43 Amann® 0 FIEICHEIL L7, VWi

Fu—7% Cy-3 TS5 K258 L7, 77, CitrodS8

Tu— TR RBRRESEH b, -7
EFIS 1 WERRY, AR L LML Tvipna
YRF 4 F—EEAK L] OFA TRA L CFISHE
iz AL . Citrod58 X = Citrobacter
Sfreundii(DSM33039),  Clo999 [
celerecrescens(DSM5628), DSV687 X Desulfovibrio
longus(DSM6739) D FiE#E 2 AV CTHRE A 7Y
FA RGMEEWE LT

Clostridium

Table 1 List of 16S rRNA-targeted oligonucleotide used in this study

Method Name Sequence(5'-3") Target FA(%) ~NaCl{mM) Ref.
Cloning EUB338 ACTCCTACGGGAGGCAGC Most Bacteria - 13
UNIV1500.deg-R - GGYTACCTTGTTACGACTT All Organisms - - 14

FISH Citro458 GCTGCGGTTATTAACCTC . " This study

Citrobact d 20 0.166

Citro458-competitor GCTGCGGTTATTAACCAC irobacter freundii This study

Cl0999 ATCGTTACATCCCGGTCATT Clostridium celerecrescens 5 0.585 This study
DSV687 TACGGATTTCACTCCT Destlfovibrionaceae, some members 0.900 15

of Geobacteriaceae
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I WEBLUER
3.1 Jo—VERCIINRIAHMEORE
UASB N CHIRSMRICH ST 2 MEMELHET
721, UASB %5 1032 B B ICHI L72H RS
FeEp A E—RBIP L UCHRE L% AV CER
B®R2IT o7z, SEHEEIED DAPL REMROFEN
BHEE CHA LCERE 5 EB, 5538 90 B ORI
A5 DNAZEIRL, Z2u—r 5475 ) —%&{ERk
L7z. Table2 I bNier u—r 4 75 Y — &R
7
10CEMBEERY LV IADOES 7 n— 81330 TH
Y, Desulfomicrobium baculatum & Citrobacter freundii |Z
ERREES TR TR0 7 n—1, 1T 7 n— b
FEZo2/ICL>TEHED O, 30CEEF T
DOFELh7 v— 28k 31 TH Y, Desulfovibrio sp. &
Clostridium celerecrescens IR IeEHEN ENEh
14 7a—r, 157 a—rPkliEh, 10°CERES
YN ERBEIIZE 2 B o—rRhbik.
BLAST T B ®E & & h &
baculatum &  Desulfovibrio sp. % 1Y Desulfovibrio

Desulfomicrobium

carbinolicus IR BB HERBER THE TH B 167,

RHRIC, ohiz7o—-vicEREL S
Citrobacter freundii I3 Enterobacteriaceae #ZJB3 5
BEHEEEAEMECTHLD B,
celerecrescens V&5 T AN b AR L R#ET 5
HEREETH DL O, TOWENEELERT IR
TETDb00, HKSEH CEBREZFIATDRAN
HEPEDIROVWTERATHS.

Clostridium

Table 2 Sequence similarities to closest relatives from
the clones that were obtained from
sulfate-reducing acetate-oxidizing enrichment

culture.
Closest relatives

Number of sequence
cloneftotal homology

clones (%)

Caultivation temperature at 10°C
Sulflospirillum halorespirans 230 99%
Desulfomicrobium baculatum 10/30 9%
Citrobacter freundii 17/30 99%
Propionibacterium acnec 1/30 98%

Cultivation temperature at 30°C
Desulfovibrio sp. Clone B4 14/31 - 9%
Clostridium celerecrescens 15/31 9%
Uncultures bacterium clone IB-18 1/31 99%
Desulfovibrio carbinolicus 1/31 9%

J.2FISHEICL PRI MBAE & RREZTH
Ho &

7u—URTORERED LT, ARB ZRANT
Citrobacter freunddi & Clostridium celerecrescens (Z%F
R 77— 7 Citro458 & Clo999 ZHFK L. 20
e —7 SR OMmICER Lt 25, &
NEN OO BEEOHMIEZ R L7 (Fig.l-a,
b R Fig.l-e, ). 7z, KBREMRREREE T HE
D% L OFEE R T 2 DSV’ 7'u—7 HEEIEH
FOMIEERIHT A ZENTETH- - (Figl-cd,
g h), Thidsue—VEgfrcEEEE SR
Desulfomicrobium baculatum, Desulfovibrio sp. &
Desulfovibrio carbinolicus Z¥H L7=b 0 LT &
5. ET, 0CEMRTEERY 7 Cirod58 &
DSV6R7 # WA Lic & 25, Biih £ < offifas
ZIO2EDILOELLNOT 0 —7 TRIBFTET
Holo. [FERIZ, 30°CEFEEE Y 7T Clo999 &
DSV687 # AL L 25, IZETARTOMEEAZ
DLEOLLLMO T —7 THREENTE.

Fig.1 Fluorescence in-situ hybridization results of probe Citro458 (a, b), Clo999 (e, f) and DSVé687(c, d, g, h)
in the enrichment culture incubated at 10°C (a, b, ¢, d) and one at-30°C (e, f, g, h).
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Fig.2 Whole cell hybridization with fluorescent oligonucleotide probe Citro458 (a, b), C10999 (c, d), DSV687
(e, f) to the UASB sample. Identical fluorescent microscope fields were viewed by U-excitation (a, c, e)
and by G-excitation (b, d, f)

Fig.2 |Zi&#R 1032 B B UASB BRICX LT
Citro458 7' —7", Clo999 ' = —7" L DSV687 7 11—
T%#A L7 FISH EE%#77. Wtho7e—7
 UASB 51> b A E 4 17 F A BB b, DAPL S
AR XT LT Citro458 B HMBA 5 2 B4
22+09% (n=10) , Clo999 7z —7% 2.6+1.1%

(n=10) TH-o7z. FEIZ, DSV68T Fu—71 6.4
135% (n=10) DEIETHELRL. ZOZ &b, B
BarB—RRRE UERESE CB-HED UASB
NTHLEFTLTEY, UASB N TOEBOSEIL
Citrobacter freunddi <° Clostridium celerecrescens & 7K
FECHERBEETHEOWTRLRH- TS S
DLHEREND.

4. BE

B ERIEEK DIKIR AR I LR OB T
VA I NEER UEFREKLES X7 LOFTE
UASB %, MEXBEADOERS THE T LYY
U a—=VORBR~DESFb L &b it —EOBER D
SREPETLTWE. b LI OBRSRE N & RE
IR TE L, BB UASB TO CODBERBH L
L, VRTFADa "7 MRS, iz, KB
BWTHIEEZ2 MR C& 2K A Sy R IED
BEEMETHE O MERYBET D 2 LI KLERHT
DHRBICBNTAEEEETHBLEX NS, #l
B UASB J5IROEEAE — R # COEBTHR OB E,

10°C DEF KL HE S TIX Citrobacter freundii &
Desulfomicrobium baculatum @ 2 F&IZ, | 30°C TiL
Clostridium celerecrescens & Desulfovibrio sp.? 2 F&IZ
EHEPET L, BHEO X 5 ICHBEN+2I0F
TET 3 & Ciimei B O MBRE S TR 2 B
THLDEFHRL TS, KEECHERBRERT
I & FEEME OME O 2 B OME BSEEE I HE
L7z. DSV687 7o —7 TR & h 2 MsstiikE
BMmBERTHME TH Y, FREELZF A L CEE
BMEEESETD Lo BELRW. LEXST,
EEEHANTIIEROSMIC & b2 > TREOER
PEITL, TOKREFALTVELDOEEL BN
D. IO EPDEEBIL Citrobacter freundii &
Clostridium celerecrescens BS/KFTERE & big>TH
BLELOLHREND. TN O REMOMEIL, BE
BR b A B T OB B RS B RN
HB. LL, BiBOSEEHER S EF0B O
Hi% 13 © & T ORHIZ W T b BRI LS O B H#8R

T a— e B EN P, ThbEDT

Edb, ZOREEEDMIE BB L KRE & RRLR
RITHRL, TOKREEZKBEERBEEE THE
BRALZbOLHBITE 2. Z0#ERIT, h¥E
THIREGHG SRHBEE Y THE SN TEZ LD L
RICHIETHD L EZLND. Thbh, B B
TEMERRECTHMT ORISR LT, KEAD
NV = E o TKRBHEBFSIELS FREZRT
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WeBEILBWTIY, KRERBTIHEROF N
KR LR <R30 THD. £, KIBREHFIZBWY
THKRBEMEA &7 o HHEIC L2 KBFANEL
SIERFTBZEBHEINTEY 2, BEERSMEOH
BED D DEKFSEDHERFIIARELIERBIER
THMERTOFRBEL TR EWVZS. 58I,
Citrobacter freundii & Clostridium celerecrescens H37K
SEF P RRERE B ST M B & O coculture IZ BV CBEER %
FFETEIDBIEOVWTHET HIMSEEDD. Fiz,
EMED UASB PITHE Citrod58 & Clo999 Tt &h
HMIEOEIEMTIEE L o7z, Lo L, I0COER
BENOHB U Citrobacter freundii 12 X 534
DHBEVEREFFICER LLbDOTHD LER
bhd.

5. %W
B OBYLBEY A 2 V%1 LBk 2
T AEMERFEAOKRLEBIZER L, 9 UASB
WICTEET DB B OHBMEIC S\, BBRIC L 54
BEREIT oV A TO I u— 4T L UASB
BR~OFISHIEZBA L THEFT LIZE 25, BLFD
MAERFLNTE.
DEEBEREE L L TERMERET 2LV 740
EUB338-UNIV1500.deg 1= X % 7 v — U fi#g#r Tig,

10 CEFERE R YT > S Vd BIX Desulfomicrobium .

baculatum & Citrobacter freundii \ZiE &7 ETERE
G L, 30CEMREERY L T h 5% Desulfovibrio
sp. & Clostridium celerecrescens W& 72 RN R
&7, UASB N TOEERRGARIZTEEBRLAGR
FBRIEE LM E I & Db DT, Clostridium
celerecrescens ° Citrobacter freundii & KFE LM

MEREETMEOREIC L > TEFLTND DL

BRBINTE.

2) FISH Mt DK R, UASB V5L Citrobacter
Sreundii DE(E X DAPI JeafBiiIs LT 22+
0.9%, Clostridium celerecrescens 1% 2.6 +1.1%, /K3
BRI R T MBI 64235 Th o 7.

£ Fid

AR, SR AR RS (EgwE (O ,
REEE S 16560489) OB EZ T TEITLELOT
HD. ZZKELTCEHOBEEETS.
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Anaerobic acetate-oxidizing bacteria were identified in the up-flow anaerobic sludge blanket reactor (UASB)

applied to the low temperature treatment of sulfate-added wastewater of deicing fluid. Clone library analysis of

PCR-amplified 16S ribosomal DNA was employed to identify bacteria, in which acetate was supplied as an

electron donor.

Identified clones were dominated by those derived from Citrobacter freundii and

Desulfomicrobium baculatum in the enrichment culture incubated at 10°C, and those from Clostridium

celerecrescens and Desulfovibrio sp. in the enrichment culture incubated at 30°C. Almost all of the cells were

detected by FISH analysis using only two kinds of probes specific for hydrogen-utilizing sulfate-reducing

bacteria and for either Citrobacter freundii or Clostridium celerecrescens in the both enrichment culture. Those

two kinds of bacteria could be an acetate-oxidizing member in each culture. FISH analysis revealed that

Citrobacter freundii, Clostridium celerecrescens and hydrogen-utilizing sulfate-reducing bacteria actually existed

in the UASB, and the ratio of them to DAPI-stained total cells were about 2%, 3% and 6%, respectively.
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