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Population Dynamics Analysis of Anaerobic Sludge Consortia Grown in
UASB Process by 16S rRNA Based Molecular Approach
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ABSTRACT; Microbial population shift of anaerobic sludge consortia in response to temperature change was
investigated by using 16S rRNA molecular approach such as FISH (fluorescent in situ hybridization), PCR-RFLP-
sequencing and T-RFLP (Terminal Restriction Fragment Length Polymorphism). A bench scale UASB reactor
maintained at 35°C for a long time period was subjected to abrupt temperature increase to 55°C. The mesophilic
granular siudge exhibited the optimum methanogenic activity, opposed to our anticipation, at above 40°C, while the
thermophilic granular sludge possesses the optimum methanogenic activity at different temperatures for each
different substrate: 55°C for propionate-, 60°C for acetate-, and 65°C for hydrogen-fed methanogenic activity.

FISH analysis using our newly developed oligoneucleotide probes, which are able to distinguish separately
mesophilic and thermophilic acetate-utilizing methanogen, successfully provided an evidence that some extent of
Methanosaeta thermophilia, thermophilic acetate-utilizing methanogen, is present a priori in the mesophilic sludge
consortium that have never experienced a thermophilic condition in the past.

The T-RFLP patterns of archaeral clones’ 16S rDNA reflected distinctly the time-series population shift from
mesophilic acetate-utilizing methanogen (Merthanosaeta concilii) to thermopilic acetate-utilizing methanogen
(Methanosaeta thermophilia). The molecular approach methodology employed in this study proved to be powerful
and useful tools to monitor the population dynamics of anaerobic sludge consortia for better understanding of
anaerobic wastewater processes.
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N=REIZBWTIIFROLBE! UASB UGB OBRBICKRIIL, AHEAT 100 kgCOD'm™d’ DEELHS
BEARULE " BLUEIGEKE (GBEERE. FoNVESHAEREEK) 2REBENICHEATHZEMN
WHETHB & ¥ 2EBMNICEHLTER, TOHE. IhETORMTIE, S UASB YOt Xid
BESREMRE S OBELTEHICEL CETHPRE /O A EEBTHEMHTHE NI HERLRLT
WBMR O W g S o - VABRE TS, BoREoRKEORRST. ThETIRTR
BREBIIAEBREINTOARABII DL THHPEBEOEFESEOLEREEHRIND, DXL, HER
PS5 oa—)ViERE, HOVSHEEOBKETHWMCHEEI, POoENBREE S5 I L #F
LT ZER—BFORERB,

* BRENBERSYE B AFAT%¥% (Dept of Environ. Systems Engineering, Nagaoka University of Technology)
= PN T RS BB E YN (Shinko Pantec Co., Ltd., Environmental Systems Division)
o B TRBESHEM2R BIERTH TER (Dept. of Civil Engineering, National Technical College of Nagacka)

—151~



REFTTOL, SR UASB 7O ADAY - P v TOHEREL THRINTHD 0. hiEEEDS
S a—WERERERELTHY., BOOLERAGETAY - MNPy T2F2 LW EEERN Boh
FEREODTTRIIVEGRETHERETHAEREINTNS Y20 | ULhaLAaNs, EREXh-dhE
7S5 2 a—VERMEBBRER T TEOLSICL TEEEARBRE S I a— IAELBLTHLIMZDNT,
BIOHREMEDNEDO LS KEREMEYRBICE SENEEL T M DWTOHRERET RV,
FITEMETE. PRS- a— I SERS S a—ERAOMEMEEFNETEDORBT—4
—OEEZENEL., T (35°C) TEEPO UASB KIERZAMICER (55°C) K7 M8, BE
BB OPIRERA Y A RERE N S EEEAY SV AERMERANORE AL -2 a7 FOBFBLY
EBALE ST EMFENTFH: (FISH. T-RFLP i) REFHVWTEEHLE, X510, A TEWENTRICX
DESNIEHRLD, RIBBOWENRT +— A, AY VEREEOEBLEDBROERE2TH .

2. RBFE
2.1 UASB BISSBRUMARHE

ARETIE, AEBEARE 11.9L (GSSAROSL 25 FF) . HE 10cm OFERR UASB R ZE N
o VPRI A I —De sy FERELY-REZLTED, Y —-HAXDERD
HAZBEHIES L TREBENOEES2IR (35°C) RUEE (55°C) LHICRET S 2 EATRET
H5,

B#BEEIT, o/ U—A+VFA (BB L7008 2EROELEATRKERW, H5%
o COD BER 270X BT ML TOELT B X7 b 2=1350: 675 675 1 300
(mgCODL') T. COD #ERIERNZE LT 3,000mgCOD L T—F &Lk, £z, BEKICIIHEE
T 80mgSO, LI ZH L TWnAN, HMEEITICLLSEBYBREANOTSRITIIXUTIHMASN T, &
B P X UOMBITREE (mgl!) 1. RBRFMEEC TR Y SRSREMLE.

2.2 BEI7H

VT oy —~OTMEREERE. PRIV P o AE T T a2 VERERIGEAEEL
(27.9gVSSL) | EROHRO A TEKICTRIGIEE 35°C OPEEFTIIBWTEH 1 FH#, AHEHM
10kgCOD-m™d', HRT 7.2 BfIOLM TR 2T 7. FHEEOHMO COD BERITHER 8% LA L%
ML THO., RISBRICIITERRE 1.5mm BEOS S 22— LERNEENCEEINTV ., 20
%, RGSOEERERN (12 BHED OMIZ 35°C 25 55°C OFEREAT 7 E®R, BES T Mg
BRI U CHRT 28ET 5 Z S X D ERANEHT 217o 7%,

2.3 A VERENERE L CEREREH

RIGERBEFBROA Y ARES OB OBEZ, BES 7 MIRFT 7 b 3, 20, 36, 56 KU 97T H
BicpWTHERfTo . £/, SREEACBII A ARERLOBRES 7 N RUBREREEEET S
7oz, FRERSBRE 0 BE) SREREE o7 ABORFBRIC DWW EFT -7z, HEBREEIIN
B, TOEA R H/CO,80:20, viRTN o /70— (HEEEETIWTRD 2000mgCODLY) MW,
RBRIREIE 35°C KT 55°C @ 2 DOBER THE 2170, BEKEEERICE L TR, PEERER 25
~55°C; 97 H BRFRTETR 1 35~70°C OMITHERT o7z, AR TEC OWTIBER ¥ TR LE. K
IGRRRFFE IR (SVL, RIFBRNE) OMFTIIMBROFIEIZELR Y,

2.4 Insitu hybridization %

BES T FHIOFRERERBINRE D 7 M, RIEBNIZR_FINZBERICOW T Table 1 IRLUE 168
RNA ERHCRET I O—-72R0, £AY ARSHEOEBRUTEM S AOBRET-> -, Mt
MFEOEENAER 4%-5 7+ NVALATNTE RICTHEHER. NS T74 AEREL, I 70MAKK
DI Za— VU EERL, ASHEEHL 2, 387275 = 2 — VA O4ER KR In situ hybridization
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Table 1 16S rRNA-targeted oligonucleotide probes used in this study.

Probe Target group Probe sequence (5'-3") ‘C* %FA Ref.
EUB338  Bacteria GCTGCCTCCCGTAGGAGT 46 5 Amanmn 1990
ARC915  Archaea GTGCTCCCCCGCCAATTCCT 46 35 Stahleral., 1991 “
MX825 Methanosaetaceae TCGCACCGTGGCCGACACCTAGC 46 20 Raskinetal., 1994 34;
MB1174  Methanobacteriaceae TACCGTCGTCCACTCCTTCCTC 46 35 Raskineral., 1994
TMX745  Thermophilic Methanosaeta CCCTTGCCGTCGGATCCG 46 35 Arakieral 200032
MMX 1273 Mesophilic Methanosaeta TTTTAGGAGATTCCCGTC 46 10 Arakietal., 2000 6
GNSB633  green non-sulfur bacteria ~ TAGCCCGCCAGTCTTGAACG 46 20 Sekiguchieral., 1999

*: Hybridization Temperature, FA: Formamide concentration in hybridization buffer

2.5 U5Za2—iERMDO DNA B

75 a—)VIERM SO DNA ML, -80°C ITTHEBREL Ty 2 IV EXKPICTHEMRL, BHE
BHZRED 1 X B U 721578 350mg, 0.1mm & beads % 2g. 300uL. @ phosphate buffer (100mM NaH,PO,,
pH 8.0) . 300uL O Lysis buffer (100mM NaCl, 500mM Tris-HCI[pH 8.0], 10% SDS) % F 2 —JIZa&IzH:
&, ASICKRETI OO 3 IVABKEON, E-F 0 > 3,800rpm, 1 ) Bf7o72 9, BT 60°C
T10 BB L. BO0EE (12,0008, 4°C, 10 ) %, LBAHEZ 1.5mL OF a—FIZENLZ, B
L8 Iz 20W T, KEO PCL(25:24:1), CIAQADBED, Bl LU L&Y 7OENT IV
O—JLRRMU CTEE 2 BRENR S BEM L, RNase ML (RKRE : S0ugml ) ZHEUKEEE, #Hib
DNA &7,

2.6 PCRRUIA—ZT

Archaea (ZiHE) B3RO 16S 1RNA EETO PCR #EIZIE. #FLOME DNA 257> 7L —h&ELT
A, BHORBBEMEIZT, THECHRNIZ TS — ArcllIF (5-GCTCAGTAACACGTGG-3,
Escherichia coli position 112 to 127, V) | CHIEH - MBS ICHRMIZ T I ¥ Univl490R (5'-
GGTTACCTTGTTACGACTT-3’, E. coli position 1491 to 1509, ) M+t wv hZHH L THEiEE2RA7~. PCR
RItid. 95°C, 9 HDAMDHE. 95°C 40 BOZEM., 50°C 30 o7 =—U 7, 72°C 2 HFOHEER
S TR, 2581 7)o 7. PCR EWIL. GeneClean 11 kit (BIO 101 Inc, USA) THSEI L. TA cloning kit
(NovagemiZ &> TpUC RO TIAI RIZTA 4~ a k., KB#EERHWTIO—- Ll

2.7 RFLP RUMEERFIRE

70— AELDNA R, BT I AI RAS > — FENTOUDHMBALE S > F LIT 6566 HE v
27w 7L, Haelll & Hha 1 DHFREEFE % VT RFLP (Restriction fragment length polymorphism) 47 %
fiole, RFLP OBKIKENL, 3% 7 HO—R5ILT 50V, 40 OB T W, 2 OB/ —
DBEBAMETV, BTONY — DWW THRERF ZRE L T2,

HER S OPREIZIZ. Thermo Sequenase™ fluorescent labelled primer cycle sequencing kit (Amersham
pharmacia biotech)yZ FAWTY A VN —F 2 ARIBEITW, 20— AL E /= 165 rDNA OF) 1,350bp %
MRS BRATERIE (DSQ-1000L. ERRBERT) Z MW THIT 2175 /. £ D#5RI3. Ribosomal Database
Project (RDP)(> CHECK-CHIMERA program 12 & = CF A T DNA OHIE 277>, BLAST search'® {2k 5T
FTEQD—-H—F 2T/,

2.8 Terminal-Restriction Fragment Length Polymorphisms (T-RFLP)

BES T NEOMEMEOREa L - a7 NORKTIC, BPIFETIX T-RELP i 20 RNz,
#7722 VERELOHMIE L DNA (10ng) 27> 7L — MHL, HHECHERENE TS —
Arc344F-FITC (5’- ACGGGGIGCAGCAGGCGCGA- 3’, 5K % FITC THE3%, E. coli position 344 to 363, )
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&, W - SRR R T 51 ¥ — Univo0TR (5°- CCCCGTCAATTCCTTTGAGTTT-3’, E. coli. position
907 to 9282 &AL, 2.6 fid PCR RIESRM: (HL. PCR ¥ Z)VINA 7 A2 WH#T 57/ 20 5
ANCHIAT) &, HHEHEO 165 (DNA 2HIEL /-, BIEEMIS PEG IEHE D KL VBRI
fivy, Biakh 2HIEEBER AL ], Tag LIZEZDYWIL, F— b —5 28— (DSQ-1000L. EEEMAN
W2 & D YIMF L 7= 16S rDNA Wi (T-RFs) O#H (B 557 )1 :8M-Urea, 6%-Super Reading DNA Sequence Solution,
1.2 X TBE Buffer, & k8144 : DSQ-1000L High-speed mode, 16hrs) %177, FDOHE, N1 ATy
- (BioRad FX) Z& U T-RFLP O electropherogram Zf#T L, A% > EEBMEARORE 2L —2a
7 FMEWEfTo Tz,

3. RMERIUER
3.1 BE>7 M MEOV7 5 —RBRY

Fig. 1 IWIREL 7 MEOU 7 27 & —ONBKEHEER L2, ERRES 35°C 5 55°C ~, 12 BOM
WERSE, BERXHTOBGERKL . AHAMNT HRT 28 352 & T 10 kgCODm>d! 75 3
kgCOD'm*d' FTET B/ 1 ARBRERRL TS COD BEMRRREERT (Fg 1-) 35%F TH
TL. LA 600mgCOD-L! b OEREO T REA BOEE (Fg 1-(b)) NBLEI N/, &k UASB
DA 7y 7HRMCRTOET VBROEEMBRINTED V2% | 20HbL2<HEIET, 35
IZ 800mgCOD L £ THIML 72729, ARAME IS 1.6 kgCODm*d' ETHEF T, COD BREEED
REZRELE. TORE, COD BRERIRACEELIIUY, FARCAREZERTH I ENTE, |
ELT7 Mg 43 DETEES Y MIOBERAR TH S 10kgCODm*d' ETHEE L. TOHITER coD &
KB BULL L EMRTHEMMEETH 2.

~ 35°C | 55°C
14 _ 150 —~ 800
(@ ) 3 (b) —e—  Acette
;E | 1124 | a0 ) —O-— Proplonate
< [ 3 @ soo}
® 110 Q ~—#—  |.Butyrate
> 18 g-mg g —{— n-Butyrate
% ‘é k= < 400" —&— iValerate
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Fig.1 Process performance of temperature-shift UASB reactor.
(a) COD removal, COD loading and HRT (b) VFA conc. in the effluent

3.2 RI¥BEEEEOLTE

BEST b BB S22 WERO—BIZBES a v 7 TS L., UBAKO Vss #EEI B
MBI 300mg L ETHEML . 2L, KESRRFEROVERRIT 1L.5mm 25 0.6mm BEE TR
BT L, WBEEETH B SVI T 30~40mL gVSS' A& FREMZR LU, @M HE LTS5
a2 LEREESCAET BICRES TIEOBMIEERRERNS., VS a—VOEBIHINS
EOBRBTELELEL TV, ZHE, 52 a—-NBEROARIE. RBEMTHLEEBBOMERICLD
pHAS LR L 2 % | Bift#kiz & FeS @ ash MR LLTWRAETH D, Fhigr/S—a—-licBnts s
FZa—JJVREFIZBWT Fe OFEN EDX KX OHRINZ. ZORHEBRAIDKER FeS 13, siktED
HiREE 249 5 Methanosaeta J& (PRY 52— VNEICTEE, Fig?) ESMECHETEZET .
TS5 a—-VORBIIEEIDPRBHLD SBENERE2IEN0E, BESLELHBRETIIRES
hi=EEZ N,
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3.3 ASUERENOEB L EEEEY

IIREHMEFFETR D 55°C M4 TOEERBRERE Fig2 ITRUA, PEEBEIINTORY > ERIEHEE
IR TOREBIZBWTEHARIEE 35°C R0 FNE M- 20, BES 7 ME3 HH, 20 HHE TR
EBSOERRREE 35C, 55T) KBWTHAY JAEREHRIZIZEAEBEEINLM . LMALE
Mo, AEAROI> bO—JVIZKDIRES T ME20 HEMEL D COD BREENREEL, THITHEL 36
AB (BREAH 6 kgCODm™d") OEMFHBR T, 55°C FEialBRiEELETHE LERENEERR
BE 35°C £U4OEEBEZOD T LR TEHEINE, 0%, AT LR #L. SREMEDOME
ERTHOLDIC 55°C R TOFEHMEISTEEEEMICENL (Fg3) . 97 HBEICBITS 55°C BESRE
LRI REBE L T 2.88gCOD gVSS ! d (FEHESBINE 4 5. M PEAFFEE. LTFER . 7o 4 8 022
gCODgVSSd! (0.42 %) , KFE 65 gCODVSSha! (46 %) &, F—HE. ARAHRKETH DN
SEBEEVWEREASE SN, LALENS, 7OV BERICEL T, SEKETHTREREOR
WABEOFELELUNMREL Tk o7,

/7
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i, T
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PN g :

% s ",‘.. 8 2 ® Acetate rr2-0358
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Fig.2 Time course of methanogenic activities of Fig. 3 Time course of methanogenic
the retained sludge after cultivation temperature activities determined at 55°C.
had changed from 35°C to 55°C., The curve fitting was made by the
Test substrate: H,/CO,, Acetate, Sucrose and least square of an exponential curve.
Propionate
Vial test was conducted at thermophilic (55°C)
condition.

Figd IC FIRAFBRERLBE S 7 b2 97 BB ORBBRO X ¥ L ERIEROREREREOHBE 2
BUT, PREBERIINVTNOREEIZOVWTS 45~50°C MHEICEBRELZHE L TWAA, Hikg®E 97 A
BICIIRB AT I EBIRE 45°C A5 60°C MM : 1.5 M5 3.9 gCODgvsSS'd' ~ k&) . JoEH
BRI 45°C /v B 55°C (FETEME : 0.88 A5 0.22 gCOD-gVSShd! AJA) ~, F/HKFERHEIL 50°Chd
65°C (JETEE : 5.8 /05 9.9 gCOD-gVSS'd! A &, BREENZEZICEEBEMAES T LTV,
AEBRTHWRYa70—A (RRAERYBO 45% % 5D %) 13, PEEKMELE O A TR0
VA BERBEENELTERT AN, BRESATREORBMEYIIZCZY /- EABTHD ®, 7
YA BERE (B LRVWAY AAORBRBENTOUA > BA S DAY 2 EREEOET E5
ERILABERO -DOTH B IHRIN, BEBEHAE T O 2B T3 7t BOoERESS MO
MBEELLPTVEZEZLIOSNS,

—155—



I 10.0
- (1) Acetate A ~ - (3) H/CO: /;:" b
= —o— wGS AT 3T 80 AN
8T 301 i TGS rd ! : 1 5? Mas ; (.
< 8 . 1 Y <« g !
o - g ol 6.0
=5 1 =%
ga : 3 $o

A } g2 aof
cQ 3 cQ
1% i Q%
F - 11
£2 y £2 20t
= | =

; - 0.0 ’ y y .
70 80 20 30 40 50 60 70 80
1. (2) Propionate o— NGS Vial test temperature (°C)

nd
®

Fig.4 Temperature dependency of methanogenic
activities of retained anaerobic sludge.
(MGS: mesophilically-grown (35°C) granular

sludge, TGS: thermophilically-grown (55°C)
granular sludge)
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3.4 BB - BWENAY U ERTSHEOTR S ZMNSH
HEET T bROTIEM Methanosaeta J& (MMX1273 70—k D BRY) EUEIRMY Methanosaeta &
(TMX745) @ DAPl REMIBICH T SHFERDOHER E Fig.5 IR Lz, FiEME Methanosaeta JBIZIRE
FEH 3 BEITREI I IR ENR< ko . —H., SRtE Methanosaeta B3 2 < EiREH%
BB L TWRWEED 7 MlOHRBERICS T EMBOHFENKREIN., SRICRED T MRIZT
BN ZDHEIRIE Methanosaeta BHSEFL ., Fi-RBRT I a - VATREE SR> AD DO LR
ANz, T, WEDT MED 55°C BBV TONREEN S OAY CARERE (Fg2) &, Bi

Y Methanosaeta JBDBEATEIEM 2 D OFEEE (cellsgVSS") &3, Fig6 IR LK D ITIERFIC BT
FHBEBEfRZ R LTz,

10

x10
° £
s < 20 2 3 e 550 Methanasasta celt deraity 303
25 rop 14 —o— 55°C-Acetate tod activity . 2.5§ -
s 15, —e 55°C-Methanosaeta 2 ©15f L3
g E % 120 ggg
< >
5 g 10 5 10 1.5 g
3 z 1088
E 2 s § & 5 =)
85 ° g 10.5 3 =~
2 —o~ 35°C-Mothanosaeta = §
g ' » — . 32 ‘ ” : 0.0
E 0 10 20 30 40 50 60 0 10 20 30 40 50 60
&= Time (days) Time (days) <
Fig.5 Time course of presence ratio of mesophilic and Fig.6 Time course of cell density of thermophilic
thermophilic Methanosaeta. Methanosaeta and acetate-fed methanogenic activity
under 55°C.

Fig 7 {ZRES 7 "aiOPRT72a—JV (A,B) &, BES T MEABOSERS S =a—Jb (C,D)
HBRO., SEMBEEURYT I 22— )Y 2 MWz FISH BEERZRLE. PRI 5= a—-)Vid, Figu
£ 1L.5mm BEOWOE-SESIZa— IV THERRBEDLNTEY, TOXREICIISERDOT I a—liC
BRI E OB EA A TER M (A) . I a—)VYH TO FISH BBERT
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13, PEERIINANC A Y ARG (Archaea) DG U, £ OSMRIE B A MR8 & ORIES (Bacteria)
PNROED 2 EORBEEZELTED, A ARTHEOS IIEREMEA Y > EREHEO
Methanosaeta TH>71= (B) » BRI a— VBV TEHEITRH EN 5 green nonsulfur bacteria IZJB
T MR O — 28 RAICRHETE S GNSB633 00— 713, HRFBERTREL T FIVeRsN
720 T2,

200iim

Fig.7 SEM and in situ hybridization of section mesophilic (A, B) and thermophilic (C, D) granular sludge
A: outer surface structure of granule
B: hybridized with the domain Bacteria probe (EUB338, green) and domain Archaea probe (ARC91S5, red)
C: cross sectional view around onter surface (magnification left: x1000 and right : x5000)
D: hybridized with the domain Bacteria probe (EUB338, green) and domain Archaea probe (ARC915, red)

—F, BEST M5 97 HEOBRY = a—I)VERIE. EFIKEL. A OEREEBERBIEEI
R EED-, 1EEP, VS a—)VOBOED EKE 200~300um OEEX OFH TIHEEITHMEL TN
EHRANE DY I a— VERTRON. BRI Za—)VOERWEIZ, ITNXTOREDHEIR UASB
FEERTHEEBINSE Y998 GHRMEN S S a - OXEEZELBEI W TELELTBY, 20T
HAIDBITIIBERE B A ¥ > AR eI Methanosaeta ¥k DFHED SEM BB L DR TE R (O) &
79 = a— VI IZDWT Bacteria W4 R 172 EUB338 70— 7 & Archaea WK 278 ARCO15 10—
ERAWTINATVFARZ2TSE, FI52a—)VORMEMIE S SO 70— K LRWEBRNE
23 D) . ZEE2H<BERMERE D Bacteria BNBZEER L. TORANC A Y > ARMER EDHE
MEN O — TERBEOEAZHICLTIROVBEDEDIZBZRR L TEEL TWEZ, ZORAIDEDEH
B3, BERRE LM A & > B Methanosaeta JRIZHR BRI MX825 70— 72 k> TEIFTRTHRIHI Nz,
7, BRGEREROMMRMEIX. GNSB633 JYo—izko Thiiahiz,

&, FEERIZEES 7 MED S a— ViERO—EISHETZHN, BIRNTIOITON
BLEYIS a2V ELTHEREELTORIZREZL, T<OTLRNSEETSEEME
Methanosaeta BINT AN - BELIND, IBIZT I a—)VWEROERB ZEMHERMENFE L
FRERHENZNESICES 2T BB BBLOTWERY 5 Za— WEROBENMR N T
W5 EHZEIN, SHRITHEMZEERNEOEBFOREEZRE TS I ENLETH L EEX 5N,

3.5 PCR-VA—ZU YLD 5 a— )V IBRBEYMDOIZI 227 « — 8

RS- a—)ViER, RUOBRY S =a—)VER RES 7 M7 HE) 2 5HIH L7 DNA % PCR
BIER, KBEZRAWTI/O—2 2 2To/k. BEHICHBRT I =a—WERMNSIE 65 y0—2, &
BYS=a—)VERMSIIE 66 70— >OEMED 168 IDNA 70— I14 75 UNREBLNE, ThbE
RFLP ATz & D HIRRBE W DN Y — VI L D 70— ORMLE2ITo /2. TORER, Fig8 IR
Lizkdic, PlRYI=a—)WERD 65 20— 5 DO/ — 212, BT 5 Za—VERD 66
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A= T2 DMWY — VIR FENFNDEWETHO, PRI Za—-)VTR6e5 70— 5570
—> (85%) . BEYVI—a—NTide6 r7a—H 63 70— (95%) DA UM/ — & U TER
ElRGIhi. gntonsoro—2E2RKRL L THEBEORERT /.

— Mesophilic = Thermophilic
clone No.
M1 2 3 4 5 6 17 1 6 M

Fig.8 RFLP patterns of Hha I digested archaeral 16S rDNAs (1.4kbp) amplified and
cloned from both of anaerobic granules.

clone 1-5 were obtained from mesophilic anaerobic granule, and clone 6, 7 were
thermophilic anaerobic granule.

Table 2 K E N O— OFE, FEOP—Y—FORRERLE, PRI Za— )V THROE
HEE (clone 1,554 65 70—, LUTERR) TR I N /2Y O— I3, Methanosaeta concilii (“Methanothrix
soehngenii’)® 168 tDNA 12 97% DA TR BIIBRZETH o/, kI, WRS 5= a— )V THEEE

(clone 6, 63/66) THRHENr7O— 13, BEMAOHBEEAY ERME TH S, Methanosaeta
thermophila (“Methanothrix thermophila”)® 168 tDNA 12 95% ORI % #7D Z LA L 7.

ZOMAEBRD 51T, KBEMEAY S EREHE TH S Methanobacterium JEDMEIC 95% D
% & O » O— 2 (clone 3,2 &7 0— 2/65) , Methanospirillum hungatei \Z 98% O#F % #D 2/ 10— > (clone
45 #170-29265 LARHENZ. BRSI7=a—)VOKRODI 10— (clone 7, 3/66) I3 iR
HOKREBEBMHEAY S EREWE TH S, Methanothermobacter thermoautotrophicus — (“Methanobacterium
thermoautrophicum™) & U CTHRIH E N7z (99% DABFIE) o

Table 2 The homologous analysis of detected in mesophilic or thermophilic clones.

granule clone no. frequency result of the most homologous (%) Sequence
source microorganism similarity
mesophilic 1 55/65 (total numbers of clone) Methanosaeta concilii 97
(day 0) 2 6/65 Methanosaeta concilii 97
3 2165 Methanobacterium 95
4 1/65 Methanospirillum hungatei 98
5 1/65 Methanospirillum hungatei 98
thermophilic 6 63/66(total numbers of clone) Methanosaeta thermophila 95
(day 97) 7 3/66 Methanothermobacter thermoautotrophicus 9

Archaea (A% HEREHE) B L TEHiE - BEBELCHERMEDERTZEORE2L -2 a >
YA ZIRERIZFEAERSNT, BES5EOEREMEAY D EREMED Methanosaeta JETIEL
T\, 77, BEEBRIZELTRIRTOZO0— VBV TELIHEEAY AR EHE S L TR
XNJz, Chineral, (1999) 2 53, BEORRLS (15T, 30C) KHELED Archaea DRE 2L — 3
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R RO, BEMEWS D OBRBENEDOERIEIE NI L ER LS, SHOERTIE, 1)
BERANTREKRTY TNV THo/. (2) UASB Vo Za—- VWO BOEEEMEROFEID, B
EEINRWIA F—REBIIRIGERANET T v a7 hEND, ZEXDER EPIRBE THER
WEMEIED REBEARSRVWRRMGEONEEEZOHNS,

ZD Archaea D7 O— T OFERIZ. AY A ERIEROBREEKGEEDS 7 b (Figd) OBKRIZDOL
TINETOMBYBIRELITRLY, BLHEELZE - BL NN THETES LD, PEAY CEHMS&E
AT EANDTT R, ThOBEEE R A ¥ > EIdH R Methanosaeta concilii 7 % 75 181 Methanosaeta
thermophila (ETEREIT 65CHRE ‘YNET 7 ML, KBELERAY D EIZTBIED Methanobacterium
5. EiR O Methanothermobacter thermoautotrophicus (FRIRE : 65~T70C ) ~NEL T Lk, FH
DIRET 7 MCHEERDZBENTERDD D Z&ERLE,

3.6 T-RELPICLADHER., BBMEAY  ERGHEHORE L -2 a7 MEH

T-RELP X X BN OBRBREET— 7 —OREROF Ty 7 O, B 3.5 Hiora—= 7T
=5 168 tDNA 70— 28 (clone 1,3,4, 6,7, Table 2) DI —T U AF—F—%H0, &0
— BB TENFNRER O TRE BMELNBE XD, TI17—ky MRUHIRERZORR 2R L
7= (Table 3) . FO#EE. PCRBEIZIL. HHIBEICRRIZ Arc3MF 7543 — (5Kim% FITC EiD
& HIBE - HREBICARARRZ UnivoO7R O v b4 T-RFLP OFHTHICHEL TS &HIl L7, HIERE
#id, MBRELEAY CAREHEOR 2 L—2a >3 7 MREIZIE, Aln | 2RV, —F., KEHEL
PERAS EREMEICH LT, Tagl 2H0W5 2 & T, & - PR D Methanosaeta J&. Methanobacterium
B XU Methanothermobacter J&IZDWT, ENENRIL /= T-RFs M550, €OREI]X T-RFLP 7%
AT SR L= T-RFs (observed; Table 3) & BFR{E (predicted; Table 3) 13 T+3 bp fE (B:A 6 bp)
T, BVLHET L., REBRFER I 22 -k E, BEMEYEDII 2 T —MFICEHTX
B EMHHL .

Table 3 Predicted and observed T-RF lengths from the archaeral clones.

No. of Organisms Amplified T-RF length after T-RF length after
clone lo. o' (determined by fragment digestion with Alul digestion with Tag I
clones sequencing) length b predicted observed predicted observed
MG clone-1 55/66  Methanosaeta 548 233 230 58 60
concilii
TG clone-6 63/66  Methanosacta 547 386 388 58 59
thermophila
MG clone-3 2/65 Methanobacterium 548 102 96 461 463
TG clone-7 3/66 Methanothermobacter 546 102 98 270 264
thermoautotrophicus
MG clone-4 1/65 Methanospirillum 542 195 194 158 151
hungatei

b pcr amplification was conducted with primer set of ARC344F-FITC-labeled and Univ907R.

Fig.9 (1) I3 PCR BB X 7= B B3R D 16S 1DNA % Alu 1 IZCTYIMF L. Figo (2) Tld Tag 11T TH
WEMT A 2EIMEL . T-RFLP T 2T o fRER L. (P OEFIE. S TRFOE—7Dbp 2RL T
W5, ) FiRIER (0 AB) N (Fg9 (1) -(2) BEHELYE R & > LR MBS Methanosaeta concilii O T-RF

(230bp) WA Ty —E—7 & UTHEI N, SiREERRELE A S > Bl 5B Methanosaeta thermophila
@ T-RF (386 bp) @K haho/k, ULhL, BET T MME36 HEORFERIISERNRELEAS
RIS Mihermophila BB EN (Figo (1) (b)) . 97 B HICIIHMELME A ¥ > ARSI D
WT, APy —E— T NREIT Mithermophila 237 b L7z (Fig9 (1) -(¢) »
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Fig.9 T-RFLP patterns of archaeral 165 rDNA amplified and digested with (1) Alu I and (2) Tag I from retained
granular sludge. Primer set: Arc344F-FITC and Univ907R

(a) day 0 (mesophilic granules), (b) day 36 and (c) day 97 after temperature shift from 35°C to §5°C
The molecular size of T-RF's is shown at the top of each peak.

FIRRIZ, KEBEMEASY CERGHECOVTHRES T M, SESETHENTTCONT, H
EARBEEAY R EHE O Methanobacterium J&D T-RF460 bpyD T 7 F LML (Fig9 ()
(OLC)) . EIEAEBYE A Y 2B Methanothermobacter [EP T-RF (266 bp) ATy —FP—2 L2 0#R
HEh, BEST ME BRAETOREFEROAY VARBEEREOMMABRINE LS (Fig2) .
THONCHEEMEMEANDS T MMTON IR TFERETH LR TS 2.

T-RFLP ¥i3. TORREOA TR 1 DOTITAL MRIBEINBITTERVLY, Zu— 27k ER
£ D RBEMAEED 16S IDNA OF —F —R—AREETIE, H5BRNOBBMEYEO A DEERNTE
KBTI ZENTES, ZHETE,. 70— hbBil 52 2AF -7 2RI, PEERUERD
AT AEREHEOREDS 7 MEOBEEHEWHEICES A DI EMETH -2, IHITHFERELOME
MEICHT S T-RFs OF Y 2FHTH LT, @HHIC, L BEoA<FLpKkEIRLEER
BER, TOEAYTCNRE LGS OMAEYBERBEEARICEBL TWSFEELTHFATHSZ
EhREN.

4. £&0

FISH #:%° PCR-7 O—Z 2 72 EONTEMENTIRER L, BEMAEDEEL )V TER. B85
TEIZED, BAEYESRELE GRE) KXo Tkl 7 ialilhinEe s Tha, HED 7 MR
TR EREEL TR0 T 22 THAH, NI TIHESMIFTLWEDENBEIN TV
BT EBCESOABA TR BVEET S ENAETH 2. F-. —ELERFEEZRRBLT
WRWHFEBERNICSSREOMBEIEA Y CEREHEAEEL TUBZEMNFIN, SHRIBER
BABRHRBRI S a - VERNOSESEAY CEARTHEOEREAREERZR/EL. S UASB A¥—b
7y TICEBELIZBROBRESHZEEZRE L,
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