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Detection and Spacial Distribution of Unknown Bacteria in Mesophilic
and Thermophilic Sludge Granules by 16S rRNA Approach.

OB+, KERR* BHIF—R++, FRABE*, REFH*
Yuji SEKIGUCHI, Akiyoshi OHASHI, Kazuaki SYUTSUBO, Nobuo ARAKI, Hideki HARADA

ABSTRACT; In situ hybridization of 165 rRNA-targeted oligonucleotide probes was used to elucidate the
spacial distribution of several microorganisms within two types of granular sludge, mesophilic (35°C) and
thermoptulic (55°C), in upflow anaerobic sludge blanket (UASB) reactors which have been adapted to the
identical composition of artificial wastewater. To visualize the microbial distributions, sections of both
granules were hybridized with fluorescent oligonucleotide probes, and viewed by confocal laser scanning
microscopy (CLSM). Hybridization of oligonucleotide probes for Archaea and Bacteria with microbes in the
granule sections clearly showed the layered structure of both granules, indicating that the outer layer of the
granules harbors mainly bacterial cells, and the inward consists of mainly archaeal cells. Methanosaeta,
Methanobacterium, Methanospirillum, and Methanosarcina-like cells were detected and localized by the
prob.es for several phylogenetic groups of methanogens, in which the most dominant methanogens in both
granules were related with the genus Methanosaeta. For the detection of some unknown bacteria which were
suggested to be present in the granules by 165 rDNA-based cloning analysis, we designed probes speaific for
clonal 165 rDNAs relative to the green non-sulfur bacteria, and clonal rDNAs which are relatives of the
Syntrophobacter species. Hybridization of the probes for both granule sections showed particular locations of
the targeted cells. The cells related with the green non-sulfur bacteria were detected as filamentous, and
located in the most outer layer of the thermophilic granule sections. On the other hand, the cells related with
Syntrophobacter species were coccoides, and located in the inward of only the mesophilic granules. These
observations demonstrated a part of the layered structure, and revealed the overall microbial topography of
both granules.

KEYWORDS; 16S rRNA, confocal laser scanning microscopy (CLSM), fluorescent in situ hybridization,
methanogenuc granular sludge, upflow anaerobic sludge blanket (UASB).
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IENCHERAETND Y 52—V TR, FOARIIBBBHSEHESAERICLD 5D 5N, NEZEICEEEEL
HORAY AERTHENEDD VNS EFUIMEBINTED, TNREIENERROMINERIC L AR ERED
TO7 7 AIVEER E TEBNCERIEIN TSI, E/-, MacarioBic k35 T a— g icut 3 3 Hikik
ZRWEREMEY ORBICET 3 EO5E 255678, BFDOHarmsen B2 &3 79 = a— )b Y ADin
situ hybridizationfEOEHICKD, ZOHED, BEL NV TOFASBHEINDDH N0, LALEAS,
T a—)VNEOMENFHOREE, HITHRBUBUASBY 5 = o — I INOMEM O EREHHEL, £ 145
KEERAEI N TWS EInnadn, £, 207 52— ASEOHR TS, 8ic (B WECBE T34y
BHOE, BL AN TOERSFHICETZHRIZEFEEAEDI S TWaRNEWN > TR, F ORBEEHT KX 75
HO—D21, Vo2 —NEBRT5MESHOBRYE (RE) P23 NTHARNI Licdh s, Bxld, &+
B BRMIBUASBY T2 o — ) NOMAEYHERIE 2165 DNAKEDEBIT 2T o R, 2< ORI
YOBFEEIRBINZEERE L, 205 ORFICHEE - RIg3h TWwinwMEyz2a0/ 52 a—)IVN
HOMEM OIS HOBRETH 5.

FFFETIE, AV O—AZEERD & LFER—OANTREKIEL L2 hiRE5°C) R ISR (55°CHLIEUASB
T Za—)VNOMENERAHREHSMIT D, &7 722Uk L16S rRNAZER & LZDNA
7 0—Z & Bin situ hybridizationfEZ @A L. BRI, Voo UKL, #ECERNR IO~
T, HHE, EAESEAY CERGHERICERNE IO - TIck A T BRAETY, FORNTEOSK
BEBRAY VERGHBEOEBAHORAZITH /. KIZ, ALY 52—l L Tfro7/2165 {DNAD Y tO—
ZUUBRCE OFEENTHEI N RAOHEEORE, FAE DS 2 VNESTORBAOHOREHE 2T
B, BRHEINZ16S rDNAY O— > ORFNERNAE T O—-TE2ERL, &7 5 2 a—- VYK i3 28851
7z,

N

. REBAE

L1 YSZa—-IVER

FRIZAWES S a—VE, Arvo—2, Bl 7004 VEBRERD THEIATEKELEE S L THWE
SRR —)VHE (35°0), RUEIR (55°C) LBBUASBY 7 74— (13L) MSIELAID, U748 —&5iF
FR—DATEEK (A70—X, B, 7OV B, yeast extractb L <IINRT h[4.5: 2250 2.25: 1,
CODcr-base]) #24ELL LIz > THMIEET > TWz (RACODCriBE : FIRUASB, 2,000 mgCOD I'1; &R
UASB, 4,000 mgCOD 1'1) . £k, MUTI5-LbRIFRAEBIBREREBLIUAS SV EREERLTED (
CODerfRERTIS%EAL) , EEI3mmBEDY S 2 a— VB REMIRFL TWE

N

2. 2. Y5Za-IVOBE, NEOF%R

KBTI Za—)idd 7 D%, EHICphosphate-buffered saline (PBS, pH7.2)IZ X DIERMNMICHE, 4%
NS 7 4IATIFE RTREE @CToE) , TDH%, 50% 1% /=) TESIACTREMEE L. &SRY
Sza—-WcH LT, 7Oo0—-70RBER{RETSEY, LEICXSEEO%RSEIOBERMR (-80°C~60°C)% i
Liz. F0%, TV : F2Vv2 U=k TS5 a— )V EBRAL (50%, 80%, 100%LY ./ —)ix3,
50: 50(v/v) TH /=) : FL 2, 100%F L x3) , TOHBNTT 4 AZEBLE. 4270 h—0ic&kb,
10~15umDBE 28275 a— N2 ERL, FOHFI LY 25 /=) )—X (100%F L 2,
100% % /—)x2) THINT T 4 220, BRTEBEI .

2. 3. insitu hybridizationE$& K UEZF VB T AMMNE

In situ hybridizationiZld, 16S rRNAQ—#ZZEN E LT/ O—72FHL %, () EUB338T1—7,
WHE (Bacteria) ICHRNZTO—712); (i) ARCI15, EHIE (Archaeq) IZHRAN; (1) MG1200,
MethanomicrobialesiZH R AY14) ; (iv) MB1174, MethanobacteriaceaelZ FrEaY14) ; (v) MS1414,
MethanosarcinaceaelZ ¥ R0919) ; (vi) MX825, MethanosaetalZ® URERMID ; (vii) D660, DesulfobulbusiZxt
UERRAYLS) ; (vid) SYB701, 7' I =a—)yNOD16S rDNA Y —2 2 FEMIC K DRI N/ 7 10— 2 MUG28 (
SyntrophobacteriZifi#k, 7O—7HF] : 5 AAATGCAGTTTCCAATGCAC 3, 701-720 E. coli position) IZ#5i%
B9 : (1x) GNSB633, @B/ 22— )X DE KB ENZ16S 1DNA Y — 8 (MUGY, TUGS, 9, 10, green
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non-sulfur bacteriaiC/89 %. 5 TAGCCCGCCAGTCTTGAACG 3, 633-652 E. coli position) IZRRM. 75
Za— WA Bin situ hybridizationid, hybridization buffer (0.9M NaCl, 20mM Tris-HCl [pH7.2],
0.01% SDS, 5ngulll7—7) %RV, 46°CTIOREIITo /. £/, € Dstringencyld, hybridization bufferiz
O MIZRUZRETHIVAT I REEMT S 2L THEEfTo& (EUB338, 5% ; ARCI15, 35% ; MG1200,
5%, MB1174, 35% ; MS1414, 35%, MX825, 20% ; D660, 20% ; SYB701, 15% ; GNSB633, 20%) . J1—
T ORI T — T %&£k Lhybridization buffer (RIAF I RIZFUCBESE) %W, 48°CTI0HT-
oo 72—V ORicd 22ERETIE, Cy-5, £HZBO0—43>2 (TRITQ) #fmMLARRIEED T 0—
TEA-GRITHUER L. 9, MRV —Y—BMs (OLYMPUS FLUOVIEW BX50) 2Lk DEISRL
Te. EREBRMETEMEBESIIHITACHI-S4500 SEM operatingZ iy, T0RHDT T a—H > T OHR
#3Uemura 5 D HHRINHE - 7=

2. 4. dot blot hybridizationi%

REILETO—TORREEHET 245, digoxigenin (DIG) Z{+HIL7ZSYB701, GNSB633 70—z k
%dot blot hybridizationZf7 o7z, ETDHEICIL, Desulfovibrio wulgaris Marburg (DSM2119),
Syntrophobacter wolinii (DSM2245A), Desulfobulbus propionicus MUD (DSM6523) DrRNA, BLUE ST
Za—-)kMED16S rtDNAD Y O— 2 FRET TR E N7z DNAZ AWz, hybnidizationliZid, whole cell in
situ hybridization#$ & [6] Ubuffer& Vs, W UBERETIT- 2. £k, TODIGEMAML 2707 Okl
I%, DIG Nucleic Aaid Detection Kit (Boehringer Mannheim) % 7z,

3. RBRREBIUER
3. 1. S a~ LB &in situ hybridization; kD@ .

In situ hybndizationiZ9°% /5 Z a2 — IR OIERIIEN T 7 ¢ &AW, o a—IBREMSREL
THEBFRETHEEAVWLNZES Gumbl FORE) YR E2ERTZEE, 07T a— )V OIS %
BIBENEL, Voo VUHOERIIEEY TRz, TOEDAHETIE, 7/ IF22—)%10um
UEDBETEY 2 anlla8itdZ 8T, TONEEERIETOEEORETREFL LUFZERLZ. In
situ hybridizationt8 DY I3FEEA L —F —BMBIC L VBRI 2 Z &I X D BHTERZ R,

7z, 1n situ hybndization T U LIS E 22 70— T OBBRBIC L > THREMEMOHANE SN
B3, FAARTHRICEBS 72 a-)licBWTERaNL. BB 72 a— VN TKBEMHEAS 2 &Rl
MEROBREERAIZE TS, MS1414 (MethanosarcinaB 2R T 3) TO—7 Th TN EOHEANHERTE
e, TN IO —TIcLBEAOBRINIREETH 2. TO%, KEZE-OZ VX —EE UTHER
I a—)M 6 Methanobacterium B S 5 A ¥ EREHE O HBER TV, ZO5H BEMKRICHKH Lhybridization
EEALEN, wWIho/1n—7 (ARCIISTO—THFE) THEDITHIVERNTZ X TERN- 2.
T—T OHNORENMBETHZ LEZASNEI &M 5, hybridization bufferNDSDSIBEZ MY 270 &
DREEITHEDN, L FPNTHR IV, FIT, NT 74N ATIVT B R TEERD B BRI
L CHksRM (-80°C~60°C) 2L, YU—TOMBEADBREEBEZEZ LNV I FEEZFAL MR, 3EH°
55REIFEE O BERR O B SRR KV, MB1174 (Methanobacter iumZBE D A ¥ M ERG M EHET 3) |
ARCO157/ 00— CHBEEEZRINTSE Z EMWNFRE L ino = (£/xMethanosaetaZ D, 70— ICLDBBICT
DRZHNEELEE LRVWEEE, NI 74N LAT7NFEe R TEREE TS N, HER ALK S BROM
BIELSBNCLEENDTND) . CO#RERTT, BRI 72—V UREHERT DB, NS5 7x1)0A
FTVTFE R, T /=W EB 75 Za—)VOBE, SEOHEMBERELLE/NTT 2 > AOaEET WY,
MB1174%: 0 70— 712 &k B MethanobacteriumB DEAE ORI ETREE Lz,

3. 2. 52— ) IF2BOMEYMIH.

ERFET, BB, BRI IZa—-NVOIREPROOYRRERL, RUDIHE (EUBBSTO—7) , #HflE
(ARC91570—"7) #in situ hybridizationiz & ¥ F—4IH TR L7 (EUB338 7 11— 71XCy-5, ARC9157
O—7IRTRITCEFNFNMIMU ZEPEET- ) . TOHR, iR, BRI/ 2a2-NEbiE, VF5Za—
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IHBEHEICLD ED5N, FIZa—)VNBICECICONEHEN LD DEENE L BB EVSHEEMNES
iz (Fig.1) . &z, HBHREHDS =22 —) (EENS0umALDT S = a—))) T, FOHLI,
"EUB338, ARCI1570—T7DES 5 &BRIGURWEBAE ICHFEL . SEMIZ K 2BMBEEE TIE, ZOES

Fig.1 Scanning electron micrographs of mesophilic (35°C) and thermophilic (55°C) granule sections (A, D), and in situ
hybridization of sections of both granules viewed by confocal laser scanning microscopy.

(A): SEM observation of a section of the mesophilic granular sludge (bar: 75um), (B, C): mesophilic granule section
simultaneously hybridized with Cy-5-labeled EUB338 (B) and TRITC-labeled ARC915 (C) probes (bar: 50um), (D):
SEM observation of a section of the thermophilic granular sludge (bar: 150um), (E, F): thermophilic granule section
simultaneously hybridized with Cy-5-labeled EUB338 (E) and TRITC-labeled ARC915 (F) probes (bar: 50um).
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WHEANHRRTEZ2H8bH 20, SIIERERCHEFNEEINAEBOLIBROONERING. 07
O—7ERIBLABWS T2 a—)bOROLOEEE, EEECERBRLUZEREK, LR, /o522 VNEETHE
EMEBLERNI SR VEENEVEANEEL TWREEBTHAD EEZXA NS, £, HFITHBES S
Za—)V TR, WMEE EHEOY A 7030 =2 BRIZARLTHBY, HENbBEARDOFERD XS RkHEZE
BELTWE, . Zhid, BAOERERKR, TOS/I52a—-)VOREOHERLTVSEbOND LAWY,
RIZ, BENTRENDIAY VAERGMERORE DY, TOERKENIIN—TE2RETET0—F (
TRITCS~)) %, Cy-5TF~)bL7EUB338 T O—7 ERICHY 5= a— VIR L. ZORE, TY5
—a=)Ed, HHBEELTREINEBEHEDOZ I AMX825 70T ERIEL, TEBNTFREMIC
Methanosaeta ("Methanothrix")WETHEMETH 2 Z EMNHEN Lo (Fig.2) . €N HSMethanosaeta
CETAHEMEL, B/ o a— )V RN TARERIO—2FRL TV, MethanosaetalZBT 5 ZNETIC
HENTWAEHMEL, HEZE—DOEEE L TAY VE2ERTIAY ERBETHOING, WS T =a—))

Fig.2 In situ hybridization of sections of both granules with Cy-5-labeled bacterial probe (EUB338) and TRITC-
labeled probe (MX825) for the genus Methanosaeta.

(A, B): a mesophilic granule section simultaneously hybridized with Cy-5-labeled EUB338 (A) and TRITC-labeled
MX825 (B) probes (bar: 50um). (C, D): a thermophilic granule section simultaneously hybridized with Cy-5-labeled
EUB338 (C) and TRITC-labeled ARC915 (D) probes (bar: 50um).

HRTMX825 70— Tz L DRI E N Btk D, BZSEMEREELE L TAY VZERL TS HO LEbN
3. ZTOHEENHTICENENS T L1, AL TWAEENELEE T T ORI R ORAKBRIETERL T
BHDTHBEND ZEERBLTWS (FRIITROEERTHS D) . ELEIRET T, &VEEO
YA B ERH L TAY VICERE NS, MX82570—7 TRIESNEBERBIERICZVNI LHINS
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MMethanosaetallJBd 3 Z 2B TVWS,

/e, DB, BB I-a—-YFED, MB117470—7TOy RIROBEEHENBRE SN, Zhiiensg
BYIZa— VBV TEHEI BTN (Fig.3) . MBII747O—T7 TREINDAY CEREME (
Methanobacterium72 &) BKFECXE, —BERENOAY D EERTIHEHRTHS. TR S=a—-)Tike
DEFREIEI DR, XTI a—IVNEBORROME LEEL THEE L TWE (Figld) . B¥EO 7O+ V&
REDHIMBELRISE, 7O+ VEBEBEMEE AY A REMEE O EBBTERTS. TOBmEED
HABREMILET 2 BOIEHEFRETHIN, TOT/OELVBEEMENS AY CEHANLGEINDE
FAKFE EVWDIHER S HE, 7O VBN ORAY ADRGHETT 3-D0BH TRIVF—L 14
ENTORKEOIBIEEREEZEET2E, 7TOCFBEBEEEKERELEAY D EHE OYEBER IR X Z
MU TIZRENTVNBBENH B E b TWVNS7). FiRS S Za—)VYF TERI N/ME &, MB11747
O—7TRIBINZAY VEEOIELUBERIL, TOXIREERBERLTVS EBDNS.

FEBAEIIREIZVD, PBRS S =2 — )V TIEIMGI12007 0— "7 TMethanospirillumtk D7 4 5 X > MROH
FEAREENTWS. TR S a—IVAEEEICAMLTWE., —F4, BRI =a—)bn5id, MG1200 7
O—Jizka 7PV NEho7z. BRI Za—)h 5, MS1414 (MethanosarcinaB D A5 R
WMEZRET3) 7O0—F Ik VsarcinalRDEE (Methanosarcina&Bbiz) O 7030 —MWFi&ICKR
Hanmg, RS- a—IVYK TR, ThEEAEHRINZM o T2

Fig.3 In situ hybridization of sections of both granules with Cy-5-labeled bacterial probe (EUB338) and TRITC-
labeled MB1174 probe.

(A, B): a part of mesophilic granule section simultaneously hybridized with Cy-5-labeled EUB338 (A), and TRITC-
labeled MB1174 (B) probes (bar: 10um), indicating Methanobacterium-like rods. (C, D): a part of thermophilic granule
section simultaneously hybridized with Cy-5-labeled EUB338 (C), and TRITC-labeled ARC915 (D) probes (bar: 10um),
showing a number of Methanobacterium-like cells.
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3. 3. U3 Za-)\HOXRNAGHREDHH.

AEBRICH/LZPRBIVERS S22 —)VE, KITI6SDNAG Y O—Z 2 FT Effo kS a—ve
FA—Thod TORRTHE, BII722a—VAMENDIES rDNAZ S O—{LL, T2 LITERLUZDNAY
O— DEEBFIOREEITIZET, FIZa—VAKHEETOIMEYEERCTSTHRELE. T OBE,
ZLDKRAD (REICEE - AEINTHRY) HEOEENFRBINE. FHETIE, FNSKRHEE N-fE
D165 IDNABRFIICR R T O —T £V, WY I Za— I ~O#EHzER» .

ETREDIC, BAEETRESIN TVWE Y O-JT, LB/ O-Z VBRI TRIEIN RS HER DO
KMBUZE. ZOHR, DesulfobulbusBIRRENRTO—-TE U THEINTNED660 T 00— T NFE S 5= 2 —
iy S E N7z Desulfobulbus D2REIC Z < SERKRDNAZ O— Ikt UTHETH o 2728, TRITCTIRILL
AT —TECy-5TT NIV UEZARCNS T/ O— T EHICH /S a— V@A L. FOHE, PRI S5=a—
IVSMBIORERE T, Dee0 /O —TRkDS TN NE (Figh A) . BHEINZMER, /IZa—stk
BOREBFMETYr70an=—2BRLTHBY, ABARDesulfobulbuskkOWRELE > Tz, M I 22—
WML TWAEKAIE, HDIATESSIHBEEEZEATNS BRESTNZLCODrONOKI3% IRENEE
EETEFEVELINTVNS) . #2T, PRSI Za—) THRIE I N zDesul fobulbusiZ BT 3 & Bb 2 MH
13, Desulfobulbus/BFERE. BREERITEMEDS TOUEA SEEEE(LEITo T AAIREE S B, ¥72, Desulfobulbusi

1 E‘I: Syntrophobactor pfennigii
A 100 Syntrophobactor sp. strain MPOB
o w : MUG28 (6/115) ] sve701
Syntrophobacter wolinii

Desulfoacinum infernum

Delta-subclass of
Proteobacteria

Desulforhabdus acetothermus

Eschenchia coli

60 | TUGS (4/110)
B 61 | MUGSQ (2/115)
19 ¥ TUG10 (12/110)
TUGS (2/110)
100 100 = MUGS (9/115)
TUG7 (1/110)
MUG7 (1/115)
MUGS6 (4/115)
TUGS (1/110)
Chioroflexus aurantiacus
47 Herpetosiphon aurantiacus
Thermomicrobium roseum
Aquifex pyrophilus

GNSB633

41

and relatives

98

Green non-sulfur bacteria

—_—
0.04

Fig.4 Phylogenetic trees of rDNA clones previously detected by community 165 rDNA cloning analysis for the
mesophilic and thermophilic granular sludges. Targeted rRNA by the probes designed in this study were indicated
by brackets. MUG represents the clones detected from the mesophilic granules, and TUG represents the clones
detected from the thermophilic granules. Phylogenetic trees were constructed by neighbor-joining analysis 22).
Number in parentheses indicate the frequency of appearance of the completely matched sequences (clones) in the
total clones. Numbers at nodes represent bootstrap values by 100 times resampling. Scale bars at bottom indicate
nucleotide substitution per sequence position.(A): 165 rDNA clones relative with Syntrophobacter species in the delta
subclass of the Proteobacteria, and the target of the probe SYB701. (B): 16S rDNA clones among the green non-sulfur
bacteria, and the target organisms for GNSB633 probe.
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i3, HEENFELAVRETTOLY /- l2EE LU TREBNICEFTTES 2E&nB), ThEsDRE
EHoTWBOMb LW, —F, GBI Za—IVHYHEM5I13D66070 -T2 k5 FFINERE S hiz
molz.

Riz, PRSI Za—h S EHEE TRE SNz Syntrophobacter wolinii\Ziifkizs 0—> (Fig4, A) , ¥
72, BiRY T = a—)bh 5 BB SEE TR S N /zgreen non-sulfur bacterialZ B 2rDNAY O—># (Fig4,
B) ML TRENREDNAYO—T2EhTh&RE L.

3. 3. 1. SyntrophobacterliE&7/xo 0— 8

DI O—ZV TEITBWT, RS 5 =2 —)VNTHEMESEE TR S Nz Syntrophobacter \TiEBR IR Y
O—BICHEB L. SyntrophobacteriZ/B3 2ME, PREKBBETTIOES EEMILL, BlELKE

(HLLIIXE) Z24EMTIHESEEMBE THIH02D), Fo—a—hskHEnEro— ik, FoHlE
CHEERFIOMARMTHSREEEZRLTED, TCEVARREEZAEL TWS EFHEENE. FAHETIE, £
Dy O— DRI L TOAERNR TO—T 2ERL 2. 2707, BEXTHSN TR2MED16S
rRNAEIBEE U EDOI AR Yy FEFHFOODTHD. ey —5F v b ElERIRSyntrophobacter wolinii, 7z,
Desulfovibrio vulgaris, Desulfobulbus propionicusiZ¥tL Tid, dotblot, BXWin situ hybridization TH Z D
TO—TIRRIELIRN EEHENDT.

Fig.5 In situ hybridization of sections of the mesophilic granules.

(A): a part of mesophilic granule section hybridized with TRITC-labeled Desulfobulbus probe (D660). This photograph
shows the outer layer of the granule section (bar: 10um), (B) a mesophilic granule section hybridized with TRITC-
labeled SYB701 probe, showing the inner layer of the section (bar: 10um). (C, D): a mesophilic granule section
simultaneously hybridized with Cy-5-labeled archaeal probe (ARC915) (C) and TRITC-labeled SYB701 (D) probe
(bar: 5um), showing that a number of coccoid cells (SYB701) were surrounded by archaeal cells morphologically
similar to Methanosaeta.
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ZO7a—TERWTST 52 a—)WWIKIZin situ hybridizationZ@AL=E 3, RS F=a—NVDI T
Za—)VAERT, MROBESRRNIC, MOEREETRIEE N (Figh5 B, D) . TORMEINHEL, /5
Za— )VREDEEDFENATEEETEETS 205, HMIASBTORKWRFMERM THR IO L
B lEARLTWSZ EXHRIN, BT S Syntrophobacter ERIBRONRBIREEZH TO2METH D Z LAVR
Wahi. BB, A70-TE2BBY I a—-VTER LD, YUFNVEe<kEEIRMho k.

3. 3. 2. Greennon-sulfur bacterialC/@3 %o A— 8

KIT, DI O—= 2 FEFIZBNTRE S Ni/zgreen non-sulfur bacteriall RMEMICET 227 O— 2 HOMA,
BRSSO 0—231 75 VNTREETREEINTWS VIV —TIcEBLE (Fig4, B) . ZOHR
BRADOIDNAY O—13, REETHASNTWAHE SITRHAICKESHENTED, ToRFIZRHDEFICH
LTRELHARNRN. FIT, 0N T RENEERZTICTO—T2ER L. 7071,
BHEETHASNTWSHMED16S rRNALIFUMERU EOI ARy FEHDOLDTH A, ¥—5 v FORFIIIX
FZRHRARZ DO TH S, £z, 70— {LL/rDNAZXSE Lizdot blot hybridization T, #—5"w h&
Lz a0—20HUMEH LIaWTZ S 2 HEND .

ZOTa—TERANTHRIRD S 5= 2 —)V{ERIZin situ hybridizationZ @A L& 23, BRI I=a—))
TT74 7 A MROBEBERELE. FER—OBEEZFHOBEFERILL TWEI 0D, BE5<FTO-T

€%

Fig.6 In situ hybridization of sections of the mesophilic granules, and SEM observation of both sludges.

(A): SEM photograph of a thermophilic granule section (the outer layer of the section) (bar: 20um). (B) a thermophilic
granule section hybridized with TRITC-labeled GNSB633 probe, showing the outer layer of the section similar to
photograph A (bar: 20um), (C, D): SEM observation of the surface of the mesophilic and thermophilic granules, ©)a
mesophilic granule (bar: 20um), (D): a thermophilic granule (bar: 20um).
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B =7y b THIEGEEBRNICRE L TWAEEZI NS, —F, REYS Za— e LCRkkIC AT
O—7 2R LR, SRS 72 2R TREENAE S ITIER— OBEE D BEIRBEE NS,
THERERY 72— SR S NZEERICHERICH TN TS - .

RiZ, A7 0=T%T 520 - NG L TEALEEZS, BRYIZa—TiE, TOERBMTICHEE
THT 4 742 MROBEE (Fig.6, A) BWEXZERLTWE (Fig., B) . LAkD, BREEY/S=1a—NT
i, TORMIT A F A2 MROBEVPBENICFEL Y S22 - Nef2BoTRDT ESBESN TWEN
o), TOMHEET2HRIIFETH 2. FHEL, TOMBEORKGNIBERETSL0THS. —F, th
B 22— )lORFIcx L THAKCn situ hybndization 2757248, B5HES IS <HINTH >
oo R TZa—VRES, BiRY T oV KEOBEE AR BELZFOHEICEDN TV, 08
ERAETO-TTRREAER L e ok, o T, FRISZa—VREDT 4 IA MROMEIR (Fig.s, C
), BRIV OFNEEREIICERD I EARE I N,
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THORBEOEEATH D, NLRANOZZ O~ ZHEMCRHBL TV DOTIHAVWMAEFEENE, 72
T, AV N—2AZ2W—DIRNF—FELTERI I Za— I hSMBONMERAEN, BEETOEIST
DEBD T4 FAL MROMBEDEFIILILTHEST, K5IC I OBEAMBEICET 3 (BT RIBR £
ETH%.

4. 5%

AT O—ABIUVERMEERS & LK ERET 4R, RBRUBMUASBRIGEN TR INS 72—
JVDFIRITH T B1n situ hybridizaton DS 2T WA T O R £157-.

1. 522U OERTHE, RXI70 AR LEZEES, TOBEEZRO-DIIIum Lo Icy
DaZ PRI IENEELL, TOURE, #ESL-F-FEREERND I L TESICERN AL
ThHolk. ¥z, ZOUROERDE, HCERS S 2— T, BEEROBERMALEN T O— 705
BEMLIVZDIZHENTH > =

2. iR, @RVIZa-lEd, TONEITHETED SN, NAREAETHED SHTNS &0 S BiEN
EEL VTN E . £, I 2a—NNCHEET IEHBEIIZEAEAY CERBETH D, b
THMethanosaetal BT 2 HMENE S HFEL .

3. PRSI Z 0 —IVNICEET S KEEMMEA Y D EREL, FicMethanospirillu mdEDOEME TH Y, 7+
NET I Za— 2R L TWE. £/, Methanobacterium (b U L idMethanobrevibacter) $HDH
MENYT T2 2 — ) VNEICEREL, BRROMBEERL THREL TWAZ LN, MBUI74T O~ 7 OEMO
BRAGNERS 2. —FH, BB T2 —-IAICBRHEINIKBRELEEXY > EREIT, T2
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7.
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ZIZHRAYIZSYB701, ¥ J-green non-sulfur bactenaiZ J& 3 2R A1% 7 11— 4 RN72GNSB633 7/ 11—
ZREtL, M7 a— ) URIcER LARR, SYB701/0— 713, FiBY 5= a— N OmNEicEE
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