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Analysis of Microbial Ecological Structure of Anaerobic Granular Sludge Consortia
by In-situ Hybridization of 16S rRNA targeted oligonucleotides
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ABSTRACT: Whole cell in-situ hybridization with fluorescent oligonucleotides was used to study the
microbial community structure of anaerobic granular sludges developed in upflow anaerobic sludge blanket
(UASB) reactors receiving various types of wastewaters.

The molecular probes used were complementary to conserved region of the 16S rRNA of the domain
Archaea, genus Methanosaeta (Methanothrix) , and Methanobacter group which includes all species of
Methanobacterium, Methanobrevibacter, Methanoshaera.

The result indicated that Archaea accounted for approximately 40 to 60% of DAPI (6-diamidino-2-
phenylindole) stained cells (corresponding to the total cell number) in the respective granular sludges and
Methanosaeta species constituted 15 to 35% of DAPI stained cells. A strong positive correlation was
observed between the presence ratio of genus Methanosaeta determined by FISH and acetoclastic
methanogenic activity of the respective sludges.

Topology of microbial structure of two types of granules, mesophilically-grown and thermophilically-
grown granules, was investigated by dividing the individual whole-granules into the outer-layer and the inner-
layer portions. The inner-layer portion contained methanogens more significantly than the outer-layer
portion. Thermophilic granules had a tendency to contain higher percentage of Methanobacter group, which
utilize hydrogen or formate for methanogenesis, compared with mesophilic granule. This supports our
previous finding that syntrophic acetate oxidizing methanogenesis through hydrogen (or formate) formation
became more prominent under thermophilic conditions. .

KEY WORDS: Fluorescence in-situ hybridization (FISH), anaerobic granular sludge, acetoclastic
methanogen, Archaea, microbial community structure, 16S rRNA
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AWk B S EEMITBRM T 28 & UTCFISH (fluorescent in-situ hybridization) #¥:A37EH Sh Twv34), FISHE
12, MAEMOKGranL <ANLHE, &, KiE KA VLSV ETORBKIFEL, FhEhiciRi16S
IRNAOHER TN ZREDNAT e —7 iz Ly, EMETTE A L 7 M offiffic[E, EREITSZE
NTE, HROEBIIRDMENRFERLIZ—REBETI3FEHE LTHAEI R THS.

ZITERETIE, SEXERBKIGEE LEY F=a2—AFRICH UTFISHEREAL, 75 =a—AFif
WO A X U ERMBEEEEOERNICEEZTT . ¥k FI=a2—NBROAZ L EREE. UASBRIGHED
Wi tE L, FISHIEICE VRIE LA Z VEREEHEELOHBMEEARH L. S5z, REERS 5=
DOWEMEBRFIBEOHR AHOIIZTED., V= —AABER, RUABRTO A X 2 ERME O
RIZB L THEERS T oo — AV EORBREER IR o,
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2. 1 @IS a—ILEFOERRY

FISHEO#ERIL, #tickk, CODEMARRY, HREHORLZ SEEOUASBY I =a— il B
RRTHE) . RE1BONLFREZAWE (Tablel) . /T =a2—nAERRE. SRR —VUASBY T 7 &4 —
(&FRI3L, PR3SC, HESSC) Rz uy bRy —AUASBY 77 &~ (150 L, 25°C, #i RA4L
HEIZEE) ALERLE. 2TORIEHIE, FREAKIIBOT I EU EOBGEEEST->TED, #E85~95%
ORFRCODaBERERLTEY, RISBNIZIZI~SmmBED Y T = o — A REEMIZER_R ST, i
eBERIE, —RERERT TS (REH) OPE FANESEEZRAVW:E 2B, SERAFROMSE» 5D A
& ERRIEMORIEIL, BRSO FERIZRER L .

Table 1 Cultivation conditions of anaerobic sludge consortia provided for FISH examination.

No. Temp. Sludge Type Type of Wastewater COD Loading Rate Methanogenic Activity*
kg COD/m¥d gCOD/gvSsS/d

1 55°C Granule Alcohol Distillery Wastewate: 100 3.0

2 55°C Granule Synthetic wastewater (sucrose,VFAs) 23 2.0

3 35°C Granule Synthetic wastewater (sucrose,VFAs) 7.8 2.4

4 35°C Granule Diluted Mitk 4.8 14

5 35°C Digested Sludge Sewage siudge 1.0 0.1

6 25°C Granule Domestic Sewage 1.5 0.1

*: Test substrate : acetate (2000 mgCOD/L)

2. 2 DNAZ7O-—7
EEIZiXArchaea (HHIE) ZHERMICBRHTAARCIISOIINNZ, Methancsacta (Methancthrix )& D165

rRNAK SRR RN R 72 B0F % E-OMT757 (757-775, E.coli position) , [# L < Methanobacter group (
Methancbacterium, Methanobrevibacter, Methancshaeral& % &¢e) D165 IRNAIZH R4 MB318 (318-336, E.coli
position) EFIZFEFTL, LEIEBEO v —TEHEALTERET-% (Table2) . 7o —7O5KMITILH
HERTHDT T AFAu—F I (GHYEE : 545nm) AL TEY, DAPI (UGN : 380nm) & @ “# %k
BIZEVRE-REFTOLEK, &R Uin-situ hybridization iz & 3/ &M 4EY L OFREHRH 2 M8 & L.

Table 2 Sequence of the Oligonucleotide probes used in this study.

Probe Name Target Probe Sequence Td (°C)
ARC915 All Archaea 5' GTGCTCCCCCGCCAATTCCT €66.4
MT757 Genus Methanosaeta 5'CCTAGCTTTCGTCCCTTG 58.1
MB318 Methanobacter group §'GAACCTTGTCTCAGGTTC 53.2




2. 3 $r7VOEEEE

BB LY 5= a2— 2 RUHEHRIZ, EbHiZphosphate buffered saline (PBS) TE#H L%, FEI A
F- (AEEEMBHEET : EXabuy) R, BEHRLHE (BRANSON SONIFIER 250) iZ& ¥ +5Hz5>
BERI, 4% 1574V ATATE RBRIZE »C, £QCERIRT TSHHRBIELT- 7.

¥, VI ma—AREENRBORAZ VEFETEEORE T, S0-60HONKR S F=a—NEATVVATAT
TES0.1~0.2mmiEEIZ AT A4 AL, ¥/ X2 5—BRTTHARENMEIToE BUL, Lid& RO
HET-oTEELE.

2. 4 In-situ hybridizationi%

In-situ hybridizationihi, Amann® DO HEEIZHEEAL L 7=, whole cell hybridization{ZiZ ¥ S Fra—F4 7L
TASA I AERW. BELEHEWREE AT L FREIZEML, FREH =&/ —1BkelLi
#%, 7o —7 %S d/-hybridization buffer (0.9M NaCl, 20 mM Tris-HCI, 0.01% SDS, 20~35% formamide, pH
12 WEOWNATIVEA -V arviiToln. "7 VEAE—L 3 ViREIX, ARCO1S, MI7570OW 7 o—7
1346°CE L, MB3187/ 1 —71340°CE L. ¥e#iE, REKIT hybridization buffer %RV TARCIIS, MT75743
48°C, MB318i342°CT, 200 fTotz. 0. 2HEOBRHOTLY, Yo7 AIKDAPIERKL 2. 723, &
AAT I R, ARCOIS7 10— 7 9335%, MTT577 9 —7$H520%, MB3187/0—~73322%%, £ 7a—7iz
U THER AR RE &R B RRIZRIE LT,

NATVEA = 50, DAPBRGEAH LYY 7L, HEEEEME (V> " ABH2) ik->TH
B, BATA RTLIZI0EHEEDO FAREATY. EEENI LY, 28 DAPIYY Y b, HHEREK) K
A HEIER (nsitu hybridization iz X2 —F Iy b, REARNY) THRERFEHLEL. B #E
PR DIEERIEI~SOD AT A ROFHEL v Rz

i, S ma— A REHOLERICHT HEEOEE (Live/Dead) O#IEIE. Molecular Probes #LMDL-
7007 Live/Dead kitlz & » Tit o7, REFF RSB OMB OETIL, 28BOUEREHR (SYTO9EPD Lk %
TEVEESRA. AEMKBTIE SYTO 9 ICX VDNAMYRAEIN D I LICE VBEOR YRR L, AT
MEBEOBIBES» S, I vit7a oy a (PD BEAL, DNABRAINRDZ EICEY. REOEXERT
S, ¥y Mo kA%ER% FIEOCEBEBY AT, EREITCIVEFEOR S RN L.

3. EBERRUZER
3.1 7O—JDHRE, RUFISHIZL2BEMEMOBRE

By S = a— A WITiE, BEEREIEM A & A RMIE & LT Methancsaeta (Methanothrix ) &, Ffz, K#E
ALtk A & 2 ARG & L Cid Methancobrevibacter. Methanobacterium JREMSESEE L 20 2T LHBMS
T3, KR TIE, LA XU EO insitu hybridization (2 X 2BH D8, Methancsaeta J&IZFFRIIR
16S rRNAEFIZ MBI A R OMTI577 1 —7 (757-775, E.coli position) , Methanobacter group (
Methancbacterium. Methanobrevibacter, Methancshaera J& % &¢s) 1245 RH7216S rRNARFNZ N2 ALT % +5
OMB3187 1 —7 (318-336, E.coli position) ZFMIZHIT Lz, @7ra—71k, F—FX—ZA L TORBOH
R,OENETIMER (B) DAOHBEIH LTI TR OUERNEDI ATy FEFEOLDOLR-TEY.
ATVEAY = a VEBOREICLD, HENLENMERORIMPAIE TS S LHERShT.

MT7577 0~ OEENA TV EAE—2 a &Mz, "ATIEAE - aViREL, HEBRP TOER
REROEEEE OBBKIZONT, Fil 7 v —7 R, RRWICENBRER L I X< v F OEERYI%Z RO
XU T v—rar7u—7 LORKET) ZLICLVEE L. ZOKR. BT a -7 IC X D ENETIOH
HEMTEEMERY, 201 IR YF a7 T, ENEBOFEEERE 0 L RD[EEN TV EA
Y—-arviigEL Lk



Fig. 1 Fluorescence micrographs of disintegrated thermophilically-grown granular sludge.
A(1) : dyed with DAPI, A(2) : hybridized by Methanosaeta genus specific molecular probe (MT757),
B(1) : dyed with DAPI, B(2) : hybridized by Methanobacter-group specific probe (MB318).

Fig. Lizid, DELBEE LS S=a—AFHRIZRIEF e — 78R Lfl (Fig IAMT7577 0 —7.
Fig.1B: MB3187n—7) #RL1%. FhFh, Figl AA)EAQR). Fig.l B(l)LB(2)id, F—HETOBRLLL
Thd. EEONTVELS ¥—v 3 VEERHOER, ARRICBNTEHEN 70 -7, " TUE S
¥~ 3 VREOstringencyDRE LW TIZBWT, ENEERSFRNICBRH, #LMEME T TOBREMIETH
v (Fig.l) , ARCE—Fy MEBARIHT D Z EBHRD Z Lotz T, BRE/RIT FHEHEYVHE.
EBAEERETZ LIZL Y. BRIENEEROSA L2 by b (BRB) BRETHL I ENRENT.

3. 2 HMWYS5=a1—ILNDArchaea, Methanosaeta RDTFIEE

AR HERRTEYE (Table 1) WD Archaca (H#IE) . Methancsaeta IR ORFERE LM A % BRI OFER %
kK BHic, ARCIIS, MT7577u—72 k5, insitu hybridization& 17 -7, FOMRE (Fie. 2) . &kt o
Archaea B DB, [F—HIHIR T ZDAPIRAIL L U RO LEOKI8~65%, F 7z Methancsaetal DKL
ELTRHANT-DRELERD15~38%TH Y, TABILER, ERBLAZVERBELNTLUASBY =2~
ADONTNDY T MZBNT S, [HIEEBEEER L.

In-situ hybridizationiZ ot U, B4 SRNAZHH L, £16S iRNAS . ERIEAER K O16S IRNARZHIET
HTEizky, BHRBREERTDHFEHEEL LT, dot blot hybridization’# %. Raskin®, Harmsen!®&{3, dot blot
RE, EREAMEHEEEY X4 v b, RUGUASBY 7 72— KOFERIZH LIBBAZT>TWD. £ Ok,
B, 2165 IRNANDS0-76%h3 ArchacaiR D16S IRNATH o2 Z L 2 BHE L TERY, AFFROFISHIE TOEE
HIEOKRE, ZITRBEOHEEZRLTND.

wiz, HAIBEER (2VSS) MU v iz did B Methancsaetal® DER L, HRABROMMEE TO A 2 4 1giE
H (BRLrLOAZVERRTY Y L) 2HEBLE. Z2O08E. £hPho 22 o ERIEN Linsitu
hybridizationiz & ¥ 3Rk ¥ 7= Methancsaetalg O AL RICHBB &R ED Sz (Fig.3) . Fig 10 L HiZinsit
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Fig. 2 Presence ratio of Archaea and Methanosaeta species quantified by FISH.
Numbering of sludge consortia corresponds to Table 1.
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Fig. 3 Relationship between cell density of Methanosaeta species and
acetate-fed methanogenic activity of the anaerobic sludge consortia.
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Fig. 4 Relationship between volumetric COD loading and live bacteria
cell percentage of anaerobic sludge consortia.

hybridizationtZ & > T2EENOENEBRORSA#HETDI LI LY, FTOHRERT IEEEFRETIZ L
VAR TH D L FRHT, Hi OBMERERR L AENEROREEIC LY, BRAFROLENBEERT Uy
NEFMTHIE OB THDZ LARENT.

¥l HMRFEFOLEBIZED I EEOEE BT A9, Live/DeadkitD@R %17 -7 (Fig.4



) . FORR, BRABRERBORIEBCODERAMMSHEMT 51200, EFELTHWIHEOHABEML TW
B LdmEhk. Zhid, RIEBAOKRREER (RIGENTORMABFROMAIL. 20~25VSS/L&IRIE—E)
~OHEDAET (CODERMAR BERFTIITHY, ERICEHLTVWHIEEBENL TS ZEERL, &t
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3. 3 Y53z a—-)RBOAY ERMEADGH
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Fig.5 Scanning electron micrographs of thrmophilically-grown granular sludge
treating an alcohol distillery wastewater.
(a) Cross-sectional view of granular sludge ( bar length=15um)
(b) Outer surface covered with thin filamentous bacteria ( bar length=15um)
(c) Interior structure of granular sludge : Methanosaeta microcolonies ( bar length=5(tm)
(d) Core portion of granular sludge : Methanobacterium-like bacteria ( bar length=5um)

WRS T =2 —AFHRELTL, TAa - NEERAMMERRS S =a2—1 (Nol) , HRATEKLEGE
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FEasrsk, BIACEB L (Fig6) . ZhoD2BIAMSh BRIZOVW T, ARCI15 MT757, MB3187
a —7 &M in-situ hybridization 28R L. FBICEDIFNFHOBEROEE LML,
FThENOBWIZL DD Archaea IR THERT, Hil, MRS F=a—ndz, WETIE276% AETIE
51-59%DFHEEERL, WIS DABIZHANE M Archaeall BT 5EBPNELFELETIERERLE (
Fig. 7) . ¥iZ, Methancsacta J& Methanobacter group 245 RENICBIHT ZMT757, MB3187u—7 2 &BITE
H LIS, £ TOR T Methanosaeta J& & Methanobacter group D& B O FIANIEIE Archaea IZBR T 5 E R OER
B Lk #oT, ENFNOFST=ma—NVRIZEBLHENIZEEL TWD A4V #i3 MethanosactalR &
Methanobacter groupTH V), Archaeal L TRIBENLZEBOIZLA LB AZVETHD I LRI,

Outer layer

Fig. 6 Photographs of thermophilically-grown granular sludge.

(a) Cross sectional view of granular sludge.
(b) Sliced granular sludge with a thickness of 0.3mm.
(¢) Outer-layer and Inner-layer core portions of granule sludge.
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Fig. 7 Presence ratio of Archaea in the outer-layer and the inner-
layer portions of thermophilic and mesophilic granules.
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REIZEREATHIE OB ItHN, F5=a—IHEOE (WB) 12, 10E0AX U ARMENEE
LTWBZ LA EBLAATEIE L (A2 ERME : A8 =%54%, NE=#174%) .

—%, HE, BRI 2 ATOAZVARBEORY 2 v —v s VERETZ L (ALEKLAESS
Za-—), No.2:kNo3DHE) , A—0RKEHELTHAIZbHAbLT, hESF=a — N TIIRMELY A
X2 REIE T % Methancsaeta BH33% S FEELTWAOIZHM L, BB F=a2— A TIIAEBEMEA X U EK
#I% T3 5 Methanobacter group A EIIS S FEEL TWAH Z & h3b» 5 (Fig.8) .
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Fig. 8 Presence ratio of the genus Methanosaeta and Methanobacter group in the
outer-layer and inner-layer portions of thermophilic and mesophilic granules.
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4. KR

EOFROEE, UTOZ LBHLMIR-T.

1. BUASBY 7272 —LVERLISS=a—n (58) &, MLBERIZOWT, Archacak UfMethanosaeta

BRI BRHOKLD, ARCIIS, MTTSTOEK 7 — 7% T, insitu hybridizationZ {7 > 7o k53R, &&kd
DArchaealZ R T D EEUT 2 HEBD38~65%I1Z kU, e 2@ D15~38% 03 MethanosactalZ B+ 5 @ L L TET
gahi.

2. VI=a—AHERRIZED D Methancsaeta B DETER &, ZTh OB ROMBERNP OO A X W EREEE T

LR, A& ERIEM &in-situ hybridizationiz X Y K& 7z Methanosaetalg DHFEERIT, & D EE OHBAE G
MBi&EH SN, in-situhybridizationiz X 2 A — 7R EROREICEL Y, BRPOJFEEZEEMECIRIET D
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3. FA—0BERATEKCLYERELERE RUPERS S=a— L ORBIHEORE OB . RUAS (A
B) Iz OWTARCI15, MT757, MB3187 1 —7 % f\ /zin-situ hybridization %38 H L8R, FhFhoBRIZ
diHBArchacall BT A EBT, PR, BES =2 -1 b L bABIZHANBIZ Archacall RT3 E % <
EHETDZENHLMER ST

4. i, BESS=2a— N TAZLEORE 20— 3 VORBOKER, FUBKZERLTHDIZb&DS
F, PRST= 2~ A TIIRREILN A ¥V Th D Methancsaela B % S FEL TWADR ML, BESZ
= a2 — L TIRARRBIEY A # 8 Td dMethanobactergroupAS B % S HEE L TWA Z LB L, EiRS 2
o — BT D REREEL IR RIC L DR O EAS, ERL L THIRMREhE.

B EDX Iz, insituhybridizationiz & 2 B OMBRIRMIT, ENEROEEE2BRFCAET S2d 0Ol &
LTHEBTHD LR, $HiI27 7 =2 - A SMEMBROEBRPIBEOREO—BILERD, HHARY—1LT
D ELWREN.

Sz, XHIZEMRYS T 22— VREROBEERZNEEOMIAO Y, BARME, FEERTCHE,
R L E 2 S TR ER I ST IMEMBOFRNBRE, £, 7= —AYNRICHT 5 R KHER
OBRHIZbAFEEZEA LTI PETH 3.

RBAMRT, BEARI LB ET0—7 MT757) &, 1 IRy F a7V, £ 7N TO
NATVEL B =2 a LV OBREORMERIZL Y, ZOREMBAEREIZOWTIMLIT -7, MEIZNTS
FREEIZE L TERHEZToTHARY. MB3I87u—7ICLTH, ZhHoORFET>TRLY, AV u—7
ORRUOTIHL, SHOBRETHS.
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