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Structural Analysis of Microbial Community Change in Response to Feed
Sulfate Strength by Fluorescence In Situ Hybridization (FISH) Method
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ABSTRACT; Competitive interaction between methane producing bacteria and sulfate reducing bacteria in
UASB granules was investigated by applying fluorescence in situ hybridization (FISH) of DNA-targeted probes
specific to five different bacterial groups. Granules grown in an UASB reactor were imposed on a stepwise
perturbation of feed sulfate strength from 33 to 1,000 mg SO4-S-L". Under the low sulfate condition,
Methanobacterium and Methanosaeta were found to be predominant, respectively, at the outer surface layer
and at the internal portion of granules. Relatively small amounts of Desulfovibrio and Desulfobulbus were
observed dispersively at the outer surface layer in the form of individual singular cell. Under the high sulfate
fed condition Desulfobulbus became thin layered form to cover the whole granule surface. Hydrogen consum-
ers, mainly such as Methanobacterium and Desulfovibrio, entirely disappeared in the granules, and com-

pletely-oxidizing sulfate reducing bacteria were abundantly observed.

Keywords; microbial structure, fluorescent in situ hybridization, methane producing bacteria, sulfate reducing
bacteria, sulfidogenic granule.
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) ‘0) BRIt d ) H‘E@ﬁ _g‘:_ L;T{ ) - Fig.1 Carbon and electron flow through the various trophic groups of
Foo ENEAIRT Li_‘ W A e SR microbes in anaerobic environments oxidizing butyrate, propionate, and
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T 5, REFIL CODEBE - E#RAR—-DH0EHHE LA (2000 mgCOD LY ; a0~ B
B SO F Ul N TR =45:225:22.5:10as COD), KFilEHE R, mREEROMGER
i, FEOHEESRFFEOMIC, UTOMBILRLZAEML TERLZ (mg-L1); NHCL, 500;
MgCL-6H,0, 400; KCl, 300; KH,PO,, 200; CaCl,-2H,0, 150; MnCl,-2H,0, 0.50; CoCl,:
6H,0, 0.17; ZnCl, 0.07; H;BO,, 0.06 NiCl,-6H,0, 0.04; CuCl,-2H,0, 0.027; Na,MoO,
2H,0, 0.025, EE AT, pH 11T 1000 ~ 2000 mg-L" @ NaHCO, OEIMEETIT o7, U
7 27 4 —@OCODIZE AT OBEBIC DWW TEHE L /= fEHR Tl & 5 CODRRER. TAEAS >\
VHEME X & o\ YAMRYECOD, B COD. BEINKIE, BTFOEBERDWTHHEL 2 « A AFH L
Y, ERERREY. ARG, RS,

2.2 FISHETRW=ARKO—7

Table2 ’ZK%%TH% W ERDNAT O— 7 & E0Rl BRMEN N TU S X&lhErT. 7
I1— 7 5' #1713 Tetramethylrhodamine-isothyocyanate (LA TRITC &H&9) & BRI L
THmL7z, it‘ SRB385d Iz 13 Fluorescein-isothiocyanate (BB FITC &#&9) &AL 72, Figl
L2 D5 EOEHDNA 70— 7 ORIHT BMAeNRER L. HEETHERETS3BO T O—
V3. Desulfovibrio vulgaris marburg (DSM2119), Desulfobulbus propionicus MUD (DSM6523).
Desulfobacter latus sp. D#i¥kkE B W TRE/NA 71U &1 XEFEFHEL 72,



Table 1 Oligonucleotide probes and hybridization conditions applied in this study.
Probe Specificity Probe sequence(5'-3") Target Site "C** % FA  Ref.
ARCO15 Archaea GTGCTCCCCCGCCAATTCCT 915934 45 30 (13)
Mb1174  Methanobacteriaceae TACCGTCGTCCACTCCTTCCTC 1174-1195 45 30 (19

SRB385* §-group Proteobacteria CGGCGTCGCTGCGTCAGG 385-402 45 10 (15)

SRB385d complete oxidizing SRB  CGGCGTTGCTGCGTCAGG 385-402 45 20 (16)

Dsbb660 Desulfobulbus GAATTCCACTTTCCCCTCTG _660-679 45 20 (A7)
*: Several non-target sequences share the target sequence of SRB385, **: Hybridization Temperature.

FA%: Formamide concentration in hybridizarion buffer.
2.3 U521 NUIR~NDFISHEDERA

UASB » B3E L 7= 25 = 2 —)LEEHI PBS Buffer T %, NSHRILALT VT E RIER 4%
Paraformaldehyde, 390mM PBS Buffer, 30mM NaCl, 4C, 24hrs) CRIFE L% % /—)b &N
Tk, FIUL2ERAWTHRIELE, RiZ, 20T 22— )VidEt % 8OCICIABE BN T4 >
(Paraplast, Sherwood MedicaDiZB L TEEL KGEX A 70 h—LZ2HNWTY 52— )L #2um
OEIIEMUIEZER L. V52— IVHFRESF > a—-bLEASA RIS ABL, /¥
ST 4 2 ERELREE, BK, BRERIBEBO% FISHEICEL .

N TU T AP~ g >k, Amann @ FiESIZEILL TfT - 7=, £9, Hybridization Buffer 16uL
(0.9M NaCl, 20mM Tris~HCIpH7.2, 0.01% Sodium Dodecyl Sulfate(SDS), Block Ace 25% (FEIEL
%) Formamide) #4814 FIc 28y L. X 512 2uL(250ng 07 0— 7 &) 70— T ERE
ZTNATUFA XTIz N TUFA =3 i3 Tablel IR U & T 2T o 720 KITET
00— 7 O dHybridization Buffer 2 W TN TUF A ¥~ a VBEL D 2CEWRHET207
BT o 77 B O S #UEYE 2 SHAT % /=9 124 ,6-diamidino-2-phenylindole (LA DAPL & 1897
P 1T 72 (6.25meg-DAPL-L, 1M NaCl, 0.1M Tris pH7.2, 5min.

DAPI # &K IAFITC, TRITC 2 L/ 70— 7 T8 L7z d T 8Ot E R # (Olympus
BX60-FLA) &AW THEZR L=, DAPIHIOEEI Olympus 7 4 V¥ —Fy F WU, Fo—7ic&
2 EMIE OBIZE Olympus 7 4 V7 —t v b WIB RUXWIG & H Wiz,
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BRI LT, AY U AERENE (Methane-producing activity, MPA), 70 EF S EEEELIE
M, EEETEI LSO VERBEE. RO REEETEE (Sulfate-reducing activity,
SRA) AL 7. EMEI. FNE CODMEEL LT, gCOD-gVSSt-d! OEETIHMEL 7=, BE
EVEE R () CEHEER, EHEE. B BORETERESES0) PRI BAEL.
122mL S PIVBICATE LT, N TIVERICT A R EE TH HEEHE. KE, TOF VERZHEML.
A IBCHEED—F ) —2 2 —h—IZEE U, N 7IVRTOH AR &ML FHEBE, i
B R A REEICRIE L (GEMIE : Yamaguchi 50 OFEESR) ., £z, WMGEERE.
MR DN FREEEEE L TEE 100 % % W3 300 l'ngSOf‘—S'L‘1 vialliquid & U7z, AF AERR
HORBEER & LT/ ORIV AEZENT 5 & EF 5 meg L vialliq. £725 K5 WCHEALR. B
BETEICL D 7O A S EELEMIL, N1 7V 110 ~ 50 kPa O/RREFEL, TOEF >
Sk REREERAEREORBEZHEEL TRDZ.

2.5 9FAHE

SFHEIZLITOED « HAM (TR » < k57, TCD, Unibeads-C, 60/80, Col.Temp.
145 °C, Carrier press. 1.60 kgf-cm? Ar ), #BRMNIFE (WA 0< b7 57, FID, Thermon-
3000, 5%, 60/80, Col.Temp.130°C, Carrier press. 0.75 kgf-cm?N,). il (14>70¥



k257, CDD, Shimpack-Al, Col.Temp. 40°C, Mobile phase: Potassium hydrogen phosphate
2.5 mM), ZO/MOSELR. TAEBRAEY KXo,
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kgCOD m3-d M IZEREL T, CODBRER 80 %LU LEZRAFL DD 2EL &L=, Run 1 T,
EURCOD D B0%BMAY L zHIEL, AF EBEOEBUI-KISERTHoZ ENbhns, £i7,
BRIk D CODBREDERIT 2.0 £ 1.5 ¥ EENW LIV THH =,

EREEEZ D Run2 & Rundid. CODERATR % 2.0kgCOD M3 d KR EL TEEE T 7. &
REEE RO 775 — T3, BEE LEMEE TAY VRERENB<R27=2 &0 5, CODF%E
FREE B TRISIC X > TOAMTbONB LI

mokeEALLND, BHEER (1000 2 %
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EELERGETIE Run-3E2<AKM A § 80 mmmIClyed e
& RN L, ICECODRA ELTE 3 ' |
BB Tz, CORORRECODIE 8 60 Bt suiie |
4%{1@3@ ML TRERREL 4815725 © Cha gas
F. TOBOREHBER. SREPT § 4l
200meS- L7, HfRfET160meS Lt XU O & sol. sufide
fk#ELAOmE [ THo 7 Runl THEH & § 20 G
W TEmeS LI FTHo7). AERRTEE & T | brzzeic | [oid)
LisHmBERY) 77 5 — LR UBERHT o 3 a8 e
UASB 7 5 —% 3 MBI L Iz, TOMR CcoD Sulfur

_ Fig.2 COD and sulfur mass balance during a UASB
e o ] °
BFER A (LI BRAEE BT S 2 IC(E > TCOD reactor operation; COD: COD reduced by sulfate re-

PRRHRSERTRISIC L > TOBRTHIS & duction, methane gas, dissolved methane, soluble COD,
273D, BRFEAGZ COD BREHRIZB0%IZEIT  suspended solid as COD; Sulfur: hydrogen sulfide gas,
ETEL, metalic sulfide, soluble sulfide, sulfate in the effluent.
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Table2 1. A% AERREN, REEETEE, YOS VEBEBIIEEE Runl I2DWCEHE L 724
BB EORUn? & Runl & FHEOEEST IEMEREE L ZBERETM L 2SRV ERT, £
st E D Runl T3, BEE:. KEESBIGEEERHZEL TAY AEREEDIZ D M HRBEEETEMEX
VHEHLTWE, LML, AEEE THIHRBESTEEIL. XY EREERD 6 70 1 BREDE
L L ThoT. MEEETEICL S O VEBRLEHEE. KEERMEEREEMEEAS V&K
BAERIC L BIERED L3 EORTF Vv IV ERB LR, £/7, TO0EF VEBEHLICIE L THEED
L7, —F. GRBREEEBRETIE. B - KAEREZE L CHBEE THENEZRL, 7o
F L BDON R, FEETEIIK > TORTHIZ,

Runl & Di {E‘i AT MEETE O A VEBARICES L 2BERE LTI, kRE
EEMFEEET Lo THIE L 2 EAEZSNS, INETASEELE DO O A VBREIERENE
JEE & LTI, Desulfobulbus propionics . Desulfobulbus enlogate 72 EW &SN TN 5%,
Tasaki 5 2Vid. Desulfobulbus propionics strain MUD DSREEOTFEELZWRE T TY)LO—)V
DTINTFE RERBREE UTHETES Z LEREL TV, EERRICBN T, FRREIEmESR
EBREEAYOTH =L &, TOEF L BOSRIT > THENER L /22 &2 5, FEHRunl
TR - AESETE & LTI AReRARO To A BRI LEREETTE ST TED, ZO



7o, D FISHIA & 525 =0 — LN O MBS Td, el LR TR O
IR Uz, Eie, AR RBROKEFAMBEETRT > ¥ v VMEREBEERL D BETLE
EERE. SaTEENRBETEICHAEINS &KV KEQOERNBOILESDEEZ NS,

Table2 Activities of cultivated sludge grown in Run 1 (sulfate low), and in a reactor (sulfate high) which
reported by Yamaguchi ez al¥ previously.

Activities (gCODVSS!-dh
Sludge Methane-production Sulfate-Reduction Propionate-oxidation
Acetate CO2/H2 Acetate Hydrogen by PRB by SRBD
Run 1 1.8 2.1 0.022 0.36 0.084 0.11
(sulfate low)
c)
Run 3° 0.14 0.00 0.27 0.26 0.02 1.52
(sulfate high

a) by proton-reducing acetogenic bacteria, b) by sulfate-reducing bacteria. Choloroform was added, and hydrogen partial
pressure was kept 130-50 kPa during the activity test., ¢) data on granules adapted for over 3 year under the condition as same
as Run 3.
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Fig.3 12 Runl @2 5 = a2 —)VOYHIZ 70— 7 ARCI15. Mbl174, Dsbb660 & DAPLIZ L > T
BRELEZDBOE, BERHENAEHEO URIKE GRIERE THELZEREZRT. UBERETIE
DNAZDAPI TRAZI N TN TOMBASERINZICH L. GRIERE TIZ VO —Jic k- TRl
ENSHEETNERING, VI a— VoUW EH0umEZORBENBBNSEBRINTS
0. DAPIREIC L DEETH I OER THENENAKE T &AL T VRSN (Figd@). &
WEEBRETHARCIIS TO—TOERBEY S a—VEBOEIMENTBREIIFEELTED,
NEBICEEL TWATHEIIZTORENS V52 a— VD% &7 5 Methanosaeta EZZ 515
(Fig.3(a)-G)» —7. Methanobacteriase T A5 Mb1174DEBREICS 22— IV ERBEDEILE
T FERE NI, (Figd0)-G). KEELERELETTE TH S Desulfovibrio & 70 A V# 2 &L
T % Desulfobulbus Z#H9 2 SRB385 DEFIZT I Za— IV REHICRIEL Tz, £,
Desulfobulbus 7= 2 H 3% Dsbb660 b ZRBERICHERR T & 7= (Fig.3(c)-G).
" z M6 (b)-u Outside, g ' 3

L ARC91 ST Dsbb660

Fig.3 Insitu analysis of sections of granules in Run 1 by FISH technique with probe ARC915 (a), Mbl1174 (b) and.Dsbb660
(c), respectively. The section were simultaneously stained with the TRITC-labeled probes and DAPI, and viewed by
epifluorescence microscopy with a filter set of U-excitation and G-excitation. Scale bar, 20pm.
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Fig4ZRun2 5 5 = 2 — VY2 7' 0— 7 SRB385, Dsbb660 & DAPLIC L » THBEAELEDS
D%, UBERVGHEHF TEHE L ZHERERY. BEELHI I 7 N3E, FS5Za—bo
REEVBRETAERICH o2, O
HFEHARRIZIE 7 00— 7 Dsbb660 T PR
&% Desulfobulbus DA Z—7 P&
BREETHEDITR -7 (Figd(a)- AR
G). Fi-. FO—T7SRB38: DIESE. ¥
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Desulfovibrio i/ BRICE > 7= g
(Figd(b)-G). FERRIZE RS TIIK
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(Table2), —77. Runl TEBEIRIZEL |
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Fig.5IZRun3® 7' 5 =2 — Vi 10— ARC915, SRB385 &, Dsbb660 & DAPLIZEL > T
BRELEHOE, UBEBRNGHERBE THELAEREFRY. Run2 TREBMIZH 7275
Za—NVEBEIFALBEDEINEEEIN, TBAEEEEL TWe, ZOXREIZIZARCIIS THRE
NAEIIEEAEHEEL TN - (Figs@), £/-. NEE O Methnosacta FEREDE HHTH
AN —-EBRL TWBITERh o7z (F—F#EHRR) . —F. Run2 TIEEREDOPPLHNERICKE
O — %%k L7 Desulfobulbustd, 75— a—NEEEES L DITHEL Tz (Figsb). £
7r. 2L tEOMESEITEERIET S 70— 7 SRB385d D{EHIL. Runl &Run2 TI3&< RS
Nizmo7 Run3 T3Y 5= a— )VINERICSET S FAHIBEIN DL DT (Figse)-

SR, Syntrophobacter fumaroxidans O & S 733k E T O VA VR CEE A R ERIAEEZE L
TWBZ EMMEZINTNS2Y, LML, Table2 IZBWTHIEESR (Rund) O/KEERMEEREL
BT OV L BELEES. MEETEOTNCHRTERSER LA 7, JORRNS. Hik
FERkiGE % OB T TldDesulfobulbus® & 5 7R B LENMBS L B> T/ O A VS RICH S
B 7 L MHEEL T & B(FEWEIZ Run3 T Desulfobulbus WERLICERZ A N-). MEETE LAY >~
EREOERE 0 <BEEESE, pHIZHREKEFELY, REIMOERIC K > THEECEIE S
FTHENSWENH B30, EFFEO Rund Tit, 70— 7 SRB385d THREI NS coccus £z
1% sarcina $k OHIE ASFEIR E /-, Rabus 5 91X SRB385 d T Desulfobacter* Desulfccoccus
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Fig.4 In situ analysis of sections of granules in Run 2 by FISH technique
with probe Dsbb660 (a) and. SRB385 (b), respectively. Scale bar, 20um.



NTEOZ OHEITEVWEBELGTEET T 2HEEME TH 5290, Desulfococcus multi-
vorans 7 sewage digester G, Desulfococcus biacutus 7Y anaerobic digestor sludge T4
BFTHENWOWMENH B2, RERER TILSRB3SSd MW L-MEXNEOEICETSHDOM0n
IZHETE RN, BREELEG TIII0EAMEE TRER{CEOMBRTEIHET 5 2 &0
BTE,

Out side

915~ ' o\ 20660 § o pagsg

Fig.5 Insitu analysis of sections of granules in Run 1 by FISH technique with TRITC-labeled probe ARC915 (a),. Dsbb660
(b) and FITC-labeled SRB385d (c). The section were simultaneously stained with the probes and DAPI, and viewed by
epifluorescence microscopy with a filter set of U-excitation, G-excitation and B-excitation. Scale bar, 20pm.
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2) BREBESHIII T NTBE, VS5 a—VOERBRORENETL. REEN S Methano-
bacteriase & Desulfovibrio h\% % % & & H1z Desulfobulbus B D2 D= — AR L7z,

3) 10EROEMEEAEADBIROEE, V52— )\ ORFEEIZIE Desulfobulbus BAMES L.
HLWEBRAHRI N, £ V92— VAR OREETENHER L.
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