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Cultivation, Identification and Specific Detection of Anaerobic Syntrophic Long-Chain
Fatty Acids-degrading Microorganisms in Anaerobic Sludges

WEAS PSR, SHET BEY, KAE AR, R B
Masashi HATAMOTO?, Hiroyuki IMACHI?*, Akiyoshi OHASHI*, and Hideki HARADA?*

ABSTRACT ; The anaerobic long-chain fatty acids (LCFA) degrading microorganisms were enriched and
attempted at isolation of those microbes to address the fundamental information of microbes responsible
for anaerobic degradation of LCFA. Primary enrichment cultures were made with each of four LCFA
substrates (palmitate, stearate, oleate and linoleate as a sole energy source) at 55°C or 37°C with two
sources of anaerobic granular sludge as the inoculum. After several successive transfers of these
enrichments, we applied 16S rRNA gene-based molecular approaches for the enrichments to reveal the
bacterial populations reside in. These results suggested that anaerobic degradation of LCFA may
involve in not only microbes belonging to the family Syntrophomonadaceae, which contains all anaerobic
syntrophic LCFA degrader isolated so far, but also phylogenetically different groups of bacteria. After
several attempts were made to isolate these microbes, we obtained a highly purified culture which was
able to degrade palmitate in syntrophic association with hydrogenotrophic methanogens from the
thermophilic palmitate-degrading enrichment culture. In addition, we successfully isolated strain TOL
which was predominant population in the thermophilic oleate-degrading enrichment culture. However,
strain TOL did not show oleate degradability under any cultivation conditions to date.

KEYWORDS ; anaerobic digestion, long-chain fatty acids (LCFA), 16S rRNA gene, fluorescence in situ
hybridization (FISH)
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(Long-Chain Fatty Acids: LCFA) [ZEE LT 5, BEAKFORREILZO% < A RER 16 BE7213 18 @D
EiRAERE (Bl VI F U, AT TV VB, A LA VEEB IO ) ICK VRS TVWD, T
N ORISR IR U CHREERZ RIET 2 L0 fEE B 7 ot ANICEE LTV EBH
BIVTWA, ZiLDOIEHEN O SRS TR Y o ASEICEREL RIF L, MEKEOE/R, O
TR Y 12 ADWHE/R: SR E 2R E - 57729, 1o T, [REEERKOZRNLHEITIT, TFED
EBDTHDH VLT UEERA LA VBRI E ORGSR 16 LLEOEBIRIRONE 2 ENERETHY , £
NOOSREAR S WAEMOEMRHES, AR OO TOFRB AR CHD L2 D,

BRI IER (A & AR BETICRW T, ERialAE YRR K 0 PR LR IS 2 TR & ARk
LA SEEE L SRESND Z ERHON TS, I ORRTERT 2KEDBRE ST UTEEIC
ETLRWRETH D, o T, EHRIEES AR A & AR R S OXKREFIRTOMEY L0
EREAERRANETHD 9, FOT, SRR MR S8 UMESER AT O T L I TEEL
< BEFIA T2 OB CHY . BE, HAE CICIERICER - 4 TR I ERIENIER BRI
Syntrophomonadaceae B0 A O TH 5 5818, Fi, IRESHBEKIMEEOWR EHOERRGT
OIEME L TWD EEZ B THDHN 39, @RI OBREIEIE Y 2 2 2B CREk s BE O /i 21 -
TWAHEICE UL, EBERORRE SN THAZITTHSD B, fE-T, A X ERBETIZRNT
ERARIABE DS HEIC B A ME O BIIERILZ LV OBBER TS D L2 5,

Z 2O TR, BERPEER T T TR\ TR O R A T D B O R BRI £ B
e LT, SREEESHEKANEL COERNE S 7 =2 —ABRN L, RIS 5 E
WMOLBEE BRI AT S Z L 2R AT,

2. EBFE
2. 1 BB AR U BB K SR

BRI RS DA A M OSBRIV TEEGIRIL, /S 24 VRBEROK R & 1T - TV
EPE (35°C) LR (55°C) O 2 FEHO TR A r—/L (FFFE 9.5 L) OZEE Upflow anaerobic sludge
blanket (UASB) U7 7 #— X VBB L7V F = a—/BREFEH LE 9, WU 77 Z2—i3@ EEAan
(9.9%+0.7kgCOD - m3 - A1 [HiRMEY 77 #—], 4.1£0.3kgCOD » m3 - d1 [FEIEY 727 #—) 2T
BiF/eigEbdeE (IFE O CODer REFET 80%LLE) #H LWz, LD I &MLl T 74—
TR EIARE & S0 ¢ DI - EEE L CO L BRI SN 9,

2. 2 BEBIFIRR X USBEROMEEORER

RIS B S R DOBIRE R 2R 5 12010, IREA BREICE 0RO AT > TV ef
1R (35°0) LR (55°C) O 2 FEEOBE Y T = o — VIERAHRER L UTHV, BRI AL
WUV F U (C16), 277 U UEE (C18), A L1 B (C18D) BLUY J—/L i (C182) @ 4 TiEx
EEELUTHY (& 1mM), 3 SEEOERREHRAT 7o, ATEHOMME LU EESEHIEERIZED
7212, ERMTSIRATER & L/-BRRIE 55°C T, PIRMIERIL 37°C CHIEMITHE R EIT o7z, E728
IRIEIERIIERITRE LIAEA 52 A 7 E LN TN 5780, TORBRIOBHICEE - 48 QoM ©
BTN BB, ERIEHEE - OFREEOE SRS E5 2 & TR L DME~ORED
BhIE %X 572,

MBI R 7 0~ T TEANCAZ VT ADREBEBE L, AX VT AOREENLRE L
HEOHBERNBLZ 50%L HZ/zo7 2 & 2HEE L, & bICEEMEEE AV CHIE O 4 HEER L 72 1210AT
ofn, MM OEREIISHITED 5-10% TIT-> 77,

SYBE LT A ot T AC medium (Difeo). thioglycolate medium (Difco), B OE /LB EE 7
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Table 1 Fluorescently labeled oligonucleotide probes used in this study.

FA

Probe name Target group Probe sequence (5' to 3) %)’ Reference
TOL1028  Strain TOL GCTCCCTCAGTTTCCCTC 20 This study
TSP436 Clone TPA, Clone TST and Clone JA2 CCTTCGTCCCTTAGAACA 10 This study
MPA1446 Clone MPA GGCTCTCTCTATTAAAGT 5 This study
MST445  Clone MST CCGCATCCCCTTTCTTTC 15  This study
MSP1445 Clone MLI and Clone MOL2 ACGCAGGTACCCCGAGTT 15 This study
Synm700  Mesophilic Syntrophomonadaceae ACTGGTRTTCCTCCTGATTTCTA 15 21

EUB338  Bacteria GCTGCCTCCCGTAGGAGT 10 14

*Percent (vol/vol) formamide (FA) in hybridization buffer.
a2 BERHHR AR L7255 T 37°C B L UM 65°C CEEE L. BEMEEBIE AT Z & THESE LT,

2. 3DNAfi, PCR, 7 u—= 78 X UY%r LM

ERESERP OB B O DNA T — X EE AV T2 o2 19, EIL7 DNA & 3
E D 16S rRNA B{=F® PCR 8417 -7, FOERICIL, ME (Bacteria) (Z#R897 EUB338F1Y 13
LN W & (Archaea) |CHEERAGZ: UNIVI490RID 075 A <—F » &V, PCR ORIGSA:
IIEEERICHE U 7m0, BB ISR, TA cloning kit Novagen) 2T/ o— Akl a—r5 475
Y—ZAE Ui, T NSRBI U 10 7 o — A2\ T Hadll % Fv EipET BB 417 o7, 2
DFRFTC L D BN ERKSIOB R E/ 38— &SN T T a— D I —7fLET, &7A—T7 LD
FNFER 1 D7 a—C R L, OSEERSERE L, BOn/-HERYIX Ribosomal Database
Project (RDP) @& CHIMERA_CHECK program (Z& > THF AT DNA O¥|FEATT S, BLAST search [Z &
S THRMERR T 277, 0%IC ARB 7125 L (attp/www.arb-home.de/) 2 U CoFRARNT
EiTolz, HFHRHENT T, 774 A2 b ETolcth, A2 AV CREBIOEE 1T/, Bt
BOBEORE»D LT 1,000 BIO T~ 2 b T o TRATIZ L DRREE L=,

2. 4 Fluorescence in situ hybridization ¥

Fluorescence in situ hybridization (FISH) #3 Amann O IZHERL L TT o7z, AR CER L7
16S rRNABHIDA Y IX 7 LAF R u—7 (DNA 7’'m—7) % Table 112 F, DNA 7'2—7 DG
IZARB 7' 77 AR AOTITV, ZATE L7Z 16S IRNA R 77 o— ESNCAR & 725 X O IERET L
72, & DNA 70— Cy3 H AT Alexad88 #H & LML, ATV FAE—Ta o
I, TV FA =2 a3y 77 —ZRALT I RERIN S 2 L TR L,

2. 5 BRSBTS IO R
BAEMOBEICE., SEERSE (OLYMPUS BX50F) 3L UNCCD # A7 (SenSys OL1401E-G1 LT
OLYMPUS DP70) &\ iz, /K&, A& EfkfENEEE L OMERMARRBEORIE I ZREROTIEIZHE L

29
f

3. HMEBIUEBZ
3. 1 £pEE

EIRAER R S AR ORI RSB 2R A 2 1200, RE A BREILE T S bt VLSRR DL %
T2 > TR L @R 2 EOHEIER S . BAKTOEELEMIESB CHE 4> OV IFUEE X
F7U R A A VEEBLOY B OFEERTN N2 AVTEH 8 MOERBEEEREER LT,
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INLEBERORER, iR VLI FUERERES
BHR T 2 EREE CHEM OB MR CX o
B, FOMOETEEE R COMEDOBTEIED
TEL, W DAY O HERT A LTI
#1137y AL EZE LT, T OEBEERNE
TSR Lot 2 A, £ TOERBEERICBY
TEFEBEDORED R 2 DHAEMPFHELTEY
TORITITA F ARG HEIZRA 72 Faokk D B

; . 1R FEOEEROMEm b AT TV Fig. D, Z
“a g et N b2 TOEEREERN CIERBRASERD S
5 T R o TA X VBEREN TV, BHEE CIoiiE

Fig.1 Photon'licrogra.phs of mesophilic palmitat- ST DRI HRII R AR E AL
degrading enrichment culture (A) and thermophilic {4 X & AR HHHE & L4353 = L CEikishs

palmitate-degrading enrichment culture (B). Phase n 5 - 5 —
contrast micrographs (panel 1) and a fluorescent BENET DT EBRMBNTNS 5678, T b D

micrographs (panel 2) are showing same field. Microbes T b, ARFEETE LN ERBIEERICBWT
El;or:v;;lgrelzgrzl(; I%ultﬁflluorescence indicate methanogens. b B LS SRS & A 2 AR
THEE & DIAEIT L D SIEPEITL QD EE R
bivic, £, ZHOEBEERITRAIEED O EVDRWEEN UL UITRET 572 L, HERRITHER
ICREETHD Z EPHESN, FCEOBSENEE CTholeDiX, U/ —VBEEEE UTHWZFE
BLUERDERERR Th o7, &V DITERD Y / — VBRERISERITHREEEDN FRTAT, #EfE
% 20%U EE %< LTH 3 ELLEOEERZ1T D FN CERMoTe, BEOHEIC LIUL, mikislim
IIREREDEINT D Z &1 2V IEREEFIRE & OBDEMNT 2 IC oI TEOBMEREINT 5 Z L AMEf &L
TW% 18, S VAWZETHE 4 SDOEMRAESEE (VI FUBE, 277 Y VB, A LA VBRIV /
—/VEE) OHTILY ) —/VBED B bR DBREMED R, F 7o Z ORISR AR < 72
S TLE DRIUT, BEOEBIEIEE AV -ERERICBVDTHRESN TV S 10, Zofu b @ikl
FELFRRIC, A AERBBE TICBWOCOKEERMED A & ARG HE & OIAIC X SIRIETT 5 8E
(T4 BT S VEEE) #AVEERERICBOD THRISR R TE L RAFESEIHES LTV D
120, ZNHDT ENnD, ERIEEE. FHC) ) —VEBE RV ERERICR O SRR REE Ch o - B H
3. EARAEER DB A & AR & DKFE R LTC ARSI Ch DR AR RIC L < B
BENOEEROARLEINPREL QD LHEINTE,
AR T, iR/ —NVBEEIERIBAREEP 2 TERL Ro T LE-T22d, ZHhIE
DT DEZ RS T OOERBEERIZ OV T To 75,

3. 2 HFEMFHTRIC L 2 ERERROMNT

ERNERIEE & VW - ERREEE RIS B W CERIENEE DO 2 fRIZ B8 G L QW DI A RET 572912, 168
rRNA BB T & 5F~— 0 — T 55 TEMFNTEE RV, 5 EILLEORREEREZIT o7 7T >OEMHEES
FHRLD DNA 2 L. #E (Bacteria) @ 16S rRNA EoFICR R I ~—Fy b2V o
—IAT V=% LT, &7 0—rF4 77 ) —ZBOTRHEL L TR Sh s o—EBFco
WU FREFT ATV, BB OWEZ{To7e, ZORR, T OOEBERRD S b 5 D OEEEER (B
RAT TV UEREREER, TEBIUEERD/ LI FUBEREERR, TROA VA VEERB IO /—L
MEFEER) PoRbLEHEEICRE &Nz 7 v — 13 Syntrophomonadaceae FIZJ&E L 7=,
Syntrophomonadaceae FHIFAEE T BN TN B ERIEFEE D FEMENE L THD 7N —T"TH B3,
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Syntrophomonas sapovorans, AF022249
clone MPA (mesophilic paimitate, 5/10 clones), AB232558 ___'] MPA1446 probe
clone MOL (mesophilic oleate, 4/10 clones), AB232567
clone MLI (mesophilic linoleate, 5/10 clones), AB232578 :I MSP1445 probe
Syntrophomonas wolfei, M26492
Thermosyntropha lipolytica, X99980
thermophilic oleic acid degrading clone JA2, AJ242834
:l TSP436 probe

clone TPA (thermophilic palmitate, 5/10 clones), AB232551

clone TST (thermophilic stearate, 9/10 clones), AB232554

Syntrophothermus lipocalidus, AB021305 Syntrophomonadaceae
Desulfotomaculum kuznetsovii, AJ294427

Moorella thermoacetica, M59121

clone TOL (thermophilic oleate 7/10 clones)=strain TOL, AB232581_]
_E Syntrophic anaerobe strain JE TOL1028 probe
Thermovenabulum ferriorganovorum, AY033493

Thermacetogenium phaeum, AB020336
Ferribacter thermoautotrophicus, AF282254
Thermaerobacter marianensis, AB011495
Bacillus smithii, X60643
Clostridium purinolyticum, M60491 Firmicutes
Desulfovibrio halophilus, U48243
clone SBR16S, X80922
clone MST (mesophilic stearate, 4/10 clones), AB232562 1 MST445 probe
Desulfobotulus sapovorans, M34402
Syntrophobacter pfennigii, X82875 Deltaproteobacteria

0.05

Bootstrap values, @>95%, O0>85%, O >70%

Fig.2 Phylogenetic tree of clones obtained in this study and selected relatives. The clones (bold text)
represent the highest frequency of each clone libraries. The scale bar indicates the number of changes of
nucleotides per sequence position. The symbols at nodes indicate the bootstrap values obtained with 1,000
resampling analyses.

AL THE LNy o —ESNIBRIC B STV DHIE D 16S rRNA Bn1Al5 I & 13 92% R ORI
Thotz, T, BlEA VA VEBEBREER CROLEEEIRE SN a— 13 Firmicutes PFIZBT 5
B TH LW, EHPEAT 7Y VEBERER R CIE Deltaproteobacteria Wi @+ 58
~LTHB E B g 7 o — b BSEECRIE SN (Fig. 2, WICINOEEEIEH SN n—
B R ORI D AR RNICHE IS UTIRE L O AR R T D720is, Zhvh 7 a— U FF)
[THFRAY7: DNA 7o —7 %2AE L (Table 1), SEFMERERICEM Lz, £OfHE. DNA 7'n—7 Ik
LB, SEREERICB O TES L CFEE L'Cb%?ﬁ%‘@?bﬁ&) b (Fig. 3), EAEDRER LD,
ABFFENZ Y TSR LT bR RS R I3, R o it éﬁﬁzﬂmv—7 ELTHBITND
Syntrophomonadaceae FHZ BT 5 Ff/n 72 T’Ciﬁ< L DD BT TREEEICRRY . hoels
B ARSI SRR S AR HE B D43 R BE 5- U O A REEMEDS IR S B S 7,

8. 3 WRRAEN R AR SRR

WIS, SEMEERRD O BRI ONFEE 5 T AR O SR T, BRI ORI IEEE A7 A
BT, AREEEAMED A & L AR & OSRIE 7 SAERRR L LRSI R Th D Z Linb. £OLHE
IERICRETH 2EBMLA TN D L1920, T LEKIEMHONBEL T DT20ic, EELOMES IV
— 7 TR OEERECINA T, s FEWFRTRELAS GO Tl R 21T 5 Hikint i L. et
B OSBE AT L TE 1920, ABFETHEND HiERAEAT 5 Z LI 80 &SRO SR E -
TV ME O HER AT, BARNER & LTk (D SRAEHEBEALIS OB A AV ItssE (2 2 THY
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Fig.3 In situ hybridization of LCFA-degrading enrichment cultures. The enrichment cultures were simultancously
hybridized with Alexa488-labeled bacteria-specific probe EUB338 (panel 2) and Cy3-labeled clones-specific
probes (panel 3). Phase contrast micrographs (panel 1) and fluorescence micrographs of the same fields (panel 2
and 3) are shown. (A) mesophilic palmitate-degrading culture hybridized with MPA 1446 probe, (B) mesophilic
stearate-degrading culture hybridized with MST445 probe, (C) mesophilic oleate-degrading culture hybridized
with MSP1445, (D) mesophilic linoleate-degrading culture hybridized with MSP1445 probe, (E) thermophilic
palmitate-degrading culture hybridized with TSP436 probe, (F) thermophilic stearate-degrading culture hybridized
with TSP436 probe and (G) thermophilic oleate-degrading culture hybridized with TOL1028 probe. Bars
represent 10 pm.
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7-EE L, BEROBERIEIEESRAE B LT\ 5 Syntrophomonadaceae BB 2N B CRIF ATAE/ 2 5
. BIOER LT HIED 16S rRNA BEFICE S5 FRARAIBN S, ORI & bIEE
EASBEI CRIAFTREZEE A ). Q) LR ARV IRT Z LIC L AENMEO X b pE/REER ) 1
—NFa—T O3 ODHIELFRRHIEITEVIRLRAS L, M T, ZOBHREOERRICI CHIE
PHER SNIREERIZOWTR, O CER L7z DNA 7o —7 2O TERN L L TOASHIE TH B0
DFEREAT o7,

3. 3. 1 Symtrophomonadaceae FHEEE DIYBEDRA

Syntrophomonadaceae B OFEIME S LTV 5 DOEREEETS (TR VI F U, a1 A
VER. RIEMEY VB, BRI F U EEIRMEAT T U VEREEER) ISOWTE, TTICOEEN R
STV B Syntrophomonadaceae FHI G T HMEDOHEEFI 2 BEIZ L CHBEB L O a U BE VTS
B 237072 68, LAsLRAN S 2D DR 4 FAV NV CHERE U C X -/ IE, SEDRENT CERL L 7= DNA 7
=7 TIHRHT 2ERTE e o7, ZHUDEEERY v b U EE EEIC U CEiRishime s iamE 2 8 ¢
HETDHI LN TE b ol Bl e 2 IE, (1) ERIRIERS AR O R AE e R IR S fRNITSE & R
RRICPERLIC Lo TIThI T 5720, ERABIIIR S AR bEEIRSS 1 B R FIAIFTRETH 5™, ()
L UBEER S5 R SRS ER & 03 A TS T, EIBIABE DO DRIz OFZAEEL T D, B () B
L) 5 EARASIARA SRR & BRER RIS & 2 el U356, BRI Sed 2 B SR IR Sy R
BOFREL . ZOEEEREILEN LR TFRISHWAEOEEND, TNOHHBRE L0 v N BEEE -
L CHER ST E Fo M D iR AR A S5 AT Cld7e < BERR TN (BEBE % & L ERASIFRRII SR CE 5
DEARAEERI I R CERRVE) ThHA D LR LT, £2C, FIEMOEBB IO o M BE T L
L7t R U CHIRIMED Syntrophomonadaceae B OREIHEL NS 21280 L 45 Synm700 o —7
W AEALIEZA, B CEMEORES L VRN I FAEBIENTEE F—FAK), O
ZEMD, BB LU v bUBEEE L UTCHER LIZEE, RIS iBilE Tiind . moERIg
FAEEREREE R O < /INBIFAE L QW BRI ME S L TR L TX 72D ThH A D ¢EBx b, 2
CIOEARIEREEE A EFEEER L0 . BRIEIE CAREEEE S OICEHER VIR L, ER LT A4
BOEEELXFIZED, TO%, EEMESINCER TE 2 L 2ENE B RN 7 a—7 L
BEICRERAZ: EUB338 7' —7 & H\ - FISH #EIC L 5 “EYE TR L. (EROMIE 2 EUB338 7'
—7 TR SN AMEIC LT 0%FRE), DR AR L L CikL 7eigh g LR 21T o7,
TORER, BBE LT VBRI U 92 W T — A F 2—THEETHI 2 LIk ). BRI
T U EREREREE R BANICTEE L OV IE OISR (TSP436 7 u—7 TSN 541
B2 EUB338 7' o — 7 CHitH SN A HIE ISR L CRI98% L E % (5 D58 R) 2155 Z LnTE 2 (Fig. 4,
” s - — —— TV DRSS AR A TS S DT 0IT,

. . L EEMOKEGMER & AR EHRETH D

S A 3 Methanothermobacter  thermautotrophicus
Ba e et A type I ZHWCT UL FUBTREEZITR -
P e B SNITF VBRI S TAS

Kopl 3T RTINS RO L Eis et S D L AR L (P4
F" & o i T ‘ o hi H ‘ e i = hj B)., FEERICHLD Syntrophomonadacea FHZJE
ig.4 In situ hybridization of a highly purified thermophilic < s . 5 .

butyrate/pentenoate culture obtained from the thermophilic TOMENES L COTRBBHRARICT LT
palmitate enrichment culture. The cells were hybridized — EEEEZRYV B LT R, @REDAT
with Cy3-labeled TPA436 probe designed in this study. T LB F OB YL S F L R

Phase contrast mictograph (left) and epifluorescent
micrograph (right) shows the same field. Bars ;10 pm. RICES LU THEE L TS L BEEE AV
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HEHCE SANICEET B T L S TE 72 (EMOMEN EUB338 7 u — 7 TR S U D BT L THI90%),

3. 3. 2 Syntrophomonadaceae LN OIE DBEDRA

Syntrophomonadaceae FIUSOFEME 5 LT HERRICE LU COL AL, EiREOA L1 U
TSR ROV TIE Firmicutes FUCBT 2R L~V TR LW — 0BT HHIESMES L THEL TV
7= (Fig. 3G), ZOMEDSEERAT 5 12DIZ, 5 T RN B bR BS & i JE # (Fig. 2) Bk,
ok OBFZET N—T P08 U @RS &/ — VB EIVERE) OBFHESBICL T, A7n—2% M
WTHMBEE AR A, FOBR0—AF 2 —TERRVERTZ &L, ERRNICELICFEL T
TR AL AR T A Z LICEEh L, Tk (TOL) @ 168 yRNA BEFOEERAMOIZE
EEFRELL L 25, TORINIFERA VA VBEREERD DR L BHEICEIN S hic 7 v — B
(Fig. 2, clone TOL) &R—Th oz, ZOZ L, 2B TOL I3miEA L1 VEBEERMEERICEBES
UCIEE L QWM T 5 &I LTz, TOL RO EHAEBE MARREA BT D7D, A LA VR RE
& UTERIEDKFE M A & ARG & B LIS A T oo, L L7 b, MRa IeBEREE, f
Z AR 2 X MO OB 2 X A F° TOL BEKEER L. 20ROZOFEEEEREIC
PR LAKFTE D A 7 ARG & BAERLT 57 E & 1T o 7248, TOL MKISE BRI BE O S fifRE 2 2 < /R
Eilphsotz, TOL BRTA LA VEEERIERRICBOTEIES (Fig. 36) LTHFELTWEIZHEDL
(10 B EOMAEEEOBICHES L THEEL TV D & % FISH THERRE L T 3), HBE L7 BIckEEL
PED A AERE TR & B L C O AR B O SRR A HER CE Do E BRI A D L TATRHATH 5,

TR AT T U EREEREERICIVTIE Deltaproteobacteria FiZB T 5B L~V TCHREBDbNS 7w
— UL EEECRE SN, DO E b OMEOSBEREEETT 5 720l £ Syntrophomonadacea
BHCBT HHIEE S(L U R L FRRICEEESy o BB TR 1T olz, L LB LT DB 28
SRR T A Z L IX T o Tn, EREARIEEARVIERL CH BRI OMENEICHREFEEL, &5
HNTHEET DB TE hole, £ THTRMANIERITE SO THERMELHRT L, BEL LT
WA+ RN OER BN A B OO ERIITEE LT W ads> 7 T &, Deltaproteobacteria
HIZBT AMEICE RONAHE TH D, Fiftthle X OB TSR ROR S L EE L CEELT 1L
ULnLiaast, ZoFBRRT7 U VEERERRICE S U CIEE LT Deltaproteobacteria i JE 3 D HTH/ 2
B ONBHITE ST,

4. ¥+

ARFFE T, BEEMELER 7 o RSB W CERREEIER O AE 4109 S AE M O KERERTEROINEL Bav & L
T, HREIREESAFARLE L COEIERL V. TO0BEE L BRRHZRAAL, £, £
EEERZER L, FIE O 168 rRNA BEFIZE SV Y o — U T & 1T 7, RICEERSERZ L VR LS
BRI U S A7 REF AR RN 7: DNA 7' —7 2 MEk L, &4 ORERRICEM L, ZORR. mRiIsl
FEOBSAY ORI, SO BB LI EHE B T 5 Syntrophomonadaceae FHOMBETET T2
<, DTFRTFOCE BB 7N — 7 OME bR IET O SR ERS LT S ATREMEIR S 17, Kl
T, INOHFEWFNFIRC L OBNTREROBHATER LR 6. SiRIElE S G 002 R T,
FORER., BRI FUEERR LY Syntrophomonadaceae FHIIE S B BiRNERLER - BRATE DITIE HlR
REERRERD LIRS U, Eie, @A VA BRI RPNCE S U CIFE LT Firmicutes I
BT A58 TOL ¥ 248 A 2 LN T, ULHvLAan G, TOL BRidEEA VA VERERER R
THIES L CTHFELQORICLEL LT ZoMEy SRIBEEO S R R A B OIEN TE )
ofr, FIHIRAT T UEMETEREER T, T OREERICELS U TTEE L Qe Deltaproteobacteria
VBT HMEOSBHEE R RN T A E L o, T0 X5 ICERIRTEE SRS O 58 BRI, AT
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EYFAFENOBONZEREEA L THLRETH -7, - T, SRIEmo S - oEE L TF
OEBFRREER LT D L0 ) TEEBTEOFTEL TE TV, 5% 2 b EiRisl e o i
OSBRI XM EITV, FOFEREEENFREH LM LN EZTH AR, HEBSEN RS
BRI EE D RERIE D ERRZ A O 2N LT ITIL, 558 & 16S rRNA R FICE SV FROBT
72< . Microautoradiography-FISH ¥ 22> Stable isotope probing 5 29% o, IESHIZBERAED Hh
TVDEERILK DIV VEAEYOBREHEEE @R L T 2 EBRBETH L LB IS,
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