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Characteristics of volatile fatty acids degradation and ecological
significance of microbe in thermophilic methanogenic system
fed with starch or protein as a carbon source

ANKE*, IO REER)x, ATERRR, FIAE I, iR,
Daisuke TANIKAWA*, Takashi YAMAGUCHI*, Makoto ICHITSUBO¥*, Nobuo ARAKI**, Yasuharu TAKAHA SHI**,
Kazuaki SYUTSUBO***, Akiko MIYA**#*, Yuki NAGAYA****, Hideki HARADA***%%

ABSTRACT; We examined the characteristic of intermediate fermentation and ecological significance of
microbe in thermophilic methanogenic system. Our study focused on ecological significance of sulfate-
reducing bacteria contributing to propionate degradation, and the effects of the operating parameters such
as pH level, COD loading and sulfate concentration on propionate accumulation. Six CSTRs were
operated at a temperature of 55 ‘C and HRT of 25-75 days. The reactor “S-7" was placed as a control
reactor, which was fed with starch as a carbon source under a constant condition of pH7, 33 mgS/L of
sulfate, and COD loading of 1.2 kg/m®/day. Other five CSTRs were operated at various conditions such
as pH levels (pH6 to pH8), COD volumetric loading rate (3.0 kg/m®/day), sulfate concentration (33 and 100
mgS/L), and feeding of protein as a different type of carbon source. As the results, propionate
accumulation in the sulfate-rich reactor, "S-S", was found at 100-200 mg/L, which was 1/10 of the control
reactor, "S-7". Propionate-degrading activity test for sludge in "S-S" reactor with feeding of initial
sulfate at 400 mgS/I. showed that the propionate-degrading activity was enhanced up to three-fold
compared to one in "S-7" . Community structure in hydrolysis and acid producing processes was
examined by domain bacterial 16S rDNA targeted PCR-DGGE analysis. "Band B" or "Band P" on PCR-
DGGE analysis found more starch- or protein-degrading bacteria, respectively, from all reactors.
Fluorescence In-situ Hybridization was utilized for the identification of Thermophilic sulfate-reducing
bacteria. By the analysis, Desulfotomaculum sp. was found in all CSTRs.

KEYWORDS; VFA accumulation, propionate degradation, thermophilic methanogenesis, hydrogen-
scavenger, sulfate-reducing bacteria
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L FCdHic

AY UREBHER, TRAX—EIATARCHE LV IHIFEEETDE I 0D, BREQEEN - LCEE
ShTWD, 2OHTH, WikA X CRBHET, AEEE, AP RERRRA & o REHE S i LT
W2 Ehh, ERLIZET TORERED R TWA Y, BEFEOEREA ¥ V8B BT AR T, A
WEEHGRE LIz b ORE AT TS, LHLRRS, A I 0T EERERTHD, oKt EA
g, BE. o2 E0EREncE R U MBS ARSI e <L FREIAR A AR B R
WERCETAFEHITZ L, F. TOBETEL LT 0 v VSR OHMBOERRP RO IS
EWIHRIER DY FOENRHIEEICET A MA LN, ERFLO AT, ThETICELR
—ADRERIG L LTAFRAITVEE LTV 5 Y, 2 TR TR, Rk, BEEARSRE LR
BAZ U REET T ADFEF OB L . 7ot R RS Sh A MERE OB B & LTER %
Tof, EBRCIL, 6 RYIORIBTERREAM Y 72 #— (Completely stirred tank reactor, CSTR) ZiE#5 1.
LA & REBR ISV B BRI ORI R O, FERC B SO A BRI 21T 7o, FFRSITI, pH,
COD £, WHERHIRE & Eli T A — & — & L, BHOREBERER OBUEY/ERRIC 5 2 D BE ORI T
BLTERZT- .

2. EBFHE

2.1 KRR

CSTR (J&E#E 10L) Z RV, k(i & LCiathEx 7 —F Forsiss) . BRE L L CRERERRFR
IR FRFEPRL L. HRT25~75 A, S55COFMT, 6 RINDELEIT o7z, Fel 1TEBER SR, #
BNOREERELY 27 370, ARV AL 38T o7, £, i L 2EEZHILT 570,
BRI H R T A IS 8% E U Tz, Table.1 X, FRFIOREIR, [BI5414 COD 7 ([ 1T RUN4
TOYMIIRE) . COD FFEAR (HRT25 HICRT 3, BIomBsEEEL=4, 22T, RIUED S
HAZ—FH, PII7 7L rRE2E L, BOERIIREESO pH. S-S IIEMEEER, SH BIEAFRLThE
n#ET, S7 #, CSIR @D bo— WY T HRGTH 5, IGHBEEIT. KRR LB Y
7 2T, ELFOBE ST (Hfimg/L) 2 30 U TRERR L 72 NHLCL, 500 (A £ ~—F R D A) MgCly6H,0.,400;CaCl,.
113;FeCly4H,0. 2.0,CoCly6H,0. 0.17ZnCl,. 0.07:H,BO;. 0.06:MnClL2H,0. 0.50;NiCL-6H,0. 0.04:CuClL2H,0.
0.027;Na,M00,2H,0, 0.025EDTA. 50:NaHCO,. 1000:KH,PO,, 6805KHPO,, 8710, 7235, MAREISIRIZIX
EIRILIETR & v vz,

...............
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Fig.1 Schematic of thermophilic anaerobic CSTR
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Table 1 Designed operating conditions of thermophilic CSTRs.

CSTR Carbon CODcroone. | CODer load. oH Sulfate conc.
source mgCOD/AL.  {keCODIm’/d mgSO,/”-S/L

56 6
S-7 1200 12 7 33
S8 Starch [3600}] 8
S-S 100
S-H 3000 [9000] 30 7 3
P7 Protein 1200 [3600} 12

AERICRT 2 EGHEL. REORAMEC LD RUNI~RUNA 725725, RUNI T ALE COD
BTN T 5 A Z VERBRHR I THLEEFRA L7 (HRT 25~75 R), 2RFITAENEE LT
E7-728%, RUN2 Tlif HHEHRAZIT-7/7 (HRT 25 A), RUN3 Tix., RUN2 OIRICERE LI Fhsdets
SIREED T, B EEOBRAREL L, BN 400 mgCODC/L LATF & 72 o Te RINDIIZBE
BAEAT -T2, AEBOEREF LB o720, HilE 133 BHIZ $-6, S8, S-H T2V T A Ay
V72 5 —RAWRE 2 EAR U, RUN3 O, B2 A ¥ U REENHER S e oToTo), #ils 193
B BICHREBIRZHT /21T 2L T/ L7- RUNG TiL, 3~4 BT 1 EoRERAL L, AHEBOMRE+5
EITES OO L EERAZT -7 (LESE0 OFERAEE RUNL, RUN2 D3 fFE L7, HRT25~33 H),

2.2 TEHRER

ERBRAHEABRE LT, A X U ApiEM (Methane-producing activity, MPA) ZFHME L7, WWPh b
COD #E & LT, gCOD/gVSS/d By TRz, BEfE, HyCO, (80%/20%. l4atm) ZEFHLEHEL L, A
A T APNEREL 2000 mgCODer/L & Uiz, BEERHET T, 50U 1 TASRICHEL TR\ 2 fHRE
OTEERER R () EEEE. T, B UEREELET) (GRBER 12 &5 555k
BAEL, BUET MY D ARTINE, BBHIALOREYE SRS S ETRERAZT, H/CO, BET
BEERE HyCOUT, FRUNTIIERY ACELIERL, S =—F— (WER¥EE 5em, 120pm, 55°C)
WEES LT, RO R B, AR A RIE U TR AR (AR Yamaguchi DY),

e, TubA VBT DMBERE OREYTHMET 2720, B HRBERE A 5o
TN (EIIGRREE IR < 0, 33, 100, 200, 400 mgSOS~-S/L) DL Y—X&H\, 7o 4 B ARENE
(Propionate-degrading activity, PDA) ZHIE L7, ZOFEBRIZ, RUN4 (E&O % 215 BH) 873 87
& S-Sz HONWTIT o7,

2.3 PCR-DGGE

A 20 BE (D20), 41 BE (D41) OEFFREZXEIC PCR-DGGE %177, DNA fiitHicide
— X —F—EREAL, P/ saafiid s o F ) — L ikik%TT -7, Table 2 IX, PCR &%
R, ARSI 168 1IDNA % % —%» b & L7= Touch down PCR 277272, 754 =—1 v ML 16SIDNA
V3 region (341-534) %V 7=, DGGE IZiL D code system (Bio Rad ft) &M L7z, 10%7 7 VAT I K5
NROEHERIOBRE AR E 35~55%IZFRE L. 60°C. 200V, 3.5 RO F T PCR EMOERKE 21T
ST, BRABKTH, BT 7V —0TIsHYRE L, BAREDET OV FOMREIT T2,
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Table2  PCR condition for primer set 16SrTDNA V3 region (341-534)

Stepl (Touch down PCR) Step2
94°C 10min 94°C Imin
. X lecycle .
96°C 30sec 55C Imin X 10cycle
94°C imin X 18cycle 72°C 2min
64-56°C 1min {goes down 2°C 72°C 10min X leycle
72°C 2min every 2cycle ) 4C ©o
2.4 FISH &

D20, D41 DOEEIFRARIBRIC, FISH 0 L 2GRN 72 SiRERBREE S GHE Desulforomacudum J&DF:
BASRHEAT~ 7=, 71— Desulfotomaculum BIZHFEA72 DEM1164 2V 9, A~A T Y F A
va VOFER Amann OJFEIZHEILU O, BTV TUE 4%- 85 BA LT AT B REERIZ TEEE.
BERSBABE LTV, P35 — MOW F U7, FSH i3 Hybridization Buffer 8 L. (0.9M NaCl, 20mM
Tris-HCl pH7.2., 0.01% Sodium Dodecyl Sulfate (SDS), /L7 2 K10%) # ARy b L, E5i21uL (S0ng)
OTa—TEELNOT O —TEE AT 46°CT 3 Bl NA TV XA XU, E0O% DAPL 2 L 525
BEIT> T, APHITERSOEMEE (Olympus BX60-FLA) Z W CHBIEE L,

3. ERBERLEBE
31 REERE

Fg 2 I, AX—FRICBITHEH LN - 70 O BB OR BB 27T (ERARRR S RIIR
& L7 RUN3 13Bk<), RUNI Til, AHBOBWERIRLONT, RARERE LERED A 7 A RE
PHER SN, RUN2 TiL, COD &% 3 B ER &0, Bx CEERNER L., #: 70 B L
T, A ZUAERED 3~4 BIRT L7z, O8I, fCHBOERS EI o7, ERAHRT A7
& L7z RUN3 TiE, BIFRA X ORBHITORT, HHUc X2 ) 7 7 2 —REIEFHTE, e CHEER
DRI L7, RUNA Tid, HHEEOERIT RUN1 CRBETHY, AREBRELFREDAF
ERM TN, 728, LB, W, ROZEBEO N VR VBT A 7 VBT A IRVEEO 5T bAT
ST, S BOBOEET., WIhoBBIicBNTH RO T,

FHEREDOERECKT 5 pH OFE (pH6, 7. 8) ZFHlT 5 &, S-6 Tik, EEEEIREES 3000mgCODL £ T
LD LB THD . ST, S8 O 3 {EOEHL AN Th T, ST OF 0 4 BEERRRICER
5L, RUN2 OBETIZ, BbdW 7ot U BEENEE R, ZORKRE UTL, BBECERE L8
Fens, Furd L EBEEHE LI EBEZLNRD T, —, RUNd TiX, RUN2 SARPERETHD
ZHPhD LT, Fu A UBOERIRONAR T, SH TiL, B - Vo4 Bk - BEBIEELY
F, 87 EHEELT, BHEE - o A BT 2~3 . BT S MR OERSR LN, AHERD
BRI TOMBEREORELEMT S L, S-S T, 28M4EL <, AEBOERSEL LTl
Hil., BEEROEEBER SN RUN2 OB T, $7 Of V10 DERER TH-72, LT, i
RV EIC L 0 | EEBROEELBEIAD Z LN TED Z L350tz

Fig3 iX, 7u7A VRICHU A - 7o A VEBREEORBEETT (RUN3 (1<), & RUN 2
B HEREBERORENT, S7 LR T/, FRBOEBINT SRBROLELHMT 5L, PT
Tit, FROEERIL ST O 12 o7, o4 BRiL 87 DN 2 8B L, Lid-TC, 7 aF
A VROFNR, A —FREHB LT A VBN ERLLTVI LR’ 2T,
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Fig.2 Time course of acetate and Fig3 Time course of acetate and
propionate  concentration of  starch propionate concentration of protein CSTR.
CSTRs.
3.2 EHRR

Fig4, Fg5 iX. ThThRAZ —FROFBEEHE A ¥ AERENE (MPA-Ac) RUVKEE{LIEX # 4K
W MPA-H) 259 (RUN3 13BR<), MEHIZEEL T, 85 91 B BIZRBIT5 MPA-Ac 2METFLTW
B, ZHUCHIG LT Fe2 OFROEBEI L LT,

WiZ, Ag2 IZRBVT, 8§ & SH TFu b4 VBEOLAEIHEST L7= RUNT, RUN4 DFFEHEIZEET 5 &,
S-S & S-H #HiZ MPA-H, BDRFIL D EN L~ Lo T3, HAEMEIC L D7 0 B B ERDT-D
WCIIAEREEOTFENTARTHS ¥, S-S & SH TiX, o U mMe S ETEs 3 D0KER
FHEE U TKEELMER ¥ 4ERREHE (Methane-producing bacteria, MPB) 2355 LTV =2 & A5,
E7-. RUN4 ThE, S6. S-HTH RUNIL E[EELLEDIEHEEFR LB A & L REEREIT LT,

Fg6 X, S-7 & S-S (X872 PDA & EISFINEEREDBFEERT, S7 TIImEBEERINT X 35
DEFERE DI 2D »7z, ZTHICKHLT S-S Tid, MESERECEMHS L-EEO EES RN, &
FRARRFOMBSERE TH 2 100meSO S/ Tid, SISl L <, BT 20 LS L, 22T,
EBlIo#TRHIB T 2 ERINOMMBEBREZRIE L L 2 A, S7 THERFAED 0mgSOr-SL BETH
STeDITR L. $-8 THEEKR 170meSO>-SL OFAPHRR ST, Thbb, T4dmVWHESRTEs AT
5 S-S T, BBEREICHIS L 7o 4 v BSMRPERETH A, ST TR TROBR R
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0meSO, -S/LIBE TH Do, MBEREOHEINCEDLL T, BHINIZE—EL 2ot bDEEZLND,

RUN3 RUN3
| RUNT | RUN2 RUN4 RUNT | RUN2 RUN4
3 - Ll § - I)( - > S X
c 0S~6 5 ©S-6
% 0.6 08-7 g 56.0}057
53 o5t £g pons
2% « S-H 2% |asH
£ 20 Do |
v 2 0.4 w a4 0
c X c o
~E =G,
= > = >
5202 5220
85 s 5
=8 | g8
é) 0 \% i ] 2 0 o i -
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Time (days) Time (days)
Fig.4 Acetate-utilizing methanogenic activity Fig.5 Hpydrogen-utilizing methanogenic
of starch CSTRs. activity of starch CSTRs.
0.16

(gC0D/gVSS/d)

Propionate-degrading activity

0 L : L .
0 100 200 300 400 500
Initial sulfate conc.
(mgS0.-S/L)

Fig.6 Effect of initial sulfate concentration in batch test on
propionate-degrading activity of S-7 and S-S.

3.3 PCR-DGGE ¥

Fig7 X, ##2 20 BHE (D20). 41 HEA (D41) OEEEFRIZOVTO DGGE OFREFRT, 2 ha—
W=, BWIRA T REESEM T TORKICEHETER TE ST SHBEICHEYE T2 F B LEREE
R CESET MBS T 5/ R P 2R L7 ), /X N BId Petrotoga mobilis & THD Y, &
RPN R PIT, REERFNETHEBA Y REIERD D SBES I Coprothermobacter proteolyricus
ERETHY, BAHTELL. Fls, o't 8, - 5ER. B, AREIARTIZ EPHLN
2o T3 2 £RFNCIEEL TSR P BRONDY, TIUHERSRSEQERS 2SR T 243
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FUE L CWEIBRTHEEDELEZEL bND, AF—FTRTiX, EEOREL L BTV N B OEER
EREL, ZHUSHE LT/ R P OEEEEIHMET LTS, Z0ZEhbh, RKMGEEELE LA
Z—FRTCIL, RAMCERBR CERLT 53 FBITHEY T AMENMER L L OB Z LB LN,
—F, 7T rHRTHE, EEELEBISUF B OFGREIETL, D41 TIXERFIFTHRLAVF P
DENFREIRL IeoTND, ZDZLnd, BAERXEEE L7 n7 A VR T, BREEMBRCEL
b3 530 FPITHY T HMEMERILLTWAZ ERELBND,

D20 D41

Fig.7 Domain bacterial 16S rDNA targeted PCR-DGGE analysis for the sludges harvested from
each CSTRs in days 20 (D20) and days 41 (D41).

3.4 FISH {EIC & 5 GRBRHE & oMl B DT
Fig8iZ. S-HiZDesulfotomaculum|% ¥R 2DEM11647 2 —7 %M L/-ASHEE 277,

Fig.8 Photograph of fluorescence in-sifu hybridization of sludge in S-H reactor. It hybridized with gerus Desulfotomaculum
plobe (DEMI 1164) .
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INETTEEERBEOMBEBE CME & U C Desulfotomaculum & . Thermodesulfoviblio & &
Thermodesulfobacterium BRI HE N T\ D, FIFSETIE Desulfotomaculum RO ERATo L 25,
VT NERTHREEWE L, TORBEOX A LY Mhv s b, DAPL Rl 50 5 RGN
5% T Tz, Desulfotomaculum thermobenzoicum subsp. thermosyntrophicum subsp.iy, KEE(ME MPB & Dt
ARG T CHBEZETSIFELE LTHRA LR b Mo vt v BafATs s HEShTnE 0, &
M, 7a B RO SRR D inORE CRESE TR ES LTS T L 2R LTSN, £k )
RERBR TR 0 X O IR T Y e B VBRI RS LT B DN W T AR ME T
HB,

4. &#w

1) Fovd BRI pH OFEAIHME L& 2 5, A X REEN BREFIC T RUNL, RUN4
HBNZRWTIL, pHY (827) T/ ot d U BEEIRIN e -T,

2) HHEERICNT 5 COD BHEATOREBY ML 25, AWK (SH) T, f#E- 7oy
AR BESERELST, avbo—AFR (§7) SHELT, B - ot T 2~3 %,
B CIT SISREOERM RO,

3) AHEESEROBRBORESE S UTHEBERISAD TH 5 2 e80T, EMBRER (S-S, 100
mgS/L) Cid, HEEEEAE L CEEROEBELE L MTMA 52 L TE, FEBMEHEOKEZ -
7 RUN2 IZBWTCHEOEERIL. v ba—AR (87, 33 mgSL) OF V10 DL~ Thotz,

4) ERREER (SS) TiL, WMBERAETS & 7o 4 VBRSNS LR35 2 LR S, B
BREAEE LR DR LT, 3R L [ URERE L ~L (B0 90 IRRRREE R FE . 100mgSO,2-S/L)
T, To A EBOREET 205 ER LT,

5) RE—F, TuFALEETIE, 2B, PSS AEBARESMESL L., kS EER S
HoTWBZ ERDhots,

6) ERIIFEISFIRFEESETHE O~ TH D Desulfotomaculum BSBHIS L, Zh O OMENH
BORMECEET B BT,

e

ABFRIFEIL, B pn¥— - EEEHNROHEEE (NEDO) »NOJFEEZIT T, TN - LA D
= A LORAT LB OBRR) 7oV FO—RELTERLLLOTHD, BHREAMICHEHEL £
‘?’10
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