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™ B R ET B R RS BRE E R R L T — M R R TR
PISEILIE R PIBF2, JLIEIY PF2 FIRBEERTREANS +~18 TREFOIRHR,
BEE KRR 570, BE H7.7, UETRSEY. RIRE LAY BF2 HRX5E # R
FRB MR RS BN ERIE TR CF2 A i p e B e T Al 1%
MFz AR R BENBAS GHTERTE, @Kk CF2 STRTERE # 5 8RoH
Wk 1125, RS AT B 1595 RISEBIRINE O MARA THEAY, TLL KA
B TR,

RKWMA  TELKEEM, LY KRR T E LR R T, B B R

FERBFCH TS, DERERET B YRR . o R R AR PR AR R
A REREIETARDRAERAEIXANEMR, BTABRSRAMILESFT
B, FERTERFCEBAANAEFERSH, BAERLRENASY™, ENYR
BAD BRI LERHC, RIIBHE Beaty T Mcloerney® ik, M 4B
W B KRR E AR R S P o BRI T — T RE R T ¥ e A R eag it it
F&4 BF2, FLAETENEY, BT BER RN LR TER- CRRIEKR
R EENIRBE IR T #(Syntrophomonas wolfei subsp. sspenavide){IF= P i B B
B RENE (Mehanobacterium formicicum) E¥E MF2? 4EAWA-Milk i, B LR
AR FHEFEARMTERRTERS AP R BEE CF2 SYRBREHE, AIKH
FEHE TRPRTERCRAOA T Y, 0 RERE TR ST, SEHER
WE Gl A&RMWATRER T RAIER TE, HEERRELT,

1 AR
11 M

SERAAERFSNSRERELBALNEBRE AN ERARAFRERE (UASB)
SRR SE; T EHEZEE (Methonospirillum hungarei) Bi¥k JF1 GERBRITEHEMe..

shonobacterium bryentii) TR 1125, FERERIFE (Methanobacterium formicicum)
Bk 1535 MBRHE (Deswlfovibrio sp) BiEE Gll H{iZ Wagningen Rl K ¥

* EFEARFESE DA,
AXF1994 57 H15 BN,
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ELE SRR
L2 3ti 4 b ok M 5 00 0 4 9043 B

i BEENHBEHNEARLFERE Houwer SYRRBHHERE S, BRI
Na,S¢O; R Na,WO,, Ff] Hungate HAREHHFEFEEFS B 45,18 F 45ml 3
ARZEE (180 X 18mm),50ml R 100 ml M FHED, (RN 18 AR RES N—
RO AN B ALEERBMATIE., SBEXERNBENER, SHERROEY
5> BIRSHR 1 mol/L 5 60% ByF#E, TR EE, A X B SWmME Kb E 4t &u, 5
HIR—ERMACKEWERERED, SHAKE % 20~40 mmol/LR05% ~1.0%,
SEBFFRERIAROERESRE, HRHE 0% E57120% —EABARNEBEES
SEPETEY, FE A SR B 2 3200 u/ml {OF B35 BIRTAREAM A 20 mmol/L #J BRER
PIBRTEREY. SEARKREAESTMA 2% 55,

RERRTRILERMWOEENDE: DLREKE % 20 mmol /L (T E 4IRS, ES
HARESHOEGT 20 ml BRSO ml T, ERHA 1ol SI8RIRRNER,
37C 153k 14d 5, R TTIEM T R4 PR R FY, DL 5 ml ERTlE ek
Erh, i EE 3K, THINEREERNEERESY, BHERME 10~ 10" R
B Hungate B3, 37°C B3 42~454, REEESTREEFE W £ Micro-star AO
RBERBHETRE, EREFEADATEELBEREE 420 0m BEERFTE
B, B, DSEF, REW, TAATRERXG, B I~1.5nn NEEZEASTR
HEOM RIS S, 37C R 214 5, BT RETRSE BT RN AYER
o, MILEEH0, ERREAERN, BEABERNGREFENITR RESRE
¥, REME TR~4: CBR TR, RERFRARRBOEEY, Lk waste s
THERE: ERUERL EERFEMEBENBERED, F37CHFRNKER
3 42~56d RER, E L REFETASORPEES; ENE TREDBEKEEDE
3 42~56d FREBE K. SBHERLNEYE, KBEEEKSH AT, CERET
RRF RS M,

BRSO TR B AR 5, S5 R DIAIKEE 2 20 mmol/L Y B §
B Ry, R MA KB 4 10 mmol /L R Z 5205 SIS r= B 52iE F, B ER 4L
ROFERE S 2 ml, 37°C R 28d B, DEIREERT. BESLSEREI RE, HE
EERMEREFELTHREDE, 37CRHE304 5, rRSTe L kilnEg, &
BPEESASEOROEAKFEEGEER 04, ZERETHERL—ME S0 9
LSRR R AR R ENS BRGRRED, T 37C RERREE S
42~56d RER, EEGRFENETORTEREE, HEOIROEEEHERTSE
B304 B, EREEE L REBS—HOEE. tiFREREm RS,

BRSSP RAE: BRI 0.2 m]l BRI PREERES,
TS 14d B, MR TR, RN AL, LSS 5 RS, BEk=
RIS T REDOE, ShSM0 0% E5M20% —S4BRSERNRE =K,
37°C ¥3k 304 5, AR RS EE L RIOE R BHE TR SR E% kR G,
REUW, DREF, B, HR1~15mm, SRHEHH, EMEk>BRERE,37C
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B 14d FAEER L, S EERREsi, HWEBEEAEANYETNGE 5+ & 4,
ITTCHBRAEERH 42~564d AER, EEEREFREDRE AL EE, ARk Eg
BREHTEE, EhSHEY 80% ESH120% THEABRSARNBASE, 37C BE
30d F,AAERE LRHBA—BNE%. EX¥ERETRE, RILE—#iE&R
MM, PO IE AR ik R 3 '
13 BRaginliammniieys

Fc#k14],
4 SEaRSSEENATHBENSDH TRERNZRSE

50 ml MAEMrD%E 20 ml MRS, <% H,/CO(15 X 1.01325 X 10°Pa,
H,:CO;=3:1), /= i Sl MR ES 30 B R B R 553 0.2 m],37°C 123 15 d,fiXEE W
BHRAPEFREREAE EFRBREREEN LM LN A 20 mmol/L &)
JR, R 2ml ASEh o B LAL R R B TR M CF2 iR, BmAsike
2 20mmol/L TR, K MR SRR ES, KL, H74 WET Bk
HOBERR 1R
LS SHAEHk

HEeH GC-7AG SHHGEMNAY, EM GDX-401, 60~80 H, AR T
30mm X Im, BARSHRS, WH 10 ml/min, HE 50°C, FROEE 110°C, S
B A BRNDTRSORENE, A xk14],
1.6 &

BREHBEBHY E. Merck P28, HE0EM™ AN, MO MNISH%EEFRR
W EE M,

2 & R

21 Figmsp BF2 st e
211 R REFMERETHROELEE, HE 1~ 1.5 mm, BSEF, FEH,
Z 430 nm FREMHE T RBERE, THXTERE &,

212 TEREENRSEEFERE i JLEFHY BF2 £ 37~ 40C W ER TE R, &
T 25°C IR EAR; 7 pH7.7 NP HRES, 77 pHS.8 DU TR BIA 4 B,

213 FERETRENER: £MFTHRERHY 100 ml MEERER 0.5 ml BF2
BRIEIRY, STCER, 44 WE-RPENENR, ERLE1, NREEDEA
B3N ARARNESN_HABROBRASE, WERRERERESEREY, B
TRMEZENN, R, ZUTRYESN, FRMAKEY 20 mmol/L iy REF
40 mmol /L 7., TRRZEHE3E 24 d, Rt R B 408

214 Ml PREEDEAESY BF2 M TRAMR: 7550 ml MaEEhT &%
TEMHES BF2, R TERMRI £ PRATEIG, MALIKEY 10 mmol/L [yl 75
BRI = F I 07EEh, MTRELME, SELE 2, BN, BN % & %
20 mmol/L WWHEER M, RE MUK H,S, MIALEAYhAEE KR FEE,

215 MEREWORIME: £8E Sml EHRAENREE D, WA TG 8 (52
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¥:1 Fgaess BF2 RRTR&PiRAMBKERL

Table 1 Degradation of butyrate and production of methane by coculture BF2

e &4 Substrate %5 Product
KHE TE B Rk
Time Butyrate “ Methane Acetate
(d> (mmeol/L) (mmolfL)

] 16.8 ] 0.9
4 16.5 9.8x10°° 0.9
8 16.3 0.4 4.1
12 6.7 4.1 27.2
16 0.5 6.7 30.9
20 0.1 7.1 31.1

24 0 7.1 31.2

Rz ATHBRBARERNY BF2 EETBRNIOHER
Table 2 Inhibition of butyrate degrading by addition of bromoethane tulfonate
(BrES) to coculture BF2

B3 =¥ Substrate =% Product
kiR TE iz B
Time Butyrate Methane Acetate

(d) {mmol/L) (mmol/L)

0 17.7 1] 1.7
11 10.6 2.5 16.0
15+ 9.9 2.5 15.6
22 10.0 2.5 lﬁ.l_]
29 9.3 1,5 15.6

* A 10 mmol/L BZ REER .
10mmol/L BrES was sdded.
RAKIREE, B ) mmol /L RMESEARTR): FHREO).FTE0), 7REA5),
RER(15), 2B (15) BB (10), B (10) FBR (5) B#(5) .+ —8(2) + = ®(2).+=
M) T ERQ) . T HE. HAR. TR T AR . B R T . TS
FE(0) N FEFFR(10), FEIRR(20) T8 (60), B fbiE i #4 BF2 #3#k 0.1 ml,
FITCHFF S04 GRERFZTNENBRNSTN PiaE, SRR, 25y
BF2 WEEREM 5~ 18 MRIETHEEENE, AR ERERE. RRE. —+8, —+—
ﬁdﬁ@ﬂﬁ?ﬁ&ﬁﬁi!’éﬁﬁiﬁ%Fﬂ@ﬁm@\ﬂﬁo [ R R AR, SRR e
e o Y B RITRCR ERE B, RRE IR AR TR, PR E R E TR SR M. 3 AR o,
ERRHREIRE TR MA K IREE 20 1 g/ml (UBE, BRI S BF2, 37°C K% 304 SR
JE P LR LB, SRR, IR BF2 REEReMass B ieE,. 8. D3
FUBE LB ACRE P 4 R B S,
22 B#ERY BF2 Y RMEERRTROEHETE RS BEEGHIENEECF2
BT ATRAESAEESHE FREESHREENER T AR~ RAY, 2
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% Beaty F1 Mclnerney™ #9752k, F| B E MY, RIVHAF LY BF2 dhig=H
FRST R T ROTERTEESSESHITR, RETIRMERE LRSS TR
TERMEA R — 3k CF2,
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B 1 H CF2 AlRERTHHETFEREAR B: @HcCR RERHOOCEREE
FGerR: 1pm) Fig. 2 Anaerobic degradation of caetonatc
Fig. 1 Electron micrograph of cell ultrathin by strain CF2
sections of strain CF2 1.7,B% Acetate; 2. ODyua:3-ELE A Cnotoaate;

4. T B Butyrate,

221 E¥ CF2 giRAH#R, Bk CF2 WAKSSMR, MNaE, AWE 8§ =,
0.2~0.3 X 2.0 ~ 3.0um ([ 1), £ B TR OEY L K, TR R RBEEE, &
L B B A G, B, D8R, B, B 1.0~ 1.5 mm,
222 B CF2 WETMAMERILE R, 75 100 ml i #5 Mk, LKA 36 15 mmol /L
BB T B, SAE OIS, Rk 0.4 ml Bikk CF2 RUEIEME, 37°C H3%, SR M
EHERNE KRG, ERILE 2, GE 2 T1,85% 15d B, BokhasBg,
: B e 4 TZEBAITER, RS 20 b,
2.23 H,/CO,, HEMZEXEK CF2 &
WIS TR £E 50 ml U755 th 35 A
20ml 438 mAE H,/CO,(I.S X 1.01325 X
IO’Pa, H,:CO, = 3:1), i (20mmol/L)
RZE (20 mmol/L) P Rhik ks %
#:5h 0.2 ml #¥k CF2 ROBESRHE, 37°C Ik
e L 374, 74 WEANBER, &R B,
Es mk MR mRoaFemems | /CO NERTESETRMRE, 37d 5

GRR: 1pm) MEBEMRETEMRE; N BNAE

Fig. 3 Electron ?:icrograph of cell of %EE&B’J&WQ

stesin MEZ 224 Bk CF2 Mkse: MEABAR R

MERDRAERER, Bk CF2 NBTEH SIHR (Syntrophomonas), SHRRET
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EHRRARIENILM (S. wolfei subsp. saponavide) {¥FIER A, (LK CF2 #
FERe = TR, EAZ ST ROME, Rog KBk it, Wa L R REDE B NS
HaMs Y Fhifi ¥k CF2,
2.3 B#ENy BF2 HEFPRENHNRAGESE MF2

HILRER BF2 SR E—k™ W RS S B ke MF2, Bikk MF2 pUsIY
KHAR, 0.5 X 2~4 pm, RBZY, EXRP AR (8 3), EREARETEEKHLE
EAWR G, B, HR, AREF, BB 1~ 15 mm, Bk MF2 f£LL R84 WY
AFENF R i mI P B, S VOB T B8 F A,
24 W% CF2 5RESMNECRHA THERH TRIOMRE

WPk CF2 SHKFESEEk JF1, ARFRATEER 1125, PR P LS mk
1535 MBI G11 MU A TIEEF Y3 TRNEBEELILE 3 Fik, %3
ERUH, LB ORGRDS BRI % CF2 SEANESERTERS, TaR
REBLEMR T RIATEE LR,

23 @k CF2 SERREBERT XERDHTRUER

Tabie 3 Degradation of butyrate by defined coculture conbined the strain CF2

wint known hydrogen consumer

5@#k CF2 FER R HE TG B i B
un.akok 4 ] B JF1 AR 1125 HEE1535 Bk Gl
Hydrogen Meshanospi- Methanobacte- Methanobacierium Desulfori-
Consumer rilium ium bryansii foermicicum 1535 brio sp. Gl1
hungarei JF1 1125
HFFEMH Time(d) TESE Content of Butyrate (mmel/L)

[} 20.1 22.3 4.7 17.7

7 18.8 18.0 12.2 16.3

14 17.9 13.1 1.8 15.1

21 13.2 8.0 0.5 14.9

28 1.7 5.8 — 7.2

35 — - —-— 2.0

e WE CF2 SPRPRFENK MF2 BESHARRDERTR-
ik FZ 5B R

Table 4 Degradation of butyrate and production of methane and acetate by

reassociated coculture

3 ¥ Substrat =% Product
s TE

_ iy S 8
Time Butyrate Methane Acetate
{d) (mmol/LY) (Bmol/L) (mmol/L)
[ 25.1 0 9.9
21.%9 10 i0.1
9 1.0 i0 10.6
16 19.5 60 15.5
23 6.7 2680 36.4
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Wik CF2 SHEMLRNERSHARAEFYOTFRFRITER % MF2 &
e R, UEH T RAER TR, SR LE 1, & 458, FoEmR
AHERLREE RN TROEEFDDINEAR S
3 W ®

FATRAEORD M REFR ISR S E RS T R F iR E Y BF, R
ER, N EFRGE B LR TFER - R BRI P RAEARG, B 34 Rk
EREe AL, MAETRERY, R AMEAmE- P RaEsk, R
RS BF2 HEALH BT EE CBREEK/RIEE AREE Il WSk CF2
™ R TR P AT B ik MF2 B0 54, M BN B A AR TR T &%
Btk CF2 5SYRPRFEORPRITEER 1125, ¥BPRETEEMRK 1535 MSEE
WIAE Gl BERA TR, FTLURERER T 8.

AXFRLGESHAMFARNE, RIIBHACEH, MARATRAEYT 8=
ERRE R, ARHS F iR M E R, W% BR2 hFR LR EEL HH Ko
ERERED, Ek CF2 BRRETRIYEHZH T, PRAEKRE ZBNHI(H2.1.3),
i SARNATRSEFROT K REEER JFL AR HTERSE i
BA TS M(LE 3), MBEAERATERERHD A FRE, BRTREILERE, A
R PSR RTIMN), XEEREY, Btk CF2 THEAHEMNTR=EL0EL,
Boone UM R1ET R IR N,

# % X &
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ISOLATION AND REASSOCIATION OF ACETOGEN AND
METHANOGEN IN A SYNTROPHOBIC COCULTURE
DEGRADING BUTYRATE ANAEROBICALLY

Cheng Guangsheng Tu Xionghai Dong Xiuzhu Su Jingjun
(nssizure of Microbiology, Academia Sinica, Beijing  160080)

Abstract Ananaerobic coculture BF2 which degraded butyrate into acetate and
produced methane was isolated from grapular methanogenic * sludge. The coculture
~ is associated syntrophically the Syntrophomonas subsp. seponavide strain CF2? with
Methanobacierium formicicam strain MF2 and appeared to degraded Ci~Cy fatty
-acids including isobutyrate. The optimal temperature and pH for growth was 379¢
and 7.7 respectively. The strain CF2 was obtained in . pure culture with crotonate as
substzate and produces acetate and butyrate. ‘The doubling time of strain CF2 in
-trotonate media was about 20 bours. Strain CF2 is Gram regative, slightly curved
0.2~0.3 X 2.0~3.0pum with round ends, motile by lateral fiagellation at the concave
side, non sporeforming. Witk a hydragen scavenging organism, such as Merhanos.
pillum hungatei JF1, Mehtanobacteriu formicicum 1535, Methanobrevibactcriwm bry-
-angit 1125 and Desulfovibrio sp. Bll, the strzin CF2 paired up and the defined co.
-culture degraded butyrate 1o acetate. When the strain CF2 associated with the ori.
ginal accompanist, Meshanobacierium formicius strain MF2, the reassociated coucul-
ture degraded butyrate to acetate and produced methane again.

Key words Butyrate, Anaerobic degradation, Coculture, Synirophomones wolfei
subsp. saponavida, Meshenobacterivm formicicum
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