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Isolation and Identification of Carbon Monoxide Utilizing Anaerobe, Eubacterium limosum
KIST612. In-Seop Chang, Do Hee Kim, Byung Hong Kim*, Pyong Kyun Shin, Jung Hoon
Yoon', Jung Sook Lee' and Yong Ha Park'. Fnvironment Research Center, Korea Institute of
Science and Technology, Seoul, 136-791, Korea. 'Laboratory of Bioinformation and System-
atics/Korean Collection for Type Cultures, Korea Institute of Bioscience and Biotechnology,
KIST, Taejon, 305-600, Koreq - Carbon monoxide (CO)-utilizing acetogens were enriched and KIST612
isolated from anaerobic digester fluid was selected for its abilities to tolerate high CO and acetate con-
centration. The isolate KIST612 was identified as Eubacterium limosum based on the morphological
and biochemical characteristics, G+C content of DNA and 16S rRNA sequence analysis. E. limosum
KIST612 produced acetate and butyrate from CO. The optimum temperature and pH for the growth
and acids formations were 37°C and 7.0, respectively. The growth rate and acids productivity of E.
limosum KIST612 were higher than those of any other known acetogens when CO was used as the

sole energy and carbon source.

AR (CO)E dubdo® FAdge] Box] o
Zeol o3 AR = FEA ThAg QA= 2 gl e A
Al M= F3A FAHE S22 A7k oF 109 £ o]Aato]
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FraEeE o8 44 22843 He oI5 9l
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COE ol &3l A + &= 7oz &5z nAE
< 3714, 714 AeA ) HAA ceksiA FE23c) 4
&E o]83led COE CO,2 A8l carboxydo-
bacteriaZ7} 3714 #F2 R glon, 4 Ez}9
COE o]g-3tqd g #2o] mleb(CH) 3 #3219 COE
A Aksl= el &FAARAF (methanogen), 3H4H3-& A A4
SAZ o]g3HA COE Al g4ty QAT
(sulfate reducing bacteria, SRB), 2831 CO,& A=}
SA & o]-g-3led o} EAHCH,COOH)-& FAME R A4}
3 oM EAE AabMlH (acetogen) Eo] COE o] 83l=
714 Pl =R delx doh(’).

Acetogen< methanol, CO, CO, 5 d&t4 #318-S
Badez o]8% 4 9l acetyl-CoA HE (=&
Wood/Ljungdahl 74 2)& 714 12 9)-g-<] wsixl u} ¢lch
(9). Carbon monoxide dehydrogenase (CODH) % 22}
= Al o] kY] FAIA &8-S st CODH,
] o] thal AR o] FoIR]= oidx] B B
gk Assbd Aol el ool g Jrishy] gk

ool o



2 HoUM &

AT 5 71FE Eoke] 917(10-12)¢} vE°] acetogens

°]-&-35} Sy gas® H-E] acetate, ethanol, butyrate,
butanol 5 48313 (83 AAkslr] 938 &8 A3
Zrs] zl8) =] 5 9leh(4, 13-15).
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Acetobacterium  woodni (ATCC  29683), Bulyri-
bactertum methylotrophicum (ATCC 33266), Clostridium
aceticum (ATCC 35044), Clostridium thermoaceticum
(ATCC 35608) 2 Eubacterium limosum (ATCC 10825)
= E% 5= ARE3le] LM, autotrophic methano-
gen?l Methanobacterium formicicum MF(OCM 55)% &
e g e ARl

HRX] = A

A4EZ7] E ol x| (phosphate-buffered basal medi-
um, PBBM)E #7]#<l vbfo e A3l BF 5
of wfef} el 53 nfofol] Alg-sleivt mE niAl
+ trace minerals ETE 7| EulRE AR, AAAE o)
- R AHZE, B3 QlakebEgol vitamin £ g2
3 A8l Na,S& 75 AE A fﬂoﬂ Ak Yrlsle] &
vlsleiv}, 7188 #] = NaCl 0.9 g, MgSO,-2H.0 0.2 g,
CaCl-2H,O 0.1 g, NH,Cl 1.0 g, trace mineral 10 m/,
yeast extract (Difco) 2.0g % redox indicator (re-
sazurin solution, O 2% w/v) 1.0 ml& $57< 950 midl|
B-3)|3lo] HE pHy= 7.28 ZA3)sItl Trace mineral
< chelating agent° nitrilo-triacetic acid(NTA) 1.5
g/L& X3l FeSO,-7H,0 0.1 g/L, MnCl, 4H,0 0.1
g/L, CoCl,-6H,0 0.17 g/L, ZnCl, 0.1 g/L, CaCl, 2H,0
0.1g/L, CuCl, 2H,0 0.02g/L, H,BO, 0.01 g/L, Na,
MoQO, 2H,O 0.01 g/L., Na;SeO; 0.017 g/L, NiSO, 6H,0
0.026 g/L 2 NaCl 1.0 g/L& 3#3le ¢gololr}, 7]
a2 2 &7|Hal v e 2 gserum vial(50 m! E=
160 m!/, Wheaton, Milliville, NJ, USA) ¥3+= pressure
tube (18 X150 mm, Bellco Glass Inc., Vineland, NJ,
USA)ell siZ|2} head spaced] B]7} ZH7z} 142 HEE

=8k 121°CollA] 2087 B -#3ic}, Fﬂter A gt vi-
tamin §-83 libebEL-(1 M, pH 7.2)& 7|E vjjx]
of thal 7} 1%, LAl Na,S(2.5%) = 2.5%2] H-9) H]
2 #H7}sle] PBBMOE AF$-3tgdct. Vitamin 8-o4-&
biotin 2.0 mg/L, folic acid 2.0 mg/L, lipoic acid 5.0

mg/L, pyridoxine HCl 10.0 mg/L, thiamine HCI 5.0
mg/L, riboflavin 5.0 mg/L, nicotimc¢ acid 5.0 mg/L,
pantothenic acid 5.0 mg/L, cyanocobalamine .1 mg/
L, % p-aminobenzoic acid 5.0 mg/LZ FA %] c}(16).
Eﬁé 1 .]::z_o] o] = 3} 7]31i ,z,]__g_z;]_ ol A} :g]. }4- (99, 5%,
Eacia sl vd ey R vxala% tube ?“7"-«1 head spdc,eC’ﬂ 2-qt
1718t o2 F-d5315te] dAbsler4 & vid = g glAl
2}27] 28l 2| (phosphate-buffered basal medium with
CO, PBBM/CO)E 1133t} Autotrophic methano-
gen¥} E3HulokA] A28k #fX]= PBBMeY| phosphate
buffer2 Al &3t NaHCO, (2.1 g/L)& AH718F wir] &
serum vial(160 mi)el| 40 ml/ 53} head space®]
N,/CO,(80/20) =375 171t F-d331E 2hakshe
7| & 3:ﬂ]?(](t::a.r't)onatae~bl.1f’fered basal medium, CBBM)
= A8t ol KHLPO,(1 M)E PBBMAI A9} &
w AH7Rgre 2 QlAbdg ¥ E3s}e] o acetater CH,
COONa(50 mM, 4.1 g/L)-& 7] alj =] o] H7}3teict.
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28 AEEe {714 &a3tx WEE(18%), B
(174), E8l(44) ¥ dA(34)& AHstddct. A4 5
= 138 FAPNFAA YE5F)E ol 831 mle] ¥
7|A <l Alel® 8- 3F ,&]ﬁ:tsv,}c:,ﬂ o FAAF=
Ab4m9}be] A E L zjets}o] *“%‘j*‘f’:. uksheict, 371 A
o2 Az ge] A 10 midl] ZA A8 1g8 P
3lo] whE Akzol = WA AIF 1 mi& PRBBM/CO 10
mle] o131+ pressure tube ¥+ serum vial(50 mi)
o AZ=3}og 37°C2t 50°C water bathellA] =] wjeks}
Wt ol e’k 24l 33 niEale] COE ofg-3sl= &7]

A Al %ﬁlrﬁﬂ% stk COE o83k &7 Al
SollA PRk AAAFI A ST wi Ak o}

A EAE YAbAFE AddH oz Fel3lz] 98 roll tube
M2 o] &3 17). oY tubeoll= 2%(w/v) agar®
A71gt PBBME ¥ X head spacedll COS ¢ 2183}
%Gom, AF AAF AJAFO 2 hromocresol green(BCG)
= 0.1 g/L A7kt a2 Aol ale} AAbs]= Al
olg) FH<2] Mo] FAoz WAL colonys anaerobic
glove box(Coy Lab. Products, Inc., Grass Lake, MI,
USA)ol A E-elsle] PBBM/CO serum vialell A Esh4d
b el AAA L) {14 AR r)Ee g H
< AHE3E

Hf ¢
£ A E F52 CO Aplel] u}E AYAFEA]S glo}
a7 $13v A3} Methanobacterium formicicum MF 2}
2] EghulteFL shaking water bath(37°C, 150 rpm)oil 4]
ulj o3} o



oAEe S8 U 7oA B4
T A% spectrophotometer (JASCO UVIDEC-610,
Tokyo, Japan)®Z 660 nmellA FF s SAs)e] Gk
2412 vlaste] EA3tc) oA EA FE2A F f
]’Z‘l’% flame ionization detector(FID)7} 5‘5-.}”-‘1*% gas
chromatography(GC, Varian 3400, Sunnyvale, CA,
USA) 2 #4935}t Injectore} detectord] =X+ Z17|
230, 250°Cel" Super Q(Alltech, Deerfield, IL, U.S.
A)E F318 glass column(1/4" %6 ft)& #A] oven =
%= programming{from 180°C to 230°C at a gra-
dient of 5°C/min) ¥} AE-3}ic}. |-7)4F B2 9%
Al B ol vk At5-% 1 miol 10 M phosphoric acid 0.1
m! A 7}sbed acidifyingdl 2 A %2] propionic acidE W
T EFEARE Yok CO2F CO= thermal con-
ductivity detector(TCD)7} #A2%l GC(Varian 3300,
Sunnyvale, CA, USA)Z A3l 413813}, Carbo-
sphere(Alltech, Deerfield, IL, USA)E %1%} stain-
less column(1/8"x6 ft)& AF8-3}932™, injectors}
detector ==+ 90°C, oven <%+ 60°CollA] 587k %
A gE F 180°C7HA] #F 30°CH E7 A1 F e} 7] Al
Aol W ZFEAS AFSSEA| o¥ted, 35 gas
(multi-component gas mixtures, Cat No., 19791,
Alltech, Deerfield, IL, USA)s} Alg52] #HA v & £3}
of Al4kstsdcl.

ety M A

s38H8l ] 7 (Zeiss Jenalumar, Oberkochen, Germany)
< A4 E2e] Gram@GAAES fAsdn), delEkA
2S935l 2% glutaraldehyde2t 1% 0sO,2 23 3}
o] FAPHAFE Y] 7 (scanning electron microscope,
SEM, §-4200 FE-SEM, Hitachi, Japan)® 53 X}
"7 (transmission electron microscope, TEM, JEM
100cx-11, Tokyo, Japan)& &3} tH(18).

G+C Content?} 16S rDNA 24

B-2]2] chromosomal DNAE Yoon 5(19)8] uhy
o2 Helslgivt Ee2|g chromosomal DNAE G+C
contentS ¥43}7] $3 Tamaoka 5(20)2] vl & A}
B3t g Mzl 2 HAIE DNAE nucleoside 2 7Fr¥-
A;el7] Y3 nuclease P1(0.1 mg/mi, Boehringer
Mannheim GmbH, Germany)2.2 50°Collx] 147} ub
4 A7) 3 bacterial alkaline phosphatase(Boehringer
Mannheim GmbH, Germany)= #7}sted t}A] 37°Coll
A 1A17F A8l e}, Nucleosider YMC-Pack ODS-
AM(4.6 X150 mm, YMC Co., Ltd, Japan)E& A3l
HPLC(Waters 510, Millipore, Waters Chromatogra-
phy Div., Milfore, MA, USA)& °o|£3}d 270 nmel|A]

S 7|A M Eubacterium limosume B2 4 =& 3
WA 3T

E2]¥l DNAEZXE] polymerase chain reaction
(Perkin-Elmer 480, The perkin-Elmer Corp., Noe-
walk, CT, USA)= o]£-3}¢] 16S rRNA gened S%3}
7] #18 Kim S(21)2] " wpsior] olu AL8-%h
universal primers< 5 -GAGTT TGATC CTGGC-3'
(in E. coli, 16S rRNA numbering positions 9 to 27)3}
5 -AGAAA GGAGG TGATC CAGCC-3'(in E. cdli,
16S rRNA numbering positions 1542 to 1525)¢|c}. &
3 16S rDNA<®] cloning¥} sequencing 34| Kim &
(21)9] W& ARg-sldch.

A5 16S rDNA®Q] sequencets % 075 2§}
of #AAR7}=x] ezl FH Q) acetogene] 16S rRNA-S’--]
sequence=3 vlW3I o K. values 73} evo-
lutionary distances® A4S TH22), o] & nvlgog
the neighbor-joining method & phylogenetic trees
A8 TR 23). #4715 16S rDNAS] sequences= Gen-
Bank®! database(http:/ www.ncbi.nlm.nih.gov/)el| =
ZE|den] o]e] Mo H Q¥ accession numbere
U67159¢]c}.

2| 9 MEtE HA XA}

He]de] o o] 84S A33}r] ¥8l glucose, ribose,
trehalose, xvlose, starch, sucrose, raffinose, man-
nitol, maltose, lactose, esculin, cellobiose, arabicnose,
amygdaline, fructose & rhamnose & 1652 ol A}
4=}, o)W PBBMel 0.02%2 yeast extracts &7}
& A S Mgt 22 Re HE FE 0.5%7)
=7 Absteiond 2P o2 Pe ArbshA W wi
2 Agsolc. A% olF 37 woalel FBES} pH
& ﬂsu 2] A} ], esjedch.

Asheb SAe BF Wl wel 2l

T71)

4'(24.).
A% 3 DE

Acetogenl| ZEIHl|2fFnt 22|

COE 7T oo E Al Uzt F3hofekel A
pHe| W&} A glom of4| AL %’—EE 5mM mluto g
A S =t o] A& Foll 3JW methanogen®]
27| F3hlokel A acetogenell &8l WAL= = ofA| EAL
<= AvlEk7| dy-oE wao, gy Fsieke A
Y gtol] Wt {r|4ke] X7t S7kste] 27] pH7} 7.2
A 650182 Aade] IAFom Art Al
wpel AASTE 7} D2 methanogene] A2} 3|4 = 7] o
ol #EAH 0 2+ acetogeno| $-Askgich 37°CellA] &
sholjofglt o E-2] A|He)| acetogene| 10°~10° CFU/
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Table 1. Acetate production from CO by selected isolates
and type cultures

Strain Acetate
Acetobacterium woodii ATCC 29683 6.45
Butyribacterium methylotrophicum ATCC 33266 5.22%
Clostridium aceticum ATCC 35044 10.83
Clostridium thermoaceticumt ATCC 3560 9.27
Eubacterium limosum ATCC 10823 8.37*
Isolate 7 6.07
Isolate 61 8.65
Isolate 103 15.25
Isolate 311 4.14
Isolate 362 10.85
Isolate 604 6.07
Isolate 612 13.84*
Isolate 642 16.49
[solate 653 11.32

* Another fermentation product, butyrate was included.

ml2 FEZ Ege] BCGE 73 roll tube nioke
=2 shelEdn, 1R uk 50°CellA] s3iujjakgl A BellA =
HA w2 AARE 102 colonyE &A1&
St o] g BCG & roll tubed E3] {-7]ARS A
sehi Aoz sl wa@ 300 F= oA 714 A
A o] B} §-=23 F5-5 A3 &) ARR-3hg o

Acetogen?| 77|AF MAMO| IHE =F MY

#7714 Aake]  Eeldl 300 F9 Tﬂi"% T} A
serum vial(PBBM/CO)ellA sliefsle] 7|4k A4S &
71502 9275 13 AWEsisic) ol&& thA| 22 H

©.2 ajefsle] COol-8-AF 74t AL 7|2
22} A skdch, olw {74k AR L] 72 g

© 2 vial(PBBM/CO)-8- A wlokdt F o2 4F
ik o 2 slgdrh Table 164 H &= npe} 3ro] A
252 Beldo] HE t} 4F A4ibAlo] 3l
Ao F viehgorn o|FoA ofHEAlL ol2fo huty-
rates AAbsh] AAAESE7) vl whE el 6125
2% A sl KIST6128 B sielct.
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Feld A 248 A E3baA] wiekd feld KIST
612 FA A0 A& Eslo] FF9] Rk m|E
gl & <= 9ladch(Fig. 1(A)). 59 el 7ol
on ¢ 0.5%x1.5 ume 27| 2 WA= A} F2 SAA
o) el iz R WAEAY} FAFR T2 mobo] B

A5 Al ol uje} wrlel] wrh wIma T
o}, e Bt Ae A 94a B2 Astel 4
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Fig. 1. Scannmg(A) and transmlssmn(B) electron micrograph
of isolate KIST612.
The scale bar of TEM indicates 0.25 pm.

7o 2 A3 A3} puter-membrain®] $1+ gram A
Aol A¥A) AxE FefF vebdAoh(Fig. 1(B)).
o]+ Gram 9 Az} dx|sl= HAIolr) =3 AlE
3 9] Ho A slime layer?} #2-2 HA =& #As 5+ ¢l
32, flagellats TR ¢33t}

e & o] 8-S ZAMRE 2 A 1671A #
Zol| A glucose, fructose, mannitol, ribose 52 °o|-&-&
4 gledr}, 3}A)ut cellobiose, maltose, sucrose & lac-
tose®} 2 o|F{-5 B|E31d trehalose, xylose, raf-
finose, arabinose, rhamnose % starch+= ©td &4 o
2 o]l4s 4 glgich 8¢e= ukgow 23 Ay}
starch s 3t 2t AF A4kell= °]£*Q T = A
© 7 e}, o]2dt A AL maltose 5 starch?| 2l
AbE-g o] 8-31A] Felr] Wi-e s ”‘“7’"’ .

Maltose 5 +38) AF=-& o] 83} o] 9= F=lo
ol starchg £33l 5ol EHEJR} W2 A A
AN o E ST 8 S 7P e e Al
Sx13=4




Table 2. Physiological and biological characteristics of iso-

late KIST 612 and Eubacterium limosum

Strain Isclate KIST612 Eubacterium limosum’
Gram stain + +
Morphology rod rod
Glucose + A
Ribose + Aw
Trehalose — —
Xylose = -
Starch - —
Sucrose -
Raffinose - -
Mannitol + A-
Maltose - -W
Lactose — -
Esculin — -
Cellobiose - —
Arabionose - -
Amygdaline - -A
Fructose + A
Rhamnose — —
Starch hydrolysis + —- +
Esculin hydrolysis + +
Indole test — —
Nitratﬁ test =
Mol % G+C in 47.4% 46~48%

“The symbols of Eubacterium limosum were cited Bergey's man-
ual of systematic bacteriology, Vol 2. Symbols: —, negative
reaction for 90~100%,; +, positive reaction for 90~100%; A,
acid(pH below 5.5); w. weak reaction{pH 35.5~5.9, sugars).
When two reactions are given, the usual reaction is listed first.

Esculin® #al=lgd o) A& AaprLA 2 o] &
3R] 49k, indoled AJAFSHA] ¢dkch(Table 2).

Felde G+C #H2 474%=2 FAFPH 16S
rRNA sequence®el 23t Ab5A vlw A3, FeldF
KIST612:= #AAE8H 22 acetogen®] 3 74l
Eubacterium limosuma} 7} AR o7l A= 43

A} (Table 2, Fig. 2).

2|2 MEEH XA
2 acetogen®] °F 37°C7} AR #HAH2E4 meso-
philec|v} C. thermoaceticum 53+ 7re] 55°CollA] # A
A& Ho|& thermophile® gl KIST612& 37°Cel
A A%l F3fulokely E2E9i.en weps 37°Cr1 A
A2 2 529 mesophiled A2 AzrE g}, o) 7}
7t o} & 2% ollX pressure tubed ARS-gF vl E-5
& 7 dsri(Fig. 3). 22e AAtel] A3+ pH
Z Fal3}r] ¢80+ pH 4.349} 5.15% 10 mM acetate
buffers 6.20% 6.98-2 10 mM phosphate buffers, 7L
2] 72 pH 8.00-= 10 mM glycine-NaOH buffer& A-4-3}

. &5 HE

g4 M Eubacterium hmosumel 22| & S& 5

Clostridium [jungdahiii

Cloastridium tyrobutyricum

Clostridium pasteurtanum

Clostridium butyricum

Clostridium mayvombei

Claoseridium formicoaceticum

Acetitomaculum ruminis

— Peptostreptococcus produciis

Clostridium aminovalericum

Clostridium bakevi
— r KIST612

L Eubacterium limosum

Clostridium rthermosaccharolvticum

Acetogenium kivii

- Clostridium thermoauwiotrophicum

t Closrridium thermoacetichm

Acetonema longum

Sporomusa paucivorans

Sparomusa termitida

0.02 Knuc

Fig. 2. Phylogenetic relationship of the acetogens including
isolate KIST612, as determined from 16S rRNA sequence
analysis.

The scale bar indicates a distance corresponding to a 0.02 K.
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Fig. 3. The effect of temperature on the growth of isolate
KIST612 on the PBBM with a gas phase containing CO as
the energy source.

The total of 50% CO and N, were added by pressurizing tubes
to 2 atm. The tubes were contained 10 ml of PBBM and ino-
culated 5%(v/v)of concentrations. The cultures were cultivated at
250, @), 30(L, a), 37(v, ¥) and 50°C(CJ, M), respectively.
Each point 1s the mean value of triplicate cultures.

Row BE wiA]e] 914k ‘*‘E.“ U= 239
o} 2 A3 ek A pHEe £4 239 Aoz ity
v 6.22F 6.98 HA] AR F Ao E HelX] ¢iolr)
(Fig. 4).

2ol KIST6122| CO 0|=2Ad
Butyribacterivom methylotrophicum CO strain< 100%
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2] 17]18F COA AA}ol 715311 acetatee] 2] o % bu-
tyrate® A 45121 %F mass doubling timeo] 1247} °]
Aro 2 o Aake] -zl (25), KIST6129} Aejstx o s
$-AV&Y Eubacterium limosum RF strain 9 A| =22 CO
FE(E 0.75 718 o3h)ellA ARk 7hEsle o] w2
mass doubling timee] 2F 7A|ZFo 2 4wy cH(26).
a8y} Fel e KIST612+ COsE=7F 22t 1 atm(101.3
kPa, 50%)3% 2 atm(202.6 kPa, 1009%)¢] 74-$|%
mass doubling time®] 3—~4 A7kl 7oz EA =]}
(Table 3). =3 COE 43 7R T3k =24 01]/\1
&2 o g2 A wjeFdt A WA 27|l e
=778 A9 EA81A] ¢4 = ck(Fig. 5). 5 ii"Ti
AV2-3Y Peptostreptococcus productus U-1 strain= ~§ A
&% oAM= Re)d KIST6128} frAkskArt 2 0|44l
o2 Holul acetate o188 F7]ik2 A4ikskR] X8}
m wllef 2719 CO £8to] 171} olateld AR} f=7|

1.0
8 r
B
=
g 6
°
==
T 4F
o)
v
38 2F
0.0 - s—a—8 8 8 @
| i i i ) | |
0 4 R 12 I6 20 24 28

Culture time (hr)

Fig. 4. The effect of initial pH on the growth of isolate
KIST612 in basal medium(BM) with a gas phase containing
CO as the energy source.

The total of 50% CO and N, were added by pressurizing tubes
to 2 atm. The tubes were contained 10 m/ of BM and acetate
buffer(10 mM, pH 4.34, O, 5.15, @), phosphate buffer(10 mM,
pH 6.20, A, pH 6.98, A) and glycine NaOH buffer(10 mM, pH
8.00, <7). The cultures were inoculated 0.5 m/ of PBBM/CO a-
dapted culture grown to late log phase. Each point is the mean
value of triplicate cultures.

7rol AA o= A 5 o] XA cH27-29).

o|Ate] Autg Xe| Bl KIST612+v v 35
Zo]| v)&l} COol| cHH HAdo] S8l FAl<l f-714F A
ARl o] S o 4 ik

Autotrophic Methanogenie| E8} H{QF

37 AeAldA F7]1 8 AP e R R E e {7
"ﬂ’, ael.'ﬁi‘g“ & ‘T‘o’H "!‘]"é"‘"}‘ Hz, COz & 7] ]i E—i:ﬁ}-.‘i]
v}, H,¢} CO.= chemolithotrophicdt 7143 Al2] ol
2] B Bkad e olf¥t) o]F F sulfate-reduc-
ing bacteria{SRB)+ methanogen®} acetogenell v|3}
goggky o g A3t wepr] FFibdde] FH-3F 7

AelAlA= SRB7Y, #4ald wxrk U2 27X =
methanogen®] H,2} CO,E ABlels ASE U8 AH gl
tH(8, 30).

SRB, methanogen®} ti4-¢] acetogen= B+ 37| A
el A A Belsz gl o) 37]) AefA oA acetogen
A3 dE F AL ofAE R EL A Sk 1
T8 ol f9 st FAEA acetatert AEjA A A

1.5 6 8
W 17 =
o 5 —
12 F pH o
-5
g - 4
3 oD
e ] 3 U* -~
2 £ 3
7 g E
= | B
{3 2 o:' =i
ST~
COQ‘. o E
— I U L3
acetate
IEJO,bufyratc 0
25 30 35

Culture time(h)

Fig. 5. The growth of isolate KIST612 on the PBBM with
CO.

The total of 50% CO and N, were added by pressurizing serum
vial to 2 atm. Vials were contained 80 m/ of PBBM and ino-
culated 5%(v/v) of concentrations.

Table 3. CO-dependent cultural characteristics of isolate KIST612 and several acetogens

Doubling Ref.

Strain Isolated place  Gas composition Pressure (total, Media Culture

(N, : CO; : CO) kPa) condition time(h)
E. limosum RF Rumen fluid 30:20:50 202.6 5% R.F. nm.” 7 (25)
B. methylotrophicum CO Marburg strain 0:0:100 101.3 0.05% Y.E. shaking 13.9 (26)
P. productus U-1 Sewage digest 30:20:50 202.6 0.2% Y.E. shaking 1.5 (27, 28)
P. productus U-1 Sewage digest variable’ 202.6 0.01-04% Y.E. shaking 3.3 (29)
Isolate KIST612 Anaerobic digest 50:0:50 202.6 0.2% Y.E. shaking 2.5~3.0
Isolate KIST612 Anaerobic digest d:0:100 202.6 0.2% Y.E. shaking 4.0~4.2

R.F., rumen fluid, "n.m., not mentioned, “Y.E., yeast extract, “nitial CO partial pressures were 22, 28, 80, 148 and 172 kPa with 20%

of CO,.
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Table 4. Methane production and acetate consumption in the pure and coculture of Eubacterium limosum KIST612 and

Methanobacterium formicicurn MF

—rpetry b el Pebmrpr i
- p———-

Culture Time (day) Gas phase’ CH, pra_)-duction (mmol) Acetate consumption (mmol)
M. formicicum MF 3 H,/CO, 5.8 n.d.’
M. formicicum MF 30 N,/CO, n.d. n.d.
E. limosum KIST612 30 N,/CO, n.d. n.d.
M. formicicum MF 30 N,/CO, <0.05 <0.04

with E. limosum KIST612

“The composition of gas phases(H,/CO, and N,/CO,)were 80/20, respectively. "n.d.: not detected.
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thane® e 75%7} acetate®] 3|2 AAIE = 722 X
Eeh9). zelv A4 #@7] AAlClE autotro-
phic methanogen®] aceticlastic methanogen®.t} $-A|
sFeH(9, 30).

Lee 5(31)< chemolithotrophic methanogen2| &
ol 10" bar(10 Pa)elste] afstel 3=
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methane®] Aj4te] FHab=] 2] oFgtr}(Table 4).
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