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Abstract: To evaluate the ability of microbial mix-culture fermenting syngas into ethanol, we studied the microbial
mix-cultures A-fm 4, G-fm 4, Lp-fm 4 and B-fm 4 obtained by enrichment and compared with Clostridium
autoethanogenum DSM10061 with 10% and 25% inoculation size. The results show that, with 10% inoculation size, the
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ethanol production of A-fin 4, G-fm 4, Lp-fm 4, B-fm 4 and C. autoethanogenum were 349.15, 232.16, 104.25, 79.90 and
26.99 mg/L respectively. With 25% inoculation size, the ethanol production were 485.81, 472.73, 348.58, 272.52 and
242.15 mg/L respectively. Higher inoculation size will increase the production of ethanol. The tested mix-culture exhibited

a significant yield advantage compared with the maximum production of C. autoethanogenum reported in the literature

(259.64 mg/L). This research provided a practical method to improve ethanol production from syngas.
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1 MREFE

1.1 Ek

A-fm 4. G-fim 4. Lp-fm 4. B-fim 4 % H7ASE
W WML B ERE, C autoethanogenum
DSM10061 m@a%%ﬁ%i@wu (DSMZ).

B HE W BT AL s PCR-DGGE #
RITTHILLEE, R 11X 4 FrE LR
FEMEYRY 16S tDNA FEHI 5 ) 25 %

TE 4

1.2 EFERESHFZE

DSM640 ki3 (g/L): NH,CI 0.90,
NaCl 0.90, MgCl,6H,0 0.40, KH,PO, 0.75,
K,HPO, 1.50, BREEMH R 2.00, BEEEE 1.00,
FeCly-6H,0 2.40x107°, £F4E — 8% 1.00, L-hfR=F
PR 0.75, ABE 5.00, LF4E —WEFERTFRIL K
JEid U, MEITRBW 1 mL, pH 6.0,

MR L (/D). NaCl 1.20, NH4CI
1.50, KC10.15, MgSO46H,0 0.30, CaCl, 0.06,
KH,PO,4 0.30, E#EEE 0.50, 2-Muk ZfiffR 5.00,
L-#h R P 2R 0.20, AWH 5.00, M ITCEIBFW
WA 10 mL, 4EAE RV 10 mL, pH 5.75,
pH BYVEST RZE A 2-R bk 26 12 S ~r B EA T
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Table 1

Comparison of 16S rDNA sequences of dominant microbes by sequencing and Blast analysis

No. Sequence length (bp)

GenBank Accession No.

Most similar strain Maximum identity (%)

1 177 HQ659694.1 Dysgonomonas sp. A1(2011) 98
2 177 HQ659694.1 Dysgonomonas sp. A1(2011) 98
3 183 JN989551.1 Enterococcus gilvus strain 3 99
4 159 AB673452.1 Clostridium sp. cd6 98
5 186 JQ512003.1 Citrobacter sp. 89
6 180 HES86338.1 Paenibacillus sp. R-27422 98
7 184 JN989551.1 Enterococcus gilvus strain 3 99
KR 7R 5 (g/L): NH,CI 1.00,NaCl 1.00, 1.3 &HS

MgS0, 0.15, KH,P0,0.10, CaCl, 0.04, &M
ik 2.00, BEEEE 030, L-ihiRFBE& R 0.20,
2-Nh ik 2 F PR 10.00, 558 G EIAW 10 mL, 4k
HERIEW 10 mL, pH4.5,

Y Z " (mg/L): VBe 10, il 5.00,
VB, 5.00, {ZR%ES 5.00, Bi=FHR 5.00, X
fik 5.00, HHBEAR 5.00, VB, 5.00, 441% 2.00, I
%2 2.00, BCUfE 0.2 pum s g es i sl .

TR (L) E=2m) 2.00,
MgSO,; 1.00 , (NH4),SO4FeS046H,0 0.80 ,
CoCly'6H,0 0.20, ZnSO47H,0 0.20, CuCly-2H,0
0.02, NiCl,6H,0 0.02, Na;MoO,2H,0 0.02,
Na,0,4Se 0.02, Na,WO,42H,0 0.02,,

JRA R AR I IR, B 80 mL (REN:
FRHEHN 60 mL) 32 A 300 mL (IR E R T,
A REREFA, TR FREPIMATI RS,
A 0.50 mg/L. FChf iy 37 5LAE E TRk Ak
SHRERGFRA N IR 24~36 h, 18 EBRIEM
A, SRJ5 121 °C, 1.01x10* Pa K 20 min. 4
FUSTRORER R B 2 R 0.45 pum 9 5 L i
RTA
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BRI CO 85.5%, Hy10%, CO, 4.5% ,
W) R PR E AR R A BR A
1.4 HEFAEEL

C. autoethanogenum WG4k : H UL, 4T
FELEHRE, AT KRR 3R 0.5 mL, 2
1§ 30 min; H 1 mL {FESF 45 200 pL, HEHTA
ARSI, dEEE 37 Co MERA KNG
B, 7 d AAWERAER R, mEA SRR A
20 mL IEAREE IR, HiFR 96 ho UL, HE
PR B SR PR SR, e He BB ek 1 1 Ak
B, SR 109%, TR

ARG B A- fin 4. G- fm 4 Lp- fin
4 FiI B- fim 4 BIRAEREFEMOMATE AL T 56, B
IR 10% .
1.5 BEMERHE

R FHLCI S, K i S 00 TR T A R 8
FHEH (FE 10%), & — B
(C. autoethanogenum N4 12 h, &EFEIE A
8 h) W— R, 7£ 600 nm T, HF W6k
BETHE OD fH, W 244 K 5218 s R i
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KRk, 2l
1.6 AREHEMEFE

10 %042 i T - el Rt A K & 4
P PRIV B 28 R R, Rl 10%,
FIREESES, mIREUR N FEAZY 200 mL A 1A .
TE 37 °C, #3150 r/min A R3S 3 d,

25% LR R : B RIGFRAEPAER R
PEFP I PR e A B0, B TR IS Pl R B 5%
FHEIFE 12 mL, A 4HRER R (R
KRR 3 mL), FIFESE, mREM
WAL 200 mL &S . HIE 37 C, Fil
150 r/min S F3FE 3 d,
1.7 PRGN E

FHE G20 1.5 mL RKES%, T4 C,
8 000 r/min 50> 10 min, F RO & LB
€ 2%+ 5>k Agilent technologies 7890A
GC System SAH G, #l#8RH FID, H+H
30 mx0.32 mmx0.3 um HP-FFAP, #H~ HEA,
HAWFE 30 mL/min, itk 130, @igdbee
1RSI 25 4 3 B2 53924 200 “C I 250 °C
1.8 FERE

YX- I REAESEFRAR, W IR i BT de
HlEARAR, WERE R 37 C, BT
PEFT R E R 5~7 IR, DARIEIR RS .

PRAASEFEIANE BT T RHM L IR

2 EREAM

2.1 EMEIRBHE
2.1.1 C. autoethanogenum ZEFF RS

MR ARt Ze (B 1) B 1 AT
M C. autoethanogenum 1£ 36 h ik AXTEUE

B AR RN

K1, K2 96 h A Kol B 0%, it AR
W, AERERMEITE 60~84 h, 72 hBfAEK
HRIRF R, e 72 h N A BRI
212 BEEFEMHER

ST 2 ATLLE S G- fim 4 1 8 h FFERIEA
XPEUER I, K2 48 h B AR KOsl 2, it
AFEEM; A-fm 4. Lp- fm 4 #I B- fm 4 3 3 WA
W, #EAFSE RIS [E] 43 5I7E 40 h, 56 h, 64 h

1.6
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Fig. 1 Growth curve of C. autoethanogenum.
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Fig. 2 Growth curve of 4- fin 4, G- fim 4, Lp- fm 4 and
B- fin 4.
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it WARWERA K BRI B WIERTE 32 h 2247,
PEHE 32 h A EAE R R I .

YT 1 FE 2 ATRLE S, % R b
C. autoethanogenum 4 24 h /245 A IE W ,
B FS R A B A A 5 i R T P AN
W1, BR G- fim 4 b, $ERNE ST DA TR K
B2, C. autoethanogenum 7t 96 h it Afa & WiHt
) ODgoo [HIRF] 1.4 Zcdy, T 4 FhvE SRR K
ODeoo fH A 0.5 Zifi

2.2 KEEETERYHAE

BAESIRFERFREPFAEARE 72 h 1
C. autoethanogenum V4 10% W30 A\ & RS
IR P AT AR, 12 h BL— kAR O T
RN SR 3 .

HIE 3 ATLIEH, C. autoethanogenum 12,
Pt 7 it it A TR (R ) S A BT fin, 7€ 72 h
AN E, 72 h 5 O™ i SR R BRI
P, FrLKE 72 h VR A TR SR AR T

23 EMEXCEFERENT
23.1 10%EFEEENZE"R
mE 4 ATLIES, 78 10%EMEELT,
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100.00 r
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Production of ethanol (mg/L)

C. autoethanogenum. A-fm 4. G-fm 4. Lp-fm 4
Fl Bfim 4 WSEHRERIIHH 26,99, 349.14,
232.16. 104.25 fi1 79.90 mg/L. &R FEM1 2B
FrE ik = T C. autoethanogenum WY SZIGZ5E R,
A-fim 4 PRGN C. autoethanogenum B 1)
B {H 259.64 mg/L.
232 25%EME LB ZETR

HE s ATRUE I, 75 25% MR,
C. autoethanogenum. A-fm 4. G-fm 4. Lp-fim 4
il B-fin 4 (9B 25 5350 242,15, 485.81,
47273, 348.58 F1272.52 mg/L, & 4 HHF S i
X B C. autoethanogenum, A-fm 4.
G-fm 4. LP-fm 4. B-fm 4 W =879

=

on

£ 30.00 [

= 25.00

£ 2000 /l/l/‘/\J
S 15.00
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& 5.00¢F

B I ——
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& t (h)
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Fig. 3 Ethanol production at different time.
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Fig. 4 Comparison of ethanol production between different strains (10% inoculation size).
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Fig. 5 Comparison of ethanol production between different strains (25% inoculation size).
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AN 797.36% . 39.14% . 103.62% .
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10% 2R A, W R AT A- fin 4.G- fin 4.
LP- fm 4 B- fim 4 ZBEF=1 505120 349.15.232.16
104.25 F179.90 mg/L, Y915 T C. autoethanogenum
) 26.99 mg/L, A- fm 4 W7/~ HE w5 TR W
C. autoethanogenum Tz (= 1=t 259.64 mg/L, 25%
e LW, EEWH =N 485.81 .,
472.73 . 348.58 1 272.52 mg/L, 3 = X HR B
¥k C. autoethanogenum W) 242.15 mg/L M HARiE
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Kan Liu 2 IRERR T Alkalibaculum bacchi HHT5E
T4, AP RN O 1A BT A, K&
LA A B AR R 255 ) B i Y

ARG AT AR, R TR IR U T e <
A, AR B B BR T AR AR CO L CO,
H, 55, S AmALY) . faim AT R 2 A 5
YT, ik 2] Sy 2 x A A S USRI )
7 AR o SR S PO I A A ) A B T
FIHIR | R AT —E S AE O T T LU
C. autoethanogenum CBEM)"H . Asma Ahmed
2RO ST & B AETE NO B, BARZE AT
Wi Clostridium carboxidivorans P7" I 2:5%
FE, G ECRAE AT X LTSS R
B W, Vel Berzin 55 U7 LI R IR ZE AT
Clostridium sp. MTEtOH550 MHF5EXF 4 % &
AL, OB R 115 gL E] 27.2 ¢/L,
J& SR o T B0 1k 46 PR R AT R A Y 5 e AT
5%

REFERENCES

[1] Munasinghe PC, Khanal SK. Biomass-derived
syngas fermentation into biofuels: opportunities
and challenges. Bioresour Technol, 2010, 101(13):
5013-5022.

[2] Song AD, Feng XJ, Xie H, et al. Comparative
analysis on the two technologies of ethanol
production from syngas. Chin J Bioprocess Eng,
2012, 10(5): 72—78 (in Chinese).

RABIR, MR, WA, . SR S 2 Fi
AR M. Wi T #2, 2012, 10(5):
72-78.

[3] Zhang LB, Liu JK, Li D, et al. Study on the
Microbiology for syngas ethanol fermentation.
Renewable Energy Resour, 2007, 25(3): 27-30 (in
Chinese).

http://journals.im.ac.cn/cjben

[9]

[10]

[11]

[12]

w2, XNAETT, 2R, 45 B OEER R
EIBEGE. T RAE BB, 2007, 25(3): 27-30.
Song AD, Feng XJ, Xie H, et al. Biomass-derived
syngas fermentation into fuel ethanol: research
progress. Food Ferment Indus, 2011, 37(6):
130—136 (in Chinese).

KRB, WHAE, W, 5. RS R
HIBREL C B I . i 5 R BE T, 2011,
37(6): 130—136.

Henstra AM, Sipma J,
Microbiology of synthesis gas fermentation for

Rinzema A, et al

biofuel production. Curr Opin Biotechnol, 2007,
18(3): 200—-206.

Hurst KM, Lewis RS. Carbon monoxide partial
pressure effects on the metabolic process of syngas
fermentation. 2010, 48(2):
159-165.

Vega JL, Prieto S, Elmore BB, et al. The biological
production of ethanol from synthesis gas. Appl
Biochem Biotech, 1989, 20-21(1): 781-797.

Liou JS, Balkwill DL, Drake GR, et al. Clostridium

carboxidivorans  sp.

Biochem Eng J,

nov., a solvent-producing
clostridium isolated from an agricultural settling
lagoon, and reclassification of the acetogen
Clostridium scatologenes strain SL1 as Clostridium
drakei sp. nov.. Int J Syst Evol Microbiol, 2005,
55(5): 2085-2091.

Gaddy JL, Clausen EC. Clostridium ljungdahlii, an
anaerobic  ethanol and acetate producing
microorganism: US, 5173429. 1992-12-22.
Najafpour G, Younesi H. Ethanol and acetate
synthesis from waste gas using batch culture of
Clostridium ljungdahlii. Enzyme Microb Technol,
2006, 38(1/2): 223 —228.

Younesi H, Najafpour G, Mohamed AR. Ethanol
and acetate production from synthesis gas via
fermentation processes using anaerobic bacterium,
Clostridium ljungdahlii. Biochem Eng J, 2005,
27(2): 110-119.

Ahmed A, Lewis RS.
biomass-generated synthesis gas: effects of nitric
oxide. Biotechnol Bioeng, 2007, 97(5): 1080—1086.

Fermentation  of



REFR F/EMSKEHNZEHNEDRIRILE

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Rajagopalan S, Datar RP, Lewis RS. Formation of
ethanol from carbon monoxide via a new microbial
catalyst. Biom Bioen, 2002, 23(6): 487—493.

Datar RP, Shenkman RM, Cateni BG, et al
Fermentation of biomass-generated producer gas to
ethanol. Biotechnol Bioeng, 2004, 86 (5): 587—594.
Liou JSC, Balkwill DL, Drake GR, et al.
Clostridium  carboxidivorans  sp. nov., a
solvent-producing clostridium isolated from an
agricultural settling lagoon, and reclassification of
the acetogen Clostridium scatologenes strain SL1
as Clostridium drakei sp. nov. Int J Syst Evol
Microbiol, 2005, 55:2085-2091.

Lewis RS, Frankman RS, Allyson T, et al. Ethanol
via biomass-generated syngas. Int Sugar J, 2008,
110(1311): 150—155.

Ahmed A, Cateni BG, Huhnke RL, et al. Effects of
biomass-generated producer gas constituents on
cell growth, product distribution and hydrogenase
activity of Clostridium carboxidivorans P7". Biom
Bioen, 2006, 30(7): 665—672.

Cotter JL, Chinn MS, Grunden AM. Influence of
process parameters on growth of Clostridium
ljungdahlii and Clostridium autoethanogenum on
synthesis gas. Enzyme Microb Technol, 2009,
44(5): 281-288.

Cotter JL, Chinn MS, Grunden AM. Ethanol and
acetate production by Clostridium ljungdahlii and
Clostridium autoethanogenum using resting cells.
Bioprocess Biosyst Eng, 2009, 32(3): 369—-380.
Kopke M, Held C, Hujer S, et al. Clostridium
ljungdahlii represents a microbial production
platform based on syngas. Proc Natl Acad Sci
USA, 2010, 107(29): 13087—13092.

Ukpong MN, Atiyeh HK, De Lorme MJ, et al.
Physiological

response of Clostridium

(22]

[23]

(24]

[25]

[26]

(27]

carboxidivorans during conversion of synthesis gas
to solvents in a gas-fed bioreactor. Biotechnol
Bioeng, 2012, 109(11): 2720-2728.

Guo Y, Xu JL, Xu HJ, et al. Medium optimization
for the growth of Clostridium autoethanogenum.
Renewable Energy Resour, 2011, 29(1): 53-56 (in
Chinese).

A, VPHsE, B, . Clostridium
autoethanogenum WK KR FRIEMLAL. AT L fE
P, 2011, 29(1): 53-56.

Guo Y, Xu JL, Zhang Y,
ethanol

Medium
with

carbon

et al.
production
with

optimization  for
Clostridium  autoethanogenum
monoxide as sole carbon Bioresour
Technol, 2010, 101(22): 8784—8789.

Liu K, Atiyeh HK, Tanner RS, et al. Fermentative

production of ethanol from syngas using novel

source.

moderately alkaliphilic strains of Alkalibaculum
bacchi. Bioresour Technol, 2012, 104: 336—341.
Guo Y, Xu JL, Xu HJ, et al. Study on composition
effects of
production with Clostridium autoethanogenum.
Acta Energ Solar Sin, 2011, 32(9): 1370—1374 (in
Chinese).

RF, VPSR, REUA, SR B BRI IR AR
%t C. autoethanogenum K BEr= 2 BERIFE T 5T .
KBAfEZAR, 2011, 32(9): 1370-1374.

Ahmed A, Lewis RS.
biomass-generated synthesis gas: effects of nitric
oxide. Biotechnol Bioeng, 2007, 97(5): 1080—1086.
Berzin V, Kiriukhin M, Tyurin M. Elimination of

syngas and medium on ethanol

Fermentation of

acetate production to improve ethanol yield during

continuous  synthesis gas fermentation by
engineered biocatalyst Clostridium sp.
MTEtOHS550. Appl Biochem Biotechnol, 2012,
167(2): 338—347.

(ARXTio BT

cjb@im.ac.cn

349




