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Cellulose Degradation and Ethanol Production of Different Clostridium Strain
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Abstract : Cellulose degradation and ethanol production of two types of cellulosic materials with different concentration were evaluated in
batch system of mono-cultures of cellulolytic ethanol producing strains ( Clostridium thermocellum strain LQRI and Clostridium
thermocellum strain VPI) , and co-cultures of LQRI or VPI in combination with one of the non-cellulolytic ethanol producing strains
( Thermoanaerobacter ethanolicus strains X514 or Thermoanaerobacter ethanolicus 39E). Results demonstrated that higher cellulose
degradation abilities about 1.2 times were detected in LQRI mono-culture than in VPI mono-culture, while no significant difference of
ethanol yields was found between the two mono-cultures. Abilities of cellulose degradation and ethanol production decreased
significantly with the increasing of substrate cellulose concentration (1% , 2% , 5% ). In the co-culture system, cellulose degradation
abilities of LQRI were also significantly higher than VPI, the former is 1.28-1. 58 times of the latter. Cellulose degradation rate of
LQRI + Thermoanaerobacter and VPl + Thermoanaerobacter decreased gradually with the increasing of substrate cellulose
concentration, while the absolute value of cellulose degradation was also affected by the partner Thermoanaerobacter strain.
Additionally, the ethanol yields in the co-cultures of LQRI + Thermoanaerobacter were significantly higher than that in the co-cultures of
VPI + Thermoanaerobacter with same Thermoanaerobacter partner, the former is 1.27-1. 77 times of the latter. However, ethanol yields
in the co-cultures have not significantly declined with the increasing of substrate cellulose concentration.
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Fig. 1  Cellulose degradation rate under different concentration

cellulose in LQRI and VPI mono-cultures
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Fig.2  Ethanol production under different concentration

cellulose in LQRI and VPI mono-cultures
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Fig.3 Cellulose degradation rate under different concentration
cellulose in the co-cultures of LQRI + Thermoanaerobacter and

VPI + Thermoanaerobacter
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Fig.4 Ethanol production under different concentration cellulose
in the co-cultures of LQRI + Thermoanaerobacter and

VPI + Thermoanaerobacter

3 it

TEARET AR B 2 FR 1A 2R b LQRI X e 4y 21 4
F MR B 5T VPL (77 p <0.01), 3X it B
LQRI i £1 4 2 B A7 B8 19K i BE 71 . 4R 17, LQRI F1
VPL 4l i R K R i R AW E WA BE RN
TR S I E T 1% Avicel 08T M e 1R
P (O CFLIR AR SRR ) Bk . 25 SR R,
LQRT 4l 35 F5 4K 2 rf £ B2 M i M W A 28 9 5 W)
T VP2 SRR 2 (77 p <0.01) , T W 4 1 3L R
WA REZS (p>0.01) (RERFE). AX
SEXHE T LA LORT 208 JR 0K R R A7 B2 W i
18 2 24 2% Wi AL I € TR R P L S BT A 4l



1930 7N

i

B 31 %

B IR F RS O A WA I 2 S

TEIR & B IR R & v, LQRI X 2 4 3 14 7K fift fig
W0 B & F VPL, H LQRI + Thermoanaerobacter 3 37
R WA AT DU B & T VPL o+
Thermoanaerobacter ,LQRI + X514 JE & 3 37 & £ #)70
G H BE R 22 VPL+ X514 |1 2 %, LQRI + 39E R
B IR R AR A R 2 VPL +39E Y 1.5
. —J7 10, LQRL Xf 2F 4 3R % 7K fift g 0 W1 & T
VPIL, [F ¥ 89 25 14 & LQRI + Thermoanaerobacte {4 %
T S 2 0 2T 4E R OK R G IR, RN JS kg
PR S & W T Y T R Bt T R Y R T oY — T T,
VPI + Thermoanaerobacter I & 55 35 14 % v 3L g Fl ik
JEPE Bk E B B 5 F LQRI + Thermoanaerobacter
("Tp<0.01) MM P& By &MUk ERA W FHER
(p>0.01) (K & & ¥ ). XUl ¥ 7 LQRI +
Thermoanaerobacter &4 1% F7 1K 22 A 358 £ 1Y 8 JF 14
WUt — 2 3k Thermoanaerobacter 5 4k 5% W ¥ Fl B &
R P= 4, N 8 LQRI + Thermoanaerobacter 1@ 4
WwHE bl oK & W E W B S T VP o+
Thermoanaerobacter.

TEARET HE AR T 215 I 1R Jh , B A 27 4 Rk ¥
1% 3GINE] 2% F15] 5% 1K & 0 25 4 R i g
PG A BE I B TR s. —Jrm , 78 R
A RN AT EREE KW e, ]
RRAAH) D AEWARAR. 15 77 3k v 85 W 5 9 ) 1R
JUE ) £F 24 3R R A% 410 1 P 2T A 4R T A G BRI D X
LT AE R KRR T, DT v vk R IR ) A5 R
R e R W 53— i, Sl 3R IR R OK i £
A ZIW I SRR, TIT A ZF AE 2 TR IOR AR 7
B, T A R A A R P A I D AR DA 4
AR YRR RN AR 2 Rk — ke Y IR A
BRIk b B IS 47 4 R N 1% 1S 3] 2%
THEI 5% BRI RMAREREME R TRHEHSE A
1E Clostridium + X514 K 3 v 2 4k 3 fifk 1Y) 48 %5 45
HE T, Clostridium +39E & Z& |1 &1 4k & B
F14) &t X 50 56 15 5 B 2D, S BUAR R A TR vk B
AR AR FMNTRA BEES. REH
IR F K 21 4 FRTE R I8 5t 0 2 B X514
5 39F T A GRS A e A L R AIR T 38 I
A T AT 42 T 1) 00 1 A T, DA 2 22 HG o 2T 4
Rt — LKA

4 g

(1) sl ik Rk R G H R IK R, /LT

AEAR T LQRI X IS ¥ 21 4k R 19 /K fi B 71 B W 5 T
VPL, 3 A 2 o > 21 2 22 05 0K A 77 od A8 o 21 4 R %
fiff PR AR (R 38 PR B e S AR .

(2) TEINZFYERG T 2135 720K & o, LORI il VPI
PN A 7 Be A W 2 S EIR G R IR &R
LQRI + Thermoanaerobacter {38 %5 4= 7= GE 11 W i &
F VPI + Thermoanaerobacter , 3% 1] 15 Y& P 4841 1 15
ST 2 WK A= 7 o AR v 0 I AR e R S

(3) TEIZF Y2 v 2l 35 SR 1k 2 b, Bl IS W) £F
PRI (1% . 2% | 5% ) ,LQRI Fl VPI X}
YR R BRI AR e T 2R P REB R TR
RAE R o, BB K YW BE (935 Jm, LQRI +
Thermoanaerobacter F1 VP + Thermoanaerobacter [ £T
AE 3R i R B W R B (H R R o P 2 4R TR X
£ Y 22 5 fiff 1) 266 X6 B 34 32 B H B IR A R 5 R Y
SCMm 5 e Ah Bl S ) AR A R B R B IR A R
KRR RIS A= 77 B ) A B i N R . X AT o 2F
A Z W AR 7 R T G IS ) VR B A R AR A I
5 5.

. WF o R h 1R ) 3R University of
Oklahoma J& £E i 2 #52 U8 81 21 At v [ B 24 Bt A4 B 3
BRI oL B BH 35 = WF 5T 5L DR 2H A S B, FE 3R
ENEILiN
[ 1] Demain A I, Newcomb M, Wu ] H D. Cellulase, clostridia,

and ethanol [ J]. Microbiol Mol Biol R, 2005, 69:124-154.
[2] Hamelinck C N, Van Hooijdonk G, Faaij A P C. Ethanol from

lignocellulosic biomass: techno-economic performance in short-,

middle-and long-term [ J]. Biomass Bioenergy , 2005, 28 ; 384-

410.

[ 3] Berndes G, Azar C, Kaberger T, et al. The feasibility of large-
scale lignocellulose-based bioenergy production [ J7]. Biomass
Bioenerg, 2001, 20 371-383.

[ 4] LinY, Tanaka S. Ethanol fermentation from biomass resources:
current state and prospects [ 1]. Appl Microbiol Biot, 2006, 69 ;
627-642.

[ 5] Tilman D, Hill ], Lehman C. Carbon-negative biofuels from low-
input high-diversity grassland biomass[ J]. Science, 2006, 314 ;
1598-1600.

[6] SunY, Cheng J Y. Hydrolysis of lignocellulosic materials for

ethanol production: a review [ J].

2002, 83:1-11.

Bioresource Technology,

[ 7] Desvaux M. Clostridium cellulolyticum; model organism of
mesophilic cellulolytic clostridia [ J ]. FEMS Microbiol Rev,
2005, 29 741-764.

[8] Ng T K, Benbassat A, Zeikus J G. Ethanol-production by
thermophilic bacteria: Fermentation of cellulosic substrates by

Clostridium

cocultures of  Clostridium  thermocellum  and



8 1]

TR T A - BT Ak B2 AN ) B R 114 27 A K I8 OIS S A 7 e

1931

[10]

[11]

[12]

[13]

[14]

thermohydrosulfuricum [ J]. Appli Environ Microbiol, 1981, 41
1337-1343.

Leschine S B. Cellulose Degradation in Anaerobic Environments
[J]. Annu Rev Microbiol, 1995, 49.399-426.

Bayer E A, Chanzy H, Lamed R, et al. Cellulose, cellulases
and cellulosomes [ J]. Curr Opin Struc Biol, 1988, 8. 548-557.
Schwarz W H. The cellulosome and cellulose degradation by
anaerobic bacteria [J]. Appl Microbiol Biot, 2001, 56 . 634-649.
Mitchell W J. Physiology of carbohydrate to solvent conversion by
Clostridia [ J]. Adv Microbiol Physiol, 1998, 39. 31-130.
Lynd L R. Overview and evaluation of fuel ethanol from cellulosic
biomass: Technology, economics, the environment, and policy
[J]. Annu Rev Energ Env, 1996, 21 403-465.

Roh Y, Liu SV, Li G S, et al. Isolation and characterization of

metal-reducing Thermoanaerobacter strains from deep subsurface

[15]

[16]

[17]

[18]

environments of the Piceance Basin, Colorado [ J]. Appl Environ
Microbiol, 2002, 68 6013-6020.

Zeikus J G, Benbassat A, Hegge P W. Microbiology of
Methanogenesis in Thermal, Volcanic Environments [ J]. J
Bacteriol, 1980, 143 432-440.

Sommer P, Georgieva T, Ahring B K. Potential for using
thermophilic anaerobic bacteria for bioethanol production from
hemicellulose [ J]. Biochem Soc T, 2004, 32, 283-289.

Park W S, Ryu D D Y. Cellulolytic Activities of Clostridium
thermocellum and its carbohydrate-metabolism [ J]. J Ferment
Technol, 1983, 61 563-5

Klinke H B, Thomsen A B, Ahring B K. Inhibition of ethanol-
producing yeast and bacteria by degradation products produced
during pre-treatment of biomass [ J]. Appl Microbiol Biot,

2004, 66:10-26.

(RERZYRK“FHEOEFEMANHRT RS

2009 412 H 22 H “ 55 DU o [ T RRAF 27 A A TR E 60 ARAT 2 A7 1T PR A5 R (R

Bha ) ZRAR 7 1 60 AFAT 2 1 BT BRSO L, 42 [ 3L A79 000 2l ZF W 1), e & A7 161 Fl i i)

A IV I 2l b R B I OB S ST O 22 08 P [ RS 60 JA AR, R EZ A |

TE B (2

B SO B A 2 Ak A 3 A P 1 0 ) T2 I





