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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 VPl 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-.58 times of the latter. Cellulose degradation rate of
LQRI + Thermoanaerobacter and VPI + 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-. 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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Thermoanaerobacter  ethanolicus X514 T.
ethanolicus 39E
T. ethanolicus X514 ( )
NN Piceance Basin
Colorado 2000 m “ . T. ethanolicus 39F
o (Clostridium) ATCC (ATCC 33233)
B 15%
7 ( Clostridium thermocellum) -80C
1.3
60 mL (VWR)
30 mL (1% . 2%
5% )
(1 L):NaCl 1.0 g;MgCl,*6H,0 0.5
¢ D g; KH,PO, 0.2 g; NH,Cl 0.3 g; KCI 0.3 g;
- e) CaCl,*2H,0 0. 015 g; 1 mL;Se/W
( N N 1 mL; 1 mL;L- 0. 031
) g; Na,S°9H,0 0.048 g; NaHCO, 2.52 g;
)] (0.1% ) 0.25 mL. (1 L)
S C) HCI (25% ) 10 mL;FeCl,*4H,0 1.5
60 C g;CoCl,*6H,0 0.19 g;MnCl,*4H,0 0.1 g;ZnCl, 70
N6 mg;H,B0,6 mg;Na,MoO,*2H,0 36 mg;NiCl,*6H,0
v 24 mg; CuClL,*2H,0 2 mg. Se/W (1 L)
Avicel Na,Se0,*5H,0 6 mg; Na,WO,*2H,0 8 mg; NaOH
0.5 ¢g. (1L) 20 mg;
20 mg; B, 100 mg; B, 50 mg;
B, 50 mg; 50 mg; 50 mg; B, 1
1 mg; 50 mg; 50 mg. pH
7.2.
1.1 (60 mL)
Avicel seal
PH101 Sigma-Aldrich St. Louis Missouri. Wolin Vitamin
Avicel PH101
Sigma Chemical LQRI  VPI
Co. (St. Louis MO). LQRI  VPI
1.2 Clostridium  +
Clostridium thermocellum VPI Thermoanaerobacter
(ATCC 27405) C. thermocellum LQRI ( ATCC (LOQRI
35609) VPI) (X514  39E)
ATCC (American Type Culture Collection)
55 ~60C pH
7.2. C. thermocellum LQRI C. thermocellum D, (20D + )
LQ8 L 2 3 60°C
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1.4 100.0
6890 N Network GC i
(Agilent Technologies ) FID ( Flame 8001
Tonization Detector. 6.0 zé 60.0 -
mL/min. HPLC (Aligent 1200 ﬁ
Series SL ) Aminex 87 P (Bio-Rad § 400 -
Laboratories) 55C RID a0 L
(refractive index detector) . 0.025% ’_}@
0.6 ml/min 6C HPLC ° 1% Avicel 2% Avicel m_
S S
0.025% 10 000 r/min 10 ! LORI VPI
min 0.20 pm ¢ Fig. 1 Cellulose degradation rate under different concentration
. cellulose in LQRI and VPI mono-cultures
17
LQRI  VPI
2
2.1 LQRI VPI LOQRI VPI
(p>0.01).
1% 2% 5%  Avicel LQRI  VPI
LQRI VPI 1% 2%
LQRI 2% 5% (" p<
VPI( """ p < 0.01). 1% LQRI
0.01). LQRI VPI 12 mmol/L VPI 10
mmol /L(  2). LQRI
1% 2% VPI
2% 5% (""" p<0.01).
1% LQRI VPI Avicel 16.0
79.8%  62.8% 140 | f,(ﬁu
1.27 . 5% LQRI VPI . 120
Avicel 6.27% 5.24% 'jg 10.0 |-
.20 ( 1). LOQRI 5 8o
VPI 5 6ot
(' p <0.05) B ool
LQRI VPI 20
1% LQRI 0 1% Avicel 2% Avicel 5% Avicel
VPI Avicel 0.24 ¢ TR
0.19g 5% LQRI  VPI 2 toml ver
Avicel 0.09¢g 0.08 g Fig.2 Ethanol production under different concentration
LQRI cellulose in LQRT and VPT mono-cultures
VPI
2.3 LORI VPI Thermoanaerobacter

2.2 LQRI VPI

1% « 2% 5% Avicel

1% « 2% 5% Avicel

LOQRI VPI

Thermoanaerobacter
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(LQRI + X514.LQRI + 39E. VPI + X514, VPI + 39E)

LQRI + Thermoanaerobacter
LQRI VPI

+ Thermoanaerobacter VPI

(" p<0.01) 1.28 ~

1.58

LQRI  VPI . 1%

Avicel LQRI + Thermoanaerobacter

LQRI 90%

VPI + Thermoanaerobacter VPI
77% ; 5%

LQRI + Thermoanaerobacter LQRI

25% VPl +

Thermoanaerobacter VPI

23% ( 3).
1% 2% 5%

Avicel
Clostridium + X514

Clostridium + 39E

LQRI
VPI

120.0

LQRI + X514
B VPI + X514

LQRI + 39E

100.0 - VPI + 39E

(\
(§¢¢¢¢4

%

o

=)
T

w-‘
Ty

T
o

FHEERFE%
3
o
T

>

[
hal
wOY
Laal
haal
4
R

7
S

S
o

SRR

75
S

/
R

N Y
2% Avicel

HHER

{}\)\)V‘
;

%

AN
1% Avicel

%

3 LQRI VPI Thermoanaerobacter

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

VPI + Thermoanaerobacter

2.4 LOQRI  VPI

Thermoanaerobacter

1%+ 2% 5% Avicel

LORI  VPI

Thermoanaerobacter

LORI +

Thermoanaerobacter
VPI + Thermoanaerobacter
(""p<0.01) 1.27 ~1.77
LQRI + X514 4

(LOQRI + X514, LQRI +39E. VPI +
X514. VPI +39E)

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

VPI + Thermoanaerobacter
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LQRI
LQRI VPI
VPI LQRI + Thermoanaerobacter
VPI + ) LQRI VPI
Thermoanaerobacter LQRI + X514 ;
VPI + X514 2 LQRI +39E LQRI + Thermoanaerobacter
VPI + 39E 1.5 VPI + Thermoanaerobacter
LQRI
VPI LQRI + Thermoanaerobacte (3)
(1% 2% 5%) LQRI VPI
VPI + Thermoanaerobacter LQRI +
LQRI + Thermoanaerobacter Thermoanaerobacter ~ VPI + Thermoanaerobacter
(""p<0.01)
(p>0.01) ( ). LOQRI +
Thermoanaerobacter ;
Thermoanaerobacter
LQRI + Thermoanaerobacter
VPI +
Thermoanaerobacter. : University of
Oklahoma
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