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Bioconversion of soft cellulosic resources into sugar and ethanol

Takanori Kai!, Takeshi Tanimura!, Naoki Nozaki!, Masahito Suiko?, and Kihachiro Ogawa®*
(Unkai Shuzo Co., Ltd., 1800-5 Minamimata, Aya, Miyazaki 880-1303'; Department of Biochemistry and
Applied Biosciences, Facully of Agriculture®; Department of Applied Chemistry, Facully of Engineering?®,
University of Miyazaki, Miyazaki 8§89-2192) Seibutsu-kogaku 88: 66-72, 2010.

Bioconversion of soft cellulosic resources such as rice straw, and napiergrass into sugar and ethanol was
examined using the genetically modified cellulase, Accellerase 1000 preparation and compared with the
use of other cellulase preparations. Treatment of soft cellulosic resources with 0.25 M sodium hydroxide
solution at 100°C for 1 h was considered to be a practical method for delignification. A sugar solution
containing 15-20% reducing sugar at 15-20% substrates (w/v) was produced by saccharification of
delignified rice straw and napiergrass using Accellerase 1000 preparation at 45°C for 72 h. The reducing
sugars after saccharification were glucose and xylose at a ratio of about 7 : 3. A concentrated reducing
sugar solution (24.3%) derived from delignified rice straw which included Henneberg’s inorganic salts was
incubated at pH 5.0 and 28°C for 3 d after inoculation with Saccharomyces cerevisiae TV2. The ethanol
concentration in the fermented solution was 6.3%, but xylose was not utilized by the yeast. In conclusion,
sugar and ethanol production from soft cellulosic resources may be realized in the near future.

[Key words: soft cellulosic resources, delignification, genetically improved cellulase, saccharification,
sugar composition, bioethanol]
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Table 1. Cellulase and related enzyme activities of commercial cellulase preparations.

Enzyme . Enzyme activity (Units/ml) Protein (mg/ml) Saccharification®
preparation Avicelase CMCase Xylanase B-Glucosidase (%)

@ Cellulase MC 24.50 68.45 82.59 19.29 4.37 76.1

@ Cellulase P5 8.53 17.17 831.88 11.27 4.76 73.2

@ Cellulase MENM 7.17 39.50 76.01 3.65 7.10 83.9

@ Cellulase M60 16.70 25.86 71.63 19.74 3.12 81.2

® Acremozyme 20.53 37.04 86.84 35.36 5.07 90.2

® Cellulase GC220 664.45 897.72 824.24 183.00 83.02 96.1

(D Accellerase 1000 331.56 587.11 208.53 320.16 54.23 91.0

Enzyme activities were assayed as explained in the text, and enzyme activity was shown as units/ml of 1% enzyme solution in case
of Cellulase MC to Acremozyme, and crude enzyme solution in the case of Cellulase GC220 and Accellerase 1000.

aIn a large test tube, 2 g of delignified rice straw powder was incubated with 18 ml of cellulase solution, pH 5.0, at 45°C for 48 h.

Zero point five percent enzyme solution in the case of Cellulase MC to Acremozyme, and 10 times diluted enzyme solution in the
case of Cellulase GC220 and Accellerase 1000 were used for saccharification.

Table 2. Sugar production from delignified soft cellulosic resources by the saccharification with Cellulase GC220
preparation (Trichoderma reeset).

Incubation (h)

Substrate (%) 24 48 72
R. sugar Decom. R. sugar Decom. R. sugar Decom.
(%) (%) (%) (%) (%) (%)
Vesey grass 10 8.1 73.0 10.4 93.6 10.6 95.6
20 17.4 69.7 19.1 76.2 19.6 78.2
Rice straw 10 9.1 81.6 10.5 94.2 10.7 95.8
20 19.1 76.4 20.6 82.4 21.4 85.6

In a large test tube, 2 g or 4 g of delignified vesey grass powder or delignified rice straw powder was incubated with
18 mlor 16 ml of a 10 times diluted Cellulase GC220 solution, pH 5.0, at 45°C for 24 to 72 h.

R. sugar, reducing sugar; Decom., decomposition.
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Table 3. Sugar composition in sugar solution produced by the saccharification of soft cellulosic resources with cellulase preparations.

Cellulae GC2207 Acremozyme®
Substrate
R. sugar (%) Glucose (%) Xylose (%) R. sugar (%) Glucose (%) Xylose (%)
Rice straw 9.1 6.1 (67.0) 2.9 (31.9) 7.7 5.1 (66.6) 2.6 (33.8)
Vesey grass 8.0 5.5 (68.8) 2.2 (27.5) 6.0 2.9 (48.3) 2.8 (46.7)
Napiergrass (L) 10.2 7.3 (75.8) 2.9 (28.4) 9.1 4.4 (44.4) 4.0 (43.9)
Napiergrass (S) 9.3 6.2 (66.7) 3.0 (32.3) 7.8 3.6 (46.2) 4.0 (51.3)

In a large test tube, 2 g of delignified vesey grass powder or delignified rice straw powder was incubated with 18 ml of a cellulase

solution, pHb5.0, at 45°C for 48 h.

Glucose was measured by the glucose oxidase method (Mutarotase-GOD method).
Figure in parenthesis shows ratio of sugar composition in the reducing sugar (%). Xylose content was assayed by the Bial reaction

method.

“Ten times diluted enzyme solution (against crude enzyme solution)

bZero point five percent enzyme solution.

R. sugar, reducing sugar; L, leaf of napiergrass; S, stalk of napiergrass.

Table 4. Saccharification of soft cellulosic resources with Cellulase GC220 preparation.

Substrate Substrate conc. R. sugar (%) Saccharification (%)
Napiergrass (L) 10 10.2 91.8

20 20.6 82.4
Napiergrass (S) 10 9.3 83.7

20 20.7 82.8

In a large test tube, 2 g or 4 g of delignified napiergrass powder was incubated with 18 ml
or 16 ml of a cellulase solution, pH 5.0, at 45°C for 48 h.

Enzyme solution: Ten times diluted Cellulase GC220 solution was used as enzyme solution.

Substrate conc., substrate concentration; R. sugar, reducing sugar; L, leaf of napiergrass;

S. stalk of napiergrass.
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Table 5. Saccharification of delignified soft cellulosic resources with Accellerase 1000 derived from

Trichoderma reesei.

Saccharification Sugar composition
Substrate
R. sugar (%) Decom. (%) Glucose (%) Xylose (%)
Rice straw
10% 11.1 8.3 (74.7) 2.8 (25.3)
15% 16.1 10.9 (67.7) 5.2 (32.3)
Napiergrass (L)
15% 16.3 12.0 (73.6) 4.3 (26.4)

In a 500 ml Erlenmeyer flask, 30 g of delignified rice straw powder or delignified napiergrass powder
was incubated with 270 ml (substrate concentration, 10%) or 170 ml (substrate concentration, 15%) of a
7.5 times diluted enzyme solution (against crude enzyme solution), pH 5.0, at 45°C for 72 h.

Figure in parenthesis shows ratio of sugar composition in the reducing sugar (%).

R. sugar, reducing sugar; Decom., decomposition; L, leaf of napiergrass.

Table 6. Ethanol production using saccharified sugar from delignified rice straw with Accellerase 1000 preparation derived from

T reesei.

Before fermentation

After fermentation
Ethanol (%)

R sugar (%) Glucose (%) Xylose (%)

R. sugar (%)

Glucose (%) Xylose (%)

94.3 15.5 8.5
(100) (63.8) (35.0)

8.2 0.5 8.5 6.3
(33.7) (0.2) (35.0)

In a 500 ml Erlenmeyer flask, 30 g of delignified rice straw powder was incubated with 170 ml (substrate concentrate, 15%) of a
7.5 times diluted enzyme solution (against crude enzyme solution), pH 5.0, at 45°C for 48 h. After saccharification, the sugar was

concentrated by vaccum evapolator.

In a 300 ml Erlenmeyer flask, the concentrated sugar solution (reducing sugar, 24.3%) supplemented with Henneberg’s inorganic
salts was incubated after inoculation with a seed (10 ml) of Saccharomyces cerevisiae TV2, at pH 5.0 and 28°C for 3 d.
Figure in parenthesis shows ratio of sugar composition in the reducing sugar (%). R. sugar, reducing sugar.
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Fig. 1. Bioconversion of soft cellulosic resources into sugar and
ethanol using microorganisms. Enzymatic saccharified sugar
solution (saccharified mash) including glucose and xylose is
firstly fermented with Saccharomyces cerevisiae, after which the

fermented mash is subjected to distillation @, and xylose in
the residual mash will be subjected to xylose fermentation

(in future) @. The sugar solution including glucose and xy-
lose will be subjected simultaneously to glucose and xylose

fermentation (in future) @.
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£ T2 X 172 Accellerase 1000 (34> 3 E D T il D
FRANCHENTHR DNV T —¥ s L UHEE RGN
(U/ml") Z7/RL, H#T B-glucosidase 15 AR X 41T
W3, 2 YT R T T I ALY 7= FE
D 53 Cellulase GC220 35 & T Accelerase 1000 12 & 0 &
B 20%, 72WHBELT20% Db E2E D Z W
WHETH D, 3) R MboLRArET 7T AD
Accellerase 1000 (2 X 2 LikF D7 NV a2 —ZA B LU F
O3 —ZDEEIFHLTT7 3 2R I EARBO LN,
4) BV 7 = > 5D Accellerase 100012 X 2 HE i
H (24.83%) DX /) —VREERITTV6.3%DTH J —)b
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23D EMNTE. 5) UEDORRPLAET 7T R
D B2 EDHK Y 7 b )ba — ZFPRISEL TR AE

L 7B R A 72 & 2 Bwiid 85 ~ 90% DL EDORELERT

15 ~ 20% DL ME H 4, 7 DEfHE TR (24.3
)P H63IWNEEDOLR ) —)IVEERT D ENRDH

nre.

L7eh-T, V7 be)lo—-2X0EE s LT

Saccharomyces cerevisiae \Z & O #%#& @ (Fig. 1) I X 5T X
S =IVERDFREENRZEND DT, S&—E O
WLETH 5.
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