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Research on Production of Cellulosic Ethanol
— Creation of Novel Saccharifying Enzyme —
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ABSTRACT

The cost of saccharifying enzymes is one of
the factors hindering the practical use of cellulosic
bioethanol. In an attempt to address this issue, research
has been conducted to create a novel saccharifying
enzyme, in parallel with efforts to reduce the quantity
of the enzyme used and the cost of production of the
enzyme.

Reduction of the quantity of the enzyme used
involved the creation of an original saccharifying
enzyme mixture that did not include any unnecessary
enzymes. In addition, genetic engineering techniques
were applied in order to substitute an amino acid
sequence in the enzyme that formed the main
constituent, increasing enzyme activity.

Reduction of the cost of production of the enzyme
involved utilizing the biomass employed in the ethanol
production process as a carbon source, and employing
an onsite enzyme production process exploiting
solid-state fermentation, a high-efficiency production
method. An original enzyme-producing strain of
Aspergillus oryzae was created in order to realize this
process.

The two outcomes discussed above represent
new findings with the potential to reduce the cost of
saccharifying enzymes for bioethanol production.
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Table 1 Composition of enzyme mixture
E EG: CBH1: BGL: EX: BX:
nzyme group Endoglucanase |Cellobiohydrolase 1| Beta-glucosidase Endoxylanase Beta-xylosidase
Cleaves out .
Cuts the surface of : . Cuts hemicellulose Cuts
) ! cellobiose at Cuts cellobiose . . .
Function crystalline cellulose reducing end of into glucose into xylooligosaccharide
to create nicks cellulose chain xylooligosaccharide into xylose
Original A ; Th Th I(
organism cremonium ermoascus ermotoga
Weight
percentage 24 47 24 4 1
(%)
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ZZT, AEERMIE (g/kg- /31 < ), BrligRA
Yiffi (¥/g- # VIS2H), DS + < ZADFEEEE (kg-
WL /kg- /34 A< Z), E L (kg- MY /kg- TC), F:
R E (kg- =&/ —)b /kg-HE), G: =&/ —)LDLE
(kg/L)TdH 5. R, KA FEFEBTIE1 kg f A~ 2
MWHEFESNDEI A ) —LETHY, WAL~ ANE T
I — ZANDOZEHR (FHLHR) 2 E0 7270 v 2O MIEEM L
MIPEER D b —EEIZEE D, LT, BEa2 1+ %
T 3720002 L N, FANRBSThIHHRELE
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1T 72, WELIE, T ZFNOMENE &GS % NEIZ 3
T5.

Enzyme cost

for 1 kg biomass (¥) A X B X G
DxExF

Ethanol produced
Fig. 1 Breakdown of enzyme cost

from 1 kg biomass (L)
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Fig. 2 Functions of components in enzyme mixture
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Repeat until each effective

- - . fraction contains a single enzyme
= A: ineffective B, C: effective

Activity

Fig. 3 Scheme of enzyme selection
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Fig. 4 Specific activity of novel enzyme mixture

Fig. 5 Molecular structure of CBH1 and cellulose
chain
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Fig. 6 Specific activity of CBH1 mutants
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Biomass Pre-treatment

Part of pre-treatment
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Saccharification/Fermentation

Table 2 Comparison of candidates for enzyme
production host

Organism E. coli B. subtilis P. pastoris A. oryzae

Capable of
phenotypic Yes Yes Yes Yes
transformation?
Capable of
solid-state No Yes No Yes
fermentation?
Capable of
CBH1 No No No Yes
production?

LT Fig. 8124 & 912, HAW-SL ) Tfibh 2 R
Hepk RIB40'WIZ T 1.5 0 CBH1 EpERE % Hiobk %
W45 Z LD L 7=,
EHIZZOMROFEETANIZE Z A, N X~ 2K T
HBH)V Ty LWEEET B TN T T — L EITREh BT
BROWAEM O A B FENRITKH LTt F> 2 &8
Aotz WAMNEEL 24 O FLBREERDO T IL T
7 — Uitk %2 CBH1 ZEPE & 4 FRHE12, RIB40 & Hbik U 72 4%
B2, Fig. 9 TH 5. RIB40 TIE 7L 7 5 —WAFHE F T4
PERAHY 40% TR T L7=—J5, £V Y F AR TIHIE

Deletion of three genes

Production of CBH1
(arb. unit)

HONDA

A. oryzae
RIB40 strains

Fig. 8 Production of CBH1 by HONDA strains

Fermenting yeast

= Distillation =——> E

Ethanol

Glucose

Xylose

Crude enzyme together
with culture medium

_—7

Merit 1
Use of biomass as nutrient (carbon source)

= Reduced nutrient cost against use of
high-quality carbon source

On-site enzyme
production

Merit 2

Solid culture

= Reduced cost of culture
equipment against liquid
culture

Microorganism
Salt nutrients (Enzyme producer)

Fig. 7 Scheme of enzyme production
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Fig. 9 Tolerance against furfural of original strain
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