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Enzymatic saccharification of cellulose and hemicellulose is the most important process in the second-generation ethanol
production which utilizes lignocellulosic biomass as feedstock. We have developed fungal strain with enhanced cellulase productivity,
Acremonium cellulolyticus CF-2612. However, the hemicellulase productivity of this strain was not sufficient. To supplement
hemicellulase activity, we screened new hemicellulase-producing fungal strains from soils in Japan, and have isolated a promis-
ing strain, Aspergillus aculeatus KIF 78. The enzyme solution from this strain can hydrolyze hemicellulose efficiently from
both hardwood and softwood. The addition of this enzyme solution to commercial cellulase from A. cellulolyticus enhanced
total sugar yield from lignocellulose significantly. An ethanol production system which can efficiently utilize hemicellulose
fraction of biomass can be expected with this new fungal strain.
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Table 1. Saccharolytic enzyme activities of Aspergillus aculeatus KIF 78.

Carbon source for culture Substrates for enzyme assay Released sugar (mg/ml)
Glucose Xylose

Avicel 2.90

Xylan 7.55
Avicel Ball-milled eucalyptus 2.46 0.77

Cutter-milled eucalyptus 1.30

Ball-milled Douglas-fir 1.17

Avicel 4.03

Xylan 35.36
Xylan Ball-milled eucalyptus 5.03 2.68

Cutter-milled eucalyptus 1.80 1.39

Ball-milled Douglas-fir

Avicel 1.37

Xylan 25.80
Ball-milled eucalyptus Ball-milled eucalyptus 3.06 2.46

Cutter-milled eucalyptus 1.03

Ball-milled Douglas-fir 0.90

Avicel 2.44

Xylan 8.96
Cutter-milled eucalyptus Ball-milled eucalyptus 2.41 0.65

Cutter-milled eucalyptus 0.80

Ball-milled Douglas-fir 1.12

Avicel 3.78

Xylan 8.09
Ball-milled Douglas-fir Ball-milled eucalyptus 3.38 0.95

Cutter-milled eucalyptus 0.90

Ball-milled Douglas-fir 1.29

Fig. 1. Microscopic picture of A. aculeatus KIF 78 (a) and its conidia (b).

ey, B-7 a3y X —EIHHEIC R T KIF 78 D08
SEELLEED o7, AC & KIF 78 #EBEA LIEEA,
FPase, 7ttt 73—+, BIOFvFF—XIB T
» KIF 78 X b b iEM o b X i,

3.5 KIF 78 #4E$%, ACBEERELVEARDRERE
Bicx7T R

HELLTC 7vE+xl, 5, BE BD %A\,

KIF 78 5B HM, AC BRKHIMTORELKILE L O
IO EEETOREG LRAROBLRIGE T, 1
R R AR~

AC DIEH:% 100% & L7z, KIF 78 % & RAWH#Z D
ARG I % Fig. 3 1R,

7 €A D KIFI TD 7 42— 243, AC &
Hl L T 67% &M1& o 7o, 2D 2 o%BE LEEL,
ACDHZERFETH >, —H, ¥+ 7 vic$ 5% KIF



o

120
100
80
60
40
20

Relative activity (%)

[ox

120

100

80

60

40

Relative activity (%)

20

(@]

100

80

60

40

Relative activity (%)

20

o

120

100

80

60

40

Relative activity (%)

20

NAF = ANLORMARE T 5 7 — A BERTC A H 7P~ 3

—
—o—Cellulase
Hemicellulase
3 4 5 6 7 8
pH
/ \ —o—Cellulase
/ \ Hemicellulase
~4— JV_V_V_V’ i T —
2 3 4 5 6 7 8 9
pH
'\
—o—Cellulase
Hemicellulase
20 40 60 80

Temperature (°C)

D i

—o—Cellulase
Hemicellulase

20 40 60 80

Temperature (°C)

Fig. 2. Stability and optima for KIF 78 cellulase and hemicellulase.
(a) stability for pH, (b) optimum pH, (c) stability for tempera-
ture, (d) optimum temperature

€T —¥HPEH Aspergillus aculeatus KIF 78 ¥k 85

Table 2. Comparison of enzyme activities between commercial

Acremonium cellulase (AC), enzyme solution from A. aculeatus
KIF 78, and their mixture.

Activity (U/ml) AC KIF78 Mixture
FPase 2.1 1.9 2.5
CMCase 4.5 4.9 4.7
Avicelase 3.1 2.5 32
B-Glucosidase 0.5 2.7 1.2
Xylanase 30.1 22.4 27.7
Mannosidase ND 0.03 0.02
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Fig. 3. Relative enzyme activities for commercial Acremonium

cellulase (1), enzyme solution from A. aculeatus KIF 78 (2),
and mixture of both enzymes (3) on different substrates.
Substrates: (a) Avicel, (b) xylan, (c) ball-milled eucalyptus, (d)
ball-milled Douglas-fir.
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Fig. 4. HPLC chromatogram of sugar analyses after enzymatic saccharification with commercial Acremonium cellulase (-« ), enzyme
solution from A. aculeatus KIF 78 ( ), and mixture of both enzymes (- — —). Substrates: (a) xylan, (b) ball-milled Douglas-fir.

Table 3. Sugar yields from ball-milled wood with commercial Acremonium cellulase (AC), enzyme solution from A. aculeatus KIF78,

and their mixture (Mix)

sugar yields (mg/g substrate) and recoveries (%)
Sugar contents AC KIF78 Mix
(mg/g substrate) Yield Recovery Yield Recovery Yield Recovery
Glucose 441 365.8 82.9 336.2 76.2 381.4 86.5
Ball-milled Xylose 117 39.6 33.8 63.4 54.2 68.4 58.5
eucalyptus
Total 558 405.4 72.7 399.6 71.6 449.8 80.6
Glucose 509 452.2 88.8 417 81.9 436.6 85.8
Ball-milled Xylose 42 9.8 23.3 18.2 433 18.4 43.8
Douglas-fir Galactose 38 9.8 25.8 13.2 34.7 13.4 35.3
Mannose 151 36.6 24.2 106 70.2 100.6 66.6
Total 740 508.4 68.7 554.4 74.9 569 76.9
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