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Abstract Cellulose is a kind of renewable resource that is
abundant in nature. It can be degraded by microorganisms
such as mildew. A mildew strain with high cellulase
activity was isolated from mildewy maize cob and
classified as Aspergillus glaucus XC9 by morphological
and 18S rRNA gene sequence analyses. We studied the
effects of nitrogen source, initial pH, temperature, incuba-
tion time, medium composition, and surfactants on
cellulase production. Maximal activities of carboxymethyl-
cellulase (6,812 U/g dry koji) and filter paperase (172 U/g
dry koji) were obtained in conditions as follows: initial pH,
5.5-6.0; temperature, 30°C; cultivation period, 3—4 days;
inoculum ratio, 6% (vol/vol); sugarcane bagasse/wheat
bran ratio, 4:6. When bagasse was used as substrate and
mixed with wet koji at a 1:1 (wt/wt) ratio, the yield of
reducing sugars was 36.4%. The corresponding conversion
rate of cellulose to reducing sugars went as high as 81.9%.
The results suggest that 4. glaucus XC9 is a preferred
candidate for cellulase production.

Keywords Aspergillus glaucus, cellulase activity,
saccharification

plant photosynthesis is about 1.14x10'? t annually. Addi-
tionally, more than 7x10® t of crop residues, such as wheat
straws, rice straws, corn stalks, and groundnut shells, is pro-
duced annually in China. However, most of these materials
are generally bumt in the field, resulting in low energy
utilization efficiency (10%) and environmental pollution [1].
On the other hand, food shortage, energy crisis, and envi-
ronmental pollution are now major problems all over the
world, which makes the utilization of cellulose quite urgent.
Cellulosic materials can be decomposed into fermentable
sugars, which can be converted into other valuable products
such as ethanol, single-cell proteins, and hydrogen [2]. Acid
treatment and enzymatic hydrolysis are the most common
ways to break down cellulose into glucose. Compared with
acid treatment, enzymatic hydrolysis consumes less energy
and is more environment-friendly [3]. But the low activity of
cellulase limits its applications for the degradation of
lignocellulosic materials [4]. To facilitate industrial usage
of lignocellulosic materials, it is necessary to screen mi-
crobial strains with high cellulase activities. In this paper, we
described the screening and characteristics of the high-
cellulase-producing strain Aspergillus glaucus XC9.

1 Introduction

Cellulose is a kind of reproducible resource that is abundant
in nature. It produces lignocellulose, primarily of lignin in
plants. The total amount of biomass generated worldwide by
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2 Materials and methods
2.1 Culture media

This study used Dubos cellulose medium, Hutchison
medium [5], and cellulose—-Congo red medium [6,7]. The
premedium used was 10% wheat bran extract. The basal
solid medium for cellulase production was composed of 4 g
of alkali-treated rice straw powder, 1 g of destarched bran,
and 15 ml of salt solution (4 g/l KH,POy, 1.6 g/l (NH4),SOy,
and 1 g/l MgSO,).

2.2 Isolation and screening of microorganisms

Rotten branches, mildewy materials, and soil samples were
collected from the area surrounding the Xiamen University
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campus. Rotten branches and mildewy materials were
mashed, added to normal saline, and shaken until the soil
had dispersed in normal saline. The suspension was then
inoculated in Dubos cellulose medium and Hutchison
medium. The enrichment culture was repeated thrice,
without cessation. The culture did not end until the filter
paper had decayed in the medium. Inoculated and streaked
with the enrichment culture, the cellulose—Congo red agar
plate was incubated at 30°C for growth of microorganisms.
The colonies on the plate with surrounding clear zones
were picked for isolation. Single well-isolated colonies
with cellulase activity were obtained.

2.3 Identification of microorganisms

Analysis of morphology A very small sample of a colony
was removed from the agar plate, mixed with a drop of
water, and smeared on a glass slide [8]. Then observations
were made with a microscope.

Analysis of 18S rRNA gene sequence Four milliliters of
mycelium culture withdrawn after a 12-h incubation was
centrifuged, and the liquid was discarded [9]. The deposit
was subjected to 400 pl of 1% cetyl trimethyl ammonium
bromide and centrifuged again. Then 400 upl of the
solution (pH 7.5) containing 4 mol/l guanidine hydro-
chloride and 0.1 mol/l Tris—HCI was added to the second
deposit for cell splitting. After incubation at room
temperature for 30 min, the sample was extracted with
1:1 phenol—chloroform and chloroform successively. After
centrifugation, 2x vol of anhydrous alcohol and 1/10 vol
of sodium acetate (3 mol/l, pH 5.2) were added to the
supernatant to precipitate DNA. The sediment obtained
was dissolved in TE buffer, and the 18S rRNA gene was
amplified by PCR using common primers (5' ATTGG
AGGGCAAGTCTGGTG 3’ and 5' CCGATCCCTAG
TCGGCATAG 3'). PCR products were purified and then
sequenced by Takara Company.

2.4 Preparation of crude cellulase solution

A total of 3.6 g of wet koji (equal to 1 g of dry koji) was
mixed with 20 ml of distilled water and incubated at 30°C
for 1 h. The mixture was filtered through two layers of
gauze, and the filtrate was centrifuged at 4,000 rpm at 4°C
for 10 min. The supernatant was harvested as crude
cellulase solution.

2.5 Enzyme assays

Cottonase A total of 0.5 ml of diluted crude enzyme
solution was transferred into a screw-capped tube contain-
ing 50 mg of absorbent cotton and 2 ml of acetate buffer
(pH 4.8) [10-12]. The tube was covered with a stopper
after adding a drop of toluene and then incubated at 50°C
in a water bath for 24 h. One unit of enzyme activity was

expressed as the amount of enzyme required to produce
1 mg of reducing sugars for every 24 h.

Carboxymethylcellulase The measurement of carboxy-
methylcellulase (CMCase) activity was similar to that of
cottonase activity. Two milliliters of CMC solution was
used as substrate, and the incubation time was 30 min.
One unit of enzyme activity was defined as the amount of
enzyme required to produce 1 mg of reducing sugars for
every 30 min.

Filter paperase To determine filter paperase (FPA) ac-
tivity, a piece of filter paper (Xinhua no. 1, 1 cmx6 cm)
was reacted with the crude enzyme solution substituting
for absorbent cotton. The reaction was performed in the
same water bath for 1 h. One unit of enzyme activity was
defined as the amount of enzyme required to produce 1 mg
of reducing sugars per hour.

Meanwhile, the crude enzyme solution pretreated in a
water bath of 100°C for 5 min was used as control sample.
The amount of reducing sugars in the control sample
should be subtracted while calculating for enzyme activity.

2.6 Analysis of reducing sugars and total cellulose
The amounts of reducing sugars and total cellulose were

measured according to the methods described by Zhang et
al. [9] and Yan et al. [13], respectively.

3 Results and discussion

3.1 Screening of microorganisms with high cellulase
activity

Forty-one strains that can decompose cellulose were
isolated. Four (marked as XC2, XC9, XC15, and XC23)
of them with higher cellulase activities were selected for
further study. Trichoderma sp. and Trichodermakoningii
(Microbial Culture Collection Center of the Chinese
Academy of Science) were used as contrasts. Six strains
were inoculated to cellulose—Congo red agar plates. Then
the clear zone diameter/colony diameter (H/C) ratio was
calculated. Activities of cellulase were examined when the
strains were grown on the basal solid medium. Experiments
were performed in ftriplicate, and average values were
represented (Table 1).

As shown in Table 1, the CMCase, cottonase, and FPA
activities of strain XC9 isolated from mildewy maize cob
were all higher than those of the other five strains,
suggesting that strain XC9 was a valuable strain with
higher cellulase activity.

3.2 Strain identification

The colony of strain XC9 initially diffused into the shape of
a white floccule on the PDA agar plate, then turned into



Table 1 Comparison of activities of cellulase from various strains

Strain CMCase FPA Cottonase  H/C
(U/g dry (U/g dry (U/g dry ratio
koji) koji) koji)

XC2 2,954 124 2,048 1.5

XC15 3,217 102 1,863 1.3

XC23 4,286 87 974 1.4

XC9 5,632 163 2,841 1.9

Trichoderma 5,124 141 2,268 1.6

sp.

T koningii 3,505 97 1,517 1.5

yellow green and eventually scattered into aeruginous
spots. Cross-walls and red particles were observed in its
hyphae. The elliptoid conidia had rough surfaces, and the
radiate conidia chains were green. The round perithecium
was yellow, while a stripe could be seen at the equator of
the biconvex ascospore. All morphological properties of
strain XC9 were similar to those of A. glaucus.

Furthermore, 18S rRNA gene sequence analysis showed
that XC9 and A. glaucus were identical in their gene
sequences. According to observations and analyses, strain
XC9 was classified as 4. glaucus XC9.

3.3 Cellulase production with A. glaucus XC9
3.3.1 Time course of enzyme production

The basal solid medium was inoculated with 1 ml of
mycelium suspension and cultivated at 30°C. Samples
were withdrawn to assay the CMCase and FPA activities
after intervals of 24 h. Examined enzyme activities greatly
increased in the first 2 days and reached the maximum
(6,613.12 U of CMCase and 171.12 U FPA/g dry koji) on
the third day (Fig. 1). After 4 days, the enzyme activities
decreased, and only about half of the maximum activities
could be detected on the fifth day. Thus, the optimal
cultivation period for cellulase production was 3—4 days.
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Fig. 1 Effect of incubation time on cellulose
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3.3.2 Effect of inoculum ratio

Cellulase production was greatly influenced by inoculum
ratio. The mycelium suspension precultured for 15 h was
inoculated to the basal solid medium. The enzyme
activities were examined after 84 h. The volumes of the
inoculum were 0.15, 0.3, 0.6, 0.75, 0.9, 1.2, and 1.5 ml,
while corresponding inoculum ratios (vol/vol) were 1, 2, 4,
5, 6, 8, and 10%, respectively (Fig. 2).

Figure 2 indicates that there were maximum activities
with the inoculum ratio of 6%. When the inoculum ratio
was lower, superfluous nutrients resulted in the excessive
growth of mycelia and delayed enzyme production.
However, insufficient nutrients and increasing tempera-
tures in the latter period resulting from the rapid growth of
mycelia inhibited enzyme production through a higher
inoculum ratio. Accordingly, the optimal inoculum ratio
was 6% (vol/vol).

3.3.3 Effect of medium composition

In this study, rice straw powder was mixed with wheat bran
in different ratios to prepare the basal solid medium for
cellulase fermentation and then was cultured at 30°C for
84 h using a 6% inoculum ratio (Fig. 3).

As shown in Fig. 3, the maximum enzyme activities
were achieved when the rice straw powder/wheat bran ratio
was 5:5 (wt/wt). Compared with the enzyme activities
achieved without wheat bran in the medium, CMCase
activity increased 3.6 times while the improvement of FPA
activity was more remarkable. In summary, the effects of
wheat bran content on cellulase fermentation were two-
edged—it provided necessary nutrients, yet it made the
medium compact and decreased aeration with increasing
content.

3.3.4 Effect of nitrogen source

We studied the effects of nitrogen sources, including urea,
(NH4),SO4, NH4CI, NaNO3, NH4NO3, peptone, and yeast
powder, on cellulase fermentation. Experiments were
carried out in the following conditions: total nitrogen
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Fig. 2 Effect of inoculum ratio on cellulase activity
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Fig. 3 Effect of weight ratio (rice straw powder/wheat bran) on
cellulase activity

content, 0.4%; inoculum ratio, 6%; rice straw powder/
wheat bran (wt/wt), 1:1; 30°C. Fermentation lasted for
84 h, and the enzyme activities were assayed. Figure 4
indicates that, among the nitrogen sources investigated,
peptone provided the maximum production of cellulase. It
also reveals that organic nitrogen compound was best for
cellulase production, followed by nitrate compound and
ammonium compound.

3.3.5 Effect of temperature

Cellulase fermentation was performed at different tem-
peratures. During the whole period of 4 days, CMCase
activity was examined everyday. The results suggested that
A. glaucus XC9 grew slowly and produced less light-green
spores. Enzyme production was delayed while it was
cultured at a lower temperature (25°C). In contrast, it grew
quickly and produced plenty of green spores. The stage of
abundant enzyme production appeared earlier at a higher
temperature (35°C). However, the yield of enzymes was
low. As a result, the optimal temperature for the cellulase
production of 4. glaucus XC9 was 30°C.
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3.3.6 Effect of initial medium pH

The basal solid media with different initial pH values were
inoculated with 4. glaucus XC9 and then cultured at 30°C
for 3 days. Analysis of the enzyme activities showed that
the optimal initial pH values for enzyme production were
5.5 for CMCase and 6.0 for FPA.

3.3.7 Effect of surfactants

The effects of two types of surfactants on cellulase
production were investigated by adding 0.1-0.8% Tween
80 (TW-80) or Libai washing powder (Guangdong Libai
Ltd.) to the basal solid medium. The medium without
surfactants was used as a control. The culture period was
3 days. Results indicated that 0.2-0.4% TW-80 or 0.1-
0.2% washing powder in the medium could significantly
promote cellulase production, suggesting that surfactants
could improve cell membrane permeability and subse-
quently promote intracellular enzyme excretion at a certain
concentration. However, enzyme yield decreased at higher
surfactant concentrations, which was different from that
described in Wang and Yan [14].

3.4 Effects of temperature and pH on enzymatic
reaction

There were always some differences between cellulases
from different strains not only in their structures and
characteristics but also in their optimal reaction conditions.
The effects of pH and temperature on reactions catalyzed
by cellulase from A. glaucus XC9 were studied in this
paper.

Crude cellulase solution was reacted with substrates in a
series of buffers with different pH values at 50°C. Contents
of reducing sugars were determined after the reactions.
Results showed that there were higher CMCase activities at
pH 4.4-6.0 and higher FPA activities at pH 4.8-6.8. The
optimal pH values for enzyme catalyses of CMCase and
FPA were 4.8 and 6.0, respectively. To study the effects of
temperature, enzymatic reactions were carried out in the
buffers (pH 5) at different temperatures. The optimal
reaction temperature obtained for CMCase or FPA was
50°C.

3.5 Optimization of conditions for cellulase
production

An orthogonal experiment was performed to optimize the
conditions for the cellulase production of A. glaucus XC9.
Instead of rice straw powder, sugarcane bagasse was used
in the experiment. The sugarcane bagasse/wheat bran ratio
(wt/wt), NH4NO; content, inoculum ratio (vol/vol), and
water volume added to the basal solid medium were chosen
as the four main factors. Three levels were studied in each
factor. Fermentation was carried out at pH 5 at 30°C for



Table 2 Design and results of

the orthogonal experiment Number  Factor Combination ~ CMCase activity
A B C D (Ulg dry koji)
1 1 (4:6) 1G5gl)  3(%) 230ml)  A,B,C;D, 6,726.188
2 2 (5:5) 1Ggl)  1(5%) 125ml)  A,B,C,D, 5,532.424
3 3 (6:4) 1G5gl)  2(6%) 3(35ml)  A3B,C,D, 4,888.183
4 1 (4:6) 2000 g/l) 2 (6%) 125ml)  A,B,C,D, 5,963.726
5 2 (5:5) 2000 g1) 3 (7%) 335ml)  A,B,CiD;s 4,024.179
6 3 (6:4) 20001 1 (5%) 2(30ml)  A;B,C,D, 5,256.518
7 1 (4:6) 325¢0)  1(5%) 335ml)  AB;C,D; 3,986.778
8 2 (5:5) 325g0) 2 (6%) 2(30ml)  A.B;CaD, 4,704.995
9 3 (6:4) 325¢0) 3 (%) 1(25ml)  A;BsCiD, 5,111.231
K1 16,649.7 17,146.8 14,975.1 16,607.2 46,194.22
*A-baggase/brain ratio, wt/wt; K2 14,261.6 15,2444 16,815.6 16,687.7
B-NH4N03 content; C-inocu- K3 15,2559 13,803 15,861.6 12,899.1
lum ratio, vol/vol; D-water R 23811 33438 18405  3,788.6

vloume

72 h. The design and results of the orthogonal experiment
are shown in Table 2.

According to orthogonal experiment analysis, the water
volume added to the fermentation medium played the most
important role in the production of CMCase, followed by
NH4NO; content, bagasse/bran ratio, and inoculum ratio
successively. Optimal conditions for cellulase production
were obtained as follows: 4:6 (wt/wt) bagasse/bran ratio,
5 g/l NH4NO;, 6% (vol/vol) inoculum ratio, and 25 ml of
water.

3.6 Enzymatic saccharification

Five grams of sugarcane bagasse pretreated with 1% alkali
and sifted by a 30-mesh sieve was used as substrate. The
bagasse was reacted with 3, 4, 5, and 6 g of wet koji in
100 ml of citrate buffer (pH 5). Enzymatic saccharification
was performed at 50°C on a shaker agitated at 20 rpm. The
amount of reducing sugars released through the hydrolysis
of bagasse was measured every 4 h.
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Fig. 5 Time course of reducing sugars released during enzymatic
saccharification

As shown in Fig. 5, the amount of reducing sugars
increased quickly at the beginning of saccharification, then
increased slowly after 12 h and reached the maximum after
20 h, whereas it differed with the amount of wet koji used.
The maximum amount of reducing sugars released was
1,816.2 mg after 20 h of saccharification using 5 g of wet
koji, suggesting that the wet koji/substrate optimal ratio
was 1:1 (wt/wt).

The yield of reducing sugars from the substrate was cal-
culated as: yield (%)=[reducing sugars/substrate (wWt/wt)]x
100%. Thus, the yield from bagasse was 36.4%. According
to the method given by Yan et al. [13], the total cellulose
content of bagasse was determined as 39.89%. Therefore,
the conversion of cellulose to reducing sugars was 81.92%.

4 Conclusion

A. glaucus XC9 grows on the medium containing cellulosic
materials and produces cellulase. Among the strains
investigated in this work, it has the greatest ability to
produce cellulase. The conditions for cellulase production
by A. glaucus XC9 are optimized. The optimal fermenta-
tion medium contains the following: 5 g/l NH4NO3;, 4 g of
sugarcane bagasse, 6 g of wheat bran, 25-30 ml of tap
water, and 0.1-0.2% Libai washing powder.

Other conditions, including the initial pH of the medium,
incubation temperature, inoculum ratio, and incubation
period, are optimized as pH 5.5-6.0, 30°C, 6% (vol/vol),
and 3—4 days, respectively.

The highest enzyme activities (6,812 U CMCase/g dry
koji; 172 U FPA/g dry koji) are detected in the fermented
koji while optimal conditions are available.

A. glaucus XC9 is an aerophile; thus, agitation and
aeration during fermentation can promote cellulase pro-
duction. In this work, the cellulase produced by 4. glaucus
XC9 was used to hydrolyze sugarcane bagasse. The highest
yield of reducing sugars from bagasse was 36.4%, and the
conversion rate of cellulose to reducing sugars was
81.92%. Compared with the report of Yan and Zhang
[15] where Trichoderma viride T-99 was used as a cellulase
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producer, results of the present study show the great
potential advantages of cellulase produced by 4. glaucus
XC9 (i.e., enzymatic hydrolysis is shortened by 16 h and its
enzyme dosage is smaller, whereas higher yield and
conversion are achieved).
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