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ABSTRACT

The cellulase enzymes of Aspergillus niger were found to undergo
catabolite repression in the presence of glucose and glycerol accom-
panied by sudden drop in pH of the fermentation medium below 2.0.
This sudden drop in pH caused inactivation of cellulolytic enzymes
produced by Aspergillus niger. The supplementation of nitrogen
sources, especially urea, protects A. niger cellulases from inactivation
caused by a sudden drop in pH, since urea helped to maintain the pH
of the fermentation medium between 3.5 and 4.5. The role of urea in
the protection of cellulase was more prominent when it was used in
combination with glycerol (5%).

Index Entries: Catabolite repression; Aspergillus niger; urea;
cellulases; glucose and glycerol; pH inactivation.

INTRODUCTION

Catabolite repression of the synthesis of inducible enzymes by readily
metabolizable compounds like glucose and glycerol has been observed in
many microorganisms (1-4). In most of the organisms studied, induction
and catabolite repression has been reported to function together (5,6). In
prokaryotes, catabolite repression is considered to occur mostly at the
transcriptional level (7). Limited information about catabolite repression
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in eurkaryotes is available. The synthesis of acid protease and polygalact-
uronase is repressed by glucose at the transcriptional and translational
levels respectively (8-10). Highly complicated and variable mechanisms
are involved in controlling the synthesis of enzymes constituting the
cellulase complex (11). The protease produced during catabolite repres-
sion caused the inactivation of cellulase enzymes in Aspergillus nidulans
(12). It was also shown that a drastic drop in pH of the medium was
responsible for inactivation of cellulase enzymes in the presence of
glucose and glycerol (13-18).

In our previous work, we have shown that A. niger NCIM 1207 pro-
duced high levels of -glucosidase (19) and B-xylosidase (20) activities.
Mutants of this strain showing different levels of endoglucanase, xylanase,
and @-glucosidase activities were isolated (21). Our recent report indicated
that a sudden drop in the pH below 2.0 of the fermentation medium was
responsible for the inactivation of cellulase enzymes when A. niger was
grown in a medium containing glycerol and glucose (22).

In present studies, we report the effect of the added urea on the pro-
duction of cellulolytic enzymes of A. niger when grown in the medium
containing glucose or glycerol.

MATERIALS AND METHODS

Cellulose-123 powder was obtained from Carl Schleicher and Schull
Co., Dassel, Germany. p-Nitrophenyl-3-D-glucoside (pNPG) was obtained
from Koch-Light Co., Coinbrook, Buck, UK. Larch wood xylan was from
Fluka AG, Buchs, Switzerland. Carboxymethylcellulose was purchased
from Sigma Chemical Co., St. Louis, MO. Aspergillus niger NCIM 1207
was isolated in our laboratory, maintained on potato dextrose agar (PDA)
slants, and subcultured every three months.

A. niger was cultivated in 500-mL Erlenmeyer flasks with 100 mL of
fermentation medium containing 2% cellulose powder and 5% glucose or
glycerol (23). The medium was inoculated with the spores (approx 10
spores/mL) from a 10-d-old culture grown on PDA slants and incubated at
28°C on arotary shaker (150 rpm). Samples were removed at various time
intervals and centrifuged in a table top centrifuge (3000 rpm) for 20 min.
The supernatant was analyzed for extracellular enzyme activities. To study
the effect of the added urea on the cellulase production, A. niger was grown
in glucose- or glycerol-containing medium with varying concentrations of
urea. The culture filtrate, after centrifugation was dialyzed against 0.05M
citrate buffer (pH 4.5), before assaying for enzyme activities.

Endoglucanase (CMCase; endo-1,4-8-D-glucanase, EC 3.2.1.4), xylan-
ase (1,4-D-B-xylan xylanohydrolase, EC 3.2.1.8), and aryl-8-glucosidase
(B-D-glucoside glucohydrolase, EC 3.2.1.21) activities were determined as
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Table 1
Effect of Different Nitrogen Sources on Production of Aspergillus niger Cellulases
During Growth in Medium Containing Glucose (5%)

Enzyme activities, IU/mL*

Nitrogen
sources, % Endoglucanase Xylanase B-glucosidase pH
— 0.27 1.2 0.9 15
(NH,),HPO,
0.1 0.45 21.3 1.0 2.7
0.5 0.52 11.3 0.8 29
1.0 0.91 19.3 3.3 4.3
NaNO,
0.1 0.34 10.6 1.4 4.0
0.5 0.97 27.7 3.3 3.4
1.0 0.43 8.7 0.5 3.8
Urea
0.1 0.90 13.5 2.3 3.4
0.5 1.30 18.0 3.0 3.7
1.0 1.43 18.7 3.8 3.6

*The enzyme activities were determined after 12 d of fermentation.

described earlier (22). Enzyme activity is expressed in International Units
(IU) as umoles of glucose, xylose, and p-nitrophenol produced per min
per mL of culture filtrate. The reducing sugars in the samples were deter-
mined by the dinitfosalicylic acid method (24).

RESULTS

The effect of different nitrogen sources on production of cellulase en-
zymes by A. niger NCIM 1207 is summarized in Table 1. The culture was
grown in fermentation medium containing glucose (5%) and varying con-
centrations of (NH,),HPO,, NaNO;, or urea. Although all three nitrogen
sources produced activities higher than those obtained without any addi-
tional nitrogen sources, urea was the best nitrogen source for cellulase
production by A. niger NCIM 1207. In the case of (NH,),HPO, and urea,
the increase in activities could be correlated with the increase in concen-
tration of nitrogen sources. The supplementation of these nitrogen sources
helped to maintain the fermentation medium pH between 3.0 and 4.0. To
investigate whether the addition of urea to glycerol-containing medium
enhanced cellulase activities, the culture was grown in a medium contain-
ing glycerol (5 or 2%) and varying amounts of urea. It is clear from the
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Table 2
Effect of Urea on the Production
of Aspergillus niger Cellulases Grown on Glycerol (2% or 5%)

Glycerol, 2% Glycerol, 5%
Urea, Enzyme activities, IU/mL Enzyme activities, IU/mL
% pH CMCase Xylanase B-glucosidase pH CMCase Xylanase g-glucosidase
— 26 0.35 6.3 21 1.8 0.17 5.1 1.4
0.1 4.7  0.65 12.5 4.4 20 025 9.0 1.6
0.5 48 0.75 11.5 11.6 46 0.35 12.5 10.2
1.0 6.2 0.50 10.4 5.9 46 055 14.0 13.0

results that activities of all the enzymes were increased, and the increment
in enzyme activities was concomittant with the increase in urea concen-
tration in the case of 5% glycerol (Table 2). The combination of glycerol
(5 or 2%) and urea (1%) yielded B-glucosidase activity four times greater
than that obtained in a medium containing glucose (5%) and urea (0.5%).

The course of enzyme production by A. niger during growth on the
medium containing glucose (5%) and urea (0.5%) is shown in Fig. 1. All
the enzyme activties had appeared after the 4th d of incubation. Both
endoglucanase and xylanase activities reached their maximum level by the
6th d. The pH of the medium dropped to 2.5 during first 2 d of incubation
and then remained above 3.5 during further incubation. Figure 2 shows
the profiles of enzyme activities and changes in pH during the growth of
A. niger on medium containing glycerol (5%) and urea (1%). In this case no
lag phase was observed in the production of endoglucanase and xylanase
enzymes. The pH profile was similar to those observed during growth in
medium containing glucose and urea. The pH of the medium fluctuated
between 3.5 and 4.5 throughout the period of fermentation.

DISCUSSION

Soluble carbon sources, like glucose and glycerol, have shown to cause
catabolite repression of cellulase production in fungi (16,25-27). Catabolite
repression causes either cessation or a decrease in enzyme production,
but does not explain why the activity of the enzyme decreases. The most
likely casual factor responsible for the decrease in enzyme activities is
enzyme inactivation either by a drop in pH or possibly by proteases.
Growth on glucose or glycerol is invariably accompanied by a drastic
drop in pH of the medium that is responsible for the inactivation of extra-
cellular cellulases (15,17). Reports on T. harzianum, T. longibrachiatum (15,
16), and A. nidulans (12) concluded that proteases produced during the
state of catabolite repression causes inactivation of cellulases.
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Fig. 1. Profile of extracellular enzymes and pH of Aspergillus niger during
growth on medium containing glucose (5%) and urea (0.5%). Endoglucanase
activity = O; B-glucosidase activity =A; Xylanase activity=®; pH=A.
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Fig. 2. Extracellular enzyme production and changes in pH of the culture
filtrate during growth of Aspergillus niger in a medium containing glycerol (5%)
and urea (1%). Endoglucanase activity = O; B-glucosidase activity =/A; Xylanase
activity=@; pH=A.
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Earlier, we have demonstrated that growth of A. niger in a medium
containing high concentrations of glucose or glycerol caused the pH of
the fermentation medium to suddenly drop below 2.0. This sudden drop
in pH could be responsible for the inactivation of cellulolytic enzymes pro-
duced by A. niger (22). The possibility of inactivation of cellulases by pro-
teases in our strain was ruled out since it did not produce any significant
levels of proteases during growth on glucose or glycerol. The mixture of
urea and ammonium sulphate was used to stabilize the pH of the medium
(28). The nitrogen sources, like (NH,),SO,, NaNO,, and urea, raised the
pH of the fermentation medium above 5.5 during growth of A. niger (22).
We therefore used these nitrogen sources to stabilize the pH of the
medium during growth on glucose- or glycerol-supplemented medium.
The use of these nitrogen sources stimulated better activities of enzymes
than media containing only glucose (Table 1). Urea appeared to be the
best nitrogen source for the production of aryl-8-glucosidase activity
when the organism was grown in glycerol-containing medium. The profile
of pH changes during the growth of A. niger (Fig. 2) suggested that no in-
activation of enzymes occurred, since the pH of the medium fluctuated
between 3.0 and 4.0. This supports our earlier observation that the sudden
drop in pH value below 2.0 was responsible for inactivation of cellulases
produced during the growth of A. niger NCIM 1207 on a medium contain-
ing glycerol or higher concentration of glucose.
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