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The effects of glucose, crystalline cellulose and sawdust of Mitragyna cilata on the growth and cellulase 
production, inferred from cellulase (EC 3. 2. 1. 4) activity, of Penicillium chrysogenum PCL501 was 
determined. Glucose-containing media gave the highest mycelia weight of 1.78 mg mL-1 in 120 h of 
incubation. This is about 3.5 – 4.5 times the maximum weights of 0.51 and 0.40 mg mL-1 respectively 
obtained from the cultures containing cellulose and sawdust. The cultures containing crystalline 
cellulose and sawdust produced extracellular protein with cellulase (EC 3. 2. 1. 4) activity whereas 
glucose-containing cultures yielded very low protein and no significant cellulase activity. Maximum 
protein content of 0.02, 0.13 and 0.46 mg mL-1 respectively were obtained from the cultures containing 
glucose, cellulose and sawdust. Peak cellulase activity values of 100.0 and 92.2 Units L-1 respectively 
were obtained for the cultures containing cellulose and sawdust. There is a correlation between the 
protein released and cellulase activity of the culture filtrates. P. chrysogenum PCL501 produces 
extracellular proteins with significant cellulase activity in media containing cellulose and sawdust but 
not in glucose-containing medium. Sawdust is indicated as a good inducer of cellulase activity in the 
organism. The waste cellulosic material can be used as low-cost carbon source for commercial 
cellulase production.  
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INTRODUCTION 
 
Plant biomass is a renewable resource available in tre-
mendous quantities as agricultural, industrial and munici-
pal wastes (Andren et al., 1975). Bioconversion of the 
lignocelluloses into animal feed-stock, bulk chemicals 
and biofuels is being studied as a means of alleviating 
food and energy shortages and reducing pollution-load 
(Howard et al., 2003; Saddler et al., 1982). Cellulase, a 
group of enzymes which catalyze the hydrolysis of 
cellulose and related cellooligosaccharide derivatives, is 
considered a potential tool for industrial saccharification 
of cellulosic biomass (Berry and Paterson, 1990), and an  
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economic process for its production is thought to be 
critical for the successful utilization of cellulosic materials 
(Solomon et al., 1999; Wu and Lee, 1997). Complete 
enzymatic hydrolysis of native cellulose by Penicillium 
pinophilum was found to depend largely on the 
synergistic action of three types of the enzyme, namely, 
endoglucanase (EC 3. 2. 1. 4), exoglucanase (EC 3. 2. 1. 
91) and �-glucosidase (EC 3. 2. 1. 21), (Wood and 
McCrae, 1986). Cellulase action is generally initiated by 
the random acting endoglucanases (Cellulase: EC 3. 2. 
1. 4) at the amorphous regions within cellulose chain to 
produce cellooligosaccharides. The enzyme is adaptive 
in most fungi (Rapp et al., 1981; Reese and Levinson, 
1952); substances such as cellulose and sophorose are 
known to stimulate its  production  (Mandels  and  Reese,  



 
 
 
 

0.0

0.4

0.8

1.2

1.6

2.0

0 30 60 90 120 150 180

INCUBATION PERIOD (Hours)

M
Y

C
E

LI
A

 W
E

IG
H

T 
(m

g 
m

L-1
)

 
 
Figure 1. Mycelia weights of Penicillium chrysogenum 
PCL501cultured for 24 – 168 h at 30oC in media containing 
Glucose (�), Cellulose (�) and Sawdust (�) as sole carbon 
source. 

 
 
 
1956; Ryu and Mandels, 1980). Many filamentous fungi 
secrete plant cell wall hydrolyzing enzymes such as 
cellulases and xylanases into their culture media which 
could be employed for the hydrolysis of lignocellulosic 
materials (Berry and Paterson, 1990). For example, 
Penicillium chrysogenum mycelium from penicillin manu-
facture is used as an additive in animal feeds to increase 
their content of proteins, sugars and mineral salts (Nuero 
and Reyes, 2002). Major impediments to the commercial 
use of cellulases are low activity and high production cost 
of the available enzyme preparations (Spano et al., 
1978). This has necessitated the search for cellulolytic 
organisms with novel cellulase properties and strategies 
for low-cost enzyme production.  

In search of viable cellulolytic organisms, we isolated 
from decomposing wood-wastes in Lagos, Nigeria, differ-
rent cellulolytic microfungi which include a wild strain of 
P. chrysogenum PCL501; the culture supernatant of the 
filamentous fungus gave high cellulase activity (Nwodo-
Chinedu et al., 2005). The organism also grows rapidly 
on media containing sugarcane pulp and sawdust as sole 
carbon sources with the result that basal media 
containing 2% of any of the two waste cellulosic materials 
was found adequate for its cultivation (Nwodo-Chinedu et 
al., 2007). In the present study, growth and cellulase 
production by the wild strain of P. chrysogenum PCL501 
cultured in liquid media containing glucose, cellulose and 
sawdust were investigated. Our data shows high growth 
but insignificant cellulase production in glucose - 
containing media. This is in contrast to the cultures from 
media containing cellulose and sawdust which gave 
lower growth but significant cellulase production. There 
appears to be a correlation between protein content and 
cellulase activity of the cell-free filtrates.  
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MATERIALS AND METHODS 
 
Chemicals 
 
All chemicals and reagents were of analytical grade. Potato 
Dextrose agar and crystalline cellulose were obtained from Merck, 
Germany. Carboxymethyl-Cellulose (CM52) was obtained from 
Whatman Limited, England. All other chemicals and reagents were 
obtained from Sigma Chemicals Co. Limited, England.  
 
 
Cellulosic materials 
 
Sawdust of Abora wood (Mitragyna ciliata) was collected from 
Okobaba Saw-mills, Ebute-Metta, Lagos, Nigeria. The sample was 
dried in the oven at 80oC for 2 h, ground with Marlex Exceller 
Grinder (Mumbai, India), and passed through a sieve of about 0.5 
mm pore size to obtain the fine powder used for this study.   
 
 
Media preparations 
 
The liquid media (modified Czapek-Dox media) contained (g/ L): 3.0 
NaNO3, 0.5 KCl, 1.0 KH2PO4, 0.5 MnSO4. 7H2O4, 0.1 FeSO4.7H2O 
and 1.0% carbon source (Glucose, Crystalline cellulose or 
sawdust).  One liter (1 L) of the media was supplemented with 1.0 
mL of trace metal solution containing (g/ L) 1.0 ZnSO4 and 0.5 
CuSO4.5H2O. The pH of each media was adjusted to 5.6 with 0.1M 
HCl before sterilizing in an autoclave at 121oC for 15 min. 
 
 
Organism  
 
The strain of P. chrysogenum PCL 501 used for this study was 
isolated and characterized as described previously (Nwodo-
Chinedu et al., 2005). The organism was maintained at 4oC on 
Potato Dextrose Agar (PDA) slants. Fresh cultures were obtained 
by sub-culturing on fresh sterile PDA plates and incubating at 30oC 
for 72 h.  
 
 
Growth studies 
 
Fresh PDA cultures of the organism were prepared and incubated 
at 30oC for 72 – 120 h to obtain enough spores. Spores were 
collected by a modification of the method described by Vitale et al. 
(2002). Each plate was covered with 10 mL of 1.0% Tween 80 and 
spores were harvested into a sterile test tube using sterile cotton 
swab. Serial dilutions of the spore suspension were prepared in 
1.0% Tween 80 and counted with a haematocytometer (Neubauer 
Counting Chamber, USA) mounted on light microscope. Two mL of 
the spore suspension (2.0 X 10 6 spores mL-1) was inoculated into 
100 mL of the respective sterile liquid media in 250 mL Erlenmeyer 
flask. The cultures were incubated at 30oC with continuous agitation 
using Griffin flask shaker and harvested by filtration using Whatman 
No. 1 filter paper at 24 h intervals for a period of 168 h. The 
mycelium was washed and dried in an oven at 80oC for 2 h. The 
cell-free filtrates were used for protein and enzyme analyses. 
 
 
Protein assay 
 
Protein content of the culture filtrates was determined by Lowry 
(1951) method using Bovine Serum Albumin (BSA) as standard. 
 
 
Cellulase (EC 3. 2. 1. 4) assay 
 
A modification of the reducing sugar method described by Khan 
(1980) was used to for the assay of endo-1,  4-�-Glucanase  (EC 3.  
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2. 1. 4) activity. Carboxylmethyl-cellulose (CMC) was the enzyme 
substrate. The reaction mixture contained 2.0 mL of 0.1% (w/v) 
substrate in 0.1M sodium acetate buffer (pH 5.0) and 2.0 mL of cell-
free culture supernatant. The mixture was incubated at 37oC in 
water bath for 30 min. The released reducing sugar was measured 
using 3, 5-dinitrosalicylic acid (Miller, 1959). The colour was 
developed by boiling in water bath for 5 min. Absorbance was read 
at 540 nm with Spectronic Genesys TMS (USA). Released reducing 
sugar was expressed in glucose equivalent. A unit of activity was 
defined as the amount of enzyme required to liberate 1µmol of 
glucose per minute under the assay conditions.  
 
 
RESULTS 
 
The growth of P. chrysogenum PCL501 in the liquid 
media containing glucose, cellulose and sawdust is 
shown in Figure 1. Peak mycelial growth in the three 
media was obtained at 120 hours. The medium contain-
ing glucose gave a very rapid growth with a peak mycelial 
weight of 1.78 mg mL-1. The peak mycelial weights of 
0.51 and 0.40 mg mL-1 respectively were obtained in the 
media containing cellulose and sawdust. Sharp decline in 
the mycelial weight was noted in all the media after the 
peak growth. Plots of the protein contents and cellulase 
activities of culture filtrates of P. chrysogenum PCL501 
cultivated in the liquid media containing cellulose, saw-
dust and glucose respectively are shown in Figure 2. In 
cellulose-containing medium, both the protein content 
and cellulase activity increased steadily and peaked at 
the same period, and declined afterwards (Figure 2A). 
The peak protein content of 1.3 mg mL-1 and highest 
cellulase activity of 100.0 Units mL-1 (X 103) were 
obtained at 120 h from the cultures containing cellulose 
(Figure 2A). In the medium containing sawdust, the pro-
tein peak came before the cellulase activity peak (Figure 
2B). The peak protein content of 4.6 mg mL-1 was 
obtained at 96 h of incubation whereas the maximum 
cellulase activity of 92.2 Units mL-1 (X 103) was obtained 
at 120 h (Figure 2B). The protein released in media 
containing sawdust was very high compared to that 
obtained in cellulose-containing media. Glucose-
containing culture gave a very low protein levels with a 
peak value of 0.02 mg mL-1 at 72 h of incubation (Figure 
2C). The cellulase activity obtained from the glucose-
containing cultures was also very low with a maximum 
value of 6.2 Units mL-1 (X 103). The plots show a direct 
relationship between the protein content and cellulase 
activity of the culture filtrates.  
 
 
DISCUSSIONS 
 
The media containing glucose yielded higher amounts of 
mycelia compared to the media containing cellulose or 
sawdust as the respective carbon source (Figure 1). The 
differences in the complexity of the carbon sources could 
account for the disparity in the growth of the organism in 
the different media. In a study on the growth and �-galac- 
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Figure 2. Protein contents (�) and cellulase activities (�) of 
culture filtrates of Penicillium chrysogenum PCL501 incubated 
for 24 – 168 h at 30oC in liquid media containing (A) 
Cellulose, (B) Sawdust and (C) glucose. 

 
 
 
tosidase activity of the penicillin producer industrial P. 
chrysogenum NCAIM 00237 strain using different carbon 
sources, good growth was observed using glucose, suc-
rose, glycerol and galactose, while growth on lactose was  



 
 
 
 
substantially slower (Nagy et al., 2001). Since glucose is 
more readily assimilated and metabolized by cells, there 
is greater tendency for organisms to grow very rapidly in 
media containing the simple sugar than that which 
contain cellulose or sawdust. Cellulose is a polymer of �-
D-glucose while sawdust (wood) is composed of complex 
plant cell wall polymers which include cellulose, hemi-
celluloses and lignin (Grant and Long, 1981). In order to 
obtain simple sugars from cellulose or sawdust, the 
organism would have to synthesize cellulases and other 
enzymes required for the hydrolysis of the macromole-
cules. Cellobiose (a dimmer of �-D-glucose) and glucose 
are the major products of enzymatic hydrolysis of cellu-
lose and sawdust (Unpublished). The cellulase activity 
and protein contents of filtrates from glucose containing 
media were extremely low and thus considered insigni-
ficant. This is because the organism already has the sim-
ple sugar, glucose, in its media and hence do not need to 
produce the hydrolytic enzymes (proteins). Cellulases 
and most plant cell-wall hydrolyzing enzymes are induci-
ble and also regulated by catabolite repression in most 
fungi (Berry and Paterson, 1990). Presence of high 
concentration of glucose in the medium will thus turn off 
the production of the enzymes. This may account for the 
low protein content and insignificant cellulase activity 
recorded in culture filtrates from glucose-containing 
media. This goes on to show that the cellulase enzyme 
(EC 3. 2. 1. 4) of the wild-type P. chrysogenum PCL501 
is inducible and that its production is stimulated by 
cellulose and sawdust in the absence of glucose. Rapp et 
al. (1981) reported that the endo-1, 4-�-glucanases of 
Penicillium janthinellum were found to be cell free, and 
their formation induced by cellobiose whereas the 1, 4-�-
Glucosidases were primarily cell free, but with a small 
amount strongly associated with the cell wall, and were 
formed constitutively.  

The organism has different periods for peak cellulase 
activity for the different carbon sources. The time was 
shorter when incubated on pure cellulose compared to 
sawdust. This may be as a result of the presence of other 
polymers such as the hemicelluloses in sawdust which 
can also furnish the organism with simple sugars. Most 
microorganisms generally have better ability to deploy-
merize hemicelluloses than cellulose due to the greater 
solubility of the former (Grant and Long, 1981). P. 
chrysogenum PCL501 was found to produce high levels 
of xylanases when cultured on media containing sawdust 
and other agro-wastes (Unpublished). The situation may 
be different with cellulose since it contains only �-D-
glucose monomers. With cellulose as sole carbon source, 
production of cellulases may be more rapid because the 
glucose needed for the organism’s metabolism must 
come from cellulose hydrolysis.   

In terms of protein yield, higher values were obtained in 
media containing sawdust compared to that containing 
crystalline cellulose. The high protein released in the 
sawdust suggests the presence of other proteins  (beside  
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the cellulase enzyme) which may include many other cell-
wall hydrolyzing enzymes. Secondary plant cell-walls, in 
addition to cellulose, contain other polymers, particularly 
hemicelluloses and lignin, which could induce the produc-
tion of many degrading enzymes. Hemicellulases such as 
xylanase is required for the hydrolysis of natural cellulose 
(Khan, 1980). 

There is an apparent correlation between the protein 
content and cellulase activity of the crude enzyme obtain-
ed at the different period of incubation. The organism 
seems to secrete the hydrolytic enzymes for the break-
down of the polymers into the growth media which largely 
accounts for the protein contents of the cell-free filtrates.  

In conclusion, the wild strain of P. chrysogenum 
PCL501 produces extracellular proteins with significant 
cellulase activity in media containing cellulose and saw-
dust as sole carbon sources. On the other hand, the 
organism did not yield significant extracellular protein or 
cellulase activity with glucose as sole carbon source. 
Much more protein was produced on sawdust compared 
to cellulose. Sawdust is indicated as a good inducer of 
cellulase activity in P. chrysogenum PCL501. The waste 
cellulosic material is available in abundance and can be 
used as low-cost carbon source for the production of 
commercial cellulases. Such use could significantly red-
uce the production cost of cellulases as well as environ-
mental pollution due to wood-wastes. 
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