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The hyphomycete Chalara paradoxa CH32 produced an extracellular â-glucosidase during the
trophophase. The enzyme was purified to homogeneity by ion-exchange and size-exclusion chro-
matography. The purified enzyme had an estimated molecular mass of 170 kDa by size-exclusion
chromatography and 167 kDa by SDS-PAGE. The enzyme had maximum activity at pH 4.0-5.0
and 45 °C. The enzyme was inactivated at 60 °C. At room temperature, it was unstable at acidic
pH, but it was stable to alkaline pH. The purified enzyme was inhibited markedly by Hg2+ and
Ag2+ and also to some extent by the detergents SDS, Tween 80, and Triton X-100 at 0.1%. Enzyme
activity increased by 3-fold in the presence of 20% ethanol and to a lesser extent by other organic
solvents. Purified â-glucosidase was active against cellobiose and p-nitrophenyl-â-D-glucopyranoside
but did not hydrolyze lactose, maltose, sucrose, cellulosic substrates, or galactopyranoside,
mannopyranoside, or xyloside derivatives of p-nitrophenol. The Vmax of the enzyme for p-NPG (Km
) 0.52 mM) and cellobiose (Km ) 0.58 mM) were 294 and 288.7 units/mg, respectively. Hydrolysis
of pNPG was inhibited competitively by glucose (Ki ) 11.02 mM). Release of reducing sugars from
carboxymethylcellulose by a purified endoglucanase produced by the same organism increased
markedly in the presence of â-glucosidase.
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INTRODUCTION

Cellulose is the most abundant polymer on earth. Its
annual productivity is about 4.0 × 1010 tons (Coughlan,
1992). The cellulose-degrading enzyme system includes
endoglucanase (EC 3.2.1.4), cellobiohydrolase (EC
3.2.1.91), and â-glucosidase (EC 3.2.1.21). The break-
down of native cellulose is only effected by the syner-
gistic action of multienzyme systems (Filho et al., 1989;
Coughlan, 1992). â-Glucosidase catalyzes the hydrolysis
of â-O-glucosidic linkages of alkyl- and aryl-â-glucosides
as well as diglucosides and oligosaccharides. It also
plays an important role in the process of saccharification
of cellulose by removing cellobiose, which is known to
be a strong inhibitor of cellobiohydrolase and endoglu-
canase activities (Shewale, 1982; Filho et al., 1989;
Coughlan, 1992).

â-Glucosidases have been isolated from members of
all three domains of life, i.e., eukarya, bacteria, and
archaea (Woodward and Wiseman, 1982). The physi-
ological roles postulated for â-glucosidases are extremely
diverse: glucoside ceramide catabolism in human tissue,
cell wall, pigment and cyanoglucoside metabolism,
defense against pathogens in plants, and utilization of
oligosaccharide substrates by many fungi and bacteria
(Leclerc et al., 1987). These enzymes are widely used
in various biotechnological processes, including the
production of fuel ethanol from cellulosic agricultural
residues (Bothast and Saha, 1997; Pemberton et al.,
1980; Xin et al., 1993) and the synthesis of useful
â-glucosides (Shinoyama et al., 1991). In the flavor
industry, â-glucosidases are also key enzymes in the
enzymatic release of aromatic compounds from gluco-

sidic precursors present in fruits and fermentating
products (Gueguen et al., 1996).

The hyphomycete Chalara paradoxa CH32 isolated
from olive mill wastewater (a byproduct of the olive oil
extraction industry) disposal ponds produces extracel-
lular cellulolytic enzymes, including a low molecular
mass endoglucanase (Lucas et al., manuscript in prepa-
ration) and a â-glucosidase. Olive mill wastewaters
contain a high load of organic matter composed mainly
of polysaccharidic substances, reducing sugars, and
phenolic compounds derived from the olive fruit after
maceration (Borja et al., 1990). Microbial strains having
cellulolytic activity may contribute to the biodegradation
of this waste. Production of extracellular â-glucosidase
may stimulate cellulase activity and therefore play an
important role in solubilization of cellulosic materials.
The purification and characterization of the â-glucosi-
dase produced by this strain was undertaken to assess
the main properties of this enzyme and its capacity to
enhance endoglucanase activity.

MATERIALS AND METHODS

Strain and Cultivation Conditions. The strain Chalara
paradoxa CH32 was used for production of extracellular
â-glucosidase activity. The organism was propagated on yeast-
malt agar (YMA; Scharlau, Barcelona). For â-glucosidase
production, C. paradoxa CH32 was cultivated on Roux flasks
containing 500 mL of modified yeast-malt broth (MYM),
consisting (per liter) of 0.8 g of yeast malt, 0.4 g of yeast
extract, and 1.6 g of glucose, and incubated at 28 °C. At regular
intervals of incubation, the mycellium was separated by
filtration. The biomass dry weight and the amount of enzyme
released into the cultured broth were determined.

Enzyme Assays. The enzyme activity toward p-nitrophen-
yl-â-D-glucopyranoside (pNPG) was measured by the amount
of p-nitrophenol released from pNPG using a calibration curve
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at 410 nm (McCleary and Harrington, 1988). The reaction
mixture (1 mL) containing 4 mM pNPG, 50 mM sodium acetate
buffer (pH 5.0), and appropriately diluted enzyme solution was
incubated at 40 °C for 30 min. Then, the reaction was stopped
by adding 2 mL of 1 M Na2CO3 and the color that developed
as a result of p-nitrophenol liberation was measured at 410
nm. The activity against other para-nitrophenyl glycosides was
assayed by the same procedure. One unit of â-glucosidase
activity was defined as the amount of enzyme required to
catalyze the formation of 1.0 µmol of p-nitrophenol/min.
Endoglucanase activity was assayed in 50 mM sodium acetate
buffer, pH 5.0, at 37 °C, using carboxymethylcellulose as
substrate. The release of reducing sugars resulting from
hydrolysis of substrates was determined by monitoring A540

by the method of Miller (Miller, 1959) using glucose as the
standard.

The protein content was determined at A595 by using the
Bio-Rad protein assay based on the Bradford procedure
(Bradford, 1976) using bovine serum albumin as a standard.

Enzyme Purification. Standard chromatographic proce-
dures were carried out at 4 °C. High-performance liquid
chromatography experiments were done at ambient temper-
ature. The UV light absorbance of the column effluents was
monitored at 280 nm. Fractions collected from the different
chromatographic experiments were tested for â-glucosidase
activity and protein content as described above.

Step 1. Sephadex DEAE-A50 Column Chromatography.
Cultured broths (4 L; pH 8.0) were mixed with 300 mL of
Sephadex DEAE-A50 gel slurry previously equilibrated in 20
mM Tris-HCl buffer, pH 8.0, and kept under stirring for 30
min. The gel slurry was then packed into a 10 by 30 cm glass
column and washed with 500 mL of the same equilibration
buffer. The material retained in the gel was eluted by adding
500 mL of 0.25 M NaCl followed by 500 mL of 0.5 M NaCl
dissolved in the same Tris-HCl buffer. Fractions (50 mL each)
of the column effluent were collected.

Step 2. Sephacryl S-200 HR Gel Filtration. Active fractions
from the previous step were concentrated 10-fold by lyophiliza-
tion. After this procedure, samples were tested for activity to
ensure that no inactivation occurred during lyophilization.
Concentrated samples were loaded on a Sephacryl S-200 HR
column (2 by 100 cm). The column was eluted at 3 mL/min
using 20 mM Tris-HCl buffer, pH 7.2, as eluent, and the
effluent was collected in 10 mL fractions.

Step 3. MonoQ Chromatography. Active fractions obtained
after size-exclusion chromatography were loaded on a MonoQ
HR 5/5 column (0. 5 by 5.0 cm; Pharmacia) previously
equilibrated in 20 mM Tris-HCl buffer, pH 7.2. This buffer
was passed through the column following sample application
until the UV absorbance of the column effluent decreased to
baseline. The material retained in the column was eluted with
a linear gradient of 0-0.3 M NaCl in the same Tris-HCl buffer
over 20 min followed by a 0.3-0.5 M salt gradient over 10 min,
at a flow rate of 1.5 mL/min.

Step 4. TSK DEAE-5PW Anion Exchange. Active samples
from previous step were dialyzed overnight against 20 mM
Tris-HCl buffer, pH 8.0, before they were loaded on a 0.75 by
7.5 cm Progel-TSK DEAE-5PW column (Supelco, Inc., Belle-
fonte, PA) equilibrated in the same Tris-HCl buffer. The
material retained in the column was eluted with a linear NaCl
gradient of 0-0.2 M over 20 min, followed by 0.2-0.4 M over
10 min, at 1.5 mL/min.

Step 5. Superose 12 Gel Filtration. Active fractions previ-
ously concentrated to 200 µL by lyophilization were loaded on
a Superose 12 HR 10/30 (1.0 by 30.0 cm; Pharmacia) column
equilibrated in 20 mM Tris-HCl, pH 7.2, plus 0.2 M NaCl.
Elution was carried out at 0.5 mL/min. Standard markers (kit
MW-GF-200, Sigma) were run through this column to estimate
the molecular mass of the purified â-glucosidase.

Polyacrylamide Gel Electrophoresis. Samples contain-
ing purified enzyme were analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli,
1970) on 10% gels using a Miniprotean II unit (BioRad).
Proteins separated in the gel were stained with Coomassie
Brilliant Blue, and their molecular mass was estimated with

standard markers (Sigma). For â-glucosidase activity staining,
a nonacid fixed gel was washed twice with 20% 2-propanol for
20 min to remove SDS (Blank et al., 1982) and then incubated
at 40 °C in 100 mM sodium acetate buffer (pH 5.0) containing
0.1% esculin and 0.03% ferric chloride until a black band
appeared (Kwon et al., 1994).

Effect of Temperature and pH on Enzyme Activity
and Stability. The optimum temperature for the hydrolysis
of pNPG was measured between 4 and 60 °C by incubating
each reaction mixture in 50 mM sodium acetate buffer, pH
5.0, for 30 min. For determination of the pH dependence of
the purified â-glucosidase, reaction mixtures in Britton and
Robinson buffers (pH 3.0-9.0) were incubated for 30 min at
40 °C.

To study pH and temperature stabilities, samples containing
purified â-glucosidase in Britton and Robinson buffers (pH
3.0-9.0) were incubated at different temperatures (28-70 °C)
for 30 min. Following the specified treatments, samples were
diluted 10-fold in 100 mM sodium acetate buffer, pH 5.0, and
incubated at 40 °C for 10 min. Then pNPG was added, and
the amount of substrate transformed during a further 30 min
incubation period was determined.

Effect of Chemical Reagents, Metal Ions, and Organic
Solvents on Enzyme Activity. The effects of different
chemical reagents, metal ions, and organic solvents on the
enzyme activity were measured by addition of the tested
compounds to the reaction mixtures, which were incubated at
40 °C for 10 min, separately. Then the remaining activity was
determined by adding the substrate pNPG and incubating
samples at 40 °C for 30 min. The percentage of remaining
activity was calculated by comparing the amount of substrate
transformed with that of a control reaction mixture lacking
the test compounds.

Kinetic Study. The kinetic parameters of the purified
â-glucosidase were carried out by adding pNPG (0.03-20 mM)
as substrate into the reaction mixture and assaying hydrolysis
activity as described previously. The Km and Vmax values were
calculated by the double-reciprocal plot method of Lineweaver
and Burk. The inhibition of glucose on enzyme activity was
determined by adding various concentrations of glucose into
reaction mixtures with pNPG as substrate. The inhibition
constant (Ki) was obtained at the line intersection of a Dixon
plot.

Chemicals. Aryl glucosides, cellobiose, and other natural
substrates, as well as molecular mass markers, were pur-
chased from Sigma Chemical Co. (Madrid). Unless specified
otherwise, all other chemicals used were of analytical grade.

RESULTS

Enzyme Production. The time course of â-glucosi-
dase production by C. paradoxa CH32 is shown in
Figure 1. The enzyme was detected in cultured broths
at day 3 of cultivation, and it reached highest concen-
tration at day 15. Some decrease of enzyme activity was
detected after prolonged incubation of cultures.

Figure 1. Fungal growth (closed symbols) and â-glucosidase
production (open symbols) by cultures of C. paradoxa CH32.
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Enzyme Purification. An extracellular â-glucosi-
dase was purified from cultured broths of C. paradoxa
CH32. A summary of the purification procedure is
presented in Table 1. Activity in cultured broths was
concentrated by anion-exchange chromatography on
DEAE-Sephadex A-50. The active samples were further
concentrated by lyophilization. Enzyme activity was not
modified notably by this procedure, and concentrated
samples contained over 95% of their initial activity. A
second step, consisting of Sephacryl S200 size-exclusion
chromatography, served to eliminate pigmented mate-
rial present in cultured broths and carried over in the
anion-exchange concentrate. The partially purified frac-
tions obtained after this step yielded a single peak of
â-glucosidase activity during elution from a MonoQ
column. The specific activity of samples increased after
a second chromatographic step on a TSK DEAE-5PW
column at pH 8.5, resulting in separation from an
accompanying contaminating protein. The specific activ-
ity of the single â-glucosidase activity peak obtained
after the last purification step (Figure 2) was 590 U/mg
of protein. The purified enzyme showed a single protein
band on SDS-PAGE (Figure 3, lane B) that coincided
with the band obtained after activity staining (Figure
3, lane C).

General Properties. The molecular mass of the
purified â-glucosidase was determined to be 170 kDa
by Superose 12 gel filtration (Figure 2) and 167 kDa by
SDS-PAGE (Figure 3).

The temperature and pH dependences of purified
â-glucosidase are shown in Figure 4. The temperature
optimum was 45 °C (Figure 4A). Under optimal tem-
perature conditions the purified enzyme showed maxi-
mum activity in the pH range of 4.0-5.0 (Figure 4B).
â-Glucosidase activity decreased markedly at pH below
3.0 as well as above 7.0.

The thermostability of the enzyme was investigated
by measuring the residual activity after 30 min of

incubation at temperatures ranging from 4 to 60 °C.
Under the conditions used (50 mM Britton and Robinson
buffer, pH 7.0), the purified â-glucosidase was highly
stable at temperatures up to 50 °C but was almost
completely inactivated at 60 °C (Figure 4A).

The pH stability was also investigated by measuring
the residual activity after 1 h of incubation at 28 °C at
pH values ranging from 3.0 to 9.0. The enzyme was
almost inactivated at pH 3.0, but it retained over 75%
of its activity at pH 4.0 and it was totally stable at pH
6.0 or above (Figure 4B).

The purified enzyme was almost totally inhibited by
Hg2+ at 10 mM (Table 2), although the enzyme retained
a high percentage of its activity at lower concentrations
(e.g., 76% at 1 mM; Table 2). Similarly, the enzyme
activity was reduced to 16% by 10 mM Ag+ but only to
87% at 1 mM (Table 2). Other cations (Zn2+, Fe2+, Mg2+,

Table 1. Purification of â-Glucosidase from C. paradoxa
CH32

step

tot.
protein

(mg)

tot.
activity

(U)

specific
activity
(U/mg)

yield
(%)

purification
(-fold)

cultured broth 388 580 1.5 100 1
DEAE A-50 70 438 6.3 75.5 4.2
Sephacryl S-200 7.3 359 49.2 61.9 32.8
MonoQ 0.83 188 226.5 32.4 151
TSK DEAE-5PW 0.15 80 533.4 13.8 355.6
Superose 12 0.07 41.3 590.0 7.1 393.4

Figure 2. Purification of C. paradoxa CH32 â-glucosidase by
size-exclusion chromatography on a Superose 12 HR 10/30
column. The A280 nm UV absorbance spectrum (solid line) and
the â-glucosidase activity (b) are shown.

Figure 3. SDS-PAGE of purified C. paradoxa CH32 â-glu-
cosidase (lane A) and activity staining with esculin after
removal of SDS from the gel (lane B). The arrow indicates the
position of the â-glucosidase protein. Molecular mass markers
are shown (lane M).

Figure 4. Effects of temperature (A) and pH (B) on the
activity (closed symbols) and stability (open symbols) of
purified â-glucosidase from C. paradoxa.
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and Ca2+) caused some inhibition at 10 mM (Table 2).
The enzyme activity was partially inhibited by the
detergents SDS, Tween 80, and Triton X-100, but it was
not affected noticeably by reducing agents or by the
chelating agent EDTA. The specific â-glucosidase in-
hibitor δ-gluconolactone caused total inhibition.

The enzyme activity on pNPG could be activated by
organic solvents (Table 3). Ethanol was the most effec-
tive one and could activate the enzyme by about 3-fold
at the final concentration of 20%. At a final solvent
concentration of 40% the enzyme was still greatly
activated by ethyl acetate, methanol, and ethanol, but
it was inhibited by acetonitrile and dimethyl sulfoxide.

Substrate Specificity and Kinetic Parameters.
The substrate specifity of the purified â-glucosidase is
shown in Table 4. None of the cellulosic substrates
tested (including Avicel, carboxymethylcellulose, cotton
fiber, and filter paper) were hydrolyzed, indicating the
lack of endoglucanase activity in the purified prepara-
tion. The disaccharide cellobiose was hydrolyzed ef-
ficiently, while lactose, maltose, and sucrose were not.
The enzyme had no activity on p-nitrophenyl-â-D-
galactopyranoside, p-nitrophenyl-â-D-xyloside, or p-ni-
trophenyl-R-D-mannopyranoside. The Vmax of the en-
zyme for p-NPG (Km ) 0.52 mM) and cellobiose (Km )
0.58 mM) were 294 and 288.7 units/mg, respectively
(Figure 5).

Hydrolysis of pNPG was inhibited competitively by
glucose. The Ki value was calculated to be 11.02 mM
(Figure 6). Fructose, galactose, mannose, and xylose did
not inhibit the enzyme activity at 35 mM.

Synergistic Activity. To study the synergistic action
of the purified â-glucosidase, a purified endoglucanase
from C. paradoxa CH32 (Lucas et al., manuscript in
preparation) was used in an assay in the presence of
increasing concentrations of â-glucosidase, using car-
boxymethylcellulose as the endoglucanase substrate.
The amounts of reducing sugars accumulated in the
reaction medium increased noticeably as the amount of
added â-glucosidase increased (Figure 7).

DISCUSSION

Production of hydrolytic enzymes by the hyphomycete
Chalara paradoxa has been the subject of a limited
number of studies. Kainuma et al. (1985) reported
amylase production by C. paradoxa isolated from the
pith of the sago palm. The glucoamylase component was
purified and characterized (Ishigami et al., 1985a,
1985b; Monma and Kainuma, 1992) and tested for
semicontinuous hydrolysis of sweet potato raw starch
(Noda et al., 1992). More recently, several strains of C.
paradoxa isolated from olive mill wastewater disposal
ponds were found to produce laccase activity (Robles et
al., 2000). The strain C. paradoxa CH32 isolated from
olive mill wastewater disposal ponds was also found to
produce laccase activity as well as two cellulolytic
enzymes: a low molecular mass endoglucanase (Lucas
et al., in preparation) and a â-glucosidase. The latter

Table 2. Effect of Various Reagents on â-Glucosidase
Activity

relative activity (%) at final concn of

reagenta 1 mM 10 mM

none 100 100
AgNO3 87 16
CaCl2 100 100
FeCl2 100 90
HgCl2 76 1
MgCl2 100 99
MnCl2 100 100
ZnSO4 97 82
SDSa 78
Tween 80a 60
Triton X-100a 85
DTT 99
2-mercaptoethanol 100
cysteine 100
EDTA 100
δ-gluconolactone 0

a Detergents were tested at a final concentration of 0.1%.

Table 3. Effect of Organic Solvents on C. paradoxa
â-Glucosidase Activitya

relative activity (%) at solvent concn of

20% v/v 40% v/v

methanol 268 181
ethanol 297 158
acetonitrile 276 39
ethyl acetate 271 291
dimethyl sulfoxide 192 55

a The activity measured without any organic solvent addition
was considered 100%

Table 4. Substrate Specificity of C. paradoxa CH32
â-Glucosidase

substrate rel activity (%)

celobiose 89
esculin 87
p-nitrophenyl-â-D-cellobioside 8
p-nitrophenyl-â-D-glucopyranoside 100
p-nitrophenyl-â-D-glucosamine 27

Figure 5. Effect of various concentrations of pNPG on the
activity of purified â-glucosidase from C. paradoxa CH32.
Inset: Lineweaver-Burk plot.

Figure 6. Dixon plot of inhibitory effects of glucose on pNPG
hydrolysis by â-glucosidase from C. paradoxa CH32. The
reaction time was 15 min at pH 4.5 and 45 °C. The pNPG
concentrations used were 2.5 mM (b), 5 mM (2), and 10 mM
(9).
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was released into the culture medium during exponen-
tial growth, from where it was purified to homogeneity
by a combination of ion-exchange and size-exclusion
chromatographic steps with an average yield of 7%. The
single protein band detected on SDS-PAGE gels coin-
cided with the band of â-glucosidase activity and had a
molecular mass very close to that estimated by size-
exclusion chromatography, indicating that the enzyme
was monomeric.

The fungal â-glucosidase from this study had a
relatively broad range of pH and temperature depen-
dence, with optimum at pH 4.0-5.0 and 45 °C. Never-
theless, activity in the pH range of 4.0-7.0 and 28-50
°C was always above 60% of maximum. Although the
enzyme was not active at alkaline pH, it was remark-
ably stable up to pH 9.0.

The â-glucosidase produced by C. paradoxa CH32 was
inhibited by sulfhydryl oxidant metals (Ag+, Hg2+) at
relatively high concentration (10 mM), but it was not
inhibited by thiol-reducing agents as DTT, 2-mercap-
toethanol, or cysteine. These results suggest that thiol
groups are not essential for catalytic activity. Inhibition
of â-glucosidase activity by sulfydryl oxidant metals may
be due to nonspecific salt formation rather than to
complex formation with and (or) catalysis of oxidation
of specific residues (thiol groups) (Ruttersmith and
Daniel, 1993).

Interestingly, alcohols increased the hydrolytic activ-
ity of the C. paradoxa CH32 â-glucosidase toward
pNPG. Activation by organic solvents has been observed
for â-glucosidases from Aspergillus niger (Yan and Lin,
1997; Watanabe et al., 1992), B. cinerea (Gueguen et
al., 1995), C. peltata (Saha and Bothast, 1996), Ther-
motoga sp. (Ruttersmith and Daniel, 1993), and F.
oxysporum (Christakopoulos et al., 1994). Some â-glu-
cosidases preferentially utilize alcohols rather than
water as acceptors for the glycosyl moiety during
catalysis, yielding ethyl-â-D-glucoside in the reaction.
The effect of ethanol has been attributed to â-glucosyl
transferase activity, the ethanol acting as a suitable
acceptor for this reaction (Ruttersmith and Daniel, 1993;
Pemberton et al., 1980). Nevertheless, little is known
on the effects of organic solvents other than alcohols.
Activity enhancement of â-glucosidase form C. paradoxa
CH32 by acetonitrile and DMSO could also be attributed
to the interaction between the organic solvent and the
relatively hydrophobic aglycone moiety of the substrate.
Nevertheless, activation by water-immiscible solvents
such as ethyl acetate could also be attributed to some

property of this enzyme. â-Glucosidases having glucosyl-
transferase activity are of value in the biotechnological
industry for production of oligosaccharides with special
functionality as healthy food additives.

The purified â-glucosidase from C. paradoxa has a
relatively high substrate specificity. It can tolerate a
variety of aglycons, provided that the glycosyl residue
of the substrate has the â-D-glucosyl configuration. A
number of â-glucosidases from various biological sources
are accompanied by â-galactosidase and/or â-xylosidase
activity (Kengen et al., 1993; McCleary and Harrington,
1988; Sanyal et al., 1988; Woodward and Wiseman,
1982; Yan and Lin, 1997). In contrast, C. paradoxa
â-glucosidase showed no activity toward lactose, mal-
tose, or sucrose, p-nitrophenyl-â-D-galactopyranoside,
p-nitrophenyl-â-D-mannoside, or p-nitrophenyl-â-D-xy-
loside, suggesting that the enzyme recognizes precisely
the C-4 configuration of the terminal, nonreducing â-D-
glucose residue in the substrate. In this respect, it
resembles the â-glucosidases from A. niger (Saha et al.,
1994; Unno et al., 1993; Watanabe et al., 1992; Yan et
al., 1998).

Most microbial â-glucosidases reported are completely
inhibited by glucose (Saha et al., 1994; Woodward and
Wiseman, 1982; Yeoh et al., 1986). The calculated
inhibition constant (Ki) of â-glucosidase from C. para-
doxa CH32 for glucose (11 mM) was slightly higher than
inhibition constants reported for other enzymes (0.6-8
mM; Yan et al., 1998). Utilization of the released sugars
by fermentating microorganisms is a suitable way to
paliate end-product inhibition. In this respect, release
of reducing sugars from carboxymethylcellulose by a
purified endoglucanase obtained from C. paradoxa
CH32 increased noticeably in the presence of â-glucosi-
dase, suggesting that this enzyme relieved endo-
glucanase from end-product inhibition due to cellobiose.
One of the most important attributes is that its pH and
temperature optima match those of C. paradoxa endo-
glucanase (Lucas et al., manuscript in preparation), as
well as those of many other endoglucanases having
acidic pH optima, indicating a potential for supplement-
ing such endoglucanases with C. paradoxa â-glucosi-
dase.

Wastewaters generated during the olive oil extraction
process contain a high load of organic matter, which is
composed mainly of the polysaccharidic substances and
phenolic compounds present in the pulp and skin of the
olive fruit (Borja et al., 1990). Therefore strains such
as C. paradoxa CH32 endowed with cellulolytic and
phenol-oxidase activities could be helpful to achieve
biodegradation of this toxic waste.
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