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ABSTRACT 
The filamentous fungus Humicola grisea var. thermoidea produces hemicellulose-degrading enzyme activities when grown in the 
presence of different carbon sources, including wheat bran, oat spelt xylan, cellulose (avicel), oat bran, banana stem and coffee spent-
ground. The best yield of �-xylanase, �-mannanase and �-arabinofuranosidase activities was given by the crude extract sample from a 
medium containing coffee spent-ground as the carbon source. The previous crude extract preparation was submitted to ultrafiltration in an 
Amicon system fitted with a 10 kDa-cut-off membrane. A considerable amount of �-xylanase, �-mannanase and �-arabinofuranosidase 
activities was found in the retentate and used for subsequent characterization. �-Mannanase, �-xylanase and �-arabinofuranosidase 
showed highest activity at 50, 55 and 80°C, respectively. �-Mannanase and �-arabinofuranosidase activities were stable at 50°C. However, 
�-xylanase was less stable. A purified �-xylanase (Xyn III), obtained through growth of the filamentous fungus H. grisea var. thermoidea 
in liquid medium containing banana stem as carbon source, was characterized with regard to some enzymatic properties and its action on 
xylan. The enzyme showed best activity at pH 7.0 and 55°C and half life of 20 min at 60°C. Xyn III exhibited preferential activity 
towards xylan. The determination of kinetic parameters showed that the enzyme had more affinity against insoluble arabinoxylan as 
substrate. DTT and DTP activated Xyn III. In contrast, NBS, XIP-1, EDC and iodoacetamide inhibited the enzyme activity. 
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INTRODUCTION 
 
The banana stem, grain stalk that supports the banana fruits 
readily available in tropical and subtropical countries, is 
normally discarded after the fruit harvesting, either in the 
“packing houses” or in the delivering centers, where it is 
considered a residue due to the great volume generated, 
contributing to serious environmental problems (Medeiros 
et al. 2000; Salles et al. 2005). It is a low-cost residual com-
ponent where holocellulose and lignin account for as much 
as 33% and 8.67% of the dry weight, respectively. Coffee 
spent-ground is an important agro-residual residue in 
coffee-producing countries (Leifa et al. 2001). It is obtained 
during the processing of raw coffee powder to prepare 
instant coffee and also contains lignin, hemicellulose and 
cellulose in its composition. For these reasons, banana stem 
and coffee spent-ground can be considered alternative car-
bon sources for enzyme production. 

Xylan and mannan are the major constituent of the 
hemicelluloses with linear or branched backbone of �-1,4-
linked xylopyranose and �-1,4-linked mannopyranose units, 
respectively (Polizeli et al. 2005; Salles et al. 2005; Wu et 
al. 2008). Hemicellulases are produced by a variety of fun-
gus species (Medeiros et al. 2000), including Humicola gri-
sea var. thermoidea. A combination of main- and side-chain 
enzymes is necessary to effect the complete hydrolysis of 
xylan and mannan. �-Xylanase (EC 3.2.1.8) and �-man-
nanase (EC 3.2.1.78) are main-chain enzymes that  cleaves 
internal bonds at random or at specific position, releasing 
long and short oligosaccharides (Franco et al. 2004; Salles 
et al. 2005). Additional enzymes such as �-arabinofurano-
sidase are required to remove side-chain substituents (Sub-
ramaniyan and Prema 2002; Franco et al. 2004). 

There is a great interest in the use of hemicellulase as 
alternative approach in pulp bleaching (Medeiros et al. 
2002; Esteghlalian et al. 2008). The most significant effects 
of enzymes on pulp bleaching are reduction in the require-

ment for elemental chlorine and decrease in the amount of 
organochlorine compounds in bleach plant effluents (Me-
deiros et al. 2002). In previous articles (Salles et al. 2005; 
Medeiros et al. 2007), we reported the purification of a 
novel xylanase (Xyn III) from H. grisea var. thermoidea, 
after growth in medium containing banana stem, by using 
gel filtration and ion-exchange as chromatographic proce-
dures and its effect on eucalyptus pulp bleaching through 
spectrophotometric, scanning electron microscopy and ato-
mic force microscopy techniques. Xyn III caused morpho-
logical modifications in the surface of cellulose fibres and 
significant changes in the topography, texture and elasticity 
of kraft pulp when submitted to scanning electron and ato-
mic force microscopy procedures, respectively. In this pre-
sent work, we describe different aspects of the production 
of hemicellulase activities from H. grisea var. thermoidea: 
the growth in liquid media containing different carbon sour-
ces and characterization of a purified xylanase (Xyn III). 

 
MATERIALS AND METHODS 
 
Chemicals 
 
Oat spelt xylan, locust bean gum (galactomannan), carboxymethyl 
cellulose (CMC), p-nitrophenyl-�-D-glucopyranoside (PNPG), p-
nitrophenyl-�-D-xylopyranoside (PNPX), p-nitrophenyl-�-D-
arabi-nofuranoside (PNPA), p-nitrophenyl-�-D-manopyranoside 
(PNPM), pectin from citrus fruits, dithiothreitol (DTT), 2,2'-Di-
thiodipyridine (DTP), N-bromosuccinimide (NBS), 1-ethyl-3-(3-
dimethylamino-propyl) carbodiimide (EDC), ioacetamide, avicel 
and diethyl pyrocarbonate (DEPC) were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). XIP-I (xylanase inhibitor 
protein) and banana stem were kindly provided by Nathalie Juge 
(Norwich Research Park, UK) and Francides Gomes da Silva Jr. 
(Esalq/USP, Brazil), respectively. All other chemicals were analy-
tical grade reagents. 
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Microorganism 
 
For production of hemicellulase activities (xylanase, mannanase 
and arabinofuranosidase), H. grisea var. thermoidea was cultured 
at 42°C for 8 days with rotary shaking (100 rpm) in liquid-state 
media containing wheat bran, oat spelt xylan, cellulose (avicel), 
oat bran, banana stem or coffee spent-ground as the carbon sources. 
Flasks containing the carbon source (1%) and supplemented me-
dium (0.7% KH2PO4, 0.2% K2HPO4, 0.05% MgSO4·7H2O, 0.1% 
(NH4)2SO4, and 0.06% yeast extract at pH 7.0) were inoculated 
with spore suspension (1.0 × 107 mL-1) from a routine subculture. 
After the growth procedure, the crude extract was filtered through 
filter paper and stored at 5°C for subsequent use as source of 
hemicellulase. 
 
Enzyme purification 
 
Xyn III was purified to apparent homogeneity by ultrafiltration, 
followed by gel filtration and ion-exchange chromatographies, 
respectively (Salles et al. 2005). 
 
Enzyme assays 
 
Oat spelt xylan was used as the substrate for xylanase activity. 
Xylan (1.0 g) was previously treated with 20 mL of 1.0 M NaOH 
and 20 mL of 1.0 M HCl, and the volume was brought to 100 mL 
with 50 mM sodium acetate buffer pH 5.0, followed by stirring for 
1 h at 25°C. The insoluble xylan was removed by centrifugation 
(12,000 × g) for 15 min at 7°C and the soluble fraction was used 
for xylanase assay. Xylanase activity was routinely determined by 
mixing 50 �L of enzyme solution with 100 �L of soluble oat spelt 
xylan in 50 mM sodium acetate buffer, pH 5.0, at 50°C for 30 min. 
The release of reducing sugar was measured using the dinitrosali-
cylic reagent method (Miller 1959). Xylose was used as the 
standard. Enzyme activities were expressed as �mol product 
formed min-1 mL-1 of enzyme solution, i.e., as IU mL-1. Cellulase, 
�-xylosidase, �-glucosidase, �-arabinofuranosidase, �-mannosi-
dase, �-mannanase and pectinase assays were carried out as des-
cribed elsewhere (Mandels et al. 1976; Filho 1996; Ximenes et al. 
1996; Ferreira and Filho 2004). Protein concentration was mea-
sured by the method of Bradford (1976), using bovine serum albu-
min as standard. For the kinetic experiments, soluble and insoluble 
samples from oat spelt xylan were used as substrates in a concen-
tration range of 3.33-16.3 mg/mL and 1.0-10 mg/mL, respectively. 
The substrates were prepared as described by Filho et al. (1993). 
Km and Vmax values were estimated from the Michaelis-Menten 
equation with a non-linear regression data analysis program (Lea-
therbarrow 1987). The effect of temperature on the enzyme activi-
ties was determined by performing the standard xylanase assay at 
a temperature range of 30 to 80°C. The effect of pH was carried 
out at 50°C using the following buffers: 50 mM sodium acetate 
buffer (3.0-6.0); 50 mM sodium phosphate (6.0-7.5); 50 mM Tris-
HCl (7.5-8.5). All buffer systems were adjusted with the same 
ionic strength with NaCl. Temperature stability was determined by 
pre-incubating an enzyme sample at 60°C. At various time periods, 
aliquots were withdrawn and the residual activity was measured 
under standard conditions. The effect of some reagents at 10 mM 
(NBS, DEPC, EDC, DTP and iodoacetamide), 20 mM (DTT) and 
100 �g/mL (XIP-1) concentrations on the Xyn III activity was 
determined by performing the assay under the same conditions as 
described above. All activity values were repeated at least three 
times. The standard deviation for enzyme assays was less than 
�20% of the mean. 
 
 

SDS-PAGE 
 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) was performed as described by Laemmli (1970) using 12% 
gel. Protein bands in the gel were visualized by the silver staining 
method (Blum et al. 1987). 
 
RESULTS AND DISCUSSION 
 
Enzyme production 
 
H. grisea var. thermoidea was screened for the production 
of hemicelulase activity (�-xylanase, �-mannanase and �-
arabinofuranosidase) when grown by liquid-state cultivation 
on xylan, wheat bran, oat bran, cellulose or coffee spent-
ground as the carbon sources. Although fungal growth was 
abundant on all carbon sources, there were differences in 
the production of hemicellulase (result not shown). Coffee 
spent-ground was selected as the best substrate for produc-
tion of hemicellulase activity, followed by wheat bran. The 
hemicellulase preparation obtained from the culture me-
dium containing coffee spent-ground as the substrate was 
then submitted to ultrafiltration. Most of the hemicelulase 
activities were retained by the membrane. However, a low 
xylanase activity was found to be present in the ultrafiltrate. 
Cellulase and pectinase activities were also found in the 
concentrate. The hemicellulase activities from concentrate 
were partially characterized. �-Mannanase, �-xylanase and 
�-arabinofuranosidase showed highest activity at 50, 55 and 
80°C, respectively. �-Mannanase and �-arabinofuranosidase 
activities were stable at 50°C with a half-life above 24 h. 
However, �-xylanase was less stable, showing a half-life 
below 24 h. 
 
Characterization of Xyn III 
 
Xyn III purification procedure was previously described 
before (Salles et al. 2005). The protein exhibited a mono-
meric structure and migrated as approximately 25 kDa band 
on SDS-PAGE stained with silver nitrate (Salles et al. 2005). 
The purification steps are summarized in Table 1. The re-
covery of Xyn III was very low (3.33%). The low yield 
value could be credited to the fact that Xyn III was sepa-
rated from other xylan-degrading enzymes during the puri-
fication steps. For example, the gel filtration chromatog-
raphy profile on Sephadex G-50 showed three peaks of 
xylanase activity (result not shown). Since that xylanases 
act synergistically on xylan degradation, the yield and fold 
purification were underestimated (Cardoso and Filho 2003). 
Some properties of the purified Xyn III are discussed below 
and compared to xylanases (forms 1and 2 and X2) from H. 
grisea var. thermoidea (Monti et al. 1991; Lucena-Neto and 
Filho 2004) and some other fungal species. The molecular 
mass of Xyn III (25 kDa), described elsewhere (Salles et al. 
2005), was within the range for xylanases belonging to 
family G/11 (Salles et al. 2000). It differed from the ones 
purified from crude extract samples of the same fungus, 
which were 13, 23, and 29 kDa (Monti et al. 1991; Lucena-
Neto and Filho 2004). The molecular mass of Xyn III was 
higher than the values determined for XynC (22 kDa) and 
XynII (22.16 kDa) from Penicillium capsulatum and Acro-
phialophora nainiana, respectively (Salles et al. 2000; Ryan 
et al. 2003). 

The enzyme exhibited a maximal activity at 55°C, how-
ever, with a rapid decline at 70°C (Fig. 1). This result was 

Table 1 Summary of the purification of Xyn III from H. grisea var. thermoidea. 
Purification step Total protein 

(mg) 
Total activity 
(IU) 

Specific activity 
(IU/mg) 

Purification 
(-fold) 

Yield 
(%) 

Crude extract 59.00 1275.0 21.6 1 100 
Sephadex G-50 0.59 155.8 264.1 12.2 12.23 
Sephadex G-75 0.02 18.0 900 41.6 1.41 
DEAE-Sepharose 0.002 42.5 21250 938.8 3.33 
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less than those of xylanases forms 1 and 2 and similar to 
xylanase X2. It is noteworthy that Xyn III was subjected to 
a 30-min assay, while xylanase forms 1 and 2 had an incu-
bation time of only 15 min. Like xylanases form 2 and from 
Termitomyces sp. (Faulet et al. 2006), the enzyme was quite 
stable at 50°C. It also showed a half-life of 20 min at 60°C. 
In opposite to xylanase form 2, Xyn III was most active at 
pH 7.0, with a steady and gradual decline of its activity. At 
pH values of 6.5, 7.5, 8.0 and 8.5, the activity was 88, 94, 
75 and 54% of the optimum value, respectively. 

Xyn III was devoid of measurable cellulase (FPase, 
CMCase and, �-glucosidase), �-arabinofuranosidase, �-xy-
losidase, pectinase, mannanase and �-mannosidase activi-
ties. Therefore, the substrate specificity of Xyn III seems to 
be restricted to xylan. This result gives more support to the 
hypothesis that Xyn III belongs to the glycosyl family G/11. 
Besides, the specificity of Xyn III is an important parameter 
for its use in pulp bleaching, whereas in this process the 
enzyme has to be cellulase free. Xylanase form 2 and X2 
were also cellulase free enzymes, while �-glucosidase acti-
vity was detected for xylanase form 1. Xylanase from Ter-
mitomyces sp was active against CMC (Faulet et al. 2006). 

Kinetic measurements at 50°C with insoluble and solu-
ble oat spelt xylans were according the Michaelis-Menten 
model. A significant difference in apparent Km values for 
soluble and insoluble oat spelt xylans was observed (Table 
2). The Km value for soluble xylan was much higher than 
the insoluble one. This might suggests a steric hindrance 
due the presence of side-chains groups in soluble xylan 
(Silva et al. 1999). It may be noted that Kcat and KcatKm-1 
(catalytic specificity) were highest with insoluble oat spelt 
xylan. Compared with X2, Xyn III showed higher affinity 
for the soluble and insoluble forms of oat spelt xylan. The 
apparent Km value for insoluble oat spelt xylan (1.22 mg 

mL-1) was much lower than the Km values of the xylanases 
from A. nainiana and Thermomyces lanuginosus CBS 
288.54 (Cardoso and Filho 2003; Li et al. 2005). 

The involvement of some modifying agents on Xyn III 
activity was investigated (Table 3). Xyn III was activated 
by DTT and DTP and inhibited by NBS, iodoacetamide, 
EDC and XIP-I. The enzyme activation by DTT and DTP 
suggests an influence of L-cysteine in the catalysis of xylan. 
An explanation for this would be an involvement of L-cys-
teine in hydrogen-bonding with the substrate, enzyme fol-
ding and the formation of the covalent glycosyl-substrate 
intermediate (Filho et al. 1993; Ferreira and Filho 2004). 
Besides, xylanase activation by DTT indicates that the re-
duction of disulphide bridge(s), probably oxidized during 
enzyme extraction and purification procedures, restores the 
native enzyme conformation (Filho et al. 1993; Franco and 
Ferreira 2004). A similar result was found for XynC from P. 
capsulatum (Ryan et al. 2003). Treatment with iodoaceta-
mide had negative effect on Xyn III activity. Evidence for 
involvement of the L-tryptophan residue in binding of Xyn 
III to xylan was given by the high inhibition of Xyn III by 
NBS, a strong oxidizing agent of L-tryptophan (Filho et al. 
1993). This result corroborates the findings on the XynC 
and XynIII from P. capsulatum and A. nainiana, respec-
tively (Salles et al. 2000; Cardoso and Filho 2003). Small 
inactivation by DEPC and EDC corroborates evidences for 
the involvement of histidine and carboxyl groups in binding 
or catalysis, respectively. Xyn III was also inactivated by 
XIP-I, an extracellular protein from wheat capable of inhib-
iting fungal endo-(1,4)-�-endoxylanases (Juge et al. 2004). 
 
CONCLUSIONS 
 
In conclusion, H. grisea var. thermoidea produces hemicel-
lulase activities when grown in agricultural residues. In 
comparison with other �-xylanases produced by the same 
fungus, Xyn III has different properties, such as pH and 
temperature optima, kinetic parameters, thermostability and 
molecular mass. 
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