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1. INTRODUCTION 

Xylan is the major hemicellulose present in the cell wall of plants and its 
complete hydrolysis to monosaccharide occurs through the combined action of 
enzymes as exoxylanases, endoxylanases and β-D-xylosidases (Subramaniyan & 
Prema, 2002; Sunna & Antranikian, 1997). Interest in xylanases has increased in the 
last decade due to their biotechnological applications in paper, pharmaceutical, food 
and feed industry (Polizeli et al., 2005). For successful selection of xylanases 
suitable for specific industrial applications it is important to characterize xylan-
degrading enzymes isolated from different sources. The thermophilic fungus 
Humicola grisea var. thermoidea isolated from Brazilian soil is described as a good 
producer of extracellular xylanases. Faria et al. (2000) demonstrated that H. grisea 
grown on sugar-cane-bagasse (SCB) secretes at least three different xylanases with 
23, 25 and 35 kDa and the 23⁄25 kDa xylanase presents the main activity band in 
Zimogram gel. Carvalho (2003) analyzed the H. grisea xylanase production in 
different substrates and showed that the best inducer was SCB, from the growth in 
this substrate, the 23 kDa xylanase was isolated as an enzyme stable in pH 5.0 and   
65ºC. The gene coding of the 23 kDa xylanase (hxyn2), isolated and expressed in 
Pichia pastoris under methanol control, was an extracellular protein active against 
oat-spelt xylan (Faria et al., 2000, 2002; Bergquist, 2002a, b). The HXYN2r xylanase 
produced by P. pastoris was used in paper industry with success, showing the 
biotechnological potential from H. grisea xylanases (Gonçalves et al., 2005).  

In order to study the H. grisea xylanases and their biotechonological 
applications, this work has the aim of establishing the xylanases production in SCB 
by H. grisea and HXYN2r production by P. pastoris.   
 
2. METHODOLOGY 
2.1 – H. grisea xylanases production 

The wild-type strain of H. grisea was grown on 4% (w/v) of oatmeal baby food 
(Quaker) medium with 1.5% (w/v) agar at 42ºC for 4 days. Conidia harvested 
(0.35x106 spores/mL) was inoculated in 100 mL of minimal medium (NaNO3-
0.6%(w/v); KCl-0.05%(w/v); KH2PO4-0.15%(w/v); ZnSO4-0.001%(w/v) and FeSO4-
0.001%(w/v)) with pH 6.8, plus 1.0% SCB, 0.05% yeast extract and (NH4)2SO4-1:1 
(nitrogen source), and incubated in 250 mL Erlenmeyer flasks at 42ºC/120 rpm. 
Samples were taken out at each 24 h and analyzed in relation to xylanase activity by 
reducing sugars method (DNS) (Miller, 1959) and the proteins profile was analyzed 
by SDS-PAGE, Zymogram assay and two-dimensional gel. To optimize the xylanase
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production it was performed a 22 factorial design involving two concentrations for 
each factor (carbon - 1% and 0.5%; yeast extract and (NH4)2SO4-1:1 (nitrogen 
source) – 0.25% and 0.05%) with three center points. The software Statgraphics Plus 
for Windows version 5.0 was used to evaluate and to compare the data. 
 
2.2 – HXYN2r plate assays and production optimization 

The clones of P. pastoris were chosen by activity plate assays in the mediums 
BMGY-U/BMMY-U (1.34% Urea, 1% yeast extract, 2% peptone), BMGY-L/BMMY-L 
(2.34% yeast extract, 2% peptone), BMG-U/BMM-U (1.34% urea), BMG-L/BMM-
L(1.34% yeast extract) plus 100mM potassium phosphate pH 5.0, 4x10-5 % biotin, 
1% glycerol or 0.5% methanol and 50 µg/mL ampicilyn for each medium. 
To enzymatic induction, the clones were pre-inoculated in the medium with glycerol 
and inoculated to a final cellular density equivalent to OD600 of 1 in the medium with 
methanol, at 30ºC for 3 days. The optimization of HXYN2r production was obtained 
using an experimental design 23, varying the nitrogen sources concentration (2.34% 
and 4.68%), the methanol concentration (0.5% and 1%), and the initial OD (1 and 10) 
in the medium BMMY-U. Samples were taken out at each 24 h and the enzymatic 
activity was analyzed by reducing sugars method and the proteins profile was 
analyzed by SDS-PAGE and Zimogram assay. 
 
3. RESULTS AND DISCUSSION 
3.1 – Xylanases production by H. grisea in SCB 

Experiments with a 22 factorial design was carried out and the results showed, 
after 96 h of cultive, the maximum peak of xylanase production, using concentrations 
of 1% SCB and 0.25% nitrogen source (12.8 U/mL). Pareto chart was used to 
compare the amount of xylanase produced in all media and clearly shows that only 
the nitrogen source affected the xylanase production while SCB did not have 
significant effect. This result is according to that for other microorganisms, where the 
main impact on growth is generally the nitrogen source. The secreted proteins were 
analyzed by Zymogram assay and showed three different xylanase activity bands 
with 35, 25/23 (main activity band) and 14 kDa. The two-dimensional gel to activity 
was performed and was observed at least one halo of xylanase activity with 23 kDa 
and pI 6.1. 
3.2 – HXYN2r plate assays and production optimization 

The clones with the best xylanolytic activities in plate were 12.3, 43.1, and 
43.4 and the best cultivation medium in plate was BMM-U, followed by BMM-L and 
BMMY-U. On the kinetic of xylanase production in flakes, the growth in the medium 
BMM-U showed an insignificant xylanolytic activity. The results with BMMY-U 
medium showed bigger xylanolytic activity than with BMM-L medium and, the highest 
xylanolytic activity was 409.2 U/mL, obtained by 12.3 transformant after 120 h of 
cultivation.  These results were much higher than the ones obtained with the same 
clones in YNB medium (Banhe et al., 2004). 

The best result obtained by optimization with the BMMY-U medium was 
478.2 U/mL using 2.34% of nitrogen sources, 1% of methanol, and OD of 10 and, 
only the nitrogen source was significant at a confidence level of 95%. The 23 kDa 
protein was active against oat-spelt xylan in Zymogram assay. 
 
4. CONCLUSION 

The xylanolytic enzymes were produced by H. grisea and, the maximum peak 
of xylanase production was detected after 96 h of cultivation, using 1% BCA and 

 



 

0.25% yeast extract-ammonium sulphate (1:1); it was also observed three different 
xylanase activity bands in Zimogram assay. 

The results showed that the best conditions for HXYN2r production were 
growing the 12.3 transformant in the BMMY-U medium using an initial OD600 of 10, 
2.34% of nitrogen sources and 1.0% methanol and that HXYN2r was the 
predominant enzyme in the culture supernatant. 
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